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Preface 

The International Congress on Sport and Exercise Psychology is the 9th Edition 
of the successful congresses organised by the Asian-South Pacific Association of 
Sports Psychology (ASPASP) on 9–11 August 2022. The ASPASP congress has been 
organised once every four years since the establishment of ASPASP in Singapore 
in 1989. ASPASP has held eight congresses since 1991. Presently, the ASPASP 
congresses are highly regarded and recognised by the sport and exercise communities 
in terms of its quality, standards and impact across the globe. 

This congress aims to share current research findings and good practices and 
provide opportunities for collaboration and networking with colleagues, fellow coun-
terparts and students within the Asian-South Pacific regions. It also aims to amplify 
our expected role in meeting the psychological and mental health needs of athletes 
and non-athletes and practitioners to share their best practices and challenges within 
the sports and exercise psychology disciplines. 

The main theme of this conference was Fostering Partnership and Collabo-
ration through Applied Technological Innovation: Advancing Sport and Exercise 
Psychology in Asia. The overarching sub-themes were (1) Applied Sport and Social 
Psychology; (2) Health and Exercise Psychology; (3) Counselling and Clinical 
Psychology in sports; (4) Motor Control and Learning and (5) Biomechanics, Data 
Mining and Machine Learning in sports. 

The conference brought a new outlook on cutting-edge issues shared through 
keynote speeches by Prof. Dr. Robert Schinke (EdD, ISSP-R, CSPA; Laurentian 
University, Canada), Prof. Dr. Claudia Voelcker-Rehage (University of Munster, 
Germany), Prof. Dr. Tsung Min Hung (National Taiwan Normal University, Taiwan), 
Assoc. Prof. Dr. Ying Hwa Kee (Nanyang Technological University, Singapore), 
Asst. Prof. Dr. Wimonmas Prachakul (Kasetsart University, Thailand), Prof. Emer-
itus Dr. Tony Morris (University, Melbourne, Australia), Prof. Dr. Low Wah 
Yun@Sarinah Low Binti Abdullah (Universiti Malaya, Malaysia), Assoc. Prof. Dr. 
Garry Kuan (Universiti Sains Malaysia, Malaysia) and Assoc. Prof. Dr. Lim Boon 
Hooi (Universiti Malaya, Malaysia). 

More than 135 submissions were received for the 9th ASPASP International 
Congress and were reviewed in a double-blinded manner, and 50 papers were agreed

vii



viii Preface

upon by the reviewers to be accepted and published in this volume of Lecture Notes 
in Bioengineering. The editors would like to express their gratitude to all the authors 
who submitted their papers. 

Finally, the editors hope that readers find this volume informative, and we would 
like to thank Springer Nature for undertaking the publication of this volume. We 
would also like to express our gratitude to the Organising Committee and the 
Scientific Committee for their hard work in ensuring the success of the conference. 

Kubang Kerian, Malaysia 
Taipei City, Taiwan 
Melbourne, Australia 
Kuala Lumpur, Malaysia 
Kuala Nerus, Malaysia 
Suzhou, China 

Assoc. Prof. Dr. Garry Kuan 
Prof. Dr. Yu-Kai Chang 

Prof. Emeritus Dr. Tony Morris 
Dr. Teo Eng Wah 

Dr. Rabiu Muazu Musa 
Assoc. Prof. Dr. Anwar 

P. P. Abdul Majeed



Contents 

Commitment in Sport from the Perspective of Malaysian Adults . . . . . . . 1 
Arthur Ling, Teo Eng Wah, Ngien Siong Chin, Kho Lee Sze, 
Michelle Wong, and Holyvia Lau 

Effectiveness of Brain Breaks® for Students: A Systematic Review 
and Meta-Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Mengyuan Zhao, Garry Kuan, Yee Cheng Kueh, Ke Zhou, 
and Shiyue Wang 

The Fundamental Motor Skills Performance of Children in Kapit, 
Sarawak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Jeswenny Fresshila John, Ngien Siong Chin, Yee Cheng Kueh, 
and Garry Kuan 

An Open Trial Targeting Weight-Related Psychological Difficulties 
Among Young Adults with Overweight or Obesity During 
COVID-19 Lockdown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Patricia Pawa Pitil and Siti Raudzah Ghazali 

The Effect of Virtual Reality Imagery on Motivation and Football 
Kicking Skill Performance Among Youth Football Players 
in Sarawak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
Candrawati Ibrahim, Garry Kuan, Ayu Suzailiana Muhamad, 
Yee Cheng Kueh, and Ngien Siong Chin 

The Physical Fitness Benefits of Speed Agility Training Aids Set . . . . . . . 71 
Nurlyn Syifaa’ Jacklyna Aban, Candrawati Ibrahim, Ismail Dikoh, 
Ung Siong Nguang, Garry Kuan, Ngien Siong Chin, 
and Amir Ahmad Dewan 

Attitude and Concerns Toward Visual Quality Improvement 
in Sport Engagement Among Student Athletes in Taiwan: 
A Qualitative Exploration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
Yi-Ting Huang and Jen-De Chen

ix



x Contents

Mind-Mapping: Exploring Intraindividual Experiences Across 
Injury Rehabilitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
Jolly Roy, Jeykar T. Lazarus, and Tejasvi Karanwal 

An Experimental Study on Effect of Flipped Teaching on Learning 
Effectiveness and Learning Attitude of Secondary School Students 
in Macao . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
Chan Kit Ao and Qun Zhai 

An Experimental Study on the Effect of Blended Learning 
on the Learning Effectiveness and Learning Motivation 
of Secondary School Students in Macao . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 
Ka Ho Cheong and Qun Zhai 

An Experimental Study on the Effect of Blended Teaching Method 
on Learning Basketball Skills and Learning Motivation for College 
Students . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 
Bolun Ding and Qun Zhai 

The Effects of PETTLEP Imagery Intervention on Learning 
of Badminton Skill for Beginners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 
Apanchanit Siripatt and Suebsai Boonveerabut 

Validity, Reliability and Development of Soccer-Specific Battery 
Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 
Ahmad Nadzmi, Ahmad Bisyri Husin Musawi Maliki, Jorrye Jakiwa, 
and Rabiu Muazu Musa 

The Relationship Between the Female Athlete Triad 
and Dependence on Sports Coaches and Stress Responses . . . . . . . . . . . . . 159 
Chihiro Kemuriyama and Mitsuhiro Amazaki 

Application of the Health Action Process Approach to Abnormal 
Eating Behavior Among Female Athletes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 
Mitsuhiro Amazaki and Chihiro Kemuriyama 

Common Sports Injury in Karate Practitioner: A Bibliometric 
Analysis and Mini-Review (1992–2021) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177 
Hong Yee Kek, Huiyi Tan, Keng Yinn Wong, and Garry Kuan 

Directing External Focus Instruction to Improve Overhand 
Volleyball Serve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 
Fatin Razak, Maisarah Mod Saleh, Nur Atikah Mohamed Kassim, 
Rozella Ab Razak, Hosni Hasan, and Cyndra Robert Budull 

Effects of Physical Exercise on Post-traumatic Growth 
of Adolescents After Disaster Stress Events: A Conditional Process 
Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203 
Jin Chen and Hu Lou



Contents xi

Effect of Music and Exercise Improve Quality of Life Among 
Post-Stroke Patients: A Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217 
Wan Zhen Lee, Garry Kuan, Muhammad Hafiz Hanafi, 
and Yee Cheng Kueh 

Management of Physical Characteristics on Badminton 
Performance with Psychological Skills . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229 
Daphne Ng Chiew Yen, Lim Boon Hooi, and Teo Eng Wah 

Experienced Players and Novices in Kendo Can Discriminate 
a Good Preparatory Posture from Worse Ones . . . . . . . . . . . . . . . . . . . . . . . 239 
Motoki Okumura, Akifumi Kijima, and Yuji Yamamoto 

The Effects of Active Video Games on Children’s Fundamental 
Movement Skills: A Systematic Review and Meta-Analysis . . . . . . . . . . . . 245 
Zheng Su, Xuan-xi Li, Chuan-peng Hu, and Yu-cui Diao 

The Effect of Taijiquan on Working Memory of College Students 
with High Obsessive–Compulsive Symptoms . . . . . . . . . . . . . . . . . . . . . . . . . 263 
Tongtong Hao 

Validity and Reliability of a Pictorial Instrument for Assessing 
Movement Skill Perceived Competence in Chinese Children . . . . . . . . . . . 271 
Xuanxi Li, Lijun Chen, Yucui Diao, and Jing Li 

The Cognitive Effects of Physical Activity on Structural Changes 
in the Brain: A Review Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287 
Hou Yuxin, Jia Wang, and Zhao Yang 

Effectiveness of Cognitive Aspects of Exercise During School Age 
on Adult Exercise Habits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297 
Ryo Konno 

Effects of Brain Breaks on Attitudes and Motivation in the Institute 
of Teacher Campuses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311 
Pei-Yi Ting, Garry Kuan, Ngien Siong Chin, and Yee Cheng Kueh 

The Effect of Brain Breaks on Health-Related Fitness Among 
Indigenous Primary School Children . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325 
Ting Len Lim, Garry Kuan, Ngien Siong Chin, 
Mohd Rahimi Che Jusoh, and Yee Cheng Kueh 

Development and Prospect of Isotemporal Substitution Model 
in Physical Activity Research: A Narrative Review . . . . . . . . . . . . . . . . . . . . 335 
Duan Weipeng, Garry Kuan, Lou Hu, and Yee Cheng Kueh 

Validating the Chinese Version of the Social Support for Exercise 
Scale Among Chinese High School Students: An Exploratory 
Factor Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355 
Liying Yao, Garry Kuan, Ke Zhou, and Yee Cheng Kueh



xii Contents

Research Progress on Tai Chi Intervention for Treating Depression 
Disorder Among the Elderly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365 
Shiyue Wang, Garry Kuan, Yee Cheng Kueh, Ke Zhou, Yidan Wang, 
and Mengyuan Zhao 

Review on the Use of Pre-Task Music Prior to Exercise Performance . . . 377 
Hilda Anak Entering, Ngien Siong Chin, Yee Cheng Kueh, 
Garry Kuan, and Adam Abdul Malik 

Online Learning Readiness Scale for Undergraduate Students 
in Sports and Physical Education in Malaysian Context . . . . . . . . . . . . . . . 387 
Teng Kie Yin, Chin Ngien Siong, and Lee Hou Yew 

Examining Cost-Value Dimensions Among Adolescent Field 
Hockey Players: A Demographic Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397 
Kanagarajah Rarujanai, Chin Ngien Siong, and Ruebini Parama Dorai 

Profile of Sport Motivation and Sport Commitment in Malaysian 
Elite Badminton Players . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409 
Teo Eng Wah, Noh Young-Eun, Lim Boon Hooi, and Danaee Mahmoud 

Perceived Social Support, Life Enjoyment, and Satisfaction 
Among Polytechnic Students During COVID-19 Pandemic . . . . . . . . . . . . 421 
Adzrul Izwan Abdullah, Ngien Siong Chin, and Boon Sian Teo 

Perceived Motivational Climate and Mental Well-Being Among 
Secondary School Students in Physical Education . . . . . . . . . . . . . . . . . . . . 435 
Matheus Chin Yan Yu, Teo Boon Sian, Liew Guo Chen, 
Chin Ngien Siong, Jeswenny Fresshila John, 
and Charissa Ann Ho Xin Hui 

Comparing the Category of Rating Scale of the CVIS Instrument 
of Knowledge, Attitude, and Practices of School Heads 
and Teachers Towards COVID-19 Pandemic . . . . . . . . . . . . . . . . . . . . . . . . . 447 
Mui Yee Voon and Ngien Siong Chin 

Undergraduate Students’ Achievement Emotions, Life Enjoyment, 
Satisfaction, and Enjoyment Processes in Physical Education . . . . . . . . . . 459 
Teo Boon Sian, Chin Ngien Siong, Teo Eng Wah, Arthur Ling Wei, 
and Ruilin Xu 

Cross-Cultural Validation and Psychometric’ Evaluation 
of the Athletic Mental Energy Scale (AMES) . . . . . . . . . . . . . . . . . . . . . . . . . 477 
Chatkamon Singnoy, Naruepon Vongjaturapat, Tanida Julvanichpong, 
Li-Chin Yeh, Cen-Yi Lin, Tsung-Kuo Tien-Liu, and Frank J. H. Lu 

The Effect of a Marathon Course on Motivation and Running 
Behaviour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489 
Zhou Yali and Garry Kuan



Contents xiii

Examining Body Mass Index and Strength Endurance Abilities 
of Adolescent Students . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501 
Victor P. L. Salanggang, Chin Ngien Siong, and Teo Boon Sian 

Attributes Contributing to the Travel Behaviour of Trail Runners . . . . . . 511 
Mohamad Nizam Nazarudin, Sabariah Bte Sharif, 
Mohd Khairuddin Jerry Abdullah, Soon Singh Bikar Singh, 
Tini Maizura Mohtar, and Bamini Kpd Balakrishnan 

The Influence of Physical Activity Motivations Upon Different 
Stages of Change Among Malaysian Type 2 Diabetes Patients . . . . . . . . . . 525 
Aizuddin Hidrus, Yee Cheng Kueh, Ke Zhou, Garry Kuan, 
and Syed Sharizman Syed Abdul Rahim 

Tennis Player’s Coping Strategies at Duta International Tennis 
Academy During Their Different Career Phases: A Narrative 
Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 539 
Yidan Wang, Le Ting Tan, and Garry Kuan 

Design of the Physical Fitness Detection System of Young Children 
Based on Cloud Computing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 555 
Haiyan Zhang, Yee Cheng Kueh, and Garry Kuan 

The Relationship Between Physical Exercise and Mental Health 
Promotion Among University Students in China . . . . . . . . . . . . . . . . . . . . . . 567 
Wang Xiawei and Garry Kuan



About the Editors 

Assoc. Prof. Dr. Garry Kuan is a lecturer at the Exercise and Sports Science 
Programme, School of Health Sciences, Universiti Sains Malaysia, Malaysia and 
a research fellow at the Department of Life Sciences, Brunel University London, 
UK. Currently, Dr. Garry is the secretary-general of the Asian-South Pacific Associ-
ation of Sport Psychology (ASPASP), the secretary-general of the Malaysian Sport 
Psychology Association (MASPA), an executive board member of the Asian Council 
of Sports Science (ACESS), and the scientific committee of the World Exercise 
Medicine (WCEM). Since 2019, Dr. Garry was appointed as the chair of the Inter-
national Network of the Young Scientist Network-Academy of Science Malaysia 
(YSN-ASM) and the Sport Psychology Panelist for the National Coaching Academy 
of Malaysia. Garry has published over 200 scholarly manuscripts, with over 90 
high-impact ISI journals and served as an editor and a reviewer for numerous inter-
national journals. His research had won numerous awards internationally. In 2021, 
he is the recipient of the Ten Outstanding Young Malaysians in Academic Leader-
ship and accomplishment, International Society of Sport Psychology (ISSP) Devel-
oping Scholar Award, the Outstanding Academician of the Year by Asia Awards and 
National Outstanding Community Service Award (3rd prize). In addition, he also 
received the 2020 IFPEFSSA International Eminent Educator Award, the A-CIPA 
Young Researcher Award at the 27th International Congress of Applied Psychology, 
the International Scholars Award at the ICSEMIS pre-Olympic conference and the 
Atsushi Fujita Research Scholarship at the 6th ASPASP conference. During his social 
time, he plays the first violin professionally and teaches communities to play various 
musical instruments. e-mail: garry@usm.my 

Prof. Dr. Yu-Kai Chang is a distinguished professor in Department of Physical 
Education at National Taiwan Normal University, Taiwan, and the director of Phys-
ical Activity and Cognitive Neuroscience Laboratory. Dr. Chang is also the vice pres-
ident of Society for Sport and Exercise Psychology of Taiwan (SSEPT) as well as a 
managing council member in both International Society of Sport Psychology (ISSP) 
and Asian-South Pacific Association of Sport Psychology (ASPASP). Dr. Chang’s 
research focuses on Sport and Exercise Psychology, specifically in the exercise and

xv

mailto:garry@usm.my


xvi About the Editors

cognition through experimental psychology and cognitive neuroscience approaches. 
To date, Dr. Chang has published more than 150 research papers in reputed journals 
including Sport Medicine, Health Psychology, Medicine and Science in Sports and 
Exercise, NeuroImage, Journal of Sport and Exercise Psychology (JSEP), Psychology 
for Sport and Exercise, Psychophysiology, etc. Dr. Chang is the recipient of 2018 
Distinguished Research Award (Ministry of Science and Technique, Taiwan), 2014 
Early Career Distinguished Scholar Award of North American Society for the 
Psychology of Sport and Physical Activity (NASPSPA); 2013 Developing Scholar 
Award of ISSP; 2012 Chinese Young Scholar Award of International Journal of Sport 
and Exercise Psychology; 2012 Da-You Wu Memorial Research Award (National 
Science Council, Taiwan), and 2008 Outstanding Dissertation Award of UNCG. Dr. 
Chang is an editor in Physical Education Journal (TSSCI), an associate editor in 
Journal of Sport and Health Science (SSCI/SCI), a section editor in International 
Journal of Sport and Exercise Psychology (Scopus) and an editorial board member 
in JSEP (SCI/SSCI). 

Prof. Dr. Tony Morris is an emeritus professor of sport, exercise and healthy 
psychology at Victoria University, Melbourne, Australia. He was born in Leeds, 
England, and has lived in Melbourne, Australia, for over 25 years. Trained in 
psychology, with a Ph.D. in education, he previously worked in motor learning 
and sport psychology for eight years in the UK. Tony has published seven books 
and monographs, four as editor and three authors, and has authored more than 150 
chapters, journal articles and refereed conference proceedings manuscripts. He has 
presented over 100 invited lectures around the world, including over ten keynote 
presentations at International conferences. e-mail: Tony.Morris@vu.edu.au 

Dr. Teo Eng Wah graduated from University of Malaya (UM) with a Bachelor of 
Sport Science (Sport Management) degree. Later, he completed his Master of Educa-
tion (Physical Education) from UM. Under the SLAI scholarship, he obtained his 
Master’s and Ph.D. in Kinesiology (Testing and Measurement) at the University of 
Illinois, Urbana-Champaign, USA. Currently, Dr. Teo is a senior lecturer in Centre 
for Sport and Exercise Science, University of Malaya. His areas of interest are in 
sports testing and measurement, psychometrics, questionnaire development and vali-
dation, sport psychology, health and fitness and wildlife conservation. Currently, he 
is involved in sport studies in the area of motivation, self-esteem, ego resilience and 
sport commitment in Malaysian settings. He has authored five books and over 20 
articles in various international journals. e-mail: vteo2@um.edu.my 

Dr. Rabiu Muazu Musa holds a Ph.D. degree in Sports Science from Univer-
siti Sultan Zainal Abidin (UniSZA), Malaysia. He obtained his M.Sc. in Sports 
Science from UniSZA and his B.Sc. in Physical and Health Education at Bayero 
University Kano, Nigeria. His research activity focused on the development of multi-
variate and machine learning models for athletic performance. His research interests 
include sports performance analysis, health promotion, sport and exercise science, 
talent identification, test and measurement as well as machine learning in sports.

mailto:Tony.Morris@vu.edu.au
mailto:vteo2@um.edu.my


About the Editors xvii

He obtained several research grants both as a principal and a co-investigator. He is 
an active reviewer to many reputable journals and currently serving as an academic 
editor for PLOS ONE as well as an executive guest editor for the Open Sports Science 
Journal and SN Applied Sciences. He authored many publications in myriad jour-
nals, conference proceedings, books as well as chapters in books. He is currently a 
senior lecturer at the Centre for Fundamental and Continuing Education, Universiti 
Malaysia Terengganu. e-mail: rabiu.muazu@umt.edu.my 

Dr. Anwar P. P. Abdul Majeed graduated with a first-class honours B.Eng. in 
Mechanical Engineering from Universiti Teknologi MARA (UiTM), Malaysia. He 
obtained an M.Sc. in Nuclear Engineering from Imperial College London, UK. He 
then received his Ph.D. in Rehabilitation Robotics from the Universiti Malaysia 
Pahang (UMP). He is currently serving as an associate professor at the School 
of Robotics, XJTLU. Prior to joining XJTLU, he was a senior lecturer (Assistant 
Professor) and was the head of Programme (Bachelor of Manufacturing Engineering 
Technology (Industrial Automation)) at the Faculty of Manufacturing and Mecha-
tronics Engineering Technology, UMP. He is also currently serving as an adjunct 
lecturer at UCSI University, Malaysia. Dr. Anwar is also a visiting research fellow 
at EUREKA Robotics Centre, Cardiff Metropolitan University, UK. Dr. Anwar 
is a chartered engineer, registered with the Institution of Mechanical Engineers 
(IMechE), UK, a member of the Institution of Engineering and Technology (IET), 
UK, as well as a senior member of the Institute of Electrical and Electronics Engi-
neers (IEEE). He is an active research member at the Innovative Manufacturing, 
Mechatronics and Sports Laboratory (iMAMS), UMP. His research interest includes 
rehabilitation robotics, computational mechanics, applied mechanics, sports engi-
neering, renewable and nuclear energy, sports performance analysis as well as 
machine learning. He has authored over 60 papers in different journals, conference 
proceedings as well as books. He serves as a reviewer in a number of prolific journals 
such as IEEE Access, Frontiers in Bioengineering and Biotechnology, SN Applied 
Sciences, PeerJ Computer Science, Applied Computing and Informatics amongst 
others. He has also served as a guest editor for SN Applied Sciences, MDPI, Fron-
tiers as well as an editor for several Springer book series. He is currently serving as 
an academic editor for PLOS ONE, a review editor for Frontiers in Robotics and AI 
and a section editor for Mekatronika (UMP Press). Dr. Anwar is also a member of the 
Young Scientists Network of the Academy of Sciences Malaysia (YSN-ASM). With 
regard to learned/civil society activities, he is an active member of the IET Malaysia 
Local Network as well as acting as a Liaison officer for the Imperial College Alumni 
Association Malaysia. e-mail: Anwar.Majeed@xjtlu.edu.cn

mailto:rabiu.muazu@umt.edu.my
mailto:Anwar.Majeed@xjtlu.edu.cn


Commitment in Sport 
from the Perspective of Malaysian Adults 

Arthur Ling, Teo Eng Wah, Ngien Siong Chin, Kho Lee Sze, Michelle Wong, 
and Holyvia Lau 

Abstract Involvement in sport on regular basis is essential to ensure healthy 
lifestyle. Therefore, it is important to understand the factors that influence commit-
ment in sport. Up to date, Sport Commitment Questionnaire-2 (SCQ-2) (Scanlan 
et al. in Psychol Sport Exerc 22:233–246, 2016) often utilised to comprehend the 
motivation of sport users to maintain their participation in sports. The objective of 
the study is to examine the differences in sports commitment and reasons that moti-
vate coaches to participate in sports. A quantitative study with random sampling 
method using questionnaire was administered to Malaysian adults who play various 
sports. They have completed the questionnaire that consists of demographic infor-
mation and SCQ-2 (Scanlan et al. in Psychol Sport Exerc 22:233–246, 2016). The 
SCQ-2 scale consists of 58 items with twelve subscales and structured on a five-point 
Likert scale and descriptive items. The independent t-test and one-way ANOVA were 
conducted to examine the differences in sports commitment among gender and age 
groups. There was a total of 389 respondents with a mean age of 36.41 years old 
(SD = 10.46) which completed the questionnaire. The participants consist of 254 
(65.3%) male and 135 (34.7%) were female. The independent sample t-test showed 
that there was significant difference in enthusiastic commitment (p = 0.01) across 
gender, but there is no significant difference in constraints commitment (p = 0.29) 
across gender. An analysis of variance (ANOVA) on enthusiastic commitment and 
constraints commitment shows significant variation among age groups. A post hoc 
Tukey will be shown in the discussion part to show the difference. Lastly, the results 
showed that sport enjoyment is the main reason nurturing the motivation to partici-
pate in sport among working adults in Malaysia. Whereas, other opportunities was 
not the main concern for Malaysian adult to take part in sport. Adult Malaysians 
reviewed that sport enjoyment encourage them to participate in sport. It shows that
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Malaysian adults enjoy the moment of relaxation that sports could bring to them 
as well as element of enjoyment despite of hectic working schedule. This promotes 
healthy lifestyle and preparing productive workers. 

Keywords Sport commitment model ·Malaysian sport · Sport enjoyment 

1 Introduction 

Studies have proven that active involvement in sport promotes healthy lifestyle [1–3]. 
Unfortunately, sport dropout rate increases to 70% over the years [4, 5]. The main 
cause of dropouts is that they tended to spend more time engaging in activities outside 
of their sport [6]. This had led to health deterioration among those who discontinued 
sports [7]. For example, those who withdraw from sport participation reported higher 
body fat and high depression, lower health-related quality of life and having greater 
psychological difficulties than their counterparts who still actively involve in sports 
[5, 8, 9]. Therefore, the need to study factors related to sport commitment is essential 
in this area. 

With the interest to discover the factors influencing sport commitment, sport 
commitment model (SCM) was created by Scanlan and colleagues [10]. The initial 
sport commitment model consists of five factors which are sport enjoyment, involve-
ment alternatives, personal involvement, social constraints and valuable opportuni-
ties. To further understand the elements that drove sport commitment, two additional 
components were added to SCM which were social support and desire to excel. 
Besides, enthusiastic commitment and constrained commitment were included in 
the model to further distinguish between when describing the types of commitments 
that driven sport commitment [11, 12]. 

Sport enjoyment refers to the fun or pleasure feelings towards the sport [10]. 
Overall, studies have conferred that sport enjoyment is the key element to sport 
commitment [10, 11, 13–16]. On the other hand, involvement alternatives (other 
activities that would divert the attention from participating in sport) were the least 
influential factor affecting sport commitment [16, 17]. Although most of the studies 
agreed that sport enjoyment ranked the first factor influencing sport commitment, 
studies [16, 18] also suggested that personal investment also plays important role 
in predicting sport commitment. The fourth factor in SCM, social constraints are 
the social expectations, standards or norms that compel someone to continue partic-
ipating in a sport [10]. However, studies revealed that there was no relationship 
existing between social restrictions and sport commitment [19, 20]. Valuable oppor-
tunities mean possibilities or valuable things that one can obtain by continuing to 
engage in sports activities for example friendship, future career and travel time [10, 
12]. Social support was included in the SCM because Scanlan et al. [17] revealed that 
encouragement or support given to the players has increased the sport involvement 
among rugby players. Lastly, desire to excel refers to one’s ability to develop, strive
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for perfection, and achieve goals. Study has reported that rugby players have put in 
a lot of effort in training in order to win games [12]. 

The main objective of current study focuses on the sport commitment of Malaysian 
adults. This study utilised SCM as the framework to investigate the factors underlying 
sport commitment. Sport Commitment Questionnaire-2 (SCQ-2) was administered 
to Malaysian adults who involve in various sports. 

2 Methods 

2.1 Sampling Procedures and Instrument 

The Sport Commitment Questionnaire-2 was administered to Malaysian adults who 
play sports. Adults recruited for this study were ranging from 21 years old to 65 years 
old. Data collection began following receipt of ethics board approval from the Univer-
sity of Malaya (UM. TCN2/RCH&E/UMREC-14). Prior to study, we write to the 
relevant sports bodies and organisations across Malaysia to request permission to 
perform this study on their members. 

The participants were briefed on the confidentiality prior to answering the ques-
tionnaire. This study’s participation was based on voluntary principles. Therefore, 
participants were free to withdraw from the study at any moment if they wish to. The 
questionnaire consists of two parts where Part A is used to gather demographic infor-
mation and Part B is the SCQ-2 which consists of 58 items where all the items were 
structured based in five-point Likert scale that range from 1 (strongly disagree) to 5 
(strongly disagree). Enthusiastic commitment and desire to excel (mastery achieve-
ment) were measured by six items, constrained commitment, sport enjoyment, other 
priorities, personal investment-loss, social support-informational and desire to excel-
social achievement were measured by five items. Valuable opportunities, personal 
investment-quantity, social constraints and social support-emotional were measured 
by four items. The questionnaire was tested and showed good validity and reliability 
in the sport setting [11]. 

2.2 Data Analysis 

The responses were all key in SPSS version 25.0 for analysis purposes. Descriptive 
analysis, T-test and one-way ANOVA were performed to address all the objectives 
of this study.
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3 Result 

3.1 Demographic Information 

See Table 1. 
Approximately, 500 questionnaires were distributed across Malaysia. 463 ques-

tionnaires were returned, and 74 questionnaires were eliminated during the data 
cleaning process. The total of respondents was 389 with a mean age of 36.41(SD = 
10.46) years old. There were 254 (65.3%), male and 135 (34.7%) were female. 

See Table 2. 
The results were analysed using descriptive analysis to find the main factor that 

predict sport commitment. Table 2 shows that sport enjoyment was the most important 
factor for adult Malaysian to stay active in sport. 

See Table 3.

Table 1 Demographic 
information of participants 

Variable N Percentage 

Gender 389 

Male 254 65.3 

Female 135 34.7 

Age group 

20–29 119 30.6 

30–39 121 31.1 

40–49 102 26.2 

> 50 47 12.1 

Table 2 Descriptive analysis 
of subscales 

Subscales Mean SD 

Enthusiastic commitment 4.19 0.61 

Constrained commitment 2.08 0.90 

Sport enjoyment 4.59 0.47 

Valuable opportunities 3.37 0.75 

Other priorities 2.50 1.02 

Personal investment-loss 3.17 0.66 

Personal investment-quantity 3.59 0.70 

Social constraints 2.92 0.78 

Social support-emotional 3.05 0.82 

Social support-informational 3.17 0.80 

Desire to excel-mastery achievement 3.78 0.71 

Desire to excel-social achievement 3.67 0.69 
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Table 3 Comparison of sport commitment subscales between genders 

Subscales Male Female u diff p 

M SD M SD 

Enthusiastic commitment 4.24 0.61 4.08 0.59 0.16 0.01* 

Constrained commitment 2.04 0.88 2.15 0.93 0.11 0.29 

Sport enjoyment 4.61 0.46 4.56 0.48 0.05 0.27 

Valuable opportunities 3.37 0.75 3.35 0.75 0.02 0.81 

Other priorities 2.43 1.06 2.63 0.94 0.2 0.06 

Personal investment-loss 3.17 0.67 3.15 0.66 0.02 0.76 

Personal investment-quantity 3.64 0.70 3.51 0.69 0.13 0.08 

Social constraints 2.93 0.83 2.92 0.69 0.01 0.95 

Social support-emotional 3.04 0.86 3.06 0.78 0.02 0.82 

Social support-informational 3.12 0.83 3.26 0.74 0.14 0.11 

Desire to excel-mastery achievement 3.82 0.72 3.70 0.70 0.10 0.15 

Desire to excel-social achievement 3.72 0.70 3.59 0.67 0.13 0.08 

* p < 0.05  

The result shows that male has higher enthusiastic commitment compared to 
female t(387) = 2.59, p = 0.01. There were no significant differences for the other 
subscales in the sport commitment model. 

See Table 4.
A one-way ANOVA was used to compare the effect of age groups on factors 

that predict sport commitment. The result revealed that there were significant differ-
ences in constrained commitment (F(3, 385) = 10.70), other priorities (F(3, 385) = 
0.00) and personal investment-loss (F(3, 385) = 0.04). Tukey HSD test for multiple 
comparisons found that the mean value of constrained commitment was significantly 
different between age groups of 20–29 and 20–29, 20–29 and 40–49, 20–29 and above 
50 years old. Besides, Tukey HSD test for multiple comparisons also shows signifi-
cant differences in other priorities between age group of 20–29 and 30–39, 20–29 and 
40–49. Lastly, significant differences also found in personal investment-loss between 
age groups of 20–29 and 30–39. 

4 Discussion 

The descriptive analysis showed that sport enjoyment emerged as the major factor that 
predicted sport commitment among Malaysian adults. Generally, the result is in line 
with studies that proposed sport enjoyment is the main factor for sport commitment 
[11, 14–16, 21]. This has indicated that Malaysian adults involvement in sport was 
due to enjoyment element that sport could bring to them.
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Table 4 Comparison of sport commitment subscales between age groups 

Type of commitment Mean Tukey’s HSD comparisons 

Mean SD F P 20–29 30–39 40–49 > 50  

Enthusiastic commitment 

20–29 4.1 0.7 1.28 0.28 0.4 0.31 0.66 

30–39 4.22 0.57 0.4 1 1 

40–49 4.24 0.56 0.31 1 1 

> 50 4.22 0.55 0.66 1 1 

Constrained commitment 

20–29 2.45 1.01 10.7 0.00* 0.00* 0.00* 0.03* 

30–39 1.87 0.79 0.00* 0.99 0.68 

40–49 1.91 0.74 0.00* 0.99 0.84 

> 50 2.04 0.93 0.03* 0.68 0.84 

Sport enjoyment 

20–29 4.5 0.46 2.39 0.07 0.09 0.37 0.17 

30–39 4.64 0.45 0.09 0.93 0.99 

40–49 4.61 0.51 0.37 0.93 0.87 

> 50 4.67 0.4 0.17 0.99 0.87 

Valuable opportunities 

20–29 3.48 0.89 1.91 0.13 0.1 0.45 0.97 

30–39 3.26 0.66 0.1 0.9 0.57 

40–49 3.33 0.63 0.45 0.9 0.89 

> 50 3.43 0.82 0.97 0.57 0.89 

Other priorities 

20–29 2.87 1.19 8.1 0.00* 0.00* 0.00* 0.06 

30–39 2.3 0.88 0.00* 0.99 0.84 

40–49 2.34 0.85 0.00* 0.99 0.95 

> 50 2.44 1.04 0.06 0.84 0.95 

Personal investment-loss 

20–29 3.28 0.74 2.75 0.04* 0.05* 0.2 1 

30–39 3.06 0.6 0.05* 1 0.34 

40–49 3.11 0.55 0.2 1 0.57 

> 50 3.26 0.8 1 0.34 0.57 

Personal investment-quantity 

20–29 3.59 0.8 0.16 0.92 1 1 0.95 

30–39 3.58 0.66 1 1 0.91 

40–49 3.58 0.64 1 1 0.93 

> 50 3.66 0.64 0.96 0.93 0.93

(continued)
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Table 4 (continued)

Type of commitment Mean Tukey’s HSD comparisons

Mean SD F P 20–29 30–39 40–49 > 50

Social constraints 

20–29 3 0.83 0.54 0.66 0.7 0.7 0.93 

30–39 2.89 0.64 0.7 1 0.99 

40–49 2.88 0.78 0.69 1 0.98 

> 50 2.93 0.97 0.96 0.99 0.98 

Social support-emotional 

20–29 3.19 0.88 1.71 0.17 0.22 0.26 0.47 

30–39 2.99 0.72 0.22 1 1 

40–49 2.99 0.78 0.25 1 1 

> 50 2.98 1.03 0.47 1 1 

Social support-informational 

20–29 3.29 0.86 1.28 0.28 0.25 0.53 0.69 

30–39 3.09 0.7 0.25 0.97 0.99 

40–49 3.14 0.76 0.53 0.97 1 

> 50 3.14 0.97 0.69 0.99 1 

Desire to excel-mastery achievement 

20–29 3.8 0.77 0.12 0.95 0.99 0.96 0.96 

30–39 3.79 0.66 0.99 0.98 0.99 

40–49 3.75 0.68 0.95 0.98 1 

> 50 3.75 0.8 0.96 0.99 1 

Desire to excel-social achievement 

20–29 3.71 0.77 0.18 0.91 0.96 0.92 0.95 

30–39 3.66 0.65 0.96 1 1 

40–49 3.65 0.62 0.92 1 1 

> 50 3.64 0.73 0.95 1 1 

* p < 0.05

Independent samples t-test was conducted to look into the differences of sport 
commitment between genders. Some studies suggested that there was no significant 
difference in commitment across gender [22, 23]. This might be due to the nature 
of the sports that provide equal opportunities to both genders, the exposition of 
sports and its popularity among both genders. However, the findings of this study 
have reported different point of view where females perceived lower enthusiastic 
commitment compared to males (refer to Table 3). This might be due to female 
having other commitment or priorities [24]. These could be the commitment to the 
family and jobs where female spend more time and commitment rather than in 
sport. According to Coakley and White [25], females have often withdrawn from
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sport because they perceived sports that were irrelevant to their life [25]. Another 
explanation could be the nature of certain sports which might not provide equal 
opportunities to females which lowered the commitment among females [22]. 

This study also uses the analysis of variance (i.e. ANOVA) to explore the differ-
ences of sport commitment between age groups. The findings reported significant 
difference in constrained commitment, other priorities and personal investment-loss 
across age groups (refer Table 4). Result shows that adults in age group 20–29 have 
the highest constrained commitment. The result supports Weiss [26] study where 
it reports levels of commitment for young adults were low compared to older age 
groups. However, the findings were not inclusive as some studies [14, 22] reported 
that older age groups are more committed in sports. This indicates that commitment 
towards sport might be varied due to different sport activities. 

Study also reported that age group 20–29 years old adults has the highest mean 
score for other priorities among all the age groups. This is because they have other 
activities and other commitment [22, 27] which might be driven them away from 
participating in sport. In this age group, most of them just started their career after 
high school or university or still pursuing their studies. Thus, they might want to 
focus on their career or studies rather than in sport. Besides, personal investment 
has played an important role in predicting sport commitment among adults aged 
20–29. In this age group, some of them might be involved in the competitive level 
which required them to spend more resources such as time and money. Weiss [26] 
revealed competitive athletes had higher perceptions of investments in relation to 
sport commitment. 

4.1 Implication for the Promotion of Sport in Malaysian 
Adult 

Across the globe, studies had been done to understand the motivation of people 
participating in sports and promote healthy lifestyle. For example, studies reviewed 
enjoyment, fun and social interaction as important factors that underpin sport commit-
ment [6, 10, 11, 14, 15, 22, 27]. With the result of the study showing that sport enjoy-
ment is the main predictor to sport commitment, the government, sport authorities 
or school could design sport programme in which there are more fun elements to 
engage people to participate in sport among Malaysian adults. Promoting sports to 
females is also essential in Malaysia as females need to be encouraged to participate 
in sports. This can be done through exposition of benefits of sports in school and 
also by the Ministries such as Ministry of Youth and Sports and Ministry Women, 
Family and Community Development. Teacher in school should play important role 
to encourage female students to enjoy in PE class or in extra-curricular activities. 
Another approach is to provide females friendly environment such as female coaching 
sessions, female class and female coaches to encourage them to engage in sport.
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4.2 Limitation of the Study 

There were several limitations on this study. First, some participants were struggled 
to correctly respond to the items in SCQ-2 as Bahasa Melayu, Chinese language 
and other different native languages that are more widely spoken among Malaysians 
instead of English. Therefore, responses may not accurately reflect on participants’ 
thoughts. In order to overcome this situation, extra clarification and explanation 
were given to those who needed them. Lastly, it is unknown how many people play 
sports in Malaysia because neither the National Sports Body nor the Ministry kept 
accurate records. In order to determine the required sample size, G-power calculation 
was used. The minimum recommended sample size by G-power software was 151. 
Overall, the sample size of this study was 389 which met the minimum requirement. 

5 Conclusion 

In general, sport enjoyment aroused as the most important factor that predicts sport 
commitment across gender and age groups. Besides, Malaysian male adult has higher 
enthusiastic commitment compared to female. In addition, adults aged 20–29 years 
old are having the risk of being drop out from sport because they have the highest 
constrained commitment and other priorities compared to other age groups. There-
fore, the findings of this study help sport administrators to understand the differences 
in sport commitment across gender and age groups. Hence, future sport programmes 
designed need to focus on elements that could draw Malaysian adults’ interest to 
participate in sport continuously. This could promote healthy lifestyle and reduce 
health-related problems in the community. 
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Effectiveness of Brain Breaks® 

for Students: A Systematic Review 
and Meta-Analysis 

Mengyuan Zhao , Garry Kuan , Yee Cheng Kueh , Ke Zhou, 
and Shiyue Wang 

Abstract Background: Physical activity (PA) is a key factor of a healthy lifestyle. 
However, many students do not acquire sufficient PA due to numerous internal and 
external factors that influence students’ PA levels. Brain Breaks Physical Activity 
Solution (Brain Breaks®) is an online PA video project based on classroom envi-
ronment, which is multimedia video technology. It may provide an opportunity to 
increase school-based PA and other possible benefits. The aim of this systematic 
review and meta-analysis was to evaluate the impact of Brain Breaks® for students. 
Methods: A systematic search of electronic databases (PubMed, Web of Science, 
OVID, ScienceDirect, EBSCOhost, and Scopus) was performed between February 
10, 2022, and March 30, 2022. Studies that investigated the classroom-based Brain 
Breaks® among students were included. Meta-analyses were conducted in Review 
Manager 5.3, with effect sizes calculated separately for each subscale outcome 
assessed. Results: Fifteen articles met the inclusion criteria for the review, and seven 
provided sufficient data and appropriate design for inclusion in the meta-analyses. 
Studies mainly investigated different physical activity-related outcomes. Results of 
the meta-analyses showed Brain Breaks® had a positive effect on students’ attitudes 
toward physical activity. Including: Benefits (MD = 0.29, 95% CI: 0.12, 0.46, p = 
0.0006), Importance (MD = 0.28, 95% CI: 0.17, 0.39, p < 0.00001), Learning (MD 
= 0.75, 95% CI: 0.40, 1.10, p < 0.0001), Self-efficacy (MD = 0.60, 95% CI: 0.28, 
0.93, p = 0.0003), Fun (MD = 0.29, 95% CI: 0.18, 0.40, p < 0.00001), Fitness (MD 
= 0.26, 95% CI: 0.16, 0.36, p < 0.00001), and Personal Best (MD = 0.27, 95% CI: 
0.16, 0.37, p < 0.00001). Conclusions: Brain Breaks® may have a positive impact 
on attitudes toward physical activity. However, it is not possible to draw definitive 
conclusions due to the level of heterogeneity in Attitudes toward Physical Activity
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Scale (APAS) subscales outcomes assessed. Future studies should consider more 
high methodological intervention designs to achieve meaningful evidence. 

Keywords Students · Brain Breaks® · Physical activity · Classroom-based 
intervention 

1 Introduction 

1.1 Background 

Lack of physical activity (PA) is a global public health problem. It is estimated that 
31.1% of the world’s adult population was below the American College of Sports 
Medicine (ACSM) recommendations (150 min of moderate exercise (PA) per week 
or 75 min of vigorous exercise (PA) per week) in 2017 [1]. A longitudinal study 
showed that people who engaged in 150 min of moderate-intensity aerobic PA, 75 min 
of high-intensity PA per week, or two or more sessions of muscle strengthening 
training per week had a lower all-cause and cause-specific mortality compared with 
those who did not achieve the recommended level of activity [2, 3]. It was found 
in a two-year follow-up study that students’ daily PA time decreased and sedentary 
time increased, suggesting that the amount of time spent studying increases and 
the amount of time applied to PA decreases with age [3]. Interventions to improve 
physical health need to be implemented early, especially in the child population, for 
whom healthy development is particularly important during the growth phase [4]. 
Health-related attitudes and behavior patterns are formed in early childhood, and 
they can often be maintained until the adolescent stage, so early health interventions 
may have more potential impact [5, 6]. A sedentary lifestyle is one of the reasons for 
the decline in PA levels, and the development of this lifestyle is linked to a number 
of factors, such as lack of available leisure time due to heavy school workloads, lack 
of desire to engage in physical exercise, and prolonged internet time, all of which 
may affect children’s PA levels [7]. Various factors can limit regular extra-curricular 
sports activities, there are many external reasons affecting students’ PA levels [8], 
such as the weather conditions, where extra-curricular activities may be canceled 
because of bad weather such as storms or heavy snow. At this time, students are 
unable to engage in daily physical activity and physical activity levels are reduced 
[9]. It is worth considering increasing PA levels by increasing students’ interest in 
physical activity and increasing opportunities to be active. 

The recent development of the internet has also brought innovation to the sports 
world. Interactive internet-based video games can increase children’s interest in PA, 
increase PA levels, and promote healthy lifestyles. The recent development of the 
internet has also brought innovation to the sports world. Children’s interest in physical 
activity, as well as their PA levels and healthy lifestyles, can be improved through 
interactive internet-based video games. The proper application of internet technology
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is an effective way to motivate students to exercise [10]. HOPSports has developed a 
classroom-based physical activity program, Brain Breaks Physical Activity Solutions 
(Brain Breaks®) that makes the most of recess or class time to enhance PA opportunity 
[11]. It has a wide selection of physical activity-related videos that students can 
follow. Researchers in several countries and regions have already put Brain Breaks® 

into classroom use [12–14]. A self-report instrument used by many researchers in the 
intervention was the Attitudes toward Physical Activity Scale (APAS), and the results 
of the subscales were used to illustrate the effect of the Brain Breaks® intervention 
[15]. Zhou et al. [16] showed statistical differences in the Benefits (F1), Importance 
(F2), Fun (F5), and Personal Best (F7) subscales, but not in the remaining groups. 
Glapa et al. [17] showed statistically significant differences in the Self-efficacy on 
learning with video exercises subscale and no statistical differences between the 
experimental and control groups for the other subscales; in the Balasekaran et al. 
[18] experiment, the results showed statistically significant differences on all seven 
scales of the APAS. The effect of the Brain Breaks® intervention is unclear as there 
are different studies with different results. 

To date, no meta-analysis has evaluated the effectiveness of Brain Breaks® in 
the student population. This activity may be beneficial to the student population, 
so there is a need to systematically evaluate the appropriateness and effectiveness 
of Brain Breaks® promotion in this target population. The findings have important 
implications for informing and supporting future use in student groups. Moreover, it 
may give teachers another way of thinking about teaching in the classroom. 

Therefore, the aim of this systematic review was to examine the effectiveness of 
Brain Breaks® intervention among students. A search of the published literature on 
the use of Brain Breaks® in students was conducted, and meta-analysis was used 
to calculate the combined effect size and to analyze the possible effects of this 
intervention. 

2 Methods 

2.1 Registration and Protocol 

To provide a comprehensive review and improve the quality of meta-analysis articles, 
this study followed the PRISMA statement [19]. This review was registered in the 
International Prospective Register of Systematic Reviews (PROSPERO) (record # 
CRD42022315938).
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2.2 Search Strategy 

The literature search was conducted in accordance with the search requirements in the 
PRISMA statement. Six databases of PubMed, Web of Science, OVID, ScienceDi-
rect, EBSCOhost, and Scopus were searched for relevant literature on the impact of 
Brain Breaks® interventions on students while tracking references cited by relevant 
systematic review. As the first Brain Breaks®-related article was published in 2008, 
we set the time search to 2008–2022 and the last search date to March 30, 2022. A 
supplementary search was conducted in Google Scholar. Using keywords plus free 
words (synonyms): “Brain Breaks”, student*, classroom-based physical activity. 

2.3 Criteria 

Inclusion criteria: 
The papers for this systematic review were chosen using a set of predetermined 
inclusion criteria. Each study needed to meet the following criteria: 

1. Experimental study design; 
2. The experimental intervention was Brain Breaks® only, with no other physical 

activity interventions, which of course did not include normal physical education 
classes or activities; 

3. Participants are healthy students (including students at any stage, e.g., primary, 
secondary, or university students), and the subjects do not have special student 
populations (e.g., obese, physically dysfunctional, etc.); 

4. Completeness of study data (clear means and standard deviations of results); 
5. Published articles are in English and Chinese and can be fully accessed. 

Exclusion criteria: 

1. Overview articles, commentaries, surveys, etc. non-intervention study design; 
2. Incomplete data for the outcome indicator, such as only mean value without 

standard deviation; 
3. The difference between the base of the experimental and control groups was too 

large; the experimental design was not reasonable, etc. 

2.4 Study Selection 

This study generated 215 publications from a search of six databases, PubMed, Web 
of Science, OVID, ScienceDirect, EBSCOhost, and Scopus, with two additional 
publications from Google Scholar (Fig. 1). After removing duplicates (n = 61), 
154 papers were initially retained. By reading the title, abstract, and keywords of
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the article, 123 articles inconsistent with the theme were deleted. This process was 
completed by one author. A total of 31 articles were identified as potentially relevant 
based on the inclusion criteria. Two authors independently read the full text of the 
remaining articles to conduct further screening. When there were different views 
on the results, the two authors discussed, giving their respective reasons. Sixteen 
papers were excluded for different reasons, while reference lists were checked in 
all included papers, but no additional studies met the inclusion criteria. Finally, 15 
papers were included in the qualitative analysis. 

Fig. 1 PRISMA flow diagram showing flow of studies through the review process
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2.5 Data Extraction 

According to the needs of the study, data were extracted from the included literature 
by a searcher, including the first author of the literature, year of publication, sample 
size, gender, age, study design, duration, and outcome measures. 

2.6 Methodological Quality 

The Effective Public Health Practice Project (EPHPP) tool (2008) [20] was used to 
assess the methodological quality of the included studies across six indicators: (A) 
selection bias; (B) study design; (C) confounders; (D) blinding; (E) data collection 
methods; and (F) withdrawals and dropouts. Each entry is rated on a three-point 
scale, choosing “strong”, “moderate”, or “weak”. Following the tool’s accompanying 
instructions, the overall score was assigned based on these ratings: strong (no weak 
component ratings), moderate (one weak component rating), or weak (more than 
one weak component rating). The process was carried out independently by the 
two authors, where there was disagreement, there was deliberation until reaching a 
consensus. 

2.7 Meta-Analyses 

Meta-analyses were conducted when the same or similar outcome indicators were 
presented in at least three of the included papers. Outcome indicators include phys-
ical activity-related outcomes (such as attitude toward physical activity, PA level, 
and physical fitness) and academic-related outcomes (i.e., academic achievement, 
memory, classroom behavior). Due to the heterogeneity of the study design, the 
included research experiments needed to have control groups (i.e., RCT or quasi-
experimental with control group). One of the articles included in the review section 
of this study was not included in the meta-analysis because there was no control 
group in the experimental design, although it had similar outcome indicators (PA 
level) as in the other two. In this systematic review, 15 studies were included, 9 were 
included in the meta-analysis, and 6 were excluded for the following reasons: 1 study 
had no control group (n = 1); there were no greater than or equal to 3 articles which 
used identical or similar instruments (n = 5).
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2.8 Statistical Analysis 

The results of this study were calculated using the Review Manager 5.3 software. 
A fixed effects model was used to test homogeneity across multiple studies, and a 
random effects model was used if heterogeneity existed. After examination, it was 
found that there was heterogeneity among the studies, and the random effects model 
was adopted. If the results were measured using the same measurement tool, effect 
sizes were computed as the mean difference (MD); otherwise, the standardized mean 
difference (SMD) was used. 

Heterogeneity test: The heterogeneity of the included studies was measured by 
I2, with higher I2 statistics indicating greater heterogeneity, with I2 values of 25, 50, 
and 75% representing low, moderate, and high heterogeneity, respectively. If I2 > 
50%, there was more significant heterogeneity [21]. 

Combined statistic test: If p ≤ 0.05, the combined statistic of multiple studies was 
statistically significant; if p > 0.05, it is not statistically significant [22]. 

Consolidated subgroup data: The synthetic mean and synthetic standard deviation 
were calculated using the following formula. 

X T =
Σ

ni X i
Σ

ni 
(1) 

ST =
/Σ

ni S2 i +
Σ

ni d2 
iΣ

ni 
(2) 

di = X T − Xi (3) 

X T is the total mean, Xi is the mean of each group, ni is the number of participants 
in each group, ST is the total standard deviation, S2 i is the variance of each group, 
and Si is the standard deviation of each group. 

3 Results 

3.1 Included Studies 

Fifteen articles were ultimately included in this study, with an overall sample size of 
6524 participants. Most of the papers were published between 2018 and 2021 (n = 
14), and only one was published in 2014. Research sites across multiple countries and 
regions, including one in China, Macedonia, Poland, Singapore, Lithuania, Croatia, 
Kaunas, and Bratislava, as well as one in eight different countries, two in South Africa, 
and four in Malaysia. Most of the studies were conducted over a period of 3–4 months, 
with the minimum duration of one intervention being 6 weeks. Interventions are
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focused on 3 to 5 min or 5 to 10 min on every school day. The studies focused on 
primary school students, with the oldest participants having a mean age of 11.18 and 
11.71 years. The measures were focused on physical activity attitude assessment, 
and APAS was used in seven papers (Table 1).

3.2 Methodological Quality 

Of the 15 papers included, four achieved a strong rating score [13, 16, 17, 23], six 
achieved a moderate rating [14, 18, 24–27], and five received a weak rating score 
[12, 28–31]. The moderate and weak ratings were mainly due to the lack of reporting 
blinding of participants and researchers and the dropout rate of the studies (Table 1). 

3.3 Publication Bias 

The amount of literature ultimately included in meta-analyses was too small (n = 9) 
to allow for a test of bias. Therefore, it is unclear whether there was publication bias 
between individual studies [32]. 

3.4 Meta-Analyses 

Overall Effect Test 
An overall effect test on the entire sample found that Brain Breaks had a positive effect 
on the change in students’ attitudes towards physical activity. An overall homogeneity 
test of the included literature showed I2 = 83%, p < 0.00001, indicating heterogeneity 
among the nine studies, so a random effects model was used, reflecting the possibility 
of potential moderating variables. According to Cohen [33], SMD < 0.2 is a small 
effect size, 0.2 ≤ SMD < 0.5 is a fair effect size, 0.5 ≤ SMD < 0.8 is a medium 
effect size, and SMD ≥ 0.8 is a large effect size. The overall effect size showed that 
the SMD was 0.47, reaching a fair effect size. The results of the two-tailed test (p 
< 0.00001) indicated that the combined statistic was statistically significant, with a 
95% confidence interval of [0.29, 0.64]. The above data suggest that Brain Breaks 
had a positive impact on the change in students’ attitudes towards physical activity 
(Fig. 2).

Moderating Effects 
In addition to examining the effect of Brain Breaks on attitudes towards phys-
ical activity, this study also examined potential moderating variables that influence 
the relationship between the two. In this meta-analysis, the four variables of time, 
duration, sample size, and grade were tested for moderating effects (Table 2).
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Table 1 Study characteristics 

Paper Sample 
size 

Gender 
(M/F) 

Age (mean ± 
SD) 

Study design Duration Outcome 
measures 

Study 
quality 

Zhou et al. 
2021 
China [16] 

n = 
704 

EG: EG: 3–5 min 
each school 
day, 30 min 
per week 

3 months APAS Strong 

190/163 9.41 ± 0.91 
CG: CG: 

180/171 9.44 ± 0.92 
Popeska 
et al. 2018 
Macedonia 
[24] 

n = 
283 

EG: EG: 3–5 min each 
school day, 
five days per 
week 

3 months APAS Moderate 

86/66 8.24 ± 0.82 
CG: CG: 

69/62 9.18 ± 1.13 
Glapa et al. 
2018 
Poland [17] 

n = 
326 

EG: EG: 3–5 min each 
school day, 2 
times per day 

4 months APAS Strong 

132/132 9.6 ± 1.08 
CG: CG: 

38/24 10.1 ± 0.92 
Bonnema 
et al. 2020 
South Africa 
[13] 

n = 
114 

EG: EG: 5 to 10 min  
every day 
during 
school time 

3 months APAS Strong 

44/31 11.4 ± 0.54 
CG: CG: 

27-Dec 11.71 ± 0.49 
Balasekaran 
et al. 2021 
Singapore 
[18] 

n = 
113 

EG: EG: 3–5 min 
daily, five 
days per 
week 

10 weeks APAS Moderate 

22/26 9.71 ± 0.99 
CG: CG: 

25/40 9.66 ± 0.94 
Emeljanovas 
et al. 2018 
Lithuania 
[14] 

n = 
181 

EG: 8.54 ± 1.10 5–9 min each 
school day 

3 months APAS Moderate 

50/43 

CG: 

48/40 

Mok et al. 
2020 
Eight 
countries 
[12] 

n = 
3036 

EG: 8–11 years 3–5 min, two 
times per 
day, 5 days 
each week 

4 months APAS Weak 

958/956 

CG: 

538/584 

Hajar et al. 
2019 
Malaysia 
[25] 

n = 
335 

EG: CG 10.51 ± 0.50 5 min each 
school day, 
five times 
per week 

4 months PALMS-Y-M Moderate 

183:152 

M:F 

159:176 

Hajar et al. 
2019 
Malaysia 
[26] 

n = 
335 

EG: CG 10.51 ± 0.50 5 min  per  
day, five 
times per 
week 

12 weeks Short-term 
memory 
(Digit span 
test) 

Moderate 

183:152 

M:F 

159:176

(continued)
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Table 1 (continued)

Paper Sample
size

Gender
(M/F)

Age (mean ±
SD)

Study design Duration Outcome
measures

Study
quality

Podnar et al. 
2018 
Croatia [23] 

n = 98 – 6–10-year-old 5 min  per  
day 

12 weeks On-task 
behavior and 
physical 
activity 

Strong 

Rizal et al. 
2019 
Malaysia 
[28] 

n = 
322 

EG:CG: 10.53 ± 0.50 30 min per 
week 

12 weeks TTM, 
(process of 
change, 
decisional, 
balance, and 
self-efficacy) 

Weak 

177/145 

M:F 

159/163 

Rizal et al. 
2020 
Malaysia 
[27] 

n = 
287 

EG:CG: 10.51 ± 0.50 Accumulated 
30 min per 
week, five 
times per 
week 

12 weeks Processes of 
Change 
questionnaire 

Moderate 

128/159 

M:F 

148/139 

van Stryp 
et al. 2021 
South Africa 
[29] 

n = 48 EG: 6.6 ± 0.4 10 min per 
day, twice a 
week, a total 
of 24 times 

6 weeks PA patterns 
(sedentary 
behavior, PA 
level) 

Weak 

28/20 

Tumynaitė 
et al. 2014 
Kaunas [30] 

n = 
113 

EG: 8.24 ± 1.10 5–9 min 
every school 
day 

3 months Physical 
fitness tests 

Weak 

31/31 

CG: 

29/22 

Tománek 
et al. 2019 
Bratislava 
[31] 

n = 
229 

EG: 11.18 ± 0.77 3–5 min 
every school 
day 

3 months Attitudes of 
the 
secondary 
school pupils 
toward 
physical 
activity 

Weak 

65/58 

CG: 

50/56

Fig. 2 Forrest plot of overall effect test
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Table 2 Moderating effect test of meta-analysis of Brain Breaks® on attitudes toward PA 

Moderators Homogeneity test Category ES, 95% CI Two-tailed test N 

Chi2 p I2 (%) Z p 

Time 0.82 0.36 0 3–5 min 0.39[0.09,0.70] 2.51 0.01 5 

> 5 min 0.58[0.32,0.84] 4.32 < 0.0001 4 

Duration 1.86 0.17 46.4 ≤ 3 months 0.58[0.28,0.88] 3.75 0.0002 6 

4 months 0.31[0.05,0.56] 2.36 0.02 3 

Sample size 13.01 0.0003 92.3 ≤ 200 0.82[0.61,1.03] 7.81 < 0.00001 3 

> 200 0.33[0.15,0.50] 3.73 0.0002 6 

Grade 0.08 0.78 0 ≤ grade 5 0.46[0.26,0.66] 4.48 < 0.00001 7 

grade 6 0.52[0.12,0.92] 2.57 0.14 2 

Note N refers to the number of articles included 

In terms of activity time, Brain Breaks had a significant effect on physical activity 
attitudes in both subgroups, although the effect of using Brain Breaks for longer than 
5 min per day had a medium effect (ES = 0.58), the difference between the two 
groups was not statistical significance (p = 0.36). 

In terms of intervention duration, meta-analysis results showed that Brain Breaks 
had a significant effect on physical activity attitudes in both groups. The intervention 
duration of 3 months or less produced a larger effect size (ES = 0.58) than 4 months 
(ES = 0.31). However, it is important to note that the effect sizes were not significantly 
different between the two subgroups (p = 0.17). 

In terms of sample size, Brain Breaks produced significant effects in both 
subgroups. There was a significant difference between the effect sizes of the two 
groups (Chi2 = 13.01, p = 0.0003). The group with a sample size of less than 200 
produced a larger effect size (ES = 0.82) than the group with a sample size of 200 
or more (ES = 0.33). 

In terms of grade, the results showed that Brain Breaks produced a significant 
effect (p < 0.01) in the group of grade 5 or below and not in the grade 6 group. 
However, the effect values for the two groups were not significantly different (Chi2 

= 0.08, p = 0.78). 

APAS Subscale Results Analysis 
The indicators in the seven included articles were APAS subscales, which were 
continuous outcome variables. Therefore, the mean difference (MD) was chosen as 
the effect size. Meta-analysis results showed that heterogeneity tests F1 (I2 = 94%, 
p < 0.00001), F2 (I2 = 86%, p < 0.00001), F3 (I2 = 98%, p < 0.00001), F4 (I2 = 
98%, p < 0.00001), F5 (I2 = 85%, p < 0.00001), F6 (I2 = 83%, p < 0.00001), F7 (I2 

= 82%, p < 0.0001), all of which were highly heterogeneous, so a random effects 
model was used. The results of the combined effect size analysis showed that F1 
(MD = 0.29, 95% CI: 0.12, 0.46, p = 0006), F2 (MD = 0.28, 95% CI: 0.17, 0.39, 
p < 0.00001), F3 (MD = 0.75, 95% CI: 0.40, 1.10, p < 0.0001), F4 (MD = 0.60, 
95% CI: 0.28, 0.93, p = 0.0003), F5 (MD = 0.29, 95% CI: 0.18, 0.40, p < 0.00001),
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Table 3 Brain Breaks® on APAS subscale 

Subscale Homogeneity MD [95%CI] Two-tailed test 

Chi2 p I2 (%) Z p 

Benefits (F1) 95.86 < 0.00001 94 0.29[0.12,0.46] 3.44 0.0006 

Importance (F2) 42.27 < 0.00001 86 0.28[0.17,0.39] 4.96 < 0.00001 

Learning (F3) 343.38 < 0.00001 98 0.75[0.40,1.10] 4.18 < 0.0001 

Self-efficacy (F4) 227.93 < 0.00001 98 0.60[0.28,0.93] 3.62 0.0003 

Fun (F5) 41.34 < 0.00001 85 0.29[0.18,0.40] 5.39 < 0.00001 

Fitness (F6) 35.39 < 0.00001 83 0.26[0.16,0.36] 5.14 < 0.00001 

Personal best (F7) 32.82 < 0.0001 82 0.27[0.16,0.37] 5.00 < 0.00001 

F6 (MD = 0.26, 95% CI: 0.16, 0.36, p < 0.00001), and F7 (MD = 0.27, 95% CI: 
0.16, 0.37, p < 0.00001) (Table 3), suggesting that Brain Breaks physical activity 
improved all aspects of physical activity attitudes. 

4 Discussion 

Brain Breaks is a physical activity program based in the classroom environment, 
which is already used in many countries and regions in classroom teaching [7]. The 
main objective of this study was to examine the effect of Brain Breaks on physical 
activity and academic-related indicators among students in general. However, there 
was only one article on academic-related indicators (on-task behavior) [23], short-
term memory [26], and physical fitness tests [30], two on processes of change in 
physical activity [27, 28], so the number of above similar outcomes that could be 
combined was too small to merge. In addition, van Stryp et al. study [29] was an 
experimental intervention, but without a control group, therefore, it also did not meet 
the inclusion criteria, so seven of the final included papers used the APAS. Tománek 
et al. [31] used the scale of attitudes of the secondary school pupils toward physical 
activity, Hajar et al. [25] used Physical Activity and Leisure Motivation Scale-Youth-
Malay (PALMS-Y-M), respectively. The results of the overall effect test for these 
nine texts indicated a positive effect on attitudinal change toward physical activity 
in students. Attitudinal changes may bring about behavioral changes and therefore 
may increase physical activity levels, leading to a reduction in sedentary behavior 
and an improvement in physical condition. 

As there was a high heterogeneity, a sensitivity test was conducted, and the results 
were found to be stable. This study provided an analysis of possible moderating 
effects. The relationship between variable X and variable Y is influenced by variable 
M, which is referred to as the moderating variable [34]. By analyzing the moderating 
variables, it is possible to discover what potential variables influence the relationship 
between the two and thus provide guiding recommendations for classroom-based 
physical activity interventions. The results of the moderating effect test in this study
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suggested that the sample size may be a potential moderating variable. In previous 
meta-analyses of the effects of physical activity interventions, moderating variables 
may be considered as physical activity duration, intervention period, age, sample 
size, etc. [35, 36]. 

In this study, the results of the temporal subgroup analysis showed no statistical 
difference between the two research conditions. Of the literature included in the 
meta-analysis, five papers used a once-a-day intervention of 3–5 min of exercise 
following a video, and four papers used a 5–10-min daily intervention of exercise 
following a video. For physical activity time, an additional maximum of 10 min of 
physical activity per day is still minimal compared to the recommended PA level 
[37], so different physical activity times between the two groups may not have an 
effect on the results. 

The least intervention period in this study was 10 weeks (n = 1), 3 months for 
5 studies and 4 months for 3 interventions. Subgroup analysis of the intervention 
duration was divided into two subgroups according to a 3-month cut-off. Although 
the results of the subgroup analysis showed no statistical significance, the inclusion 
of more literature needs to be explored, considering that no more than 3 months group 
only covered three papers, which may result in an uneven distribution of literature. 

In the moderating effect test for sample size, there was high heterogeneity in the 
effect of Brain Breaks on physical activity attitudes in both groups (I2 = 92.3%), 
indicating that there was an effect of study sample size on the relationship between 
both Brain Breaks intervention and physical activity attitudes. The 200 and below 
sample size group produced a larger effect, which was consistent with the ease of 
deriving better intervention effects in experiments with fewer subjects, but only three 
papers were included in this group, so a conclusion drawn from a small number of 
studies may be somewhat biased [35]. 

Among the grade moderating variables, four of the papers included students in 
grades 3–5, one in grade 1–4 and grade 4–5, two in grade 6, with the two groups 
divided by grade 5. Balasekaran et al. [18] did not mention grade level but stated 
that the age range of the participants was 8 to 11 years, with a mean age of 9.69, 
which was closer to the age of the population in the below grade 5 group, it was 
therefore included in this subgroup. Although the results indicated no statistical 
difference between the two groups, they were not sufficient to suggest that age was 
not a potential moderating variable in the effect of Brain Breaks on attitudes toward 
physical activity. One reason is that the year 6 group contained only two papers, and 
the data were not sufficient. The other is that in addition to the grade groups included 
in the meta-analysis, there are additional grade groups for which the effect of Brain 
Breaks intervention is not yet known. So, whether grade is a potential moderating 
variable for the effect of Brain Breaks on attitudes toward physical activity needs to 
be clarified by more analysis of data from the literature at different age levels. Overall, 
there is a need to include more studies for the analysis of moderating variables due 
to the limitations of the data in the literature, which may produce false positive or 
false negative results. 

Attitudes towards physical activity as whether individuals tend to favor or disap-
prove of physical activity behavior [38]. It has been shown that children’s perceptions
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of their attitudes toward physical activity were related to whether regular physical 
activity could enhance their self-satisfaction and sense of achievement [17, 39]. APAS 
is a self-rating scale developed by Mok et al. [15]. The scale consists of seven compo-
nents, all related to physical activity behaviors, including (F1) Benefits: Promoting 
holistic health; (F2) Importance of exercise habits; (F3) Learning: Self-efficacy in 
learning with video exercises; (F4) Self-efficacy: Self-efficacy in using video exer-
cises; (F5) Fun: Exercise motivation and enjoyment; (F6) Fitness: Self-confidence 
in physical fitness, and (F7) Personal Best: Trying to do your personal best. Data 
collection and analysis of the subscales in this paper were using Mok et al. [12] study 
as the standard. 

The results of all subscales in the seven included papers showed significant differ-
ences between the experimental and control groups (p < 0.05), indicating that Brain 
Breaks had a positive impact on various aspects of physical activity attitudes. The 
most significant effects were found for F3 (ES = 0.75) and F4 (ES = 0.60), but 
results for all subscales showed a high degree of heterogeneity (I2 > 75%). For each 
study, not all subscales showed statistical differences, for example, Zhou et al. [16] 
results illustrated that Brain Breaks had a positive effect on the component of four 
subscales of the scale, Benefits (F1), Importance (F2), Fun (F5), and Personal Best 
(F7). But there were no statistical differences for the other three subscales. Although 
these seven papers had a high degree of similarity in experimental design and data 
statistics, there were still factors that may cause differences in the results, such as 
subjects. The participants were of similar age, but in different countries and regions, 
which may cause cultural differences to affect the results. 

It is worth noting that the measurement instruments used were all post-
translational culturally adapted APAS. The original English version of the APAS 
had 57 entries, but after cultural adaptation in China, the scale used by Zhou et al. 
[16] was left with only 35 entries and 7 dimensions. The other five papers used the 
post-cultural adaptation APSA in each country, all of which had seven dimensions. 
However, Glapa et al. [17] used a scale with only six dimensions and no Self-efficacy 
in using video exercises (F4), so the meta-analysis of this subscale was included in 
six papers. The scale used by Emeljanovas et al. [14] had eight dimensions. Due to 
the factors Learning and Health in this scale were the same as the questions under 
the F3 entry in the APAS, the data from these two subscales were combined and 
both grouped into F3 in the meta-analysis. Future studies could include more similar 
literature for analysis, with further subgroup analyses to obtain more moderating 
variables and explore the impact of Brain Breaks on the results of each subscale. 

5 Limitations 

Due to the small number of literature included in this study, the analysis results 
may not fully reflect the objective situation; the only outcome indicator included in 
the meta-analysis was the Physical Activity Attitude Scale, with no other indicators 
related to physical activity or learning, so other possible benefits of Brain Breaks
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could not be analyzed; the oldest group included was only adolescents in grade 6 
(mean age 11.71); the effectiveness of its application in other populations is not yet 
known; there is a wide variety of videos on the Brain Breaks website, and the intensity 
of exercise varies from exercise to exercise. Some experiments did not explicitly 
mention how intense the exercise was at the time of the intervention, which may 
have had an impact on the accuracy of the results of the meta-analysis. 

6 Conclusions 

Brain Breaks intervention may provide a practical, low-cost, and effective strategy to 
improve young students’ attitudes toward physical activity, completing the transition 
from psychological recognition to behavior. Given the small amount of literature 
included, the findings of this systematic review should be interpreted with caution. 
There is scope for further exploration of the effects of Brain Breaks intervention, 
which needs to be supported by more experimental data. Brain Breaks could be imple-
mented with a wider range of students than just teenagers. It is suggested that it could 
be applied to different groups such as high school and university students. Also, when 
implementing the intervention activities, specifying the intensity of the different 
video campaigns beforehand may bring more reliable and convincing evidence to 
the experimental results. 
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Sanchez GFL, Suárez AD (2018) The effect of an interactive program during school breaks on 
attitudes toward physical activity in primary school children. Anales de Psicología 34(3):580– 
586 

15. Mok MM, Chin MK, Chen S, Emeljanovas A, Mieziene B, Bronikowski M, Laudanska-
Krzeminska I, Milanovic I, Pasic M, Balasekaran G, Phua KW, Makaza D (2015) Psychometric 
properties of the attitudes toward physical activity scale: a rasch analysis based on data from 
five locations. J Appl Meas 16(4):379–400 

16. Zhou K, He S, Zhou Y, Popeska B, Kuan G, Chen L, Chin MK, Mok M, Edginton CR, Culpan 
I, Durstine JL (2021) Implementation of brain breaks® in the classroom and its effects on 
attitudes towards physical activity in a chinese school setting. Int J Environ Res Public Health 
18(1):272 

17. Glapa A, Grzesiak J, Laudanska-Krzeminska I, Chin MK, Edginton CR, Mok MMC, 
Bronikowski M (2018) The impact of brain breaks classroom-based physical activities on 
attitudes toward physical activity in polish school children in third to fifth grade. Int J Environ 
Res Public Health 15(2):368 

18. Balasekaran G, Ibrahim AAB, Cheo NY, Wang PK, Kuan G, Popeska B, Chin MK, Mok 
MMC, Edginton CR, Culpan I, Durstine JL (2021) Using Brain-Breaks® as a technology tool 
to increase attitude towards physical activity among students in Singapore. Brain Sci 11(6):784 

19. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group TP (2009) Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA statement. Ann Intern Med 
151(4):264–269 

20. National collaborating centre for methods and tools. Quality assessment tool for quantitative 
studies (2008) Retrieved from http://www.nccmt.ca/resources/search/14. Accessed on 21 May 
2022 

21. Wang D, Zhai JX, Mou ZY, Zong HX, Zhao XD, Wang XY, Gu P (2009) Discussing on the 
research of heterogeneity in meta-analysis. Chin J Evid-Based Med 9(10):1115–1118 

22. Wen J, Li YP (2007) The selection of a summary statistic for use in meta-analysis. Chin J 
Evid-Based Med 7(8):606–613 

23. Podnar H, Novak D, Radman I (2018) Effects of a 5-minute classroom-based physical activity 
on on-task behaviour and physical activity levels. Kinesiol 50(2):251–259

http://www.nccmt.ca/resources/search/14


Effectiveness of Brain Breaks® for Students: A Systematic Review … 27

24. Popeska B, Jovanova-Mitkovska S, Chin MK, Edginton CR, Mok MMC, Gontarev S (2018) 
Implementation of brain breaks® in the classroom and effects on attitudes toward physical 
activity in a Macedonian school setting. Int J Environ Res Public Health 15(6):1127 

25. Hajar MS, Rizal H, Kueh YC, Muhamad AS, Kuan G (2019) The effects of brain breaks on 
motives of participation in physical activity among primary school children in Malaysia. Int J 
Environ Res Public Health 16(13):2331 

26. Hajar MS, Rizal H, Muhamad AS, Kuan G (2019) The effects of brain-breaks on short-term 
memory among primary school children in Malaysia. Int Conf MoHE pp 493–502 

27. Rizal H, Hajar MS, Muhamad AS, Kuan G (2020) The effects of brain breaks physical activity 
solutions on processes of change in physical activity among the Malaysian primary school 
children. In: Enhancing health and sports performance by design: proceedings of the 2019 
movement, health & exercise (MoHE) and international sports science conference (ISSC). 
Springer Nature, p 481 

28. Rizal H, Hajar MS, Muhamad AS, Kueh YC, Kuan G (2019) The effect of brain breaks on 
physical activity behaviour among primary school children: a transtheoretical perspective. Int 
J Environ Res Public Health 16(21):4283 

29. van Stryp O, Africa E, Kidd M, Duncan MJ (2021) The effect of active brain-breaks during a 
typical school day on the in-school physical activity patterns of Grade 1 children in the Western 
Cape, South Africa. Edu 3–13:1–12 
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The Fundamental Motor Skills 
Performance of Children in Kapit, 
Sarawak 

Jeswenny Fresshila John, Ngien Siong Chin, Yee Cheng Kueh , 
and Garry Kuan 

Abstract Children’s physical activity (PA) is determined by their motor skills, with 
increased fundamental motor skills (FMS) allowing them to participate in a wider 
range of PA, games, and sports. The purpose of this study was to examine the FMS 
in children aged 10 to 12 years old using the Canadian Agility and Movement Skill 
Assessment (CAMSA). The participants were in years 4, 5, and 6 (N = 487; male 
= 241; female = 246) from two primary schools in Kapit, Sarawak. CAMSA was 
used to measure children’s FMS performance (jumping, sliding, catching, throwing, 
skipping, hopping, and kicking). Descriptive statistics were used to analyse the data. 
The results showed that 99.6% of the participants were unable to achieve the recom-
mended level of the total CAMSA scores based on the Canadian norm. Given the 
positive correlation between children’s FMS performance and PA, it is recommended 
that FMS intervention can be implemented to improve their FMS performance as 
well as sustain their engagement in PA. 

Keywords Physical activity · Fundamental motor skills · Children · CAMSA 

1 Introduction 

Physical activity (PA) has always played a significant role in determining children’s 
quality of life, physiologically or psychologically. In particular, the benefits of PA 
in physical, social, and cognitive development among children have been well docu-
mented for decades. For instance, engaging in PA will increase overall health [1],
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better concentration and attention [2], lessen the risk of non-communicable diseases 
(NCDs), reduce depression, anxiety, and stress [3] as well as develop a sense of trust 
and trustworthiness [4]. Given the positive relationship between PA and children’s 
quality of life, PA is widely promoted worldwide, notably being promoted in the 
Sustainable Development Goals (SDGs) by the United Nations, whereby 7 out of 17 
SDGs (e.g. good health and well-being (SDG 3); gender equity (SDG 5); industry, 
innovation and infrastructure (SDG 9); reduced inequalities (SDG 10); sustainable 
cities and communities (SDG 11); climate action (SDG 13); peace, justice and strong 
institutions (SDG 16)) are linked to PA promotion strategies [5]. 

Alternatively, failure to engage in PA will result in children’s motor deficiency 
and negative consequences to their health. One of the negative consequences of 
inadequate PA engagement is the higher prevalence of overweight and obesity [6, 7]. 
Childhood overweight and obesity continue to pose a serious threat to public health 
worldwide [8, 9]. Specifically, the prevalence of overweight and obesity among 
Chinese primary school children was 15.2 per cent and 11.7 per cent, respectively, 
from 2014 to 2017 [10], while in Ghana, it was reported that 16.4 per cent of chil-
dren aged 8 to 11 were overweight or obese [11]. Furthermore, one-third (30%) of 
Malaysian children between the ages of 5 and 17 were overweight or obese [12]. 
Several studies [13, 14] have found that PA is an effective measure to combat this 
issue. However, there is evidence that children and adolescents do not engage in PA 
[7, 12]. 

The prevalence of physically active Malaysian secondary school students was only 
19.8 per cent [15], whereas 39 per cent were physically inactive [12]. Children’s PA is 
determined by their motor skills [16], with increased fundamental motor skills (FMS) 
allowing them to participate in a wide range of PA, games, and sports [17]. FMS is 
the fundamental building block of PA which includes object control, locomotor, and 
stability skills [18]. There is evidence that children worldwide, including in Malaysia, 
have low proficiency in FMS. In Australia, less than 50 per cent of year 6 students were 
able to demonstrate mastery in running, jumping, kicking, and throwing skills [19]. 
Similarly, Singaporean children have been reported to exhibit “average” or “below 
average” locomotor skills as well as “poor” or “below average” object control skills 
[20]. In Malaysia, children aged 8 and 9 years have a low motor performance level 
compared to their chronological age [21]. 

In this regard, children’s FMS performance must be monitored and assessed regu-
larly to ensure children acquire adequate proficiency in FMS, particularly in compar-
ison to their chronological age. One of the tools used in assessing children’s FMS is 
the Canadian Agility and Movement Skill Assessment (CAMSA). CAMSA has been 
used widely in different regions and cultural backgrounds to determine children’s 
FMS performance, including in Spain, China, England, and Australia [22–25]. 

Thus, this study aimed to examine the FMS performance of children aged 10 
to 12 years from two primary schools in Kapit, Sarawak, using the CAMSA. The 
hypothesis in this study is that most of the children will be unable to achieve the 
recommended level of CAMSA. This study will enable physical education (PE) 
teachers to plan and implement FMS intervention as strategic measures for improving 
children’s FMS performance.
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2 Methods 

2.1 Participants 

The participants were 487 primary school students (years 4, 5, and 6) from two 
primary schools in Kapit, Sarawak, Malaysia. The participants comprised 241 males 
(49.5%) and 246 females (50.5%). As for age, 162 participants were 10 years old, 154 
participants were 11 years old, and 171 participants were 12 years old. Participation in 
this study was completely voluntary, in which a consent form was given to and signed 
by respective parents while ensuring the participants’ confidentiality. All participants 
were physically healthy and were free from any form of congenital physical defects. 

2.2 Fundamental Movement Skill 

The children’s FMS performance was measured using the CAMSA. CAMSA is a tool 
developed by the Healthy Active Living and Obesity Research Group (HALO) [26] 
as a part of the Canadian Assessment of Physical Literacy Second Edition (CAPL-
2) to measure FMS performance among children aged 8 to 12 years old. There are 
seven skills in CAMSA, namely 2-foot jump, side slide, catch, throw, skip, 1-foot 
hop, and kick, whereby children completed all the seven skills in succession (Fig. 1). 
Rather than assessing any deficits in FMS performance, CAMSA assesses how well 
children would perform in an active play situation. Other existing tools, namely Test 
of Gross Motor Development (TGMD), Movement Assessment Battery for Children 
(MABC), and Körperkoordinationstest Für Kinder (KTK), measured motor skills in 
isolation.

Children’s CAMSA performance was determined by two components which are 
the criteria score (quality of the CAMSA skill performed) and time score (the time 
the children took to complete the seven CAMSA skills), which were measured simul-
taneously in a trial. In addition, the criteria score was based on process (e.g. “weight 
transfer and body rotation”) and product (e.g. “ball hits the target”) assessment. Both 
criteria and time scores have a maximum point of 14 points, respectively. In terms 
of criteria score, 1 point was given to correctly performed skill and 0 points were 
given to incorrectly performed skill. Meanwhile, for the time score, the time the 
participants took to complete the seven CAMSA skills was converted to a predefined 
point score ranging from 1 to 14, whereby a higher time score reflected a faster time 
for children to complete all the CAMSA skills. The criteria score and the time score 
were totalled to generate a total CAMSA score ranging from 1 to 28, which was then 
interpreted into “Beginning”, “Progressing”, “Achieving”, and “Excelling”.
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Fig. 1 CAMSA layout plan (CAPL-2 edition)

2.3 Procedure 

The CAMSA was administered to the children by the researchers and PE teachers of 
the two primary schools in Kapit, Sarawak, as test administrators. All the test admin-
istrators involved in this study were provided training sessions, including setting up 
in the testing area, timing, verbal cue, positioning/throwing the ball, and running 
practice drills. The testing lasted for four weeks (two weeks per school) and was 
conducted in the school hall. Before the testing, the test administrators set up the 
testing area according to the CAMSA layout (Fig. 1) and prepared the required 
equipment: 6 hula hoops, 6 cones, 1 cardboard wall target, 1 football, and 1 softball. 

Children observed two demonstrations by the test administrators before 
attempting the CAMSA. The test administrators completed the CAMSA in slow
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Table 1 CAMSA skills’ criteria 

Skill Criteria 

2-foot jumping 1 Three 2-foot jumps in and out of the yellow/purple/blue hoops 

2-foot jumping 2 No extra jumps and no touching of hoops 

Sliding 1 Body and feet are aligned sideways when sliding in one direction 

Sliding 2 Body and feet are aligned sideways when sliding in opposite direction 

Sliding 3 Touch cone with low centre of gravity and athletic position 

Catch Catches ball (no dropping or trapping) 

Throw 1 Uses overhand throw to hit target 

Throw 2 Transfers weight and rotates body 

Skip 1 Correct hop-step pattern 

Skip 2 Uses arms appropriately (alternates arms and legs, arm swinging for balance) 

1-foot hop 1 Land on one foot in each hoop 

1-foot hop 2 Hops once in each hoop (no touching of hoops) 

Kick 1 Smooth approach to kick ball and hit target 

Kick 2 Elongated stride on last stride before impact 

motion to demonstrate each skill criteria correctly while providing the verbal descrip-
tion of each skill and emphasising the cue words during the first demonstration. 
Meanwhile, the test administrators completed the CAMSA at full speed during the 
second demonstration, while performing each skill correctly. There were two test 
administrators involved in each trial. The first test administrator timed, gave the 
verbal cue, threw the ball during throwing skill, and positioned the ball for kicking 
skill, whereas the second test administrator assessed the skills performed by the 
participants based on the 14 criteria skills as shown in Table 1. 

2.4 Data Analysis 

The Statistical Package for the Social Sciences (SPSS) version 28.0 (IBM Corp., 
Armonk, NY, USA) was used to analyse the data. The frequency of children that 
obtained 1 mark for each CAMSA skill, children’s CAMSA criteria and time score, 
children’s total CAMSA scores, and interpretation of the total CAMSA scores based 
on the Canadian norms were determined using the descriptive analysis. 

3 Results 

Table 2 shows the demographic characteristics of the participants. The participants 
were 487 primary school students aged 10 to 12 from two primary schools in Kapit,
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Sarawak. The participants comprised 241 males (49.5%) and 246 females (50.5%). 
Most of the participants were 12 years old (171 participants) followed by 10 years 
old and 11 years old with 162 and 154 participants, respectively. 

Figure 2 shows that most of the participants obtained 1 point for 2-foot jumping 1 
skill (389 participants), followed by 2-foot jumping 2 (379 participants), 1-foot hop 
1 (372 participants), catch (367 participants), kick 1 (333 participants), kick 2 (302 
participants), sliding 3 (286 participants), throw 2 (274 participants), skip 1 (237 
participants), 1-foot hop 2 (201 participants), sliding 1 (198 participants), sliding 2 
(192 participants), throw 1 (137 participants), and skip 2 (56 participants). 

Figure 3 shows that 77 participants gained 8 points for criteria score, followed 
by 9 points (64 participants), 7 points (61 participants), 10 points (55 participants), 
5 points (50 participants), 6 points (48 participants), 11 points (37 participants), 
4 points (29 participants), 12 points (22 participants), 3 points (14 participants), 2 
points (11 participants), 13 points (10 participants), 1 point (7 participants), and 14 
points (2 participants).

Figure 4 shows that most of the participants (151 participants) gained a time 
score of 1, followed by 4 (72 participants), 3 (65 participants), 5 (63 participants), 
2 (49 participants), 6 (33 participants), 7 (21 participants), 8 (16 participants), 9

Table 2 Demographic 
characteristics of the 
participants 

Characteristics Frequency Percentage (%) 

Gender 

Male 241 49.5 

Female 246 50.5 

Age 

10 162 33.3 

11 154 31.6 

12 171 35.1 

389 379 

198 192 
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Fig. 2 Number of participants that obtained 1 mark for each CAMSA skill criteria 



The Fundamental Motor Skills Performance of Children in Kapit, Sarawak 35

7 11 14 

29 

50 48 

61 

77 

64 
55 

37 

22 

10 
2 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

1 2 3 4 5 6 7 8 9  10 11 12 13 14  

CAMSA criteria score 

Fig. 3 Number of participants and CAMSA criteria score

(10 participants), 10 (6 participants), and 12 (1 participant). However, none of the 
participants obtained a time score of 11, 13, or 14. 

Figure 5 shows that 47 participants respectively gained a score of 11 and 12, 
followed by 9 and 13 (41 participants respectively), 8 (40 participants), 7 and 10 (38 
participants respectively), 14 (34 participants), 15 (30 participants), 6 (28 partici-
pants), 16 (21 participants), 5 (17 participants), 18 (12 participants), 17 (11 partici-
pants), 19 (10 participants), 20 (9 participants), 3 (8 participants), 4 (6 participants), 
2 (4 participants), 22 (2 participants), and 21, 23, and 24 (1 participant respectively). 
However, none of the participants obtained a total CAMSA score of 1, 25, 26, 27, or 
28.

Figure 6 shows that most of the participants (452 participants) were labelled as 
“Beginning”, 33 participants as “Progressing”, and 2 participants as “Achieving”. 
However, none of the participants were ranked as “Excelling”.
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4 Discussion 

The study aimed to examine the fundamental motor skills (FMS) performance of chil-
dren aged 10 to 12 years old from two primary schools in Kapit, Sarawak. The results 
showed that most of the children are falling behind the recommended CAMSA level, 
whereby their FMS performance was interpreted as “Beginning” and “Progressing”, 
suggesting that the children could not perform at their age level. This finding is in 
line with other studies that also reported low proficiency in FMS [27, 28], which is 
very alarming given that proficiency in FMS is highly associated with PA engage-
ment. Furthermore, no children were able to reach the “Excelling” rank for the total 
CAMSA scores, thus highlighting the lack of competency in FMS among children. 
However, some children gained relatively high scores for the skill score. In this 
regard, two children achieved a maximum of 14 points for skill scores but were
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unable to achieve the “Excelling” rank due to their poor time scores. The findings 
found that most of the children obtained 1 point for the time score, which implies 
that the children took more than 30 s to complete the CAMSA. The highest time 
score achieved was 12 points by only one child. 

As previously mentioned, the CAMSA norm is a standardised norm for Canadian 
children in which the time score was developed based on data collected from more 
than 10,000 Canadian children. Therefore, the researchers proposed further research 
on the CAMSA norm, particularly its time score, to accommodate the Malaysian 
children population. This proposal is aligned with another study conducted among 
Chinese children using the CAMSA to measure FMS performance. Specifically, the 
development of the Chinese norm for CAMSA was suggested as the researchers 
found that Chinese children generally displayed low-level FMS performance when 
referred to the Canadian norm [23]. Cultural differences were also discussed in the 
study, further supporting the evidence on differences in motor skills’ development 
among different regions [29]. Consequently, the development of Malaysia’s own 
CAMSA norm will help researchers to collect more reliable data, thus reflecting the 
actual Malaysian’s children FMS performance. 

Moreover, it was noted that most of the children performed well in jumping, 
catching, and kicking skills. In terms of kicking skills, it is believed that children 
performed well due to their participation in football games with their peers during 
their playtime, which is greatly influenced by the immense popularity of football 
in Malaysia [30]. Nonetheless, it was undetermined which gender or age performed 
better for the kicking skill. Another significant finding from this study is that majority 
of the children displayed poor performance in skip skills, particularly for “Uses 
arms appropriately; alternates arms and legs, arm swinging for balance” criteria 
(skip 2) as only 56 out of 487 participants gained a point for the skill. As mechanical 
components are associated with potential movement development, these results point 
to a lack of coordination and the mechanism of force production [18]. In conclusion, 
these findings added further to limited studies available on FMS performance among 
Malaysian primary school children. 

There were some limitations in this study. This study involved children from 
two primary schools in Kapit, Sarawak; thus, the results of this study were limited 
and were not generalisable to the whole 10- to 12-year-old children in Sarawak. In 
addition, as the COVID-19 pandemic was still ongoing during the data collection, 
the data collection was administered in a manner where everyone was ensured to 
comply and adhere to the Standard Operation Procedure (SOP). 

5 Conclusion 

Based on the findings of this study, the FMS performance of primary school students 
in Kapit, Sarawak, is at a poor level as the children were unable to achieve the 
recommended level of the total CAMSA scores. In that sense, further research on 
FMS performance among primary school children in other regions in Malaysia is
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needed to generalise the overall performance of Malaysian primary school children 
and add to the literature review on the topics. Assessing the FMS performance will 
help PE teachers plan and implement FMS interventions to improve children’s FMS 
performance and sustain their engagement in PA. 
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An Open Trial Targeting Weight-Related 
Psychological Difficulties Among Young 
Adults with Overweight or Obesity 
During COVID-19 Lockdown 

Patricia Pawa Pitil and Siti Raudzah Ghazali 

Abstract Weight-related psychological difficulties (WRD) are associated with over-
weight and obesity including among young adults. We developed a program called 
ACT-EX (Acceptance and Commitment Therapy with Exercise), which incorpo-
rates six processes to increase weight-related psychological flexibility: acceptance, 
cognitive defusion, being present, self-as-context, values, and committed action for 
young adults who are overweight or obese (OW/OB). This open trial evaluated the 
feasibility, acceptability, and efficacy of the ACT-EX program. Fifty young adults 
who were OW/OB (78% female, 22% male; mean age = 21.32 years (SD = 1.2); 
Body Mass Index (BMI) = 30.01 kg/m2 (SD = 4.63); 36% Malay; 28% Bumiputera 
Sarawak; 20% Chinese; and Bumiputera Sabah and Indians, 4% each) participated 
in a 6-week intervention and 6-week follow-up study. The WRD was measured by 
the Acceptance and Action Questionnaire for Weight-Related Difficulties Revised-
18 (AAQW-R18). The ACT-EX program was well accepted. Significant decreases 
were seen in WRD in the post-intervention program and at the 6-week follow-up 
time (p < 0.05) and BMI (p < 0.05). Participants who participated in the intervention 
program showed a significant weight loss. This trial provides preliminary evidence 
for the feasibility, acceptability, and efficacy of the ACT-EX program among young 
adults who are OW/OB. In conclusion, the ACT-EX showed beneficial effects on 
reducing WRD and improving BMI. A controlled and randomized trial is warranted 
to further examine the effectiveness of ACT intervention in behavioral and weight 
management. 
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1 Introduction 

World Health Organization (WHO) reported that the prevalence of obesity is 
increasing every year, and it is the ten most common health problem in the world. 
The body weight category is determined by the body mass index (BMI), which is 
computed by dividing a person’s weight in kilograms by the square of their height in 
meters (kg/m2). For the Asian cutoff point, overweight ranges between 23.0 kg/m2 to 
27.4 kg/m2, and obesity is from 27.5 kg/m2 to 34.9 kg/m2 [1]. Despite various inter-
vention programs in terms of health intervention of diet and exercise, the trend seems 
not to be decreasing. Being obese, the person is susceptible to physical risks such 
as orthopedic injuries, cardiovascular disease, metabolic disease, and psychological 
risks [2, 3]. 

University students, who are young adults, underwent significant adjustments 
when they transitioned from high school to a more self-disciplined, independent, and 
learning-focused environment [4]. During those years, they undergo phases where 
peer acceptance and the tendency to behave according to the environment and society 
are important in this early adulthood phase. Most of the youth population is repre-
sented by university students aged from 18 years old to their mid-twenties. University 
students must adjust to new academic and social interests, as well as physical and 
mental changes that occur with the transition to living on their own, in order to be 
prepared for a future career. These new experiences might sometimes have an impact 
on their physical and psychological well-being. It is reported that 38.5% of university 
students in Malaysia are overweight and obese [5]. Recently, the prevalence rate of 
overweight and obesity was 22.19 and 16.88%, respectively [6]. This accounts for at 
least 4 out of 10 university students being overweight or obese, which is worrying. 

As most exercise professionals claim that exercise and a healthy diet would tackle 
the obesity epidemic problem, the trend keeps rising yearly. Despite current exer-
cise trends such as intense training, group exercise, and modified eating behavior, 
the alarm could not be denied every year. Therefore, it might be the best time to 
focus on the psychological side of this population, which may involve evaluating 
their behavior in relation to body weight. The key to losing weight is these three 
components’ combination: good nutrition, physical activity, and behavior modifica-
tion. One promising behavioral intervention in weight management is the Acceptance 
and Commitment Therapy (ACT). 

ACT is a cognitive behavioral approach to target avoidance of individuals when 
experiencing difficult thoughts and feelings [7]. It is a third-generation cognitive-
behavioral approach that employs acceptance and mindfulness processes, commit-
ment, and behavior change processes to develop psychological flexibility by defusing 
unpleasant thoughts and accepting difficult emotions while sustaining value-based 
action [8]. This therapy includes six psychological processes: acceptance, defusion, 
self-as-context contact with the present moment, values, and committed action [7]. 
ACT might effectively reduce weight self-stigma and impact health-related behaviors 
in overweight and obese individuals. It is a promising acceptance-based intervention 
to manage those with overweight or obese.
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Although most studies in Malaysia have identified the causes of obesity, it has 
been limited to mostly on epidemiological analyses; consequently, there is a gap in 
the research. The intervention involving a psychological approach to weight loss is 
still in infancy in Malaysia, even though this type of treatment is widely accepted 
elsewhere [9, 10]. Weight loss is evidenced by the influence of a high level of physical 
activity [11]. However, the exercise intervention combined with behavioral treatment 
is yet to be explored. To address this gap, we developed a program called ACT-
EX (Acceptance and Commitment Therapy with Exercise), which incorporates six 
processes to improve WRD; acceptance, cognitive defusion, being present, self-as-
context, values, and committed action for young adults who are overweight or obese 
(OW/OB). This open trial assessed the feasibility and preliminary efficacy of the 
ACT-EX program on WRD and BMI outcomes among university students who are 
OW/OB. We hypothesized that participants would improve on WRD as the primary 
outcome as well as the BMI. We also hypothesized the program would be feasible 
as indicated by low or zero attrition and adherence to the intervention components. 

2 Methods 

2.1 Participants 

During the COVID-19 lockdown, participants were recruited from two public univer-
sities in Kota Samarahan, Sarawak, Malaysia, using a purposive sampling technique. 
The advertisement was posted online between January and March 2021. This is a non-
probability sampling method in which the target population is chosen based on the 
purpose of the study, with the hope that each participant will give the study unique and 
useful information [12]. The inclusion criteria of a participant included: (a) person 
with BMI category of overweight to obese (overweight = 23.0–27.4 kg/m2, obese 
= ≥  27.5 kg/m2); (b) does not have any chronic disease (hypertension, diabetes) or 
orthopedic injury; (c) has good access to the internet for full videoconference sessions 
for intervention. The exclusion criteria of a participant included: (a) a person who is 
currently on medication and has chronic disease history; (b) orthopedic injury patient; 
and (c) currently participating in a supervised exercise program. Fifty participants 
with the inclusion and exclusion criteria were invited to participate in the study (see 
Table 1).
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Table 1 Characteristics of 
the participants 

Demographics Mean (SD) 

BMI 30.01 (4.63) 

Age 21.32 (1.20) 

Sex n (%)  

Male 11 (22) 

Female 39 (78) 

Race n (%)  

Malay 18 (36) 

Bumiputera Sarawak 14 (28) 

Bumiputera Sabah 4 (8)  

Chinese 10 (20) 

Indian 4 (8)  

Study level n (%)  

Diploma 3 (6)  

Bachelor degree 47 (94) 

2.2 Measures 

2.2.1 Anthropometry 

The participants’ self-reported body weight and height were gathered. For weight 
classification, a young individual’s self-reported body weight and height can be used 
to figure out their BMI [13–15]. Thus, the gathered data were considered reliable for 
analysis in this study. The weight and height of the participants were recorded to the 
closest kilogram (kg) and centimeter, respectively. This section included instructions 
on how to self-weight with bathroom scales at home, which should be used for 
bodyweight records whenever possible. BMI was calculated by dividing weight in 
kilograms (kg) by height in meters (m2), i.e., BMI = weight (kg)/height2 (m2). BMI 
cutoff values in the current study were 18.5 kg/m2 (underweight), 18.5—22.9 kg/m2 

(normal weight), 23.0—27.4 kg/m2 (overweight), and ≥ 27.5 kg/m2 (obese) [1]. The 
participants who were in overweight or obese category were eligible to take part in 
the study. 

2.2.2 Acceptance and Action Questionnaire for Weight-Related 
Difficulties Revised—18 (AAQW-R18) 

Pitil and Ghazali [16] The AAQW-R18 is an 18-item self-report measure of WRD 
that examines weight-related thoughts, feelings, and physical sensations in relation 
to experiential avoidance. Items are rated on a 7-point scale (1 = “never true” or “not 
at all believable” and 7 = “always true” or “completely believable”). Higher scores
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reflect more weight-related experiential avoidance. There have been reports of good 
internal consistency, test–retest reliability, and validity [16]. Cronbach’s alpha for 
the present study was 0.64, which is considered acceptable [17]. 

2.2.3 Demographic Characteristics 

The demographic information included sex, age (in years), and study levels. 

2.2.4 Design and Procedure 

The study was an open trial of 50 participants who were allocated to ACT-EX 
program. To evaluate the feasibility and initial efficacy of other study, a single-group 
design was utilized. The intervention lasted for 12 weeks. Groups met were weekly 
for ACT intervention, and 3 times per week for exercise intervention over 6 weeks. 
There was no intervention contact between week 6 and the follow-up at week 12. 

The research proposal was presented to the Medical Ethics Committees, Faculty 
of Medicine and Health Sciences, Universiti Malaysia Sarawak Research. The 
study protocol was executed following the ICH Good Clinical Practice Guide-
lines, Malaysia Good Clinical Practice Guidelines, and the Declaration of Helsinki 
(UNIMAS/NC-21.02/03–02 Jld.4 (02)). Participants who met inclusion criteria were 
provided the Physical Activity Readiness Questionnaire and consent form as they 
agreed to become participants. Before they sign the written consent form, they have 
informed about the study procedures and potential risks. The consent form described 
(i) the confidentiality and anonymity of their data, (ii) the purpose and procedure 
of the study, (iii) the decision to participate in the study, and (iv) the right to with-
draw their data at any time. They complete the questionnaire, which includes self-
reported weight and height, demographics, and the AAQW-18. Following the base-
line assessment, participants attended a 6-week ACT-EX program and underwent 
post-intervention and 6-week follow-up assessments. At the 12-week follow-up, 
participants were given a token of appreciation for their time and effort. 

2.2.5 ACT-EX Program Components 

The ACT-EX program was a virtual by using the videoconferencing, group-based 
treatment. The participants attended the ACT sessions once a week for 1.5 h each 
session for 6 weeks. This ACT was designed to promote psychological flexibility that 
encourages openness, awareness, and engagement. The content of the sessions was 
adapted from an ACT intervention that has been designed for the context of weight 
loss used in previously published studies [18, 19]. The key intervention components 
were (a) values, to increase motivation; (b) cognitive defusion, to disrupt the linkages 
between food-and-exercise-related thoughts and behavior; (c) acceptance, to help 
participants tolerate negative emotions; (d) become more mindful; and (e) committed
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to weight loss-related values. Participants were allowed to take notes during the 
sessions and were given the theoretical component of the ACT model. At the end of 
the sessions, homework tasks were also included. In order to increase participation, 
the program’s content addressed the participants’ personally identified values (see 
Table 2 for the content of the ACT sessions).

The researcher supervised the exercise program, which consisted of three virtual 
videoconference sessions each week for 6 weeks. A minimum of 24 h between 
sessions was allocated to allow for recovery and to avoid injury. Each session 
consisted of 60 min of moderate-intensity exercise. The exercise guideline follows 
the guideline based on the American College of Sports Medicine. A minimum of 
150 min of moderate intensity per week was suggested for an overweight or obese 
population for weight loss [20]. A total body workout was implemented for all 
sessions. The intensity of exercise was between 65 to 85% of maximum heart rate 
(HRmax) or Rate of Perceived Exertion (RPE) of 12—fairly light to 15—hard [21]. 

The percentage of HR maximum was utilized to calculate the target HR. Specifi-
cally, HRmax is equaled to 220 minus age. The study participants’ age ranged from 
18 to 25 years old; thus, their HRmax was between 195 and 202 bpm. The target HR 
was determined by the percentage of exercise intensity multiplied by 220 minus age. 
Table 3 shows the target HR by age and the percentage of the exercise intensity.

During each workout, the participants were instructed to assess their HR using a 
smartwatch or their RPE based on the Borg scale. The exercises consisted of body-
weight exercises targeting the large muscle groups (e.g., push-ups, squats, lunges, 
crunches). A warm-up and cooling down were executed during the beginning and at 
the end of each session. The intervention was well attended, with 100% attendance. 
The feasibility of the virtual videoconference and group-based treatment contributed 
to this success. 

2.2.6 Statistical Analysis 

IBM SPSS Statistics version 26 was used to analyze the data. For demographics 
and outcome variables, descriptive statistics (frequency, percentages, means, and 
standard deviation) were presented. Repeated measure analysis of variance was used 
to investigate changes in outcome measures: WRD and BMI over time (baseline 
to post-intervention and baseline to week-12 follow-up). Cohen’s d was calculated 
from baseline to post-intervention (week 6) and from baseline to follow-up (week 
12) to compute effect sizes using the estimated values. A within-group effect size of 
0.5, 0.8, and 1.1 was considered small, moderate, and large, respectively [22]. All 
analyses were set at a significant level of 0.05 (p < 0.05).
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Table 2 Content of ACT sessions 

Session/component Aims Key metaphors and 
exercises 

Application to weight 
loss 

1 
Values 

• To identify personal 
values 

• To  evaluate  if  
weight reduction 
would support such 
values 

The choice point 
Values assessment 
rating 

Enhance motivation to 
lose weight 

2 
Cognitive defusion 

• To learn to detach 
themselves from 
stressful thoughts 
concerning 
bodyweight and to 
increase their 
commitment to 
health-related 
values 

Push papers • To  be  aware  of  when  
one’s thoughts may 
jeopardize one’s 
efforts to eat 
healthily and exercise 

• To aid in dissolving 
the connection 
between diet and 
food-related thoughts 
and actions 

3 
Acceptance/willingness 

• To improve 
willingness to 
tolerate adverse 
internal states, the 
distress associated 
with physical 
exercise (e.g., 
weariness, physical 
discomfort, 
impulses to stop), 
and diet-related 
feelings (e.g., 
cravings) 

Breathing exercise To assist participants in 
coping with negative 
emotions (physical 
activity and diet-related 
feelings) rather than 
relying only on control 
or avoidance strategies 

4 
Mindfulness 

• To build a sense of 
self that enables the 
free flow of 
thoughts and 
emotions 

• To enable the 
individual to 
maintain a 
nonjudgmental 
relationship with 
psychological and 
environmental 
phenomena as they 
occur 

Observational 
self-exercise 
Be where you are 
exercise 

To aid defusion and 
acceptance strategies

(continued)
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Table 2 (continued)

Session/component Aims Key metaphors and
exercises

Application to weight
loss

5 
Committed action 

• To set goals aligned 
with the 
participant’s values 

• To become aware 
of the necessity of 
adhering to values 

Goals, barriers, and 
action exercise 
Living in accordance 
with values exercise 

• To  help  the  
participant set and 
achieve weight loss 
goals 

• To facilitate 
long-term adherence 
to weight 
loss/maintenance 
strategies 

6 
Review 

• Reviewing  the  
participants’ 
experiences over 
the previous weeks 
and assisting them 
in handling any 
concerns that may 
have occurred 

• To  remind  
participants of key 
concept 

Question and answer 
session 
Selection of 
exercises and 
metaphors from 
previous sessions 

Same as before

Table 3 Target HR based on 
age and exercise intensity 

Age HRmax 
(220—age) 

65% of HRmax 85% of HRmax 

Target HR (bpm) 
[% × (220—age)] 

18 202 131 172 

19 201 131 172 

20 200 130 170 

21 199 129 169 

22 198 129 168 

23 197 128 167 

24 196 127 167 

25 195 127 166 

Note HRmax: Heart rate maximum, Bpm: Beat per minute

3 Results 

The participants reported significant decreases in WRD (Wilks’ Lambda = 0.155, F 
= 131.11, p = 0.001, np2 = 0.86) post-intervention and at the 6-week follow-up. The 
BMI also decreased over the 12th week of the study (Wilks’ Lambda = 0.371, F = 
37.44, p = 0.001, np2 = 0.63), although it was not significant at the post-intervention 
(p > 0.05). A significant decrease was observed at baseline to follow-up (p < 0.05)
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(see Table 4). Analysis also showed that the participants continued to show a decrease 
in WRD (see Fig. 1) and lose weight (see Fig. 2) after the program.

4 Discussion 

The purpose of this study was to evaluate the effectiveness of ACT combined with 
structured exercise program (ACT-EX) in improving WRD and BMI among univer-
sity students who were overweight or obese during COVID-19 lockdown. As far as we 
are aware, the present study is the first attempt to include structured exercise program 
in ACT-based intervention designed exclusively for weight loss in our country. 
The ACT-EX program provided therapy that addressed six major psychological 
processes: acceptance, defusion, self-as-context contact with the present moment, 
values, and committed action for psychological flexibility and weight control, plus 
the 3 sessions per week for 6 weeks of structured exercise program. Results showed 
that the ACT-EX program in this study could be a promising intervention for weight 
loss among OW/OB young adults. 

There was zero attrition rate throughout the 12-week duration, from the base-
line to post-intervention at the sixth week to the follow-up at week 12. This rate 
proves the feasibility of the videoconferencing method in delivering the interven-
tion. Due to the limitation of movement caused by COVID-19, the online therapy 
and exercise intervention via video conferencing made the participants commit to 
the intervention. This result should be highlighted as successful as physical sessions, 
be it psychological therapy or exercise sessions. 

This study suggests the effectiveness of ACT-EX in reducing WRD among the 
OW/OB participants. The intervention effect was large for both baseline to post-
intervention and baseline to follow-up. The mean plot confirmed this finding (see 
Fig. 1). The evidence based for the ACT as an effective treatment for WRD was also 
found in the previous studies [23, 24]. However, this study is the first one that includes 
structured exercise in ACT intervention. We speculate that the exercise component 
might have contributed to the significant finding. Exercise promotes pleasant effects, 
such as improved self-esteem and body image [25], influencing the ACT’s effective-
ness in reducing experiential avoidance related to their weight. This indicates that 
successful intervention to reduce WRD for OW/OB university students was with 
ACT and the element of exercise. 

The WRD was further improved even though the interventions have ended, indi-
cating that the participants were more likely to practice what they had learned during 
the intervention. They may have continued the exercise by themselves with the 
ACT knowledge they obtained, thus making them more psychologically flexible. 
The exercise intervention may become a habit among the participants, where they 
underwent three sessions of moderate-intensity exercise for 6 weeks. Consistently 
exercising may facilitate more frequent exercise via habit formation [26], improving 
the participants’ weight-related psychological flexibility.
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Fig. 1 The changes of WRD across baseline to post-intervention and follow-up 

Fig. 2 The changes of BMI across baseline to post-intervention and follow-up

Despite the fact that this was an open trial, the results are encouraging, since the 
participants reported experiencing weight loss after the intervention (5.9%) and the 
follow-up (1.83%). The intervention effect was very small from baseline to post-
intervention but increased from baseline to follow-up in small magnitude. The trend 
can be seen in the means’ plot for the changes from baseline to follow-up (see Fig. 2). 
This finding suggests that the ACT-EX was effective in reducing BMI. The regular 
exercise sessions per week contributed to the weight loss. It is advisable to engage 
in moderate-intensity exercises for at least three days per week of accumulation 
of 150 min, which was achieved in this study. Following this guideline would bring
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health benefits [20]. As found in this study, it is known that exercise intervention could 
promote weight loss and improve BMI [27, 28]. The post-intervention to follow-up 
reduction of BMI shows that exercise did affect the sustainability of weight loss. The 
BMI was reduced by 7.7% from baseline to follow-up. When the program ended, the 
weight loss program aimed to ensure that the participants kept improving their BMI 
even in a small gradual reduction. It is always challenging to see participants keep 
attaining their weight loss after a program ends [29], which would likely be achieved 
in this study. Even though the follow-up lasted for 12 weeks, which was equivalent to 
three months, the gradual decrease in BMI is sustainable. This finding suggests that 
the participants have the potential to continue to lose weight over time. Therefore, 
the structured exercise integrated with ACT benefits of BMI improvement among 
the OW/OB participants and could benefit them in the long run. 

In the context of weight loss, ACT promotes that healthy behaviors be aligned 
with firmly held personal values and commitment to them, which serve as an anchor 
when confronted with difficult situations and boost motivation to keep behaving 
healthily [30, 31]. The introduction of structured exercises in the ACT intervention 
improves weight management. The participants in this study were likely to continue 
their exercise routine after regularly engaging in three sessions per week for a 6-week 
intervention. The ACT was held once a week during the 6-week intervention. The 
exercise may become a routine and can be practiced even after the intervention ends. 
Consequently, weight loss was assisted with the maintenance of physical exercises. 
ACT intervention has appeared to promote short-term increases in physical activity 
[18] and was also seemed possible in this study. 

The ACT intervention taught the acceptance element to increase willingness to 
experience aversive internal states, the distress associated with physical activity. By 
doing the breathing exercise, physical discomfort, weariness, and other unpleasant 
feelings that occur during exercise were alleviated. This was to help the participants 
increase their tolerance toward the discomfort during the exercise. By increasing the 
tolerance, the dropout toward physical exercise is lessening. Fatigue experience from 
exercise sessions has been reported as one of the dropout reasons in physical activity 
among university students [32]. The present study has proven zero dropouts in the 
6-week structured exercise intervention, again showing that they had increased their 
psychological flexibility. 

This is the first study to integrate ACT with a structured exercise program to treat 
overweight and obese young adults. This ACT-EX program demonstrated feasibility 
and efficacy in decreasing WRD and BMI. This study also demonstrated the accept-
ability of videoconferencing method of delivering the ACT intervention and exercise 
sessions. However, some limitations need to be noted. Most importantly, this study 
did not include a control group, and we cannot conclude the model compared to a 
control group of young adults in the overweight and obesity category. The study relied 
on self-report body weight and height measurement for the BMI. These variables are 
likely to be biased in a self-report format, and future studies may improvise using 
proper equipment (e.g., weighing scale and stadiometer) for more precise measure-
ment. This sample was inclusive of racial diversity, which involved the majority of
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races in Malaysia, but predominantly female, which might limit the generalizability 
of our findings. 

5 Conclusions and Future Study 

ACT-EX is the first program that integrates a structured exercise program in ACT 
intervention for overweight and obese young adults, especially university students. 
This open trial contributes to the expanding body of research demonstrating that ACT-
EX is highly acceptable and offers encouraging data regarding WRD and weight loss. 
More studies are needed to examine the variables associated with the overweight and 
obese population. More research is needed to evaluate whether the ACT-EX program 
can effectively treat WRD and weight management, how it can be integrated into 
an exercise in a weight loss program and whether doing so improves long-term 
outcomes for overweight and obese individuals. Future research should compare the 
ACT-EX to a control condition with a longer follow-up period, as this could result 
in a sustainable effect on WRD and weight loss. 
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The Effect of Virtual Reality Imagery 
on Motivation and Football Kicking Skill 
Performance Among Youth Football 
Players in Sarawak 

Candrawati Ibrahim, Garry Kuan, Ayu Suzailiana Muhamad, 
Yee Cheng Kueh, and Ngien Siong Chin 

Abstract Imagery has been used by athletes and exercisers to achieve a variety of 
affective, cognitive, and behavioural outcomes. Mental imagery of planned activities 
increases the motivation of participation. Expectations of reward are associated with 
significantly more vivid imagery. Therefore, there is a need to implement virtual 
reality imagery, a new innovation in sport imagery that has the potential to attract 
players’ attention while reducing the time required to achieve an effective level of 
imagery. 60 Sarawakian youth football players (Mean ± SD = 21.08 ± 1.49) volun-
teered to participate in this study. They were randomly assigned to one of the three 
research conditions: Virtual Reality Imagery Group (VRI; n = 20), Imagery Script 
Group (IS; n = 20), and Control Group (CG; n = 20). Both of the VRI and IS received 
kicking skills training for 12 weeks. No intervention was given to the CG. Sports 
Motivation Scale-6 Questionnaire (SMS-6) and the Mor-Christian Football Kicking 
Test were employed at both the pre- and post-test. As a result, VRI demonstrated 
higher performance than the other groups, F(2.57)= 5.53, p= 0.006. Hence, it can be 
concluded that VRI could aids in the improvement of the kicking skill performance 
among the Sarawak youth football players. 
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1 Introduction 

Athletes, coaches, and supporters at high-level athletic events realise the importance 
of psychological variables in obtaining optimal physical performance. Psycholog-
ical elements, particularly during competitions, are crucial in deciding an athlete’s 
success or failure. Training influences athletes’ performances in four ways: phys-
ical, technical, tactical, and psychological. While physical, technical, and tactical 
qualities all contribute to a champion’s development, psychological development is 
equally essential [1]. 

When it comes to improving athletic performance, players’ psyche is just as 
important as their physical abilities. Despite its importance in determining perfor-
mance in competitive sports, sports psychology is not as commonly practised as the 
technical, tactical, or physical components. Because an athlete’s mental state has 
frequently a substantial influence on their physical state, the psychological compo-
nents of performance cannot be separated from the physical aspects. In Western 
nations, there is an understanding that athletic success is attributable to variables 
other than physiological strength or fitness and biomechanical (technical) character-
istics. This demonstrates that the role and use of psychological components of sports 
in assisting player success is increasing [2]. 

Successful athletes have shown how important it is to be physically, intellectually, 
and emotionally strong in order to perform at their best. Athletes, coaches, and anyone 
participating in high-level sports events recognise the relevance of psychological 
components in achieving great performance in a tournament [3]. For these reasons, 
addressing the psychological aspects that impact young football players is crucial. 

1.1 Imagery Improve Motivation 

Imagery is a collection of mental training techniques used to assist athletes to increase 
motivation, enhance skill performance, and facilitate motor learning. It is described 
as using all of one’s senses to replicate or construct a mental experience [4]. Imagery 
may be utilised to achieve both cognitive and motivational objectives. The cognitive 
function of imaging is the use of mental images to practise certain sports skills and 
formulate competing tactics. 

The utilisation of images to experience goal completion, successful coping, and 
arousal control requirements is the motivational function of imaging. According to 
the research on mental practise [5], imagining is an effective cognitive approach 
for improving motor skill development and performance. Photographs may be used 
to create one’s own universe by including one’s own ideas and mental imagery. 
Imagery has been acknowledged as strategies in coaching to improve athletic perfor-
mance, with the capacity to influence an athlete’s psychological state [4]. As a result, 
imaging has been effectively employed as one of the mental training ways for most 
athletes to add mental repetition capacity to an action or skill, perhaps helping them
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enhance their level of confidence and concentration when executing motor abilities 
[6]. Furthermore, sportsmen employ imaging not just as a psychological strategy, 
but also as a mental preparation before important games [7]. 

Some feel that imagining is more effective when all senses are included, including 
kinaesthetic experiences that players may have throughout a game. During an 
athlete’s real performance, images such as the scorching sensation of lactic acid 
buildup in the muscles, a rapid heartbeat, and the perfume of a grass field, for example, 
can be fairly distinct. Furthermore, assuming the same attitude as he would execute 
in performance, as well as utilising any utensils and clothing appropriately, might 
increase the physical part of the imagery. As a consequence, athletes must visualise 
the required abilities, and if they are unclear of the ideal methods, the trainer may 
aid in providing the appropriate procedures. Its goal is to discourage athletes from 
engaging in improper practises [8]. 

Brain activity during imagining, according to a research conducted by a group 
of neurologists, can give vital information for the individual to perform more vivid 
visualisation [8]. Furthermore, the majority of sports psychologists believed that visu-
alisation may help coaches and athletes achieve peak performance [9, 10]. Further-
more, [11] shown that visualising not only increases athlete performance but also 
overcomes the mental barrier that is the root reason of poor performance. 

More specifically, imagery can improve not just athlete performance but also a 
range of other areas such as technical skill development, learning techniques, strategy 
layout, and mental process improvement [12–14]. Visualisation has been proven in 
several studies to have an ergogenic effect on athletes’ motor performance [11]. 

Furthermore, a research discovered that mental imagery benefits athletes in four 
different ways. For starters, it helps athletes stay healthy since it involves both mental 
and physical training. Second, it can help athletes move from the bottom to the top of 
the fitness rankings. Third, it can provide athletes more explicit instructions on how 
to apply their talent during training or competition. Lastly, it can enhance athletes’ 
motivation and confidence in achieving their goals. Athletes who have fulfilled all 
of their physical and mental preparation are expected to win [15]. As a result, there 
is a need for innovation that can capture the attention of players while also lowering 
the time necessary to generate excellent images. 

1.2 Virtual Reality (VR) Device and Sport Performance 

The using of proper technological equipment, such as a helmet with a screen inside 
or gloves with sensors, can interact with a virtual reality (VR) simulation of a three-
dimensional image or environment in a way that is ostensibly real or tangible [16]. 
Virtual reality in sports offers individualised training of technical-tactical as well 
as motor abilities against a specific opponent or condition independent of time and 
place [17]. The usage of virtual reality (VR) technology by players, coaches, and other 
sports professionals is accelerating. Numerous industries, including phobia therapy, 
civil engineering, architecture, medical training, military training, and entertainment,
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have found extensive usage for virtual reality technology [18]. It is, however, rarely 
utilised to enhance athletic performance, particularly in football, for example, the 
picture of individuals who experience agony due to the creation of lactic acid, the 
sensation when the heart rate increases, or the picturesque meadow that is particularly 
inspirational during the player’s real performance. As a result, it is critical for the 
player to visualise themselves practising skills essential to the correct technique, so 
that if they are confused whether the method they are using is correct, they may 
consult with their coach. This is to guarantee that players do not focus on ineffective 
approaches. 

During training and competition sessions, virtual reality allows coaches to 
examine their players’ performance and conduct from various viewpoints. According 
to [19], virtual reality consists of three steps where the first is the recognition of 
player motions in a certain sport, the second is the adaptation to certain limits to 
modify elements of the simulation, and the third is the display of the virtual world. 
Virtual reality allows the user to feel as if they are in a real area by recreating a trust-
worthy artificial environment that can elicit a reaction comparable to when executing 
physical actions in a real setting. Virtual reality has been found to improve rugby 
decision-making [20], football abilities [21], and swimming [22]. 

Therefore, it is important to highlight and examine the role of motivation at the 
youth football players’ level in order to try and identify what keeps the youth football 
players going and what increases the probability of achieving excellence in accor-
dance with their true potential and how virtual reality imagery and motivational 
process develop youth football players in their football kicking skill. The findings 
of the study are also important to guide players and coaches to know the effect 
of using virtual reality imagery. Thus, this research is designed to discover and to 
understand how the virtual reality imagery works, to give information to both athletes 
and coaches to understand the potential effects of using virtual reality imagery on 
motivation and football kicking skill among youth football players in Sarawak. 

1.3 Kicking Skill (Instep) 

One of the most well-liked team sports in the world is football. The kicking technique 
is one of the fundamental skills that need to be mastered and competent in football. 
The key offensive action in this game is the football kick, and the team with the more 
kicks on target has a better chance of scoring and winning. 

The instep kick or the “laces” kick is the single most significant kicking skill in 
football (Fig. 1). The instep is the bony structure on top of the foot. The arch of 
the foot is the curve between the heel and forefoot. The instep is indeed the area 
between the back of the toes and the front of the ankle. The arch extends from the 
rear of the toes all the way to the heel. For this main kick of football, players do not 
“toe” the ball, but rather use the upper part of the foot covered by the shoelaces. The 
instep drive requires the instep to force the football ball upward and forward. As a 
result, one of the goals of youth football training programmes is to develop instep
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Fig. 1 Instep kick (point of 
contact) used at the youth 
football training programme 

kick technique [23]. Another critical part of successful kicking is the location of 
the support foot behind and behind the ball. It has been recommended that the foot 
should fall 5 to 10 cm behind the ball and 5 to 28 cm beside it. It was recommended 
placing a foot support 30 cm to the side and 10 cm behind the ball [24]. 

2 Methodology 

2.1 Research Design 

A quantitative research was utilised in the form of quasi-experimental designs and 
surveys that include pre-test and post-test measurements that evaluate the effects of 
using virtual reality imagery on motivation (Sports Motivation Scale-6 Questionnaire 
(SMS-6) and football kicking skill (Mor-Christian Football Kicking Test) among 
youth football players in Sarawak. 

The participants were divided into three research conditions: Virtual Reality 
Imagery Group (VRI; n = 20), Imagery Script Group (IS; n = 20), and Control Group 
(CG; n = 20). Participants in the VRI and IS groups involved in imagery training for 
a 12-week period (24 sessions). Pre-tests and post-tests for the assessment of foot-
ball kicking skills will be conducted prior to the intervention and after participants 
completed their imagery sessions using virtual reality, imagery script, and kicking 
skills training. Participants will also complete the Sports Motivation Scale-6 (SMS-
6) before and after the pre-test and post-test. In addition, the participants were asked 
to fulfil a form that contained their demographic information. This study obtained 
ethical approval from the Human Research Ethical Committee of the Universiti Sains 
Malaysia (Approval code: USM/JEPeM/21050348).
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2.2 Study Area 

The study was carried out at the Institut Pendidikan Guru Kampus Tun Abdul 
Razak (IPGKTAR) Campus in Samarahan, Sarawak. The questionnaire distribu-
tion and completion (pre-test and post-test) as well as the virtual reality imagery 
and imagery script (twice a week) sessions were conducted at the lecture class in 
gymnasium, IPGKTAR. Meanwhile, pre-test and post-test assessment of the football 
kicking test was performed on the football field at IPGKTAR. 

2.3 Participants 

Sixty participants (N=60) involved in this study consisted of youth football players in 
Sarawak. Participants were males between 18 and 23 years old and actively competing 
in local soccer leagues at the state level. They had at least 2 years of competitive 
experiences representing the state team and proficient in the Malay Language. They 
were divided into three research conditions: Virtual Reality Imagery Group (VRI; 
n = 20), Imagery Script Group (IS; n = 20), and Control Group (CG; n = 20). All 
participants were required to perform a demonstration of the kicking skills (instep 
kick). Participants’ participation is voluntary and anonymous and their confidentiality 
is guaranteed. Only participants who have given consent by signing the consent form 
were allowed to participate in this study. 

2.4 Research Tool 

2.4.1 Demographic Form 

A short demographic information form was used to collect the details of participants’ 
age, height, weight, ethnic, education background, and achievements in football 
competition at different levels. 

2.4.2 Sport Motivation Scale-6 (SMS-6) 

The 28-item SMS-6 [25] is based on self-determination theory and was designed to 
assess contextual intrinsic motivation, extrinsic motivation, and amotivation. Players 
responded to the item “Why do you practice your sport?” with responses from a 
Likert-type scale that ranges from 1 (does not correspond at all) to 7 (corresponds 
exactly). The SMS consists of seven subscales with four items attached to each. 
The SMS-6 showed good validity and reliability in sports and physical education 
settings [26, 27]. The SMS-6 internal consistency values were 0.92 for intrinsic
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motivation, 0.84 for extrinsic motivation, and 0.82 for a motivation [26]. The SMS-6 
was administrated to all participants at pre-test and post-test. 

2.4.3 Football Kicking Skills Performance Assessment (Static) 

Mor-Christian Football Kicking Test [28] is one of the football tests that evaluate 
kicking ability in football. This kicking test can verify the kicking ability exactly, 
especially for the football attackers, as it can test the object kicking accuracy. 
However, kicking power is not tested and scoring scheme has a contradiction. Kicking 
ability is mainly concerned with accuracy, power and speed, and the speed is a key 
factor to determine the quality and the chances of scoring, but this test just evaluates 
the subject’s kicking accuracy only. 

Mor-Christian Football Kicking Test (Fig. 2) was utilised to evaluate the kicking 
skill of the participants. The test was carried out at pre-test and post-test. For this 
assessment, obstacles of 4 round shapes with 1.21 m diameter are attached to the 
goalposts of the soccer goal to serve as targets, one in each corner of the goal. The 
player kicks at each of the 4 obstacles from 14.5 m distance 4 times. Accurate target 
is 10 points, missed target is 4 points. Total points are recorded after the tests. A 
line is drawn 16 yards (16.63 m) from the designated area and parallel to it. The 
participants kick a stationary ball with the preferred foot from any self-chosen point 
along the 16-yard (14.63 m) line. One practice trial is given for each target, then four 
consecutive balls are attempted at each of the four targets. The participants must start 
with the lower left target, proceed to the lower right target, then aim at the upper 
left target, and finish with the upper right target. When aiming towards a target, the 
participants receive a score of two points if the ball is kicked through the target, and 
a score of one point if the ball is shot through the adjoining target. Balls that rebound 
from the target are considered as successful trials. No points are given for balls that 
roll or bounce through the target area. The validity is 0.78 and reliability is 0.96. 

Fig. 2 Mor-Christian Football kicking test
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Fig. 3 Google daydream 
VR device 

2.4.4 Imagery Tools 

Despite the fact that each participant’s intervention was unique, the script was theo-
retically grounded in bio-informational theory [29, 30]. Thus, the script contained 
stimulus and response propositions. Stimulus propositions described the situations 
being imagined [31]. The scripts included multiple senses (e.g. vision, audition, and 
kinaesthetic) and environmental (i.e. practice setting) and timing (i.e. correct timing) 
elements. 

2.4.4.1 Virtual Reality Imagery 

During an imagery session for the virtual reality imagery (VRI) group, participants 
watched a video using a virtual reality device which is Google Daydream (Fig. 3) 
and using a mobile phone that sets up on a virtual reality device; participants are 
standardised in a sitting position to watch video images using a virtual reality device 
(Fig. 4). The sessions were carried out twice a week for 12 weeks. The VR headset’s 
goal is to have an immersive virtual reality experience and is adjusted to the tightening 
straps according to their comfort. A virtual reality Google Daydream headset is a 
head-mounted device made to wear over the eyes like goggles. This virtual reality 
device immerses the wearer throughout.

Mobile smartphones used during virtual reality sessions are linked to the Google 
Daydream device (Fig. 5). Video images were converted to mp4 format and were 
transferred to the mobile smartphones. Since all the mobile phones used in this 
study are smartphones, it is easier for the participants to see the video pictures more 
clearly. Fig. 6 shows the making of the virtual reality video kicking skill and Fig. 7 
shows the completed video with voice recording in both Malay and English subtitles.
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Fig. 4 Virtual reality imagery session

Fig. 5 Mobile smartphone attached to google daydream

2.4.4.2 Script Imagery (English and Malay Version) 

Script imagery was employed to the SI group. The sessions were carried out twice 
a week for 12 weeks. The script was as follows: Look up before kicking the ball. 
Glance up at the field in front. Focus as much as possible on where the ball to go.
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Fig. 6 The making of virtual reality video kicking skill (instep) 

Fig. 7 Completed video with voice recording and Malay-English subtitles

Angkat kepala sebelum menendang bola. Lihatlah padang di hadapan. Fokus 
seberapa lama yang mungkin di mana mahu arahkan bola itu. 

Keep your eye on the ball. Look down to the ball until you kick it. 

Awasi bola. Lihat ke arah bola sehingga menendang bola tersebut. 

Run towards the ball with even strides. Avoid stretching forward too far or taking a 
series of short steps, since this throws off your balance. 

Berlari ke bola dengan langkah yang sama. Elakkan meregangkan kaki dan 
mengambil langkah pendek terlalu banyak, kerana ini akan menjejaskan keseim-
bangan. 

Plant non-kicking foot next to the ball. Place it beside the ball, about shoulder width 
away from your other foot. A good, medium distance should feel comfortable to you. 
Keep your toes pointed straight ahead to the goal.
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Letak kaki sokongan dekat dengan bola. Letakkan di sebelahnya dan jarakkan kaki 
untuk menendang bola selebar bahu. Arah jari kaki ke arah gol. 

Bring your kicking leg back as far as possible. Bend your leg at the knee and keep 
your toes pointed downwards. In the perfect kicking position, your leg looks like it’s 
in the shape of a “V”. Stretch your legs often to increase your flexibility. 

Ayunkan kaki ke belakang sejauh mungkin untuk menendang. Bengkokkan lutut dan 
biarkan jari kaki ke bawah. Kedudukan menendang yang sempurna adalah ketika 
kaki kelihatan seperti “V”. Regangkan kaki untuk meningkatkan kelenturan. 

Lock your ankle in place. Your foot should still be pointed downwards, straight and 
firm. Your ankle shouldn’t wiggle at all as you kick the ball. Any movement weakens 
your shot. 

Kunci pergelangan kaki. Kaki tetap diarah ke bawah, lurus dan lembut. Jangan 
goncang pergelangan kaki ketika menendang bola, kerana sebarang pergerakan 
akan melemahkan tendangan. 

Stand straight as you kick. 

Berdiri tegak semasa menendang. 

Target the middle of the ball. Kicking it in the centre gives you control over your 
shot while also generating lots of power. 

Sasarkan bahagian tengah bola. Menendang di bahagian tengah akan memberi 
kawalan ke atas tendangan dan juga akan menghasilkan banyak kuasa. 

Instep contacting the ball. Hit the ball with the top part of your foot covered by the 
shoelaces to generate powerful but accurate shots. 

Tendang bola menggunakan bahagian kekura kaki. Bawa kaki ke hadapan. Tendang 
bola dengan bahagian atas kaki atau bahagian tali kasut untuk menghasilkanten-
dangan yang kuat tetapi tepat. 

Follow through with your kicking leg. After striking the ball, don’t stop moving. 
Bring your kicking leg through at a medium height. Step through and plant your leg 
on the ground. 

Ikut lajak. Selepas menendang bola, jangan berhenti bergerak. Terus menghayun ke 
depan kaki menendang pada ketinggian sederhana dan mendarat. 

2.5 Statistical analysis 

Mixed-design ANOVA was performed to determine the significant mean difference in 
sport motivation and kicking performance scores between the groups (virtual reality
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imagery, imagery script, and control group) and within time effects (baseline and 12 
weeks). 

3 Results 

Participants who use the Google Daydream devices for imagery outperform the 
imagery and control groups in terms of motivation. According to the findings, the 
influence of using virtual reality images on sports motivation has aided in enhancing 
football kicking skill performance for the aspect of groups (need to insert the results 
of pre and post test measurements for motivation and kicking test (can put in table). 
What was the p value?). 

4 Discussions 

The present study’s aim was to investigate the effect of virtual reality imagery on 
motivation and football kicking skill performance among youth football players in 
Sarawak by assigning the participants to either virtual reality imagery (VRI), imagery 
script (IS), or the control groups. At both the pre- and post-test, the Sports Motivation 
Scale-6 Questionnaire (SMS-6) and the Mor-Christian Football Kicking Test were 
used to assess the participants’ motivation and kicking performance. Furthermore, 
the outcome measurements were assessed at baseline and 12 weeks after training, and 
there was no significant mean difference in sport motivation or kicking performance 
between the study groups at baseline. 

The study found a significant mean difference in sports motivation between the 
study groups after 12 weeks of training. The participants in the VRI group were 
more motivated than those in the IS group (121.85) and the control group (96.40). 
However, only the VRI group’s motivation score goes up significantly from the 
baseline to the end of the 12 weeks. These findings illustrate VRI’s effectiveness 
in increasing sports motivation. This was reflected in previous studies, which found 
that VRI boosts athletes’ confidence and attention levels, enables them to overcome 
mental obstacles, and gives them the ability to mentally repeat an action or skill [6, 
11]. Furthermore, the majority of sports psychologists stated VRI could aid athletes’ 
and coaches’ attaining peak performance [9, 10]. 

In terms of kicking performance score after 12 weeks, the VRI group had a 
considerably higher mean (68.0) than the IS and control groups (59.0 and 59.7, 
respectively). The results shows that both the VRI and IS groups’ mean performance 
scores considerably increased from baseline to 12 weeks after treatment, whereas 
there was no significant change in the control group. This demonstrates how the VRI 
and SI have an impact on an athlete’s kicking performance, which can improve their 
overall sporting performance. Although no comparable studies have been conducted 
in Malaysia to date, Taekwondo athletes’ sports performances were found to be
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positively correlated with both internal and external imagery in a previous study 
[5]. Additionally, one of the crucial skills that must be developed to be proficient in 
football is the kicking technique [23]. 

The present study examined the effects of VRI and IS, which reflect how they influ-
ence athletes’ sport motivation and kicking performance. More studies are needed 
into the design of customised VIR and IS aimed at the development of skills that 
reflect the learning and movement process instead of the outcome of the skill being 
learned. Finally, although the sample size of 60 may be considered adequate for this 
study, it should be acknowledged that future studies should consider larger sample 
sizes to have more power and detect any significant difference. 

5 Conclusion 

The present study confirms the beneficial effect of virtual reality imagery (VRI) and 
imagery script (IS) in promoting sports motivation and kicking performance skills 
among football players in Sarawak. A significant difference was found between the 
VRI, IS, and control groups after 12 weeks, with the VRI having a higher influence 
on the athletes’ level of motivation and kicking performance skills. Additionally, 
this study is the first to examine the effectiveness of VRI and IS in Malaysia for 
kicking performance and sports motivation. These results show that more research 
needs to be done with different types of athletes and in different parts of Malaysia. 
The results indicated that VR imagery can help in motivating the players to improve 
their kicking skill technique. However, further study is needed to fully comprehend 
the link between VR imagery and motivation. 
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Abstract Physical fitness innovation is important for improving speed and agility, 
which has the effect of boosting physical fitness among physical education students. 
In order to develop physical fitness among students and athletes, sports organisations 
and schools must constantly update and invent new original concepts. In other words, 
innovation has an impact on and aids in the improvement of physical fitness. To 
succeed in sports, they must excel in physical fitness, as well as speed and agility on 
the court or field. The aims of this study are to investigate the effect of Speed Agility 
Training Aids Set (SATAS) on physical fitness among physical education students 
in Sarawak. A total of 40 physical education students in Sarawak (19–22 years old) 
volunteered to participate in this study. The Southeast Missouri (SEMO) Agility 
Test (Kirby 1971) was used for the pre- and post-test. The intervention consisted of 
16 sessions implemented for a duration of 8 weeks. A post-test was administered 
following the completion of the 16 SATAS sessions. The mean values of the pre-test 
were 10.47 (SD = 1.07) seconds and post-test were 10.02 (SD = 0.96) seconds. The 
findings demonstrated that SATAS is an effective innovation tool that deserves more 
attention in order to aid in the improvement of physical fitness performance. 
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1 Introduction 

Physical fitness is broken down into different component categories that alter on a 
regular basis. Athletes can be trained in various areas of physical fitness in order 
to improve specific sports skills or performance. Building on specific components 
can lead to fitness, mental health, and lifestyle objectives. Physical fitness is divided 
into two types, namely health-related fitness and skill-related fitness. Cardiovascular 
fitness, muscular strength, muscular endurance, body composition, and flexibility are 
the health-related components, whereas agility, speed, power, balance, coordination, 
and response time are the six components of skill-related fitness. These skill-related 
components are movements that an individual must accomplish in order to exhibit a 
variety of motor skills and movement patterns successfully. Athletes or students who 
really are physically fit cannot only increase their speed and agility, but also reduce 
the effects of incidents and deaths caused by movement [1]. 

Physical fitness is defined as the absence of any visible disease in a person. Physical 
activity can also assist people who already have cardiovascular disease, according 
to [2]. It also promotes health and well-being, aids in the prevention of a variety of 
health problems, lowers the risk of diseases such as hypertension, diabetes, cancer, 
and others, and increases general quality of life [3–5]. Physical fitness has been 
linked to lower total and cardiovascular mortality [6] and even little improvements 
in fitness can lead to a reduction in mortality [7]. 

Physical activity reduces your risk of stress, tension, and depression while also 
making you feel better. Someone who is not physically fit cannot be deemed healthy. 
As a result, not only physical fitness but also overall fitness must be considered. 
Physical well-being is frequently defined as the absence of illness. In the current day, 
chronic diseases are major causes of death. The bulk of chronic diseases are caused 
by a lack of physical activity [8]. Physical well-being is defined as the absence of 
any obvious disease, such as despair or anxiety. According to [9], physical activity 
can help avoid depression. 

1.1 Speed and Agility 

Every coach must have proper training techniques to assist athletes in improving 
their speed and agility and motivating athletes [10]. Speed is an important fitness 
component for a variety of sports. The ability to move quickly is referred to as 
speed. The distance travelled in the shortest amount of time is referred to as speed. 
Individuals who focus on foot speed can run quickly, but individuals who focus on 
hand speed can throw or hit the ball quickly. 

Speed is the most crucial part of fitness for some athletes, such as track and 
field sprinters, sprint swimmers, cyclists, and speed skaters. In many other sports, 
particularly team field sports, speed is an important component of total fitness. Speed 
is classified into two types: general and particular speed. General speed is defined as
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the ability to perform any movement (motor reaction) quickly, often across a short 
distance of 5–10 m, whereas specific speed is defined as the ability to perform certain 
actions at a specific time. Athletes who can outrun their opponents have an advantage. 
A speedier athlete, for example, may be able to reach a ball faster than a rival or even 
outrun a pursuer. As a result, athletes in almost all sports place a premium on speed. 

Training for agility formation can be tailored to the needs of the type of game or 
activity, as each sport requires a different level of agility. The training focuses on 
agility elements while also improving physical fitness components based on motor 
behaviour such as speed, power, reaction time, coordination, and balance [11, 12]. 
Agility is the ability to change body position, stop and start movements quickly, and 
control and direct the movement of the whole body. Agility requires a good level of 
speed, flexibility, and coordination of movements to confuse or avoid the opponent. 
It is the foundation of motor behaviour that emphasises high performance in sports. 
It is an important component of physical fitness and is useful in a wide range of 
sports and physical activities. In team sports such as football, soccer, basketball, 
hockey, volleyball, and rugby, you must react quickly to the movement patterns of 
your teammates and the ball. 

According to [13], it stated that reactive agility and change of direction speed are 
important determinants of success in football (soccer). Training factors have a signif-
icant impact on a person’s dexterity. Because each sport necessitates a different level 
of agility, training for agility formation can be tailored to the specifics of the game 
or activity. Epley [14] also stated that any coach needs an effective training approach 
to help players improve their agility and motivation. The training emphasises agility 
while also improving physical fitness components based on motor behaviour. 

1.2 Speed Agility Training Aids Set (SATAS) 

The application of scientific knowledge study findings in the training of players may 
bring more ease. Technology advancements have also offered specialised groups with 
the opportunity to simply provide solutions to ensure that young athletes’ perfor-
mance continues to improve in order to make Malaysia famous all over the world. 
The advancement of technology, particularly in sport, is an unavoidable component 
of improving an athlete’s achievement performance in the twenty-first century [15]. 
The introduction of innovative physical fitness training tools acknowledges the use of 
creative ways for sports skill training in order to increase performance and discov-
ered that physical fitness and sports training can be completed more swiftly and 
efficiently. 

The main issue with developing this innovation is the lack of up-to-date tools 
and methods for training athletes in Malaysia. The majority of them continue to use 
traditional methods to train young athletes at the school. Most physical education 
teachers or coaches only employ traditional training methods. Coaches of badminton 
players, for example, only show the directions to players with badminton rackets and 
without additional tools. The player will move in the direction indicated by the coach,
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Fig. 1 Speed agility training aids set (SATAS) 

but the player will not be heading in the proper area or in the direction desired by the 
coach due to the lack of a tracking device. Furthermore, there are no training aids 
that make it easier for coaches to monitor or record player performance. 

The innovation of the Speed Agility Training Aids Set (Fig. 1) makes it possible 
for athletes to train on their own without the guidance of a teacher or coach in the 
training grounds. Those who also can enhance their own speed and agility using 
the laptops and sensors built into the boards. As just a result, the coach could use 
laptop to track the athletes’ skills and talents. Teachers’ and coaches’ effectiveness 
and savings in time could be enhanced, and athletes can keep a record of one’s record 
keeping on the laptop for reference in the future. 

This innovation, which uses high-quality sensors to detect sound, can improve an 
athlete’s ability to change direction and run quickly towards the right target in a set 
period of time. Athletes will be able to accelerate by touching the sound sensor on the 
board. When the sensor detects a sound, it sends a number counts to a computer for 
recording via the UNO output. Besides that, the use of SATAS can increase athletes’ 
motivation to train harder. It can calculate the number of targets that an athlete can 
complete in a given period of time (timer). Given that SATAS is portable and simple 
to use, athletes can train without the assistance of a teacher or coach. Teachers and 
coaches can monitor the performance of their athletes by observing the results on 
the laptop. 

The Fourth Industrial Revolution (4IR) is a term used to describe the blurring 
of the physical, digital, and biological worlds. It is the result of advancements 
in artificial intelligence (AI), robotics, the Internet of Things (IoT), 3D printing, 
genetic engineering, quantum computing, and other technologies. The skills of the
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Fourth Industrial Revolution (4IR) were applied to the Speed Agility Training Aids 
Set (SATAS) (Fig. 1). The researcher expressed innovative thinking, original ideas, 
problem-solving skills, ideation, analysis, critical analysis, and interpersonal skills. 
These are some of the most critical 4IR-driven areas of expertise required to be 
successful in the evolving sport industry work environment. 

SATAS implementation procedures state that (Fig. 2). In the front of touch board 
1, the athlete takes a ready position (Fig. 3). The game begins with a buzzer (Fig. 4) 
and a timer (along with countdown timer) (Fig. 5). The athlete runs to the touch 
board 2 direction (Fig. 6). The presence of both the player is detected by 2 ultrasonic 
sensors. Sensors (Fig. 7) placed just on board that detect players’ movement would 
then indicate an entry into the Arduino UNO R3 Advance Beginner Learning Sensor 
Starter Kit V5 (Fig. 8). An adding functional to the UNO board (Fig. 8) board is 
provided by a sensor can detect the player’s touch on the board. The exit signal from 
the UNO board (Fig. 8) will be sent to display 1 to add a value of COUNT (Fig. 9) 
depending on how often the sensor detects the player’s touch on the board. After the 
timer runs out (Fig. 5) and the buzzer sounds (Fig. 4), the final count value will be 
displayed (Fig. 5). 

Fig. 2 SATAS flow chart
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Fig. 3 Ready position (Touch Board 1) 

Fig. 4 Buzzer

2 Methodology 

2.1 Research Design 

The study was carried out quantitatively using quasi-experimental designs that 
included pre-tests, interventions, and post-tests to investigate the effects of using 
SATAS innovation tools as an external perspective to obtain physical fitness (speed 
and agility) effectiveness among Sarawak Physical Education students aged 19– 
22 years old. This research is separated into three stages. Before taking the SEMO 
Agility Test, research participants fill out demographic information in the pre-test 
phase. Following the pre-test, research participants will move on to the interven-
tion phase, which will last approximately for 8 weeks and consist of two sessions
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Fig. 5 Laptop for timer and count value display 

Fig. 6 Touch board 2

each week. After completing of the 8-week intervention phase, research participants 
will proceed to phase 3, the post-test phase, when they will refill their demographic 
information and take the SEMO Agility Test.
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Fig. 7 Ultrasonic sensor 

Fig. 8 Arduino UNO R3 

Fig. 9 Numeric display
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2.2 Research Location 

The intervention was carried out on the premises of Institut Pendidikan Guru Kampus 
Tun Abdul Razak in Kota Samarahan, Sarawak. The facilities make it convenient for 
study participants to follow all stages because it is a training facility that allows the 
phases of the study to be done at the site chosen by the researcher. 

2.3 Research Participants 

Prior to conducting the study, permission had been acquired from the proper author-
ities. The Director of the Institute of Teacher Education Tun Abdul Razak Campus 
approved the research ethics. The approval was communicated to the Head of Depart-
ment of Physical Education and Health at the Institute of Teacher Education Tun 
Abdul Razak Campus in order to ensure complete collaboration and coordination in 
the administration of the study. 

Physical education students from Institut Pendidikan Guru Kampus Tun Abdul 
Razak took part in this study. The study included 40 male and female students. The 
total number of participants for the treatment and control groups was 15, according 
to [16] and [17]. However, after accounting for the 20% reduction rate, the overall 
sample size is 20. 

Participants in the study were physical education students whose age ranged 
between the ages of 19 and 22 years old. Participants must also be in a good health 
and have no form of injuries. Participants were selected based on their ability to 
perform and have train regularly. They gave their firmed consent to participate in the 
study and have the option to withdraw at any time. There were no costs or incentives 
for the participants. As a show of gratitude, they received a certificate and a few 
trinkets. 

2.4 Research Tool 

2.4.1 SEMO Agility Test 

The SEMO Agility Tests [18] was used to test individual dexterity to move the 
body forward, backward, and sideways. Movement in SEMO Agility Test is similar 
to movement in badminton. Figure 10 shows the SEMO agility test. This test was 
reported to have validity as high as 0.63 while reliability reached 0.88 for two trials. 
This proves that this test is accurate to measure the level of agility of athletes.

The SEMO Agility Test has a rectangular area measuring ‘3.6 m (horizontal) × 
5.7 m (vertical)’ feet and each runway will be marked with a skittle. The subject 
will be asked to stand at the starting point with his back towards the ‘D’ point. At
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Fig. 10 SEMO Agility Test

the “Ready, Go” command signal, the subject starts a side run from A to B and 
passes outside the corner of skit B. The subject then runs backwards from B to D and 
passes outside the corner of skit D. After that, the subject is asked to sprint forward 
from D to A and then pass outside the corner of skit A. The subject then again runs 
backwards from A to C and then passes outside the corner of skit C. Next, the subject 
will sprint forward from C to B and will pass outside the corner of skit B. Finally, 
they will do a side run from B to the finish line A. Plus, while doing a side run, 
the legs should not cross at all. When running backwards, the subject’s body should 
be upright in the opposite direction. Also, incorrect procedure is not acceptable, the 
subject needs to be tested until a perfect attempt. An attempt will be given before 
the test begins. The researcher will use a measuring map in preparing the SEMO 
Agility Test. After that, make sure the distance is correct according to the proper 
measurement. Each section has a different test run. To make it easier for subjects 
to change their running movements, the researcher can place skittles or cones of 
different colours or the researcher always gives instructions when wanting to change 
movements. The researcher should give the subject a trial period for the test in order 
to familiarise themselves with the test. Also make sure that the subject is given a 
break first after doing the ABCD experiment. Each subject was given two tests and 
the time of each trial was recorded accurately up to 0.1 s. A time value of less than 
two tests is the subject score. 

Ranking Man Woman 

Excellent < 10.7 < 12.19 

Good 10.47–11.49 12.20–12.99

(continued)
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(continued)

Ranking Man Woman

Moderate 11.50–13.02 13.00–13.90 

Weak 13.03–13.79 13.91–14.49 

Very weak > 13.8 > 14.50 

3 Research Finding 

The mean values of the pre-test for all participants were 10.47 (SD = 1.07) seconds 
and the post-test were 10.02 (SD= 0.96) seconds (Table 2). According to the findings, 
the Speed Agility Training Aids Set (SATAS) had aided in the improvement of speed 
and agility performance among Sarawak physical education students. According to 
the findings, the Speed Agility Training Aids Set (SATAS) had aided in the improve-
ment of speed and agility performance among Sarawak physical education students 
(Figs. 11, 12 and 13) (Tables 1 and 2). 

4 Discussion 

Sports innovation is a new research area that integrates sport with many types of 
experiences and practises. Sport innovations include technological advancements, 
tools, and equipment, as well as innovative methods and coaching, consumer prod-
ucts and services, digital content, and venues. Social, institutional, and organisational

Fig. 11 Results pre- and post-test (Female)
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Fig. 12 Results pre- and post-test (Male) 

Fig. 13 Performance times of female and male participants 

Table 1 SEMO test result of 
female and male participants 

Gender Pre-test (s) Post-test (s) 

Female (n = 20) 12.1 ± 0.49 11.39 ± 0.20 
Male (n = 20) 10.47 ± 0.39 10.02 ± 0.33 

Table 2 Mean values and 
standard deviation SEMO test 
of participants (N = 40) 

Results Pre-test (s) Post-test (s) 

Mean 10.47 10.02 

Standard deviation 1.07 0.96



The Physical Fitness Benefits of Speed Agility Training Aids Set 83

restrictions continue to limit sport innovation research. These viewpoints on innova-
tive phenomena should be explored in the future sports innovation research. While 
developing ideas, sport equipment, and product lines are significant and contribute 
to the growth of modern sport, more research on sport innovation issues and difficul-
ties, social innovations in sport, and effective administration and leadership of sport 
innovation will be necessary. 

This Speed Agility Training Aids Set (SATAS) is intended to assess a player’s 
ability to move in a sideways, forward, and backward motion. Students and athletes 
use SATAS to improve their physical fitness. Using this remarkable innovation 
training aids set can considerably improve physical fitness. Furthermore, the SATAS 
offers diversity, excitement, and enjoyment to the teaching and learning process, as 
well as exhilarating sports concept understanding. It is also applicable to all sports. 

5 Conclusion 

In the absence of a coach, SATAS is intended to make training more engaging and 
manageable. SATAS is also predicted to boost players’ interest in, and incentive 
for, speed and agility training. In keeping with the present 4.0 industrial revolution, 
SATAS has revolutionised existing traditional speed and agility training techniques. 
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Attitude and Concerns Toward Visual 
Quality Improvement in Sport 
Engagement Among Student Athletes 
in Taiwan: A Qualitative Exploration 

Yi-Ting Huang and Jen-De Chen 

Abstract Visual quality (VQ), a critical function in sports, has become a focal point 
for athletes pursuing better performance. This study explored how athletes perceived 
the importance of VQ and their concerns upon VQ improvement behaviors. Optom-
etry was performed with all participants by the first author prior to data collection 
to examine objective vision condition and needs. Adopting the qualitative approach 
using semi-structured interviews, the authors conducted in-depth interviews with four 
college student athletes needing VQ improvement. All interviews were converted into 
verbatim transcripts; content analysis was conducted based on open coding. Topics 
were identified and classified into categories then developed into domains based 
on relationship among categories. Results indicated that as follows: (a) Participants 
all agreed that VQ would affect their performance and wore contact lenses when 
engaging in sports. (b) While wearing contacts, participants experienced decrease in 
VQ indicators including vision, clarity, comfort, and stableness, which in term affects 
sports performance. (C) Very few athletes would take actions to improve VQ because 
of money and time cost, whereas trading for limited effects. Furthermore, lacking 
of professional service while selecting contact lenses contributed to compromised 
corneal curvature or comfort. Conclusion: Participants were in the contemplative 
stages and not yet in the “action stage” according to the Transtheoretical Model 
of change due to insufficient clinical knowledge. Furthermore, low motivation in 
improving VQ could be explained by the Expectancy–Value theory since all partic-
ipants were not in the elite level and might have lower motivation to improve their 
VQ to enhance their sports performance. 
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1 Introduction 

Vision is a human sense essential for daily living tasks, and is particularly crucial 
for athletes, who require speed and accuracy to achieve favorable performance [1]. 
During competition, athletes must concentrate on the environment, the situation, the 
target, and the movements of their opponents and act responsively. Scientific methods 
have been widely used to improve sports performance; in addition to physical fitness, 
techniques, and sport psychology, these methods include those designed to improve 
visual quality [2–4]. 

Previous research has indicated that visual quality plays a key role in ball sports 
and martial arts [3, 5]. However, numerous athletes have applied incorrect prescrip-
tions of inappropriate aids due to lack of relevant knowledge, which has a negative 
effect on their competition and training. Medically, visual quality involves various 
indices such as clarity, eye comfort, and eye moisture [6]. Visual quality is an abstract 
concept and has been evaluated using instruments (e.g., autorefractors, aberrome-
ters, and slit lamps) and patients’ subjective descriptions, which can lead to consid-
erable assessment biases. Numerous famous athletes (e.g., NBA players Stephen 
Curry, Rudy, Gay, and Chris Paul; Olympic shooting gold medalist Wang Yifu; 
and Olympic diving gold medalist Guo Jingjing) lacked satisfactory visual acuity 
(VA) and must receive refractive correction; numerous athletes wear contact lens 
instead of glasses because glasses can negatively affect their sports performance 
[7]. However, because of convenience and cost considerations, numerous athletes 
have opted to use contact lens without first obtaining a professional prescription or 
engaging professional services [4]. 

Most athletes improved their sports performance by enhancing physical fitness 
and skills, but they are unaware that sports performance is also directly or indirectly 
affected by their vision, hearing, reactions, and even uniforms [3, 4]. Beckerman and 
Hitzeman [5] reported that 44.6% of athletes aged 5–19 years who participated in 
the Amateur Athletic Union AAU Junior Olympic Games have not received refrac-
tive correction, and they stressed the essential role of periodic eye examination for 
athletes because 25% of them have not received a comprehensive eye examination. 
Chang et al. [8] reported that numerous teenage athletes have not received refractive 
correction and proposed hypotheses on why these athletes have not done so; however, 
the hypotheses have not yet been verified. 

At the time of writing, no studies have been conducted to examine the role of 
visual quality for athletes in the context of Taiwanese sports, and research on their 
VA is limited. The present study aimed to investigate the attitudes toward visual 
quality among Taiwanese athletes, the effect of poor visual quality on their sports 
performance, and the reasons for their inaction with respect to improving their vision. 
The results are expected to increase the awareness of athletes regarding visual quality 
in sports training and serve as a reference for sports teams that intend to improve the 
visual quality of their athletes. Hence, the purposes of the present study are to: 

1. Understand the knowledge of athletes regarding their visual quality;
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2. Explore the sports experiences of athletes with poor visual quality and the effect 
of such experiences on their sports performance; 

3. Clarify how athletes respond to poor visual quality; and 
4. Understand the experiences of athletes with respect to improving their visual 

quality in sports and why they have not been actively improving it. 

2 Research Methods 

2.1 Participants 

Purposive sampling was performed to recruit four paraprofessional student athletes 
(with the aliases Olaf, Big, Elephant, and Pear) through social networks. All the 
participants had experienced or were experiencing impaired competitive and training 
performance because of poor visual quality at the time of the present study. 

Three of the participants were volleyball players, and one was a soccer player. All 
of them had regularly engaged in specialty sports training and participated in official 
competitions for 4–15 years. They had engaged in 3–4 h of training for 3–5 days 
per week. These participants underwent optometric examinations performed by the 
first author, who was a licensed national professional optometrist. The examination 
results revealed that three of the participants exhibited a VA of < 1.0 with sports visual 
correction prescriptions. Among the three participants who used contact lenses, two 
had contact lenses with sliding levels that were outside the desired range, which 
could lead to blinking-induced vision blurriness or foreign object sensations. Table 
1 lists the demographic information of the participants.

2.2 Data Collection 

In the present qualitative study, in-depth, semi-structured interviews were conducted 
for data collection. The preliminary outline of the interviews was formulated in 
accordance with the research objectives of the present study and literature findings; 
after peer feedback was obtained and a pilot study was conducted, the interview 
guide was then revised and formalized. The participants could freely express their 
experiences during their interviews. The interviews were conducted in person with 
a focus on the participants’ experiences and perspectives. The participants were 
encouraged to share their autonomous and unique personal experiences to ensure 
the reliability of the present research. The interview process was fully observed and 
recorded for data analysis. 

The researchers were familiar with the essential elements of qualitative interviews. 
Researcher 1 is a professional optometrist who is knowledgeable about contact lens 
practices and skilled in assessing visual quality. However, this researcher refrained 
from bringing up personal experiences during the interviews to maintain truthfulness
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Table 1 Demographic information and visual quality of participants 

Alias Olaf Big Elephant Pear 

Sex Male Male Male Male 

Age 19 20 27 22 

Specialty sports Volleyball Volleyball Soccer Volleyball 

Dedicated time 4 5 14 5 

Refractive 
status 

OD:PL − 1.00 
× 180 
OS: − 0.75 DS 

OD: − 
4.50–0.75 × 
015 
OS: − 
4.50–1.00 × 
165 

OD: − 3.25–1.50 × 
010 
OS: − 2.50–1.25 × 
175 

OD: − 5.75–0.25 × 
060 
OS: − 6.00–0.50 × 
150 

Static VA in 
sports 

0.9 + 1 0.9 + 2 0.8 + 2 1.0 + 1 

Vision 
problems 

Visual acuity 
(VA) < 6/6; 
subpar tear 
quality 

VA < 6/6; 
severely 
insufficient 
contact lens 
sliding 

VA < 6/6 Excessive contact 
lens sliding 

Sports visual 
correction 
prescription 

Naked vision OD − 4.25 DS 
OS − 4.25 DS 

OD − 3.00 DS 
OS − 2.50 DS 

OD − 6.00 DS 
OS − 6.00 DS

and avoid leading the participants’ responses; thus, data comprehensiveness was 
ensured. Researcher 2 has experience as an instructor for qualitative research courses 
at a graduate institute and was tasked with supervising and controlling the data 
collection and analysis processes to maintain the quality of the present study and 
provide data analysis checks and recommendations. The interviews were conducted 
at locations with minimal disruptions, namely private spaces outside school for Olaf 
and Big and university research rooms for Elephant and Pear. Each interview lasted 
for an average of 1 h (Table 2). 

Table 2 Time and locations of interviews 

Participant Big Olaf Elephant Pear 

Location Private space Private space Gymnasium research 
room in a university in 
Changhua 

Gymnasium research 
room in a university in 
Changhua 

Date 2021/12/01 2021/12/01 2022/01/07 2022/01/07 

Time 19:00–20:00 20:00–21:00 16:00–16:30 17:30–18:20
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2.3 Research Procedure 

The participants were informed of the objectives and procedures of the present study 
and asked to read the outline of the interviews before providing informed consent. 
Before the start of their interviews, the participants were briefly asked about their 
demographic information and received an eye examination at a university optometry 
laboratory to collect data for objective VA analyses. The interviews were conducted 
in accordance with the interview guide and recorded in full. The recordings were 
transcribed, and the participants verified that the transcripts accurately conveyed what 
they had said during the interviews. The data were then analyzed and generalized. 

2.4 Data Analysis 

The data were analyzed through data reduction, data display, and conclusion drawing 
and verification. They were systematically organized through open coding. Units 
were distinguished by extracting the meanings conveyed by the participants, which 
were then simplified as topics for preliminary coding. The relationships between the 
topics were identified and induced as themes for secondary coding. The themes were 
then organized and induced as the final results. 

3 Results 

The interview data consisted of five components, namely (1) the timing and frequency 
of refractive examinations, (2) the methods the participants had adopted for refrac-
tive correction in their daily lives and in sports activities, (3) the effect of poor 
visual quality on the participants’ athletic performance, (4) refractive correction 
measures and their contact lens selection process during sports activities, and (5) 
the participants’ knowledge and attitudes with respect to sports visual quality 
improvement. 

3.1 Timing and Frequency of Refractive Examinations 

None of the participants received regular refractive examinations on a semiannual 
basis. Three of them had visited optometric clinics for eyeglass or contact lens 
prescriptions within the 2 years prior to the start of the present study. Elephant 
had not undergone any refractive examination within the 7–8 years prior to the start 
of the present study but had been receiving the same visual correction prescription 
within the 8 years prior to the present study.
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I had it for about 2 years ago, I looked at the arrows pointing up, down, left, and right and 
the colors red and green… I’ve done it for 2 years. Big (A004) 

I studied hard in the my third year of high school and developed myopia, but the condition 
wasn’t too bad. I have bought a pair of contact lenses at an optical shop but stopped wearing 
them because I wasn’t used to it. It’s been 2 years since that time. Olaf: (B004) 

I’ve never done that! I’ve had (this pair of eyeglasses) since my first or second year of 
university (laughs). It’s been 7 or 8 years since then. Elephant: (C004) 

Eye examinations? The last time I had one was a half year ago when I was buying a pair 
of contact lens. I took the eye examination because it was convenient to do so then. (Did 
your eye prescription change?) Barely. Pear: (D004) 

3.2 Refractive Correction Methods Adopted for Daily Life 
and Sports Activities 

Most of the participants wore eyeglasses in their daily lives but wore contact lenses 
when they were training or competing in sports. Eyeglasses were more convenient 
and comfortable to wear in their daily lives, whereas contact lens were safer for 
sports activities, particularly high-intensity training and competitions. 

I wear contact lenses most of the time for high-intensity sports activities. I used to wear 
eyeglasses, but one time my eyeglasses broke while I was playing (sports). Therefore, I have 
been wearing contact lenses since my second year of high school. Big: (A005) 

(Do you wear eyeglasses or contact lenses in your daily life?) No. (Have you checked 
your eye prescriptions?) Yes, it was 0.8 in one eye and 1.0 in the other, which was confirmed 
through a physical examination. I used to wear contact lenses, but I stopped wearing them 
because they cause my eyes to dry out. Olaf: (B005) 

I wear contact lenses. Monthly ones. (Do you also wear them in your daily life?) I wear 
glasses most of the time. Elephant: (C005) 

I wear contact lenses… Both daily and monthly ones. I wear daily one now. I wear 
eyeglasses in class because I need to look at the computer, and I feel that eyeglasses provide 
better protection. (Were you wearing contact lenses when you started playing?) No, because 
my sports activities were not that intense yet. I started wearing contact lenses because my 
sports activities become more intense when I joined the varsity. Pear: (D005) 

3.3 Effect of Poor Visual Quality on Sports Performance 

Because all the participants except Olaf wore contact lenses for refractive correction, 
the comfort of contact lenses was crucial. During their interviews, the three partici-
pants indicated that the dryness and foreign body sensation caused by their contact 
lenses hindered their performance and reactions during sports activities. 

I used to wear cheap contact lenses, but most of them were uncomfortable to wear. I don’t 
know if it’s because of their poor quality. Several of those lenses hurt my eyes and made me 
want to blink when I couldn’t see clearly. (How did you deal with it?) I changed my lenses 
during a match but endured it when I was training. Big: (A006)
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Nothing except excessive light (laughs). Olaf: (B006) 

I sometimes experience discomfort, dryness, and pain when I wear contact lenses. (How 
do you deal with these problems?) I have tried to rinse my lenses with water, wipe my eyes, 
or blink, but I still couldn’t see the ball. I asked someone who wore eyeglasses, and he said 
that my eyes were dry because I didn’t sleep enough. Elephant: (C006) 

When the ball is fast, my eyes get dry, and my contact lenses slide, cause blurriness, or 
felt like foreign objects in my eyes, and I cannot see when I blink all the time. When the ball 
is approaching, I need to blink repeatedly for a period of time. This happens when I wear 
contact lenses for approximately 8–9 h. I wear my contact lenses before I start my evening 
training. I used to wear them for approximately 8–9 h before training or a match but now I 
wear them just before training or a match. Pear: (D006) 

3.4 Refractive Correction Measures and Their Selection 
Process During Sports Activities 

Most of the participants (excluding Olaf) who wore contact lenses for sports activi-
ties and stopped wearing them subsequently did so because of the discomfort caused 
by their lenses. All the participants bought contact lenses on the basis of recommen-
dations provided by optical shop employees. Olaf selected his contact lenses on the 
basis of his keratometry results, whereas the other three participants bought contact 
lenses after trying one or two pairs even though their lenses were not suitable for 
them because of moisture-, corneal curvature-, and base curve-related factors, which 
in turn were related to the low price of those lenses and their convenience in purchase. 

I wear Bausch+Lomb nowadays. The clerk gave it to me when I started looking for contact 
lenses, but it was expensive, so I opted for cheaper ones. I only returned to wearing 
Bausch+Lomb because I have often ended up wearing uncomfortable lenses. Big: (A007) 

I was thinking about whether I should wear eyeglasses or contact lenses. I chose contact 
lenses for sports, and I asked about contact lenses at an optical shop. I thought that I needed a 
pair immediately, so I bought and tried a few pairs. (Did you buy them for price or comfort?) 
Comfort. I bought more than one brand and excluded those that did not fit my eyes, but 
none of them were comfortable to wear; specifically, they caused dryness in my eyes after 
extended use. Therefore, I stopped wearing contact lenses. Olaf: (B007) 

I looked for the ones that were cheap and comfortable to wear because the options of 
monthly lens options was limited. (So did you try them out?) No. I just told the shop that I 
wanted a monthly pair, and they introduced me to a specific brand, which I bought. Elephant: 
(C007) 

I have tried two types of contact lenses. (Daily ones?) Yes. I chose the one more convenient 
for purchase. Pear: (D007) 

3.5 Participants’ Knowledge and Attitudes with Respect 
to Sports Visual Quality Improvement 

The participants evaluated their VA and the clarity, comfort, and stability provided by 
their contact lenses; they also rated the importance of visual quality to them and their
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knowledge of the relationship between visual quality and sports performance. This 
section includes participant’s perception and self-evaluation on visual quality, aware-
ness of needs for visual quality improvement, and their attitudes toward improving 
visual quality as following: 

Perception and Self-Evaluations on Visual Quality With the exception of 
Elephant, all the participants regarded their own visual quality as being above average. 
Nevertheless, they reported problems regarding the visual clarity and comfort of their 
contact lenses. 

(My vision is) not bad. I think my vision in the court is good. Everything is clear, and the 
ball isn’t too blurry. The only problem is that my contact lenses feel uncomfortable when I 
put them on. Big: (A008) 

I think it’s fine, but things become blurry when I cover my left eye and I can’t read the text 
on a can if I do that. Olaf: (B008) 

My vision becomes blurry when I wear contact lenses, which are astigmatic and causes 
distant objects to appear blurrier than when I’m wearing eyeglasses. Recently, my eyesight 
has declined. I have been staring at computer screens and electronic products for extended 
periods of time, and my eyes feel uncomfortable and sometimes painful. Elephant: (C008) 

It’s fine, except for when my contact lenses slide out of place, which causes things to become 
blurry and forces me to blink to keep them in place. (Does that feel uncomfortable?) Not 
very. Slightly, but not very. Pear: (D008) 

Awareness of Needs for Visual Quality Improvement All the participants indi-
cated their awareness that improving their visual quality leads to improved sports 
performance, and they expressed that VA can be improved through sufficient sleep, 
a reduction in contact lens wearing time, or the use of contact lenses that have high 
DK/t and are suitable for their eye shapes. 

It would be good if my contact lenses are comfortable. Otherwise, I would be afraid of putting 
on my contact lenses just before I start my sports activities. Comfortable lenses eliminate 
the need to blink my eyes. Big: (A009) 

Probably. It’d be okay if the vision can become clear, and the eyes better not be dry. I refused 
to wear contact lenses because they were so dry. Olaf: (B009) 

(Do you think that visual quality will affect your performance in sport?) Yes, absolutely! 
After a good sleep, my eyes become comfortable. Otherwise, it hurts sometimes when I wear 
contact lenses. Elephant: (C009) 

Yes, it makes a difference when I only put on my contact lenses just before my sports activities. 
It becomes less uncomfortable when I don’t wear my contact lenses for excessively long 
periods of time. Pear: (D009) 

Attitudes Toward Improving Visual Quality All the participants indicated that 
they regarded visual quality as a crucial factor and that improving visual quality 
improves their sports performance. However, they did not take active measures 
to improve their visual quality unless they experienced eye discomfort or eye-
related-inconveniences. In addition to being habitual, they felt that the measures 
for improving their visual quality were limited in terms of their effectiveness.



Attitude and Concerns Toward Visual Quality Improvement in Sport … 93

I pay attention to my eyes only when they are affected or feel uncomfortable… Like I said, 
I only seek a diagnosis when it hurts to wear my contact lenses. Big: (A010) 

I think visual quality is crucial, but I don’t know how to improve it. The contact lenses that 
I have worn were uncomfortable. (Have you worn the silicon hydrogel ones?) I don’t think 
so. (These lenses are more comfortable but more expensive. Are you willing to try them?) 
I’ll think about it. I only play volleyball for a few hours and don’t want to spend too much 
money. Olaf: (B010) 

Yes, I pay attention to visual quality. The day before each match, I sleep early for comfortable 
eyes. (Then will you try toric contact lenses? They provide enhanced clarity.) Toric contact 
lenses? I don’t know. I think I would. Elephant: (C010) 

I want to improve my visual quality, but I haven’t done it. I’m lazy. I thought my situation 
would improve, but it did not. (Not to a considerable degree?) No. Pear: (D010) 

4 Discussion 

The present study examined the attitudes of athletes toward visual quality in sports 
activities, the effect of visual quality on sports performance, and the athletes’ attitudes 
to solve visual quality problems that negatively affect their sports performance. The 
results may provide a reference for teacher, coaches, and managers who are helping 
athletes to improve their sport performance. The findings of the present study are as 
follows: 

4.1 Visual Quality Affects Sports Performance 

The higher the level of competition that an athlete is involved in, the more crucial is 
the role of visual quality to the athlete’s sports performance. Most of the participants 
agreed that poor visual quality negatively affects their sports performance. This 
finding is consistent with the position argued by Wilson [9]. 

4.2 Wearing Contact Lenses Causes Problems Related 
to Visual Quality 

Visual quality comprises eye clarity, comfort, and moisture. Athletes who play 
specific sports do not wear eyeglasses because high speed of balls during high-
intensity training or competitive matches increases the risk of sustaining injuries 
caused by eyeglasses. The present study focused on the visual quality of athletes 
who wear contact lenses. The interviews conducted in the present study revealed 
that although most athletes chose to wear contact lenses during sports activities, 
their lenses were a poor fit for them. Poorly fit contact lenses cause dry eyes and
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unsatisfactory sliding, leading to temporary blurred vision or foreign object sensation, 
which in turn causes athletes to blink frequently during sports activities. Furthermore, 
the participants’ contact lenses differed slightly from their eyeglasses in terms of 
prescription parameters. Most of the participants’ lenses were spherical and reduced 
VA and visual clarity, which directly increased their reaction time and indirectly 
reduced their sports performance. This finding is consistent with that reported by 
Appelbaum and Erickson [10]. 

4.3 Participants Did Not Take Active Measures to Improve 
Their Visual Quality Despite Their Awareness of Its 
Importance 

Although the participants acknowledged the importance of visual quality to a 
moderate or high degree, few of them had taken active measures to improve it. 
Although the participants recognized that visual quality affects sports performance, 
few of them had actively sought professional help to improve their visual quality. 
This was because they did not expect to achieve a substantial improvement in their 
sports performance through an improvement in visual quality, which they regarded as 
a time- and cost-intensive endeavor. Furthermore, the participants exhibited biases in 
their perceptions of visual quality because of a lack of professional optometric knowl-
edge. The dryness caused by contact lens can be solved by using silicon hydrogel 
lenses, which were revealed by tear test results to exhibit high oxygen permeability. 
The problems associated with contact lens sliding can be mitigated by performing 
a fitting on the basis of comprehensive corneal assessment results. The inadequacy 
of eye prescriptions can be detected through regular clinical checkups. Astigma-
tism can be mitigated by wearing toric contact lenses. However, most contact lenses 
that provide high visual quality are expensive, and finding the appropriate pair of 
contact lenses is a time-consuming process. The participants in the present study 
were not top Taiwanese athletes and exhibited a low level of motivation to substan-
tially improve their sports performance; therefore, improving visual quality was not 
their first priority. 

The participants regarded visual quality as having a moderate or high level of 
importance, but they rarely took active measures to improve it. Under the Trans-
theoretical Model developed by Prochaska and DiClemente [11], behavioral change 
occurs in the following stages: (1) precontemplation (i.e., no recognition of a problem 
or lack of intention to change), (2) contemplation (i.e., not knowing how to solve a 
problem despite having an awareness of its presence), (3) preparation (i.e., commit-
ment to identifying methods, sources and support, and motivations for solving a 
problem), (4) action (i.e., start of behavioral change), and (5) maintenance (main-
taining a change to achieved expected results). Most of the participants in the present 
study were in the stage of contemplation or preparation; they recognized that their 
visual quality needed improvement but did not know what they could do to improve



Attitude and Concerns Toward Visual Quality Improvement in Sport … 95

it because of a lack of professional clinical knowledge or the high cost of making 
such a change (i.e., time and money). 

The participants’ inaction with respect to improving their visual quality can be 
explained by the Expectancy–Value theory of motivation [12]. Motivations for an 
action are based on an individual’s expectations and evaluation of a task, which 
influence their behavioral choices, persistence, and performance. The willingness of 
individuals to commit to a task is determined by their expectations for success and 
the value of the task. When an individual expects to succeed in a task and perceive 
that the task is valuable, they are actively and persistently committed to completing 
it. The participants in the present study were not at the elite level and might hold low 
expectations for their sports outcomes. Therefore, they had low expectations for their 
visual quality in sports activities and did not perceive visual quality improvement as 
a valuable objective. Most of the participants chose to adapt to their current situations 
instead of actively improving their visual quality. 

5 Conclusion 

The results of the present study revealed that visual quality considerably affects the 
sports performance of athletes and the participants all acknowledged the essential 
role of visual quality in their sports performance, but most of them chose to ignore 
their visual quality problems and adapt to their current situations. 

Improving visual quality is a time- and cost-intensive endeavor. Numerous 
athletes believe that improvements in visual quality only have a limited effect on 
improving their sports performance. Athletes who spent additional time and money 
on improving their visual quality have only achieved limited improvements in their 
sports performance, which is not attractive enough for athletes to improve their visual 
quality. Furthermore, most athletes do not receive comprehensive professional opto-
metric examinations when they purchase their contact lenses; most of them chose 
to use lenses that were cheap or recommended by optical shop employees instead 
of those that fit the keratometric properties of their eyes and provide a high level 
of comfort. Today, the optometric industry is becoming an increasingly professional 
and delicate industry, and detailed and comprehensive assessments are mandatory 
for the fitting of contact lenses. 

The results of the present study must be applied in consideration of the partici-
pants’ characteristics. Notably, they were not elite athletes and specialized only in ball 
sports. Therefore, the results of the present study cannot be generalized to athletes 
who are involved in other types of sports and exhibit different skill levels relative 
to those of the participants. Moreover, because the sample was small, the results 
of the present study cannot be extrapolated to all athletes in Taiwan. Nevertheless, 
these results are relevant to sports practices. Sports trainers must regularly examine 
their athletes’ VA, routinely track the suitability of their athletes’ contact lenses, and 
provide their athletes with the correct VA education to improve their awareness of
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and attention to their visual quality. Committed actions must be taken to optimize 
the VA of athletes and improve their sports performance. 
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Mind-Mapping: Exploring 
Intraindividual Experiences Across 
Injury Rehabilitation 

Jolly Roy, Jeykar T. Lazarus, and Tejasvi Karanwal 

Abstract Sport psychology practitioners frequently look for new resources to 
provide quality services to athletes. The authors have highlighted the use of the 
mind-mapping technique in an athlete who underwent anterior cruciate ligament 
(ACL) reconstruction surgery. Mind-mapping was employed to elicit information on 
athletes’ experiences across injury rehabilitation. The study provided the experiences 
of three different phases of injury rehabilitation, viz., onset, during rehabilitation, 
and return to sport. The content overlap values indicated that the experiences across 
the three phases were unique. A graphical representation of mind-mapping for all 
three phases is provided for readers’ understanding. 

Keywords Mind-mapping · Sports injury · Psychological experiences 

1 Introduction 

The mind-mapping approach (MMA) [1] is a technique that helps to tap the infor-
mation creatively and organize it into meaningful units. In an injury context, MMA 
can be considered a supportive means for eliciting information and providing a road 
map to navigate across the rehabilitation phase. There are two approaches to mind-
mapping: (1) the traditional approach, using paper and pencil, and (2) the modern 
approach using the mind-mapping software. Mind-mapping enables practitioners to 
delve deep into themselves and take responsibility for their own action tendencies. It 
creates more structured experiences and provides purposeful insights for committing 
to the rehabilitation process. 

Very often a sport psychologist has to face challenging questions from injured 
athletes. This happens when the athletic identity is compromised and athletes face 
uncertainty about their recovery. Injured athletes also experience social isolation, 
loneliness, fear, anxiety, and a lack of inner drive, as they strive to seek the meaning
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of their life without active engagement in sports. Safety in sports is a prerequisite for 
continued participation in sports [2]. We believed that understanding the pathway of 
how one navigated from the onset of the injury through the rehabilitation phase to 
return to sports will help in the future prevention and management of sports injuries. 
While providing professional support, we have observed that a sudden pause after 
injury forces an athlete to reflect and adapt to an unprecedented period in their 
active career. Most athletes initially deny their situation and move on to tolerate 
the injury condition before fully accepting their situation. From our experiences 
in the applied context, we have observed that those athletes who struggle to adapt 
to an ‘injured situation’ experience heightened anxiety and frustration leading to 
poor mental health. These challenges pose a deeply uncomfortable situation for 
the rehabilitation therapist, the sport psychologist, and the athlete. To overcome 
the monotony and barriers related to self-doubt during injury rehabilitation, strong 
professional bonding and innovative measure were required to tread the rehabilitation 
path. In trying to do this, an innovative method was warranted to create a comfortable 
environment for the athlete, while we navigate him through the rehabilitation phase. 
It was also important for us to ensure that the athlete does not develop any emotional 
trauma while treading through the memories of injury. 

Among injuries, rupture of the ACL impacts an athlete’s football career [3]. 
Despite the client having a general awareness of the different experiences during 
injury rehabilitation, there is little understanding of a structured process and support 
system the client experienced across the injury rehabilitation period. This study, 
therefore, sought to elicit information in a more structured way. We used the mind-
mapping technique to draw information regarding injury rehabilitation experiences 
through the natural association of events. We then provided a graphical representation 
linking thoughts and events for easy understanding. Mind-mapping also helped to 
demonstrate the pathway toward recovery which helps a client for building confidence 
in a similar future context. 

The sport psychologist initially used open-ended questions to elicit descriptive 
information about the injury onset and rehabilitation period. Since the information 
was a mix of experiences, mind-mapping was done to organize the information. The 
major focus of the interview question guiding the mind-mapping was: (a) Can you 
introspect a bit on the onset of the injury situation and describe your experiences? 
(b) Can you describe your personal experiences and the support you received during 
rehabilitation? (c) Could you elaborate on the influences of your perceived states 
toward the return to sport?
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2 Methods 

2.1 Participants 

The football player involved in this study is referred to as TK (24 years old). Verbal 
consent was taken from the client to publish the work for educational purposes. 
TK was referred by a sports medicine doctor to instill self-confidence in the athlete 
toward a return to sport. TK is very passionate about football and has represented 
the country in the U-17 tournament. Typically, the athlete trained in the morning and 
evening. 

Mind-mapping is a technique to capture thoughts and visually arrange them in a 
radiant format using the software. The unique elements used to create a mind-map 
include central title, branch, levels, and subtopics. Mind-mapping boosts efficiency 
that makes it easy to understand the structure and organize information. 

2.2 Materials 

‘MindMaple Lite Version 1.3’ is free software for creating mind-maps and orga-
nizing tasks. The software comes with six predefined templates but also allows the 
practitioner to add their own mind-map items such as text, icons, graphics, or objects 
which can be customized. These are easy to customize so that the practitioner can 
create the map most appropriate to the required needs. ‘MindMaple’ software is 
compatible with windows and Mac programs. The practitioner can present the ideas 
or content generated in different forms such as text, graphs, images, and charts. A 
computer with a basic i3 processor was used for this assessment. 

2.3 Methods 

The subject TK (24 years old) footballer was familiarized with the mind-mapping 
procedure and was asked to work on the central topic of three phases of his experi-
ences during injury rehabilitation (onset, during rehabilitation, and return to sport). 
The central topic provided the thought process to spread out freely to stimulate 
memory and associations. The branches depicted by curved lines connect closely 
related topics which represent that thinking is natural. The levels represent the hier-
archy of branches formed around the central topic. The subject was assisted to navi-
gate through different experiences and create different mind-maps for three different 
phases.
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3 Results 

In the onset phase, six hierarchies of branches were identified with sub-topic: pre-
injury (4), play (3), injury (3), physiological (5), psychological (6), and pre-surgery 
(3) (Fig. 1). 

During the rehabilitation phase, four hierarchies of branches were identified with 
sub-topic—coping strategies (6), effort (3), support (2), and post-surgery (5) (Fig. 2). 

In the return to sport phase, three hierarchies of branches were identified with 
subtopics—start to play (3), re-injury (4), and adaptation (3) (Fig. 3).

A few highlights of the feedback from the athlete are provided herewith.

Fig. 1 Mind-map during the onset of injury 

Fig. 2 Mind-map during the rehabilitation phase of injury 
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Fig. 3 Mind-map during return to sport 

Fig. 4 Content overlap of 
experiences between 
different injury rehabilitation 
phases

I could elicit information naturally and my thoughts were flowing freely. The thought process 
was innovative and enjoyable. 

I enjoyed the process and graphical representation. I could navigate through the pathway 
of recovery with ease and build confidence. 

I could structure my thoughts and organize them systematically. Mind-mapping ushered 
me in solving the problem creatively during injury rehabilitation. 

4 Discussion 

This paper looks at how to use mind-mapping as a resource to elicit information from 
the client. It takes information in an innovative way and displays this information 
in a meaningful way. Mind-mapping is not often used or considered frequently in 
sport psychology context. Very often the clients look for ‘something new’ in all 
service delivery. Therefore, we decided to adopt this technique in a practical and 
usable way. This makes the process of taking the client through the pathway of 
recovery in a more convincing and enjoyable way. Three different mind-mappings 
(e.g., onset, during rehabilitation, and return to sport) were done with this client with 
three different central ideas placed in the center of the figure. Extending from each 
central point are the different branches which lead to different information. Taking 
information from several sources helped the sport psychologist to consolidate the 
different experiences the client went through in each stage of the rehabilitation.
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Mind-mapping also engaged the client in creative thinking, which is evident from 
the feedback. Mind-mapping allowed the sport psychologist to understand how the 
experiences across injury rehabilitation interrelate. 

Injury rehabilitation is a dynamic process where the experiences change 
constantly. These mind-maps can also be used for the future as a reminder of how the 
client navigated through the injury and recovery stage and helps the client to share 
these experiences with other athletes who get injured and impacts their identity. In 
this study, the athlete’s mind-maps and the qualitative feedback indicated that he 
could clearly identify the issues and experiences he went through during the injury 
rehabilitation phases. The athlete’s qualitative feedback expressing that he enjoyed 
the process shows how mind-mapping can be used to get the athlete involved in the 
process of eliciting information and retaining the interest in a more positive way to 
compensate for any painful experiences he had during injury rehabilitation pathway. 
From each hierarchical point, the athlete could explore the recovery experiences in-
depth and this would provide the athlete and the sport psychologist with the length 
and breadth of understanding the athlete had about the pathway of recovery. 

A crucial part of injury rehabilitation after ACL surgery is the lack of self-
confidence in the athletes. Thus, dealing with the self-doubt of an athlete is vital. One 
such step is to emphasize the understanding of his natural coping strategies and the 
different support he experienced during rehabilitation. This mind-mapping technique 
offered this athlete a clear pathway of how his different experiences strengthened his 
inner core to deal with self-doubt and gain confidence. 

The most appropriate means of interpretation of the participant’s view of recovery 
was possible using mind-mapping. The content overlap values (Krahé 1986) were 
calculated to examine the content similarity between three different situational expe-
riences. The content overlaps value of zero (.00) between ‘onset and during rehabil-
itation’, between ‘onset and return to sport’, and between ‘during rehabilitation and 
return to sport’, indicated that the athlete’s experiences across the rehabilitation are 
unique. The individual overlap scores varied from 0 (all items were different) to 1.0 
(all items were similar) [4]. 

The athlete’s feedback revealed that the mind-mapping helped to elicit the infor-
mation through natural thought. The athlete reported that the representation of 
thoughts was very simple and easy to organize. The mind-mapping demonstrated 
the pathway for confidence-building by navigating the athlete across his rehabilita-
tion period. Mind-mapping can be utilized for creative problem-solving during injury 
rehabilitation. 

5 Conclusion 

This study provides an opportunity for sport psychologists to use mind-mapping 
in their practice. The study illuminated the different experiences that an athlete is 
exposed to across injury rehabilitation phases. It offers insights into the dynamic 
nature of individual experiences. Similar studies can be done to understand how
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wider contextual factors influence an individual not just in a rehabilitation context 
but in other areas also. This study highlights the importance of attending to contextual 
factors and structuring the experiences of the athlete. We believe that this study offers 
new insights into unexplored areas of sport psychology practice. 
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An Experimental Study on Effect 
of Flipped Teaching on Learning 
Effectiveness and Learning Attitude 
of Secondary School Students in Macao 

Chan Kit Ao and Qun Zhai 

Abstract With the great impact of modern Internet information technology on tradi-
tional teaching, flipped teaching has attracted more and more attention. This study 
explored the effect of flipped teaching on the learning effectiveness and learning 
attitude of secondary school students in Macao. A teaching experimental research 
design was employed; the sample included 112 male secondary school students; 
they were randomly divided into an experimental group (n = 55) and a control 
group (n = 57). The experimental group received the flipped teaching while the 
control group received the traditional teaching, respectively. Both groups’ training 
time was 18 weeks. The “Physical Education Learning Effectiveness Scale” and the 
“The Physical Education Attitude Scale for Middle School Students” were used to 
examine the effects of both teaching methods on secondary school physical educa-
tion. The results showed that at the junior stage, there was no significant difference in 
the effects of two different teaching modes on the learning effectiveness and learning 
attitude of physical education. However, in the senior high school stage, though there 
was no significant difference in two different teaching methods on the learning effec-
tiveness of physical education, the effect of flipped teaching on the learning attitude 
of physical education was significantly higher than that of traditional teaching mode. 

Keywords Flipped teaching · PE · Learning effectiveness · Learning attitude 

1 Introduction 

As the society enters the information age, the use of information technology tools to 
assist teaching in the teaching activities of various subjects has become very popular, 
and the use of online teaching platforms is also relatively mature. Some studies have
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pointed out that the use of information technology tools in physical education can 
establish correct movement demonstrations and enable students to obtain significant 
results in cognition [1]. When students are assisted by information technology tools, 
they can indeed learn the technical actions that they do not know well through the 
teaching videos repeatedly, so that the learning effect can be better improved [2]. 

In recent years, flipped classroom has been popularized and applied in the teaching 
of various subjects, forming a trend of teaching reform, and many people in the educa-
tion circle have responded, hoping to bring changes to modern education through 
this new teaching model [3]. It is proposed that flipped teaching can help students 
conduct in-depth learning, and can help improve students’ ability to analyze, eval-
uate and create, and is more effective than traditional teaching. In the learning under 
the flipped teaching mode, students must preview the learning materials set by the 
teacher before class to acquire knowledge. In such a classroom, problems can be 
solved through discussions and exchanges between classmates and teachers, which 
can enhance students’ interest in learning and make knowledge absorption and inter-
nalization more effective. Fengyan [4] pointed out in the research that the flipped 
teaching mode provides a suitable platform for the combination of information tech-
nology and education and teaching, so that the traditional classroom teaching form 
can be informatized and digitized. Through this platform, teachers can design targeted 
teaching to improve teaching effect. It was not until 2014 that the first research on 
the application of the flipped teaching model to physical education appeared. The 
research shows that the students are novel and attractive to the learning process under 
the flipped teaching; the learning atmosphere has become stronger, and the students 
are in a good mood. There are also more opportunities for communication and prac-
tice than before, which has a significant effect on improving teaching performance. 
A large number of research results show that the advantages of flipped teaching in 
physical education are mainly manifested in the following aspects: First, the teaching 
materials are set up on the online teaching platform, and students can watch teaching 
videos such as demonstration actions and basic theories before class. The lecture 
time is saved in the classroom, and the teacher can have more time to practice and 
correct the action. Secondly, when students encounter problems in class and cannot 
solve them immediately, they can watch the teaching videos repeatedly to understand 
the deficiencies and deal with them in a timely manner. Third, exchanges and discus-
sions between classmates and teachers have been increased, making the relationship 
between teachers and students more harmonious, and the classroom atmosphere more 
active [5–7]. 

In addition to the significant effect on learning effectiveness, there are many places 
worth exploring in promoting learning attitudes. Caligaris et al. [8] research pointed 
out that students in the flipped teaching mode have a higher acceptance level and show 
a good learning attitude, which is different from the previous learning methods. Yang 
[9] pointed out that flipped teaching uses the network to build a teaching platform for 
effective communication between teachers and students, and allows students to learn 
before class through online teaching information. This new attempt has aroused 
students’ freshness and stimulated their interest in physical education interest in 
learning. Pan [10] research shows that when the flipped teaching mode is integrated
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into the physical education classroom, the learning attitude is significantly different 
from the traditional physical education teaching mode. This feature can be used to 
improve the learning atmosphere of the classroom. 

However, the application of information technology tools in the physical education 
classes of primary and secondary schools in Macao has not received much attention. 
Through various data searches, we found that there is no relevant research on the 
application of the flipped teaching model to middle school physical education in 
Macao. Therefore, this research is a teaching experiment attempt by applying the 
flipped teaching mode to the physical education teaching of middle school students in 
Macao. By studying the effect of flipped classroom on the physical education learning 
effect and learning attitude of Macao middle school students, it can provide reference 
for the implementation and promotion of flipped classroom in Macao middle school 
students’ physical education teaching. 

2 Methods 

2.1 Participants 

The participants of the study were four classes of form1 and form4 students, respec-
tively, from Yuet Wah College. Fifty five students from form1 (year-1 middle school), 
57 students from form4 (year-1 high school), and 112 students in total were dedi-
cated in the study. All of them were male. It is divided into experimental group (using 
flipped classroom) and control group (using traditional teaching method). The exper-
imental group (EG) consisted of 55 students. The control group (CG) consisted of 
57 students. The students ranged in age from 12 to 16. They were all male. 

2.2 Teaching Experiment Content Design 

This research compares the results of PE learning effect and attitude of form1 and 
form4 students after flipped classroom. The CG adopts the traditional teaching 
method; the EG adopts flipped classroom. The EG and the CG had the same teaching 
objectives and tasks. The teaching of the EG is divided into three parts: pre-class, 
in-class, and after-class. 

The basic teaching content before class includes setting up online teaching plat-
form, independent learning materials before class, teachers in a specific time to 
answer students’ questions, and urge students to complete the online learning content 
before class as required. The basic teaching content of the class includes routine phys-
ical education activities, technical demonstration and explanation of various sports 
events, teachers lead students to carry out technical movement exercises, students 
practice in groups and teachers’ guidance, students discuss in groups, and teaching
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summarizes. The teaching method of the EG should be different from CG, which 
should focus on discussing and answering students’ problems and puzzles in pre-class 
autonomous learning. The basic teaching content after class includes the teacher’s 
reflection and summary of the class, improving instructional design, summarize the 
learning process and results of students. At the end of each class, the teacher proposes 
to the students the reflection in the teaching process, to consolidate and improve the 
teaching effect, and predicts the autonomous learning content of the next class. 

The CG was taught by traditional teaching method. It mainly includes teacher’s 
explanation, action demonstration, action correction, students’ group practice, and 
teacher’s guidance. Other teaching activities will also be arranged according to the 
actual teaching situation. At the end of each class, the teacher gives the students a 
preview of what they will learn and review in the next class. 

The experiment period is from September 5, 2020 to December 31, 2020. A total 
of 18 weeks and 36 class hours, including 1 theoretical class (2 class hours) and 17 
practical classes (34 class hours). 

2.3 Measurements 

“The Physical Education Learning Effectiveness Scale” and “The Physical Education 
Learning Attitude Scale for middle and high school students” were adopted as tools 
to research for the study. 

“The Physical Education Learning Effectiveness Scale” of the study is reference 
from “The PE Learning Effectiveness Scale” compiled by Jin [11], which referring 
to the scale developed by different scholars [12–14]. The scale content includes 
three dimensions: affective learning, cognitive learning, and skill learning. The scale 
adopts five-point Likert-type scoring, and its reliability and validity are satisfactory. 
Cronbach’s α values of the three dimensions in form1 scale were 0.841 (cogni-
tive learning), 0.871 (skill learning), and 0.793 (affective learning), respectively, 
and 0.925 in total scale; Cronbach’s α values of the three dimensions in form4 
scale were 0.821 (cognitive learning), 0.837 (skill learning), and 0.724 (affective 
learning), respectively, and 0.919 in total scale, which indicates that the scale has 
good reliability. 

“The Physical Education Learning Attitude Scale” of the study is referenced from 
[15]. The scale content includes three dimensions: learning style, interest and partic-
ipation, and classroom performance. The scale adopts five-point Likert-type scoring, 
and its reliability and validity are satisfactory. Cronbach’s α values of the three dimen-
sions in form1 scale were 0.821 (learning style), 0.846 (interest and participation), 
and 0.764 (classroom performance), respectively, and 0.877 in total scale; Cron-
bach’s α values of the three dimensions in form4 scale were 0.834 (learning style), 
0.868 (interest and participation), and 0.658 (classroom performance), respectively, 
and 0.883 in total scale. 

All indicate that the scale has good reliability. The validity test results of the scale 
showed that there was a significant positive correlation between the 20 items and
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the total amount table (correlation coefficient was 0.3–0.7). There was a significant 
positive correlation between the three dimensional factors and the total amount table 
(correlation coefficient is above 0.7). There was a significant positive correlation 
among the three dimensional factors (correlation coefficient is 0.3–0.7). It explains 
the rationality of the structure between the three dimensions. The results showed that 
the scale had a good structural validity. 

Before the teaching experiment, the PE learning effect and PE learning attitude of 
the EG and the CG were tested uniformly. The statistical results of the pre-experiment 
investigation between the EG and the CG showed that there was no significant differ-
ence between the two groups in PE learning effectiveness and PE learning attitude 
(p ≥ 0.05). The EG and CG before the experiment belong to the same level of 
experimental design requirements. The second questionnaire was issued after the 
experiment. 

All questionnaires of students were distributed on class and collected simulta-
neously. 56 questionnaires were distributed to form1 students for the first time, of 
which 56 were recovered, 55 were effective, with an effective recovery rate of 98.2%; 
56 questionnaires were distributed to form1 students in the second time, of which 
56 were recovered and 53 were effective, with effective recovery rate of 94.6%. 57 
questionnaires were distributed to senior form4 students for the first time, of which 
57 were recovered and 57 were effective, with effective recovery rate of 100%; 57 
questionnaires were distributed to form4 students in the second time, of which 57 
were recovered and 57 were effective, with effective recovery rate of 100%. 

3 Results 

3.1 Middle School Survey Results (Form1) 

Post-Experimental PE Learning Effectiveness and Learning Attitude This 
teaching experiment started from September 2020 to the end of December 2020, 
with a total of 18 weeks and 36 h. In this study, the flipped classroom method was 
applied to the teaching experiment in physical education class and compared with 
the traditional physical teaching method, so as to verify the differences in learning 
effectiveness and learning attitude. 

The results of the post-experimental measurements of learning effectiveness and 
attitude of EG and CG in middle school (form1) are displayed in Table 1. The results 
showed that neither the flipped classroom nor the traditional teaching method had a 
significant promoting effect on middle school students’ PE learning effectiveness and 
learning attitude. At the same time, compared with CG, EG had no significant differ-
ence in learning effectiveness (affective, cognitive, and skill) and learning attitude 
(learning style, interest and participation, classroom performance).

Learning Effectiveness and Learning Attitude Pre- and Post-Experiment Based 
on the post-experimental data analysis of the above two groups, we conducted a



110 C. K. Ao and Q. Zhai

Table 1 Middle school learning effectiveness and attitude in the EG and CG (x ± s) 
Content Dimension Group t p 

Learning effectiveness Cognitive learning EG 25.61 ± 4.41 1.371 0.176 

CG 24.07 ± 3.75 
Skill learning EG 24.46 ± 3.78 1.140 0.259 

CG 23.14 ± 4.54 
Affective learning EG 22.50 ± 3.95 − 0.171 0.865 

CG 22.66 ± 3.12 
Total effectiveness EG 72.57 ± 10.44 0.958 0.342 

CG 69.88 ± 9.97 
Learning attitude Learning style EG 15.00 ± 3.13 0.563 0.576 

CG 14.44 ± 3.97 
Interest and participation EG 13.92 ± 4.01 0.067 0.947 

CG 13.85 ± 3.73 
Classroom performance EG 19.26 ± 3.57 0.784 0.437 

CG 18.55 ± 3.04 
Total attitude EG 48.19 ± 9.84 0.527 0.600 

CG 46.85 ± 8.65

comparative analysis of both groups measured before and after the experiment. The 
results of the learning effectiveness and attitude of the EG before and after the exper-
iment are given in Table 2. It showed that the overall scores of learning effectiveness 
and attitude of the experimental group after the experiment were slightly higher than 
those before the experiment, but it showed no significant results, which may require 
further investigation and research. Table 3 shows the measurement results of the 
learning effectiveness and attitude of the CG before and after the experiment. The 
statistical results suggested that the 18-week teaching experiment intervention had 
no significant effect on the learning effectiveness and learning attitude of the control 
group.

3.2 High School Survey Results (Form4) 

Post-Experimental PE Learning Effectiveness and Learning Attitude The 
results of the post-experimental measurements of PE learning effect and attitude 
of EG and CG in high school (form 4) are given in Table 4. The results showed 
that the form4 experimental group in learning effectiveness and learning attitude 
was better than that of the control group. In terms of learning effectiveness, sub-
dimension cognitive learning was also close to the significant level (p = 0.068).
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Table 2 Middle school EG’s learning effectiveness and attitude pre- and post-experiment (x ± s) 
Content Dimension Pre- or post-experiment t p 

Learning 
effectiveness 

Cognitive 
learning 

Pre- 25.29 ± 3.33 − 0.297 0.767 

Post- 25.61 ± 4.41 
Skill learning Pre- 23.81 ± 3.35 − 0.659 0.513 

Post- 24.46 ± 3.78 
Affective 
learning 

Pre- 22.48 ± 2.76 − 0.020 0.984 

Post- 22.50 ± 3.95 
Total 
effectiveness 

Pre- 71.59 ± 7.78 − 0.390 0.698 

Post- 72.57 ± 10.44 
Learning 
attitude 

Learning style Pre- 14.96 ± 2.94 − 0.044 0.965 

Post- 15.00 ± 3.13 
Interest and 
participation 

Pre- 12.85 ± 3.88 − 0.986 0.329 

Post- 13.92 ± 4.01 
Classroom 
performance 

Pre- 18.25 ± 2.86 − 1.138 0.261 

Post- 19.26 ± 3.57 
Total attitude Pre- 46.07 ± 8.43 − 0.843 0.403 

Post- 48.19 ± 9.84 

Table 3 Middle school CG’s learning effectiveness and attitude pre- and post-experiment (x ± s) 
Content Dimension Pre- or post-experiment t p 

Learning 
effectiveness 

Cognitive 
learning 

Pre- 25.14 ± 4.48 − 0.957 0.767 

Post- 24.07 ± 3.75 
Skill learning Pre- 24.25 ± 4.15 − 0.938 0.513 

Post- 23.14 ± 4.54 
Affective 
learning 

Pre- 22.60 ± 3.32 − 0.680 0.984 

Post- 22.66 ± 3.32 
Total 
effectiveness 

Pre- 72.00 ± 10.39 − 0.768 0.698 

Post- 69.88 ± 9.91 
Learning 
attitude 

Learning style Pre- 15.17 ± 3.01 − 0.773 0.443 

Post- 14.44 ± 3.97 
Interest and 
participation 

Pre- 13.07 ± 4.33 − 0.714 0.479 

Post- 13.85 ± 3.73 
Classroom 
performance 

Pre- 18.89 ± 2.43 − 0.454 0.651 

Post- 18.55 ± 3.04 
Total attitude Pre- 47.14 ± 8.21 − 0.128 0.899 

Post- 46.85 ± 8.65
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Table 4 High school learning effectiveness and attitude in the EG and CG (x ± s) 
Content Dimension Pre- or post-experiment t p 

Learning 
effectiveness 

Cognitive 
learning 

EG 26.07 ± 4.20 1.859 0.068 

CG 23.89 ± 4.60 
Skill learning EG 24.67 ± 4.09 0.850 0.399 

CG 23.75 ± 4.07 
Affective 
learning 

EG 23.32 ± 2.78 0.905 0.370 

CG 22.51 ± 3.82 
Total 
effectiveness 

EG 74.07 ± 10.11 1.371 0.176 

CG 70.17 ± 11.30 
Learning attitude Learning style EG 23.35 ± 4.20 2.858 0.006 

CG 19.89 ± 4.89 
Interest and 
participation 

EG 19.85 ± 3.36 0.383 0.704 

CG 19.41 ± 5.16 
Classroom 
performance 

EG 16.71 ± 1.86 1.511 0.136 

CG 15.86 ± 2.35 
Total attitude EG 59.92 ± 6.60 2.12 0.038 

CG 55.17 ± 9.92 

Thus, the flipped classroom had a positive effect on students’ learning effectiveness, 
especially in cognitive learning. 

Learning Effectiveness and Learning Attitude Pre- and Post-Experiment In 
order to analyze the influence of the two teaching methods on the physical education 
learning effectiveness and attitude of high school students, we also conducted a 
comparative analysis of both groups measured before and after the experiment. 

The results of the pre- and post-experimental measures of learning effectiveness 
and attitude of high school (form4) EG are given in Table 5. The form4 experimental 
group showed improvements in both effectiveness and attitude averages. After the T-
test, the results showed that the learning effect of all dimensions showed insignificant 
results, while the learning attitude was the opposite. Learning style (p = 0.054) 
is close to significant level; classroom performance (p = 0.10) showed significant 
results (p < 0.05); interest and participation (p = 0.006) showed very significant 
results (p < 0.01). Finally, the attitude score (p= 0.002) also showed a very significant 
level (p < 0.01); it shows that flipped classroom has positive effects on both learning 
effect and learning attitude, but the effect of learning attitude is more obvious.

Table 6 displays the results of learning effectiveness and attitude of the CG before 
and after the experiment. Different from the experimental group, the scores of the 
high school control group fluctuated in some dimensions, among which the average 
value of cognitive learning (23.93 > 23.89) of learning effectiveness decreased, while 
the average value of skill learning (23.03 > 23.75) and affective learning (21.17 > 
22.51) increased. In terms of learning attitude, the average value of learning style



An Experimental Study on Effect of Flipped Teaching on Learning … 113

Table 5 High school EG’s learning effectiveness and attitude pre- and post-experiment (x ± s) 
Content Dimension Pre- or post-experiment t p 

Learning 
effectiveness 

Cognitive 
learning 

Pre- 24.50 ± 2.89 − 1.627 0.109 

Post- 26.07 ± 4.20 
Skill learning Pre- 23.39 ± 3.60 − 1.248 0.218 

Post- 24.67 ± 4.09 
Affective 
learning 

Pre- 22.17 ± 2.17 − 1.709 0.093 

Post- 23.32 ± 2.78 
Total 
effectiveness 

Pre- 70.07 ± 7.55 − 1.677 0.099 

Post- 74.07 ± 10.11 
Learning 
attitude 

Learning style Pre- 20.92 ± 4.99 − 1.967 0.054 

Post- 23.35 ± 4.20 
Interest and 
participation 

Pre- 17.10 ± 3.87 − 2.837 0.006 

Post- 19.85 ± 3.36 
Classroom 
performance 

Pre- 15.28 ± 2.10 − 2.689 0.010 

Post- 16.71 ± 1.86 
Total attitude Pre- 53.32 ± 8.16 − 3.329 0.002 

Post- 59.92 ± 6.60

(20.89 > 19.89) decreased, and both interest and participation (17.55) and classroom 
performance (19.41) improved. Although there was a change in the mean value, the 
results of learning effectiveness and attitude were not significant after T-test (p > 
0.05).

4 Discussion 

In recent years, the flipped teaching method has promoted the upsurge of teaching 
reform in the digital media era, which has brought different effects on students’ 
learning effects and attitudes. 

The statistical results of this study (Tables 5, 6) showed that the form4 EG had 
better learning results and attitudes than the form4 CG. In terms of learning effect, 
sub-dimension cognitive learning was also close to the significant level (p = 0.068). 
Thus, the flipped classroom had a positive impact on cognitive learning. This is 
consistent with existing research, Huang [16] proposed the flipped classroom can 
save a lot of time for teachers to explain, demonstrate, and increase the practice time 
of students, and watching teaching video can also help students to improve their weak-
ness. To master motor skills more accurately, excite students’ interest in learning and 
improve learning enthusiasm. At the same time, when students encounter problems
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Table 6 High school CG’s learning effectiveness and attitude pre- and post-experiment (x ± s) 
Content Dimension Pre- or post-experiment t p 

Learning 
effectiveness 

Cognitive 
learning 

Pre- 23.93 ± 3.49 0.032 0.975 

Post- 23.89 ± 4.60 
Skill learning Pre- 23.03 ± 4.12 − 0.672 0.504 

Post- 23.75 ± 4.07 
Affective 
learning 

Pre- 21.17 ± 3.45 − 1.406 0.165 

Post- 22.51 ± 3.82 
Total 
effectiveness 

Pre- 68.13 ± 9.41 − 0.745 0.460 

Post- 70.17 ± 11.30 
Learning 
attitude 

Learning style Pre- 20.89 ± 4.95 − 0.773 0.443 

Post- 19.89 ± 4.89 
Interest and 
participation 

Pre- 17.55 ± 4.56 − 1.455 0.151 

Post- 19.41 ± 5.16 
Classroom 
performance 

Pre- 14.79 ± 2.94 − 1.526 0.133 

Post- 15.86 ± 2.35 
Total attitude Pre- 53.24 ± 9.97 − 0.739 0.463 

Post- 55.17 ± 9.92

in pre-class study and in-class practice, they should make use of the network commu-
nication platform set up by teachers or communicate with teachers and classmates 
in class and it also can make the classrrom atmosphere more active and interesting; 
students are more willing to communicate and discuss in that environment, thus to 
excite students’ own potential, increase their proficiency in skills, and create a good 
learning atmosphere in class [17]. 

In the analysis of learning attitude, the results suggested form4 EG reached a 
significant level (p < 0.05), indicating that the flipped classroom has positive effect 
on learning attitude. Studies have found that the formation of learning attitude is 
social to a certain extent and is influenced by learning atmosphere and management 
atmosphere. In the flipped classroom, teachers and students are especially empha-
sized to discuss and communicate in class, to solve and improve problems together. 
It makes a certain role in improving the learning attitude, and also affects the learning 
effectiveness [18]. Compared with the traditional teaching method, the flipped class-
room helps students to master the sports technical movements better. It can have a 
more positive impact on students’ learning attitude [19]. 

In addition, teachers’ teaching attitudes are also influential factors, set up positive 
learning example; let students have a good atmosphere for learning activities. Chem 
and Macredie [20] showed that teachers actively promote students’ teaching activities 
in PE class with flipped classroom, which has a great impact on students’ mentality 
and also makes a role in promoting their learning attitude.
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Integrating the analysis results of different experimental groups in middle school 
(form1) and high school (form4), it could be seen that form4 students had better self-
learning ability and better understanding and adaptation ability than form1 students 
in the process of learning. The results showed learning effectiveness and learning 
attitude were more significant in flipped classroom mode. 

Although the advantages of flipped classroom mode in physical education teaching 
activities was acknowledged, the method to fully functioning advantages of flipped 
classroom in physical education needs to be further discussed. The key is the culti-
vation of students’ independent learning ability in physical education teaching by 
flipped classroom model. The teaching result will be enhanced with appropriately 
improvement and targeted planning of teaching content. The research shows that 
flipped classroom also has its own shortcomings. Whether the implementation of 
flipped classroom can be effective must be based on physical education teaching 
objectives, teaching content, and students’ basic situation to design the teaching 
process. Only in this way can it be combined with traditional physical education 
classes to bring the maximum effect [19]. 

5 Conclusion 

The experimental results showed that compared with the traditional teaching method, 
the flipped classroom has no significant effectiveness on the learning effectiveness 
and attitude of the PE class in the form1 students of Yuet Wah College. The flipped 
classroom can promote the learning effectiveness of form4 students of Yuet Wah 
College. The effectiveness of cognitive learning effectiveness on learning effective-
ness was significant, but the effectiveness of skill learning effectiveness and affective 
learning effectiveness was not significant; Compared with the traditional teaching 
method, the flipped classroom has an obvious promoting effectiveness on the learning 
attitude of form4 students of Yuet Wah College. 
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An Experimental Study on the Effect 
of Blended Learning on the Learning 
Effectiveness and Learning Motivation 
of Secondary School Students in Macao 

Ka Ho Cheong and Qun Zhai 

Abstract The blended teaching and learning method that combine traditional 
face-to-face teaching with modern computer network information technology have 
attracted more and more attention and favor. This study explored the effects of 
blended teaching and learning methods on the learning effectiveness and learning 
motivation of middle school students in physical education. The results would provide 
the scientific basis and reference for the application and promotion of this new 
teaching and learning method in physical education and training. A teaching exper-
imental research design was employed, the sample included 86 male middle school 
students, and they were divided into an experimental group (n = 32) and a control 
group (n = 54) by using the cluster sampling method. The experimental group 
received the blending teaching method, while the control group received the tradi-
tional teaching method for 8 weeks of training. The “Physical Education Learning 
Effectiveness Scale” and the “Middle School Students’ Physical Education Partici-
pation Motivation Questionnaire” were used to examine the effects of both teaching 
methods on middle school physical education learning. The results showed that 
compared to the traditional method, the blended teaching method had significant 
effects on the learning effectiveness and learning motivation of the middle school 
students’ physical training courses. 

Keywords Blended learning · Learning effectiveness · Learning motivation · PE 

1 Introduction 

The COVID-19 epidemic has a huge impact on people’s lives, studies, and work. In 
order to maintain having classes with the closure of schools and ensure the progress
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and quality of education, online teaching and learning activities have become a 
necessity for education. In the post-epidemic era, the blended learning model, which 
combines the advantages of traditional teaching and modern online teaching methods, 
is gaining more and more attention and popularity. Blended learning, or B-learning, 
is a new approach to learning that has emerged from the beginning of this century, it 
generally refers to the combination of traditional face-to-face teaching and computer-
assisted online learning [1]. According to this definition, a blended learning approach 
can be understood as “face-to-face teaching + online learning [2]”. Some scholars 
consider “blended learning” to be the use of the right technology at the right time to 
allow students to develop their skills and thus achieve optimal teaching and learning 
outcomes [3]. Curtis J. Bonk summarizes the advantages of blended learning but 
also points out that there are many problems with blended learning, such as teachers’ 
perceptions of blended learning, the increased burden of learning, learners’ informa-
tion technology literacy, and the degree to which learning content is integrated and 
understood, etc. [1]. This shows that blended learning is a new way of learning that 
places greater demands on teachers and students to adapt to the times. The teachers’ 
ability of blended teaching, the ability of students to accept and adapt to blended 
learning, the level of development of information technology in teaching networks, 
and the feasibility and effectiveness of blended learning design will all directly affect 
the effectiveness and promotion of blended learning. 

Physical Education (PE) is a course in which students use physical exercises as 
the main way to enhance their physical fitness, health, and physical literacy through a 
rational PE and a scientific process of physical exercise. The characteristics of PE lie 
in the fact that, in addition to equipping students with certain scientific knowledge, 
it enables students to master the knowledge, techniques, and skills of PE through 
repeated physical exercises, in which physical activities are closely integrated with 
mental activities for motor cognition. In the process of teaching PE, the teacher’s 
straightforward demonstration and timely guidance to correct mistakes and feed-
back play a crucial role in the learning effect. Compared with teaching in other 
disciplines, the characteristics of physical education limit the applied research and 
practical promotion of blended teaching to a certain extent [3]. According to the 
results of our online search of domestic journals, research on the theory and practice 
of blended learning in PE only began in 2010, and they mostly focused on research and 
exploration of university PE courses [4–7]), with few research reports on PE learning 
for primary and secondary school students or adolescents. From these studies, we 
can see that blended learning, which brings together the perspective advantages of 
traditional teaching and modern e-learning, has obvious advantages and great poten-
tial in physical education [4]. Of course, this emerging teaching model and learning 
method in the practice of PE also reflect various problems that need to be further 
explored and improved [8]. 

In view of the above analysis of the research and practice of blended learning in 
physical education, this study applies the blended teaching model to a basketball class 
in a secondary school in Macao. Through a comparative analysis with the traditional 
PE teaching model, the positive effects of blended teaching and learning methods in 
terms of learning effectiveness and motivation are explored. This study provides a



An Experimental Study on the Effect of Blended Learning … 119

scientific basis and reference for the application and promotion of blended teaching 
and learning methods in PE. 

2 Methods 

2.1 Participants 

In this study, 86 people from a secondary school (a boy school) in Macao were 
selected as the research participants. A cluster sampling method was employed to 
recruit participants. All of the participants were males. All participants were divided 
into experimental group (EG) and control group (CG) based on the actual situation 
and conditions of teaching; the basketball class of the school was selected as the EG 
(n = 32 students); while the volleyball class, which is closest to the basketball class 
in terms of the teaching content, was selected as the CG (n = 54 students). 

2.2 Teaching Experiment Content Design 

Video is an important medium for blended teaching, relying on exciting content to 
attract students’ attention and enhance the educational effect, using topic discussions 
and tasks to enhance students’ application and grasp of the relevant. Considering the 
popularity of online media and smartphones in today’s society, the students in the 
EG first downloaded the WeChat application on their smartphones. Mobile phones 
allow for quick access to relevant messages and facilitate timely communication 
between students and teachers. The teacher added the 32 students in the EG to a 
WeChat group which was set up beforehand and sent the videos to the group before 
the class started, and the students were free to download and watch the videos in 
their spare time. After completing each task, the teacher would schedule a time to 
communicate and exchange ideas with students about the relevant skills. The basic 
structure of a physical training class in the blended learning model can be divided into 
a preparatory section, a basic section, and a closing section, similar to the structure 
of a traditional physical education class. To enable students’ knowledge and skills to 
be truly internalized, in the basic section of the class, blended learning significantly 
compresses the time spent by the PE teacher explaining and demonstrating, while 
increasing the time spent by students on physical training. The main task of the 
teachers in the EG was to answer questions about the problems students encountered 
during the online learning sessions before class, to provide group and individual 
guidance according to the problems they raised with clear objectives, and to lead 
students to investigate the causes of and the solutions to their mistakes. The main 
task of the teachers in the CG was to follow the usual PE teaching procedures, i.e., to 
guide students to understand the basic concepts of the content through explanation
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and demonstrations, and to consolidate the knowledge through question and answer 
sessions and doing exercises. The EG and CG were identical and consistent in the 
content and organization of the preparatory and closing sections of the PE classes. 
This teaching experiment began in September 2020 and ended in December 2020, 
and it lasted for three months, with a total of 86 h. Students in the PE were asked 
to study the online materials teachers provided before each class for 10–15 min. 
Students from the CG were not asked to study online on their own before class. 

2.3 Measurements 

“The Scale of PE Learning Effectiveness” uses the PE learning effectiveness scale 
developed by Jinzhong [9], with 20 questions concerning three dimensions: affective 
learning, cognitive learning, and skill learning [10] Taking into account the cultural 
similarities and the differences in terminologies, we combined the understanding of 
idioms and concepts in the context of sports in Macao schools, and appropriately 
modified the wording of the scale, and named it the “PE Learning Effectiveness 
Scale”. The results of the reliability test on the scale showed that the Cronbach’s α 
values for the three-dimensional factors of the scale were 0.716 (cognitive learning), 
0.677 (skill learning), and 0.738 (affective learning), and the Cronbach’s α coefficient 
for the total scale was 0.822, indicating that this scale had good reliability. The results 
of the validity test on the scale showed moderately significant positive correlations 
between all 20 questions and the total scale (r = 0.3–0.7), highly significant positive 
correlations between the three dimensions and the total scale (r = 0.8 or more), 
and significant positive correlations between the three dimensions (r = 0.6–0.8), 
indicating good content and structural validity of the scale. 

The “Middle School Students’ PE Participation Motivation Questionnaire” was 
developed with reference to the “Behavioral Regulations in PE Questionnaire 
(BRPEQ)”, which was revised and translated into Chinese from the BRPEQ devel-
oped by Nathalie et al. [11]. Earlier studies have shown the good internal reliability as 
well as the good factor and construct validity of this scale [12]. In the present study, 
the motivation dimension and relevant questions were removed as needed, the 16 
questions of the two dimensions of autonomous motivation and controlled motiva-
tion were retained, and some wording in the questionnaire was modified according to 
the common choice of words used in the region. Hence, the “Middle School Students’ 
PE Participation Motivation Questionnaire” was developed. The results of our reli-
ability test on the questionnaire showed that the Cronbach’s α values for the two 
dimensions were 0.884 (autonomous motivation) and 0.792 (controlled motivation), 
and the Cronbach’s α coefficient for the total scale was 0.885, indicating that the 
questionnaire had good reliability. The results of the validity test of the question-
naire showed that there was a moderately significant positive correlation between all 
16 questions and the total scale (r = 0.3–0.7), a highly significant positive correlation 
between the two dimensions and the total scale (r = 0.8 or more), and a significant
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positive correlation between the two dimensions (r = 0.7–0.8), indicating that the 
content and structural validity of the scale was good. 

The first questionnaire was administered to students in the basketball class (PE) 
and the volleyball class (CG) prior to the start of the teaching experiment, and the 
second questionnaire was administered to both groups after the experimental inter-
vention. All questionnaires were distributed and collected on site. Thirty-two ques-
tionnaires were distributed to students in the PE before and after the experiment, and 
32 were returned, with a valid return rate of 100%. For the CG, 58 questionnaires 
were distributed to students before and after the experiment, and 54 were returned, 
with a valid return rate of 93%. 

According to the requirements of the experimental design, a uniform test 
concerning PE learning effectiveness and motivation was conducted on both EG 
and CG prior the experiment, in order to determine the homogeneity of the two 
groups prior the experiment. The results of the pre-experimental test between EG 
and CG showed that there was no significant difference between the two groups in 
terms of PE learning effectiveness or motivation (p ≥0.0 5), which met the experi-
mental design requirement that the two groups were in a state of homogeneity before 
the experiment. 

3 Results 

3.1 Post-experimental PE Learning Effectiveness and PE 
Learning Motivation 

This teaching experiment was conducted in the first semester of the academic 
year 2020–2021, starting in September 2020 and ending on 30th December 2020. 
Throughout the experiment, the teaching procedures and teaching contents of the EG 
were designed and executed exactly according to the blended teaching model; while 
those of the CG were designed and executed exactly according to the traditional and 
conventional PE teaching model. At the end of the three-month experimental period, 
the PE learning effectiveness and motivation of the participants in both groups were 
measured again. 

The results of the post-experimental measures of learning effectiveness and moti-
vation in PE for the EG and CG are shown in Table 1. There were significant differ-
ences between the two groups on the learning effectiveness variables, with the EG 
having significantly higher levels of learning effectiveness (affective, cognitive, and 
skill) than the CG, indicating a significant effect of the experimental teaching inter-
vention on the learning effectiveness of the EG. There were also significant differ-
ences between the two groups on the learning motivation variables, with the EG 
having significantly higher levels of motivation, including autonomous motivation 
and controlled motivation, than the CG, indicating that the experimental intervention 
also had a significant effect on the learning motivation of the EG.
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Table 1 PE learning effectiveness and motivation in the EG and CG (x±s) 

Content Dimension Group t p 

Learning effectiveness Affective learning EG 26.50 ± 2.31 5.61 0.00 

CG 23.44 ± 2.52 
Cognitive learning EG 28.69 ± 2.53 3.80 0.00 

CG 25.87 ± 3.72 
Skill learning EG 28.69 ± 2.99 3.83 0.00 

CG 25.74 ± 3.70 
Total effectiveness EG 83.88 ± 5.82 5.00 0.00 

CG 75.06 ± 8.89 
Learning 
motivation 

Autonomous motivation EG 36.16 ± 3.41 5.03 0.00 

CG 32.22 ± 3.56 
Controlled motivation EG 27.59 ± 2.78 2.37 0.02 

CG 26.11 ± 2.81 
Total motivation EG 63.75 ± 5.10 4.87 0.00 

CG 58.33 ± 4.92 

3.2 Learning Effectiveness and Learning Motivation Pre-
and Post- experiment 

In order to further observe and analyze the effects of different teaching models on 
students’ PE learning effectiveness and motivation, we conducted a comparative 
analysis of the data of both groups measured before and after the experiment. 

The results of the pre- and post-experimental measures of learning effectiveness 
and motivation of the EG are shown in Table 2. The post-experimental learning effec-
tiveness scores of the EG were significantly higher than those of the pre-experimental 
scores, demonstrating that the experimental intervention had a significant effect on the 
learning effectiveness of the EG, and that the overall learning effectiveness of the EG 
was significantly improved after blended learning. The results of the learning moti-
vation of the EG before and after the experiment showed that the post-experimental 
scores of motivations were significantly higher than those of the pre-experimental 
scores, which proved that the experimental intervention had a significant effect on 
the learning motivation of the EG as well.

The results of learning effectiveness and motivation of the CG before and after 
the experiment are shown in Table 3. The CG’s PE learning effectiveness scores after 
the experiment were lower than those before the experiment, showing a decreasing 
trend in students’ PE learning effectiveness. The results of the study showed that 
the traditional PE teaching model did not show a positive effect on the students’ 
PE learning effectiveness, but rather a negative one. The reasons for the decline in 
the learning effectiveness of the CG need to be further investigated and studied. 
There was no significant change in the motivation of the CG before and after the
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Table 2 EG’s learning effectiveness and motivation pre- and post-experiment (x±s) 

Content Dimension pre- or 
post-experiment 

t p 

Learning 
effectiveness 

Affective 
learning 

pre- 25.22 ± 3.07 −1.88 0.06 

post- 26.50 ± 2.31 
Cognitive 
learning 

pre- 27.28 ± 3.17 −1.96 0.05 

post- 28.69 ± 2.53 
Skill learning pre- 26.50 ± 2.71 −3.06 0.00 

post- 28.69 ± 2.99 
Total 
effectiveness 

pre- 79.00 ± 7.41 −2.93 0.00 

post- 83.88 ± 5.82 
Learning 
motivation 

Autonomous 
motivation 

pre- 33.72 ± 4.47 −2.45 0.01 

post- 36.16 ± 3.41 
Controlled 
motivation 

pre- 26.50 ± 2.44 −1.67 0.09 

post- 27.59 ± 2.78 
Total motivation pre- 60.22 ± 5.96 −2.54 0.01 

post- 63.75 ± 5.10

experiment, indicating that the traditional PE teaching and training model did not 
have a significant effect on the PE learning motivation. 

Table 3 CG’s learning effectiveness and motivation pre- and post-experiment (x±s) 

Content Dimension pre- or 
post-experiment 

t p 

Learning 
effectiveness 

Affective 
learning 

pre- 24.33 ± 2.67 1.78 0.07 

post- 23.44 ± 2.51 
Cognitive 
learning 

pre- 27.70 ± 3.63 2.59 0.01 

post- 25.87 ± 3.72 
Skill learning pre- 27.28 ± 3.52 2.21 0.03 

post- 25.74 ± 3.70 
Total 
effectiveness 

pre- 79.31 ± 8.47 2.54 0.01 

post- 75.06 ± 8.89 
Learning 
motivation 

Autonomous 
motivation 

pre- 33.63 ± 4.14 1.89 0.06 

post- 32.22 ± 3.56 
Controlled 
motivation 

pre- 59.98 ± 6.09 0.42 0.67 

post- 58.33 ± 4.92 
Total motivation pre- 59.98 ± 6.09 1.54 0.12 

post- 58.33 ± 4.92
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4 Discussion 

Computer-mediated online teaching has been in practice for many years, but learning 
activities are difficult to be carried out anywhere or anytime due to the limitations of 
equipment and fixed locations. In recent years, mobile devices have become increas-
ingly popular and have become the main channel for people to receive information 
because that they are not limited by time or space for information exchange, thus 
greatly changing the way people work and live. The changes in information and 
communication technology have also had a great impact on the field of education, as 
many academic disciplines have started to seek new teaching methods and models, 
going beyond the traditional teaching framework, and trying to create different and 
profound learning experiences with the support of new technologies and new media. 
PE is a major component of schooling, and in the past, traditional PE teaching used 
direct face-to-face coaching, with teachers placing more emphasis on demonstrations 
or explanation of rules for students to imitate and practice repeatedly [13]. In this type 
of traditional PE teaching, students are in a relatively passive learning state, rarely 
discovering and understanding relevant knowledge by themselves, and the knowl-
edge or skills acquired mostly come from the classroom [14]. With the development 
of mobile technology, people are more willing to actively obtain information of their 
own interest from mobile devices, and students are more willing to start exploring and 
gradually or deeply absorb knowledge extensively through various learning platforms 
according to their own interests. In the context of PE, mobile technology brings about 
independent learning and exploration that allows students to gain motor skills, proce-
dural knowledge, technical understanding, conceptual development, and experience, 
as well as in-class practice, practice fluency, or a certain level of motivation [15]. 
The results of this study corroborate with the significant advantages of the blended 
teaching model in PE and training, and in conjunction with the relevant studies that 
have been conducted, we can conclude that blended teaching in the context of PE 
has significant advantages in the following areas. 

In terms of teaching procedures, compared to the traditional “teach first, learn 
later” approach, the “learn first, teach later” approach to blended learning not only 
improves the teacher’s teaching efficiency in class but also improves the effectiveness 
of teaching. Most importantly, it helped teachers return to their roles which are the 
“most important” to their students—the guide to learning methods, and the helper 
of knowledge internalization [16]. The experimental intervention in this study was 
mainly manifested in the fact that the learning content of the EG was no longer 
obtained mainly from class, as in the traditional PE teaching model, but that the 
learning content and practice methods and guidelines were obtained before class 
through the online teaching network. Students were able to learn and communicate 
according to their own environment and conditions and could raise their questions 
in class, so that teachers could provide group or individual guidance with clear 
objectives. It is also clear from the results that the blended learning model has clear 
advantages in terms of improving learning effectiveness and motivation.
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In terms of teaching methods, the EG could immediately ask the teacher questions 
through the online platform, and they could also practice repeatedly and correct 
anything that they got wrong during the process of blended learning. Students could 
also find relevant learning resources and communicate with each other through the 
online platform, which not only enriched their learning pathways and content, but 
also increased their interest in learning, and improved their problem-solving skills. 
Some studies point out that in the flipped (blended) teaching model, students who 
encounter problems they do not understand before class can actively communicate 
with their teachers and classmates using the online platform organized by the teachers. 
This strengthens the bond between teachers and students, making the atmosphere in 
class more harmonious, and students prefer to learn and communicate in such an 
environment, thus stimulating students’ potential, increasing their familiarity with 
the content, and creating a better learning environment [7]. 

In terms of learning motivation, the positive boosting effect of the blended learning 
model on students’ motivation compared to the traditional PE teaching model was 
evident in this study. In comparison with the CG, which used the traditional PE 
teaching model, the blended learning model had a significant boosting effect on the 
students’ motivation to learn PE, especially for the autonomous learning motivation 
in the PE. During the experiment, the most profound experience of the teachers 
in the PE was the less restricted and more frequent communication and interaction 
between teachers and students. Once the students adapted to the new teaching model, 
the interaction between students and teachers, and among students, became more 
active and frequent, and the interaction between them was no longer restricted by 
time or environment. With the foundation of learning outside the classroom, teachers 
also have more time to provide group or individual guidance, and for interaction on 
problems, students encountered during their own learning, which in turn increases 
students’ motivation and effectiveness in learning. 
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An Experimental Study on the Effect 
of Blended Teaching Method on Learning 
Basketball Skills and Learning 
Motivation for College Students 

Bolun Ding and Qun Zhai 

Abstract The blended teaching and learning method that combine traditional 
face-to-face teaching with modern computer network information technology have 
attracted more and more attention and favor. This study explored the effects of 
blended teaching and learning methods on the motor learning and learning moti-
vation of college students in basketball learning. The results would provide the 
scientific basis and reference for the application and promotion of this new teaching 
and learning method in physical education and training. A teaching experimental 
research design was employed, the sample included 90 male college students, and 
they were divided into an experimental group (n = 45) and a control group (n = 45) 
by using the cluster sampling method. The experimental group received the blending 
teaching method, while the control group received the traditional teaching method 
for 8 weeks of training. General basketball skills assessment and the Behavioral 
Regulation in Physical Education Questionnaire (BRPEQ) were used to examine the 
effects of both teaching methods on basketball skills learning. The research results 
show that compared with the traditional teaching mode, the blended teaching mode 
has significant advantages in the mastery of college students’ basketball skills and 
the improvement of learning motivation. 

Keywords Blended learning · Learning basketball skills · Learning motivation 

1 Introduction 

Along with the development and popularization of network and mobile communica-
tion technology in recent years, the time and space constraints of information flow 
are significantly reduced. Online learning is becoming more and more acceptable and 
recognized. While classroom learning allows for a face-to-face connection, online 
learning also has its own benefits such as more convenience, flexibility, affordability, 
and earning opportunities [1]. Mobile and ubiquitous learning environment is in an
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attempt to make convenient and can share learning resources with each other, and it 
is used to improve the interaction between teachers and students so that students can 
simply receive learning resources at home and school but also allow teachers and 
parents more easily grasp the student’s learning situation [2]. 

Blended learning model combines face-to-face and online activities in its applica-
tion, and such learning reduces direct learning in the classroom. The goal of using this 
learning model is to help students become more independent and active in learning. 
The advantage of this learning model is that teachers can provide learning materials 
anytime and anywhere. Offline and online learning complement each other, learning 
becomes effective and efficient, teacher and student interaction are well established, 
accessibility is improved, and learning is flexible. 

Self-determination means the ability or process of making one’s own choices and 
controlling one’s own life, and it has been proven to be a useful theoretical frame-
work for studying motivational dynamics in the context of physical education (PE) 
[3]. The self-determination theory specifically distinguishes between two broader, 
qualitatively different forms of motivation, namely autonomous and controlled [4]. 

Autonomous motivation involves the regulation of behavior with the experiences 
of volition, psychological freedom, and reflective self-endorsement and consists of 
three subtypes. First, intrinsic motivation refers to engagement in a behavior for 
its own sake. The second form of autonomous motivation is integrated regulation, 
which involves engagement in a behavior because the behavior has been brought in 
alignment with the individual’s other values and ideals. Controlled motivation refers 
to the pressured engagement in an activity and contains two subtypes. Introjected 
regulation involves participating in PE to avoid feelings of guilt, shame, and anxiety 
or to gain pride and ego enhancement. External regulation occurs when students 
engage in PE to obtain appreciation or rewards or to avoid punishments and criticism. 
Autonomous motivation and controlled motivation are contrasted with amotivation, 
which exists when people lack intentionality or engage in behaviors for reasons 
unknown [3]. 

Several studies demonstrated that autonomous motivation is associated with 
higher levels of self-reported physical activity, both during and outside the PE class 
[5, 6]. In contrast, controlled forms of motivation and amotivation are usually linked 
to negative outcomes such as boredom, unhappiness [7], and less or no intentions to 
participate in physical activity [8]. With respect to physical activity levels, controlled 
motivation has been found to be unrelated to objective physical activity in the exercise 
domain [9]. 

Motor skills have been always the main content of physical education (sports 
education), in the past, physical education used direct face to face as a guidance 
method, most teachers tend to demonstrate or interpret the rules, and let students 
actually repeat imitations and practice [10]. In terms of teaching strategy, fewer let 
students spontaneously find and understand the relevant knowledge, students are in 
a relatively passive learning position, and all they get knowledge or skill almost 
obtained from class, rarely expanded out of the teaching material. 

Under the environment of college physical education in China, and because of 
the heterogeneous students, a traditional teaching method makes teacher difficult to
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take care of all students and also difficult to achieve further teaching effects. In order 
to identify an appropriate and effective teaching and learning method in basketball 
training among college students, it is significant to investigate the effectiveness of 
the blended teaching method in learning basketball skills and the learning motivation 
of the students. 

2 Methods 

2.1 Participants 

The study participants were sophomore students in one of Mainland China univer-
sities. All students who selected the basketball training were randomly divided into 
two groups, such as the experimental group (n = 45) and the control group (n = 45), 
20–22 years old, all were healthy males. 

2.2 Teaching Strategy 

The experimental group used the basketball teaching videos released by teachers 
on the WeChat public account as pre-class learning materials. Because the exper-
imental group obtained the learning materials provided by the teacher through the 
WeChat public account video before the class for personalized online learning, the 
time for the teacher to explain and demonstrate during the face-to-face teaching 
was greatly reduced. Teachers can spend more time communicating and discussing 
with students purposively, and students can also get more practice time. The main 
task of the teachers of the experimental group in classroom teaching is to answer 
the difficult questions that students encountered in online learning before class and 
provide collective and individual guidance purposively. The main task of the teachers 
in the control group in the classroom was to follow the conventional physical educa-
tion procedures to complete the teaching tasks, that is, the teachers let the students 
form the basic concepts of the learning content through explanations and demonstra-
tions and become proficient and consolidate the learning content through answering 
questions and practicing. 

Before the experimental intervention, in order to test whether the grouping of the 
experimental subjects meets the requirements of the homogeneity of the experimental 
groupings, the basketball skill level and learning motivation level of the experimental 
group and the control group were measured and tested. The results showed that there 
was no significant difference in the level of basketball skills and learning motivation 
between the two groups (p < 0.05), which met the requirements of the homogeneity 
of the experimental groupings.
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2.3 Measurements 

Basketball Skill Performance. Basketball skill performance was assessed by one 
teacher who has more than 15 years of experience in basketball teaching. The assess-
ment includes two indicators: shooting and three-step layup. The shooting test is to 
set a 3.5 m radius distance from the center of the basket, complete 10 shots in one 
minute, and score 1 point for each shot in the hoop. The dribble three-step layup test 
uses the correct action, throws into the hoop to record 1 ball, and completes as many 
as possible within one minute. 

Measurement of Learning Motivation. The Chinese version of the Behavioral 
Regulation in Sports Questionaire (C-BRPEQ) [11] “Motivation Scale for Regulation 
of Sports Behavior” [12] was used to measure and evaluate the motivation level of 
the subjects in basketball learning. “Regulating Sports Behavior Motivation Scale” 
has 20 items, which measure students’ autonomous motivation (intrinsic motivation 
and identified regulation), controlling motivation (introjected regulation and external 
regulation), and non-motivation. The previous studies have confirmed that this scale 
has good reliability and validity [13–15]. In this study, the Cronbach’s α of the 
Chinese version of BRPEQ’s independent motivation, controlled motivation, and 
non-motivation was 0.86, 0.85, and 0.81, respectively. 

2.4 Data Collection 

The same questionnaire was distributed online among participants pre- and post-
experimental intervention, respectively, with 8 weeks. Ninety pre-experiment ques-
tionnaires were distributed and returned with a 100% valid retuning rate, while 
only 87 were returned among 90 distributions of post-experiment with a 97% valid 
returning rate. 

2.5 Data Analysis 

The SPSS version 26 was used to analyze data, and descriptive analysis included 
mean, standard deviation, the independent samples t-test, and paired samples t-test 
was applied to compare different teaching strategies on the learning achievements.
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Table 1 Intra-group effect of basketball skills in the EG 

Content Stage N M SD t p 

Shoot Pre-expt 45 2.38 1.33 9.40 0.000 

Post-expt 45 4.73 1.54 

Layup Pre-expt 45 0.71 1.05 20.35 0.000 

Post-expt 45 3.38 0.96 

3 Results and Analysis 

3.1 Intra-Group Effect of the Experimental Group (EG) 

Intra-group Effect Results of Basketball Skills in EG. Table 1 indicates that the 
basketball skill level of the EG, the mean score of shoot was 2.42 (pre-experiment) 
and 4.96 (post-experimental), and the mean score of layup was 0.71 (pre-experiment) 
and 3.33 (post-experimental). The results of the paired sample t-test on the pre- and 
post-experiment data showed that the difference between the basketball skill levels of 
the pre- and post-experiment was statistically significant, indicating that the blended 
learning mode adopted by the experimental group had a significant positive effect 
on the students’ technical level. 

Intra-group Effect of Learning Motivation in EG. The statistical results of the level 
of learning motivation in the EG (Table 2) show that the levels of intrinsic motivation, 
introverted regulation, and extrinsic regulation motivation have increased to varying 
degrees, the level of amotivation has been significantly reduced, and the level of 
identity regulation has been significantly reduced after the experimental intervention. 
The analysis of the results showed that the blended learning mode adopted by the 
experimental group was helpful to improve the students’ controlling motivation, 
especially the introspective adjustment motivation, and reduce the amotivation, and 
had no significant effect on the autonomous learning motivation.

3.2 Intra-Group Effect of the Control Group (CG) 

Intra-group effects of basketball skills in the CG. The statistical results of the 
basketball skill level of the CP (Table 3) show that the mean score of shoot was 2.31 
(pre-experiment) and 4.04 (post-experimental), and the mean score of layup was 0.80 
(post-experimental) and 2.38 (post-experimental). The results of the paired sample 
t-test on the data before and after the experiment showed that the difference between 
the basketball skill levels of the control group before and after the experiment was 
statistically significant, indicating that the traditional teaching model had a positive 
impact on the skills of the students in the control group.
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Table 2 Intra-group effect of learning motivation in the EG 

Content Stage N M SD t p 

Intrinsic motivation Pre-expt 45 17.72 1.59 1.346 0.186 

Post-expt 43 17.90 1.60 

Identified regulation Pre-expt 45 17.41 1.63 0.260 0.796 

Post-expt 43 17.37 1.15 

Introjected regulation Pre-expt 45 16.13 1.59 4.988 0.000 

Post-expt 43 17.11 1.67 

External regulation Pre-expt 45 14.58 1.82 1.715 0.094 

Post-expt 43 14.83 1.58 

Amotivation Pre-expt 45 9.69 2.57 11.299 0.000 

Post-expt 43 6.46 1.59

Table 3 Intra-group effect of basketball skills in the CG 

Content Stage N M SD t p 

Shoot Pre-expt 45 2.31 1.25 8.376 0.000 

Post-expt 45 4.04 1.47 

Layup Pre-expt 45 0.80 1.19 9.142 0.000 

Post-expt 45 2.38 0.77 

Results of Intra-group Effects of Learning Motivation in the CG. The statis-
tical results of the level of learning motivation in the CG (Table 4) show that the 
students’ internal motivation, identification adjustment, and amotivation levels have 
significantly decreased, and the change of control motivation is not obvious after the 
experimental intervention. 

Table 4 Intra-group effect of learning motivation in the CG 

Content Stage N M SD t p 

Intrinsic motivation Pre-expt 45 17.72 1.96 5.220 0.000 

Post-expt 44 16.27 2.29 

Identified regulation Pre-expt 45 17.04 2.51 1.988 0.053 

Post-expt 44 16.18 2.07 

Introjected regulation Pre-expt 45 15.59 2.35 1.219 0.230 

Post-expt 44 15.86 2.08 

External regulation Pre-expt 45 13.70 2.75 1.675 0.101 

Post-expt 44 14.38 1.89 

Amotivation Pre-expt 45 9.59 2.52 3.620 0.001 

Post-expt 44 8.04 2.55
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Fig. 1 Comparison of basketball skill of EP and CP after the experiment 

3.3 Differences in Basketball Skills and Learning Motivation 
Between EG and CG 

Differences in Basketball Skills Between EG and CG. Comparison of the basket-
ball skill level of the two groups after the experimental intervention (Fig. 1) showed  
that the improvement of the basketball skill level of EP was significantly higher than 
that of CP. The score of EP in shooting and layup is significantly higher than that 
of CP (p < 0.01), indicating that compared with the traditional teaching model, the 
blended teaching model has more advantages in improving the level of basketball 
skills. 

In order to compare and analyze the actual teaching effect of the two different 
teaching modes applied in physical education, we directly compared the learning 
results (technical test scores) of the two groups of students after the experimental 
intervention. The results show that although both the blended teaching model and 
the traditional teaching model have significantly improved the students’ basketball 
skills, compared with the traditional teaching model, the blended teaching model 
has brought a greater improvement to the students in teaching basic basketball skills. 
The reason may be that because the students in the experimental group learned and 
mastered the physical education content in advance according to the online learning 
materials before class, they were more purposeful and pertinent when they returned 
to the classroom for offline learning and practice. This new teaching model stim-
ulates students’ interest in the course and encourages students to participate more 
in basketball learning [16, 17]. This model of introducing online teaching into the 
teaching process provides convenience for students’ preview and review and further 
improves students’ mastery of sports techniques [18]. This new model allows students 
to learn a wider range of basketball knowledge and plays an indispensable role in
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the learning and training of basketball skills [19]. In the traditional physical educa-
tion classroom mode, although teachers put forward the requirements for students 
to preview before class and consolidate after class, this kind of preview and consoli-
dation is not supervised and guided. Students only rely on physical education mate-
rials, the effect of learning and practice cannot be guaranteed, and physical education 
teachers cannot know the validity and progress of students’ learning. Judging from the 
learning outcomes after the teaching intervention in this study, although both modes 
of teaching have a positive effect on students’ mastering and improving basketball 
skills, the mixed teaching mode has brought more benefits to students in teaching 
basic basketball skills. 

Differences in Learning Motivation Between EG and CG. The statistical results 
of the two groups’ learning motivation levels after the experimental intervention 
(Fig. 2) showed that the scores of EG in intrinsic motivation, identified regulation, 
and introjected regulation were significantly higher than those of CG (p < 0.01), and 
the scores of amotivation were significantly lower than those of CG (p < 0.01). The 
results of the study show that, compared to the traditional teaching model, the blended 
teaching model has a significant positive effect on maintaining the motivation of each 
student. 

Because this study used basketball elective courses as the experimental research 
content, most of the students who take the course have high learning motivation, 
but different teaching modes have different effects on the students’ original learning 
motivation. The learning motivation of the students in the experimental group showed 
a trend of maintaining and increasing after the experimental intervention, while the 
learning motivation of the students in the control group showed a trend of main-
taining and decreasing after the experimental intervention. After the experimental
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Fig. 2 Comparison of learning motivation of EG and CG after the experiment 
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intervention, there was a significant difference in learning motivation between the 
experimental group and the control group. The results of the study show that in the 
process of experiencing the diversified learning of the blended learning model, the 
students in the experimental group feel more convenience and freedom of learning 
than the pre-course cognition and have more experience with the teacher in the 
classroom, and not only having an efficient hook communication, but also feel the 
positive reform of the physical education classroom. In the new blended teaching 
model, students’ enthusiasm for theoretical study, skill practice, and after-school 
review has been improved. In a harmonious, equal, and democratic teaching envi-
ronment created by the new blended teaching model, students can provide more 
targeted guidance to teachers as soon as they encounter difficulties, or they can 
conduct repeated learning on the learning platform after class. In this teaching mode, 
teachers play a more guiding and correcting role in the classroom, which not only 
improves the efficiency of teaching but also highlights the main role of students 
in the learning process [20]. This means that the blended learning model rebuilds 
the relationship between teachers and students in the classroom, and teachers play 
a more guiding and correcting role in the classroom, which not only improves the 
efficiency of teaching, but also wins the respect of students. The traditional teaching 
mode pays too much attention to the overall teaching content and relatedness, and 
the teachers in the classroom are not targeted enough to solve the problems. After the 
class, students are difficult to solve the learning problems they encounter in a timely 
and effective manner through other means due to the time influence of other courses. 
It reduces students’ experience of the course and directly affects the maintenance of 
students’ learning motivation. 

4 Conclusion 

Through the comparison of the teaching effects of different teaching modes, this 
research explores the actual learning effects of the blended teaching mode on 
students and the characteristics of internal learning dynamics and draws the following 
preliminary conclusions: 

Both the blended learning model and the traditional teaching model have produced 
good teaching effects in the mastery and improvement of basketball skills in college 
physical education classrooms. Compared with the traditional teaching model, the 
blended teaching model has brought the basic skills of basketball to students’ 
greater improvement. The blended learning model has obvious positive effects on the 
maintenance of students’ autonomous learning motivation and the improvement of 
controlled learning motivation. The traditional teaching mode has a positive effect on 
maintaining students’ controlled learning motivation, while it has a negative effect 
on students’ autonomous learning motivation. 

The results of this study support the research hypothesis that the blended learning 
model is more conducive to improving the learning effect and learning motivation 
of basketball sports skills than the traditional teaching model.
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The Effects of PETTLEP Imagery 
Intervention on Learning of Badminton 
Skill for Beginners 

Apanchanit Siripatt and Suebsai Boonveerabut 

Abstract Badminton serves (BS) and return badminton serves (RBS) are very 
important for badminton sport, new player hard to control both skills. BS is a closed 
skill that takes place in a structured and static environment to serve the shuttlecock 
to serve area. While, RBS is an open skill that takes place in a dynamic and changing 
environment. Player trying to move around the court for return serve and multiple 
other variables that could affect them. This study explores the effects of PETTLEP 
imagery for learning badminton skill. Eighty university students who no experience 
in sport imagery and badminton competition were equally divided (n = 20) into 
four groups (G1; BS with PETTLEP training, G2; BS training only, G3; RBS with 
PETTLEP, and G4; RBS training). The data collecting from BS and RBS accuracy 
test, prior, and post-test on 4th and 8th week of training. Mean, SD, t-test, and one-
way ANOVA with repeated measures, Bonferroni were used to analyze the data at 
significant .05 level. The results reveal that mean score of G1 and G2 after 8th wk. 
was increase significantly when compared with after the 4th wk. and before training 
(p < 0.001). There were no significant difference between G1 and G2 of BS group 
and between G3 and G4 of RBS group. However, the group of practiced badminton 
skill and PETTLEP imagery training (G1, G3) showed accuracy score better than 
the group of practiced badminton skill only (G2, G4). Therefore, PETTLEP imagery 
training showed a tendency to develop badminton skill for the beginner. 
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1 Introduction 

Badminton is a popular sport, varied from leisure activity to pursuit excellent 
in national and international competitions. Many specific skills are important in 
badminton such as badminton service (BS) and returning badminton service skill 
(RBS). Sport skills can be divided into the categories “open skill” and “closed skill”. 
In a badminton game, BS is a close skill. It is very important to score. Moreover, 
rally point is currently being used, which is different from the past games. A closed 
skill is a skill that takes place in a structured and static environment. Now picture that 
same badminton player serving the shuttlecock to serve area. They are distraction 
free and are given the opportunity to take an uninterrupted serve at the court. Good 
serve means accuracy of serving, which increases chances to score and an advantage 
in the competition. On the other hand, a serving may increase stress and anxiety due 
to pressure from making good serve in the game. Concentration and control as well 
as serving accuracy skill are needed. 

The badminton skill is returning badminton service that increases a chance to 
score and get an advantage in the competition. Moreover, RBS is an open skill that 
takes place in a dynamic and changing environment. Picture a badminton player 
trying to move around the court for return serve, a crowd cheering, and multiple 
other variables that could affect the player. New badminton players have a variety of 
choices in returning serve. If there are many choices, the opponent decides to play 
hard. Badminton player must have a great reactions and accuracy of returning service 
to certain spots of the court. If they return serve well, it will be scored or enhance 
the chance to score points in the next stroke. Good return can force the server into a 
defensive shot and give the receiver a better chance of winning the point. Thus, the 
return serve is very important skill to score. 

Sport psychology is the study about the process of creating and enhancing moti-
vation for coaches and athletes to make a commitment for training and to develop 
the highest skill that can be used in competition to its fullest potential [1]. Many 
psychological skill techniques are used to enhance the ability of athletes. One of the 
popular ways is “sport imagery”. 

In sport psychology, imagery is a simulation of the moves that athletes expe-
rienced from the past and/or create new positive pictures or moves in their mind 
for the future. Imagery involves visual, auditory, olfactory, tactile, and kinesthetic 
senses as well as emotional sensibility [2]. It can be cognitive and motivational 
functions of imagery, both in general and specific contents. The imaging ability is 
based on the vividness and controllability of the pictures. It has been studied and 
compared between successful and less successful athletes and between elite and 
non-elite athletes. Imagery is the use of all the senses in order to create or recreate 
motion pictures in the mind. This allows a better understanding of the events. Imagery 
training was studied in many forms. Imagery starts with body relaxation then uses all 
senses to visualize or see things in an athlete’s mind and feel how the body moves. 
Next, imagine someone such as an expert in that field. Try to imagine oneself as 
being the model.
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In 2001, Holmes and Collins one’s propose the PETTLEP imagery model [3]. 
It stands for the seven components of imagery, as follows: physical environment 
task timing learning emotion and perspective. This model has been studied abroad 
continuously for more than 15 years in a variety of sports. The PETTLEP model 
is a positive effect to practice individual sports, team sports, contact sports, and 
non-contact sports as it allows players to create their own movement based on sport 
skills clearly, to enhance physical skills, perceptual skill and psychological skills [4]. 
Therefore, we chose PETTLEP imaginary to test its effect on a group of badminton 
players at a university because PETTLEP enumerated categories, and the direction of 
the imagery is clear and easier for the player to follows. We hope that the PETTLEP 
was developed to enhance accuracy in BS and RBS for the player to concentrate and 
control their serve and return serve well. 

2 Methodology 

2.1 Participants 

The participants were 80 male students (18–20 yrs.) from Srinakharinwirot Univer-
sity. They never competed in badminton competition and never practiced sports 
imagery. They volunteered and signed a research consent form. All participants 
selected and determined by simple random and divided into two groups (badminton 
serve and return serve). 

2.2 Equipment 

1. Badminton serve skills training program, returning badminton serve skills 
training program and scoring mats developed by the team of researcher and 
approved by three experts. 

2. PETTLEP imagery model training program developed by the team of researcher 
and approved by three experts. 

2.3 Procedure 

2.3.1 First Step: Badminton Serve Skills 

Forty students participated in badminton serve skill (BS) groups. They were asked 
to serve 20 times, before categorized into 2 matching groups. Group1 (G1; n = 20) 
practiced service skill with PETTLEP imagery. Group 2 (G2; n = 20) practiced 
service skill without imagery. Rating of badminton serving accuracy is 5 to 0. We
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Fig. 1 Area of serving point in badminton court 

used the guideline-scoring mat as shown in Fig. 1. For short ball, the nearer you are 
to the net, the higher the score will be. For serving a long ball, the farther you are 
from the net, the higher your score will be. The participants had to do 20 short balls 
and 20 long balls. 

2.3.2 Second Step: Return Badminton Serves Skills 

Forty students participated in return badminton serves skills (RBS) group. They were 
assigned to receive and return badminton services (RBS) 20 times by the research 
assistant, who is a badminton expert. Each RBS accuracy scores were collected when 
the shuttle cocks landed on the designated zones 1–5 points preferably either short 
or long services. These score zones were categorized by difficulty level in the court 
of short and long services. We used the guideline-scoring mat shown in Fig. 2, which 
shows different lines from Fig. 1. However, the concept is the same. RBS short ball 
started from the nearest to the net get 5–1 points, and RBS long ball started from to 
nearest based line to the inner area get 5–1 points consecutively.

They were divided into 2 groups: experimental and control. The experimental 
group (G3; n = 20) practices RBS and PETTLEP imagery model training. The 
control group (G4; n = 20) practices RBS only. It was an 8 week program, 3 times 
a week and 60 minutes per session. Between RBS testing, the research assistant was 
act to returning the shuttlecock for set under pressure. Both groups were tested their 
times: before training, at week 4 and at week 8. Mean, standard deviation, t-test, and 
one-way ANOVA with repeated measures were used to test the differences at level 
.05, and then, Bonferroni was conducted to identify the differences.
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Fig. 2 Designated areas and scores of RBS, short, and long services

2.4 Results and Discussion 

2.4.1 Badminton Service Skills 

The result revealed that the mean score after the 8th week was significantly increased 
when compared with after the 4th week and before training for both groups (Group 
1: (Before training, after the 4th, after the 8th week) x  ̄= 9.60 ± 4.91, 19.55 ± 7.80, 
22.55 ± 6.91, Group2: x  ̄ = 10.40 ± 5.12, 18.15 ± 6.54, 20.10 ± 6.47) (Fig. 3). 

Fig. 3 Mean score of both groups in badminton serve skill (BS)
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Table 1 Result of one-way analysis of variance with repeated measures in badminton serve skill 
score 

Source of variance df SS MS F p 

Group 1Between groups 2 1838.03 919.02 129.36 0.000c 

Within groups 38 269.97 7.10 

Group 2Between groups 2 1053.03 526.52 133.12 0.000c 

Within groups 38 150.30 3.96 

c p < 0.001 

Table 2 Bonferroni method was conducted compare the average pairwise within BS groups 1 and 
2 

Group Time x¯ Before training 4 wk 8 wk  

Before training 9.60 – 9.95a 12.95a 

Group 1 4 wk 19.55 – 3.00a 

8 wk 22.55 – 

before 10.40 – 7.75a 9.70a 

Group 2 4 wk 18.15 – 1.95a 

8 wk 20.10 – 

a p < 0.05  

The result of one-way analysis of variance with repeated measures showed that 
differences within groups are significant at the 0.001 level (Table 1). The Bonfer-
roni method was conducted to compare the average pairwise within groups 1 and 2 
between before training and after the 4th week (G1:G2 = 9.95, 7.75), before training 
and after the 8th week (12.95, 9.70), and after the 4th week and 8th week (3.00, 1.95), 
the results were found the significant difference at the 0.05 level. The comparison 
between both groups showed that the mean score before training and after the 8th 
week was no significant difference (Table 2). 

The comparison between both groups showed that there is no significant difference 
in the mean score before training and after the 8th week. In after, the 8th week result 
of BS accuracy is better than before training because both groups were BS accu-
racy trained continuously develop their skill. However, group 1 (BS with PETTLEP 
imagery model training) has better result than group 2 (BS only). This shows that 
PETTLEP imagery model training can be used to develop the skills of the athletes. 

2.4.2 Returning Badminton Service 

The result revealed that the mean score after the 8th week was significantly increased 
when compared with after the 4th week and before training for both groups (Group
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Fig. 4 Graph showed the mean score of RBS group 

Table 3 Result of one-way analysis of variance with repeated measures in RBS groups 3 and 4 

Source of variance df SS MS F p 

Group 3Between groups 2 1514.63 757.31 26.61 >0.001c 

Within groups 38 1081.36 28.45 

Group 4Between groups 2 813.70 406.85 70.17 >0.001c 

Within groups 38 220.30 5.79 

c p < 0.001 

3: x  ̄ ± SD = 8.85 ± 4.88, 13.95 ± 4.97, 21.10 ± 9.81, Group 4: x¯±SD = 8.55 ± 
4.63, 12.05 ± 4.37, 17.05 ± 4.91) (Fig. 4). 

There was a significant difference within group, both experimental and control 
group at 0.001 level. Bonferroni method was conducted, comparison by Bonferoni 
post hoc test (before- after the 4th week, before-after the 8th week, and after the 4th 
week–8th week of training) revealed that the mean of accuracy returning badminton 
in group 3 was 5.10, 12.25, and 7.15, respectively, and in group 4 was 3.50, 8.95, 
and 5.45, respectively. The results were found the significant difference at the 0.05 
level. There was no significant different between both groups between before and 
after the 8th week program participating (Tables 3 and 4).

3 Conclusion 

In this study, we found that imagery helps enhance BS and RBS accuracy for 
badminton beginner. Experimental group who had PETTLEP imagery training with 
sport skill training shows high score more than group who training only sport skill. It 
is very easy to train specific skill because the distribution of the imaginary category
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Table 4 Bonferroni method was conducted compare the average pairwise within RBS groups 3 
and 4 

Group Time x¯ Before training 4 wk 8 wk  

Before training 8.85 – 5.10a 12.25a 

Group 3 4 wk 13.95 – 7.15a 

8 wk 21.10 – 

before 8.55 – 3.50a 8.95a 

Group 4 4 wk 12.05 – 5.45a 

8 wk 17.05 – 

a p < 0.05

to see clearly help athletes understand easily. PETTLEP imagery model training 
combined with skills training allows athletes to train and learn new experiences in 
their mind. Moreover, they can concentrate and control their skill although they got 
more pressure. Therefore, it supports the training program that uses imagery to help 
new athletes develop better skills because it allows them feel like training twice in 
the meantime, review the skill has been trained and control their skill under pressure. 

BS and RBS with PETTLEP imagery model training showed a tendency to 
perform better than BS and RBS only. Imagery is not only limited to still images. It 
involves a detailed motion image. Imagery is combination of perception and action 
similar to matching the complexity of environmental and motor skills. It is seen that 
the athlete needs ongoing imagery training to achieve proficiency [5]. PETTLEP 
imagery has an effect on the body because the mind constantly trains so that the 
body automatically reacts in an actual competition [6]. They suggest that PETTLEP 
imagery may be a viable alternative to physical practice in situations where further 
physical practice is not possible or advisable, such as through fatigue, boredom, or 
injury. Additionally, it should be remembered that a combination of physical prac-
tice and imagery is likely to prove more effective than either method on its own [6]. 
Therefore, we would recommend using physical practice complemented as much as 
possible with PETTLEP imagery for better effects. 
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Validity, Reliability and Development 
of Soccer-Specific Battery Test 
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Abstract Soccer is also known as a complex sport as it involves physical, phys-
iological and technical demand to be fit. Many professional soccer clubs actively 
investigate the factor to achieve high performance in soccer. Thus, the aim of this 
study was to establish the validity, reliability and development of soccer-specific 
battery tests. A total of 223 young male soccer players from several soccer posi-
tions between 13 and 17 years old participated in this study. However, 59 young 
male soccer players chosen randomly were performed in reliability test and accom-
plished 2 trials tests (run with ball, long passing, short passing, shooting to the right 
top corner (dead ball), shooting to the left top corner (dead ball), shooting from a 
pass (foot), heading mid-post and side-post). The data were tested using ANOVA 
to distinguish the conceivable systematic bias between 2 attempts of trial in each 
test, and also discriminant analysis (DA) was used to discriminate between elite and 
non-elite players from selected battery tests. The evaluated test revealed high intr-
aclass correlation coefficients on run with ball (intraclass correlation coefficient > 
0.90), meanwhile for other tests only at moderate levels (intraclass correlation coeffi-
cients, > 40) and small within-individual variation (coefficients variation, > 0.16%). 
DA successfully discriminates between elite and non-elite soccer players with seven 
significant parameters with elite tend to have greater aerobic functional capacity, 
more skilful and matured compared to non-elite (p < 0.05). Establishment of specific 
skill-related performance with moderate to high validity and reliability will ensure 
the distinction between elite and non-elite soccer players. 
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1 Introduction 

Soccer also well-known as complex sport as it involves physical and physiolog-
ical request to be fit in terms of aerobic. Accordingly, in the recent years, many 
professional soccer clubs increasingly investigate the factor of high performance, 
speed, agility and ball dribbling which have been shown in studies to be the greatest 
indicators of good soccer players and should be fostered from a young age [1]. 
Even, coaches are endlessly looking for the most efficient procedure for recognizing 
outstanding players to form an elite team [2]. As a result, the development of a 
soccer-specific battery has become essential for players to have the necessary levels 
of fitness (aerobic, speed, strength and agility) to continue competing [3–5]. 

Conventionally, the player selection process uses a specific test to assess player’s 
criteria performance; otherwise, a mistaken selection can jeopardize a football team 
the championship and even miss millions of dollars if the player fails to attain the 
team’s opportunities [5, 6]. Undeniably, this development battery test is associated 
to validity and reliability whereby it evaluates the effectiveness physical test during 
performance and classifies the advantages and disadvantages of each physical test, 
and it is verified that the test is practically applicable [7]. Hence, the main purpose 
of using validity and reliability is to identify the level of which protocol measures 
a hypothetical construct before we construct the hypothetical such as sport perfor-
mance or a comparison of two different groups and to create the consistency of 
performance when carried out on more than occasion [8]. It allows for supervision 
as well as reference regardless of the long- or short-term and in future to those in 
need especially coaches and players to overcome numerous difficulties as well as 
strategic improvement in this era to attain goal [8]. 

Similarly, the strength and conditioning professional working with soccer team 
will also be able to manage a time-efficient, valid and reliable fitness test. Thus, the 
result can guide the strength and conditioning professionals and technical coaches in 
program designed, leading to more effective and efficient goal accomplishment [9]. 
Thus, the aim of this study is to classify the validity, reliability and the development 
of the specific battery test. 

2 Methods 

2.1 Player 

The participants tested were 223 male adolescent athletes aged around 13 to 17 years 
old. However, on purpose of establishing the reliability of the soccer battery test, 59 
players were randomly chosen. All the players were enlisted from all around Sport 
Schools in Malaysia that focused in soccer to progress more in their performance 
accomplishment since young age. Coaches and managers were informed ahead about
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the purpose of the research. Approvals were obtained with all the players signing 
consent forms. 

2.2 Anthropometric, Growth and Maturation Test 

In this test, researchers has measured the physical component whereby involved 
measurement specifically weight, height, sitting height and arm span. Height was 
assessed by using a wall mounted wooden stadiometer to the nearest 0.5 cm, while 
the weight was evaluated on a weight scale of kg [10, 11]. Meanwhile, arm span 
was quantified from fingertip to fingertip, whereas the back position is flat on the 
wall and arm stretched with palm facing the tester [12]. The equipment needed 
included of the measure tape at wall, measured in centimeter (cm) [13]. Skinfold 
was used to measure the triceps, biceps, subscapular and suprailiac to the nearest 
0.01 mm, meanwhile the medial upper arm circumstances (MUAC) and calf circum-
stances (cc) were conducted by using measuring tape. All the measurements were 
performed based on the ISAK protocol, and the measurements were collected twice, 
and the mean score for the final score is recorded for additional analysis. Meanwhile, 
maturation was evaluated by applying tanner scale of maturity as suggested by the 
previous researchers and implementing the procedure and into current study [14]. 

2.3 Soccer Fitness Test 

The test was completed according to the optional method for physical fitness tests 
[15]. The multistage 20 m shuttle run test was executed to attain the participant’s 
maximal oxygen uptake while performing 5, 10 and 20 m. Each of the player kept 
running for how long they could stand in whatever length of time until could no 
longer keep pace with the velocity of the tape [16]. The result of VO2 max for every 
participant was stated by accomplished through checking the last level and ended 
shuttle number at the time when the participant voluntarily resigned from the test 
[17]. Although, drills of the participants might affect their scores, and it is still a 
valid test in evaluating maximum oxygen uptake and can be made in substantially 
many participants minimalizing expenses and time. Additionally, flexibility test is to 
measure the lower back and hamstrings through the sit and reach test. Meanwhile, 
agility was determined by the 505-agility test, and the purpose of the agility test is to 
identify the ability of speediness player to change the body position in the minimum 
requirement time.
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2.4 Soccer Technical Skill Test 

Running with the ball is one of technical skill test which is to measure the consistency 
of the player running while dribbling the ball from the starting point. The fewer the 
ball touches the foot the faster the ball goes, however, the player should have good 
control of the ball. Extensive study shows that running with the ball can increase the 
physiological stress rather to normal running [18]. Long pass test evaluated passing 
accurateness and shooting strength in long distance. The player delivered the ball 
from starting line to other players in long range scale according to the designated time 
whereby to identify their accurateness of the ball to reach to opposite player. Long 
passing is one of the most important and highly relevant technic and tactic skills 
needed in soccer whereas can determine the characteristics of the desired players 
[19]. Meanwhile, short-passing test inquires an approximation of the accuracy and 
the quickness the skill demonstrated in passing and only consider the ball that reaches 
the player within the specified time. In addition, short-passing capability is considered 
one of the most applicable skills for soccer player [20]. Although, the player will 
shoot from passing players and is demanded to score as many goals as possible 
where other player should to pass the ball to another player and that player needs to 
shoot to goal, while the ball is moving. However, in shooting to the right and to the 
left, test assesses a player’s efficiency and speediness to score goals from different 
angles although basically this test was used to evaluate the accuracy and coordination 
of shooting ability [21]. The tester only considers goals that are designated time. 
Heading is one of the skills needed in soccer game that could be applied while 
performing in a game. This test determined the accuracy when the player head the 
ball. 

2.5 Statistical Analysis 

The means and standard deviations of all data are shown. Therefore, 95% confidence 
intervals are used to display the accuracy of population estimates (CIs). To identify 
any potential systematic bias between the two trial efforts in each test, all the data 
were examined using a one-way analysis of variance (ANOVA) test. Additionally, 
the statistical threshold was set at p 0.05. An intraclass correlation coefficient (ICC) 
was used as a temporary way to describe qualified variability [20]. Within-individual 
variability was fully captured by both coefficient variations and typical measurement 
error [21]. SPSS for Windows version 12.0 was used to conduct the statistical analysis 
(SPSS, Inc, Chicago, IL).
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2.6 Discriminant Analysis (DA) 

This test works to control the variables which divided into two or more clearly joined 
group or cluster. DA has been used in this study to determine whether the groups differ 
in variables and use those variables to predict group membership [22]. DA has been 
run for testing validation and separating another variable according to a significant 
cluster that contributes to different groups. Two groups were designated and attained 
from discriminant analysis whereby two sampling identified as elite and non-elite. 
The physical performance DA included in the raw data by using standard, backward 
stepwise and forward stepwise methods [23]. Also, in the forward stepwise method, 
variables are calculated in step by step starting with the very significant variable until 
no significant changes were obtained [18]. Meantime, in backward stepwise method, 
removed the variables step by step starting from less significant to no significant. 

f (Gi ) = ki + 
n∑

j=1 

wi j  Pi j  

where i is the number of groups (G), ki is the constant inherent to each group, n is 
the quantity of parameters utilized to categorize a set of data into a certain group, 
and wj is the mass coefficient assigned by DF analysis (DFA) to a given parameter 
(pj). 

3 Result 

Table 1 represents the result of all evaluated test through the descriptive statistics 
calculated across all 59 subjects for testing the validity and reliability, while 223 
were tested in discriminant analysis of the athletes. Referring to the Table 1, it shows  
the minimum, maximum, mean, range and standard deviant of athletes in each test 
that has been carried out. 

Table 1 Descriptive statistic of reliability soccer battery test 

Statistic Min Max Mean SD Range 

Run w/ball (point) 1.93 7.58 9.23 1.39 5.65 

Long passing (point) 0.00 12.00 0.88 1.21 12.00 

Short passing (point) 1.00 15.00 4.85 1.92 14.00 

Shooting TR (dead ball) 0.00 18.00 1.32 1.94 18.00 

Shooting TL (dead ball) 0.00 13.00 1.93 2.27 13.00 

Shooting From a pass (foot) 0.00 26.00 1.03 1.85 26.00 

Heading (md_post) (point) 0.00 18.00 6.08 4.09 18.00 

Heading (sd_post) (point) 0.00 18.00 3.66 3.64 18.00
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Table 2 ANOVA from two 
consecutive trials 

Variables F value Sig. 

Runw/ball 8.05 0.006 

LongPass 0.000 1.000 

ShortPass 0.141 0.709 

ShootingTR (DeadBall) 0.000 1.000 

ShootingTL (DeadBall) 1.91 0.172 

ShootingfromPass (Foot) 3.51 0.066 

Heading (mdpost) 0.023 0.88 

Heading (sdpost) 0.74 0.34 

Table 3 Reliability statistics calculated from two consecutive trials (M ± SD) 
Variables Trial 1 Trial 2 ICC (CI) TEM CV/% 

Runw/ball 4.65(0.70) 4.58(0.70) 0.98(0.97–0.99) 0.20 0.15 

LongPass 0.44(0.75) 0.44(0.68) 0.57(0.32–0.76) 0.79 1.37 

ShortPass 2.46(1.15) 2.39(1.22) 0.48(0.12–0.69) 1.39 0.40 

ShootingTR 0.66(1.17) 0.66(1.17) 0.55(0.25–0.73) 1.30 1.47 

ShootingTL 0.85(1.30) 1.08(1.33) 0.66(0.44–0.80) 1.32 1.18 

ShootingfromPass (foot) 0.63(0.93) 0.89(1.19) 0.64(0.39–0.79) 1.11 1.21 

Heading (mdpost) 3.12(2.19) 3.07(2.60) 0.60(0.33–0.76) 2.57 0.67 

Heading (sdpost) 1.68(2.21) 1.98(2.34) 0.44(0.59–0.68) 2.73 1.00 

Once applied on each test for the two trials, the ANOVAs discovered are 1.00– 
0.88 (p > 0.05) which mean the result revealed the differences among two trials to 
be small and unstable meanwhile exception for run with ball test which is highly 
significance 0.006 (p > 0.05) in Table 2. 

Table 3 is focused on the reliability result whereby emphasize the performance 
averaged across the players for each recorded trial, together with the corresponding 
measures of reliability. Furthermore, the reliability as corresponding as ICC, for most 
of the tests, was just average. The only exception was the run with ball with the higher 
score (ICC, 0.98) in contrast with the result on behalf of coefficients variation (CV) 
which is low as expected of less than 1.49%. 

In Table 4, the table showed the result of discriminant analysis on two different 
groups of players (eltie and non-elite) and revealed the sampling groups in misclas-
sified mode has the total of 18 independent variables with 91.03%. Meanwhile, 
predefine mode has 18 independent variables and 93.72%. Other than that backward 
stepwise has 12 independent variables shown the highest amount with 96.41% while 
for forward stepwise (7 independent variables) with slightly differences amount 
between backward stepwise which is 95.96%. Box and whisker plot shown that 
there are 7 youth soccer performance in Table 4 of forward stepwise which mean 
94 athletes were reported as elite players and 129 player categorized as non-elite
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players. Figure 1 represents box and whisker plot according to discriminant forward 
stepwise. 

Table 4 Discriminant 
analysis on two different 
groups of players 

Sampling groups % Correct Group assigned by DA 

Elite Non-elite 

Misclassified mode 

Elite 88.66 86 11 

Non-elite 92.86 9 117 

Total 91.03 95 128 

Predefined mode 

Elite 93.68 89 6 

Non-elite 93.75 8 120 

Total 93.72 97 126 

Backward stepwise (12 significant variables) 

Elite 95.79 91 4 

Non-elite 96.88 4 124 

Total 96.41 95 128 

Forward stepwise (7 significant variables) 

Elite 94.74 90 5 

Non-elite 96.88 4 124 

Total 95.96 94 129 

Fig. 1 Box and whisker plots based on forward stepwise
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4 Discussion 

The purpose of this study was to examine the validity and the reliability of the 
development soccer-specific battery test. Discussing about the results, only run with 
ball clearly shows that highly reliable significance test with (ICC, 0.98) and stated 
and compared to other tests [24]. Temporarily, heading md post in moderate level 
of reliable (ICC, 0.60) same situation with shooting from pass (foot) only score 
moderate level of reliable (ICC, 0.64) also shooting to the left (ICC, 0.66) and long 
pass too (ICC, 0.55). Meanwhile, heading sd post, shooting to the right and short 
past might not be sufficiently reliable with ICC > 0.55 and this situation mentioned 
in book whereby lack variability among the sampled size [25]. There are many 
factors influenced the reliability results such as the number of subjects, the number 
of completed trials, the participant’s skills and what is the type of sample whether 
homogeneity or heterogeneity [22, 25]. 

The study involved 59 participants from all around Sport School in Malaysia. This 
number approximately associated to the number of players also carried out 2 trials in 
each of the tests. Normally, after getting used with the test procedure, therefore, it can 
be resolved that the test sample of players and the number of trials were relevant for 
the evaluation of the reliability of the designated soccer test; however unfortunately, 
the result was a disappointment [21]. It was not as expected as planned earlier. This 
reliable performance test with features such as one that has small changes in the 
mean, a small within-individual variation, and a high-test retest correlation did not 
produce result as expected as derived from the Table same as in Table 3 whereby the 
CV for all the test is shown as 0.16%–1.00% [26]. The tests assessed in this study 
established no significance differences among the intraclass correlation coefficient 
except for the run with ball test and individual variation (as expressed in CV) were 
low. Probability that the test is not suitable enough for the participants and perhaps the 
low number of participants in this test or possibly that the soccer player no enough 
experience and lack of confidence. This argued that agility tests could categorize 
elite soccer players from other papulation better than any other physical fitness test 
of power, flexibility or strength [1]. According to these studies, a current review of 
testing approaches applied in soccer determined that agility tests would be the best 
single indicator of overall soccer performance though none of agility test listed as 
one of the tests. Shooting skill also highlighted as one of the most vital roles in 
soccer especially when penalty kick [27]. The previous study on the picks of players 
through penalty kicks underlined mostly the horizontal direction whereby left, center 
or right of the kick or of the goalkeeper’s jump [28]. Based on the result, all tests 
that involved with shooting are not strongly significance as stated. 

Referring to discriminant analysis (DA) results, it divided into two groups such 
as elite and non-elite. Results displayed that elite groups dominate in run with ball 
and VO2max which mean elite group perform well in run with ball and VO2max 
without any problems. In the previous study also stated that elite group significantly 
correlates in VO2 max and endurance [29]. While, non-elite groups lead in short 
from pass and shooting TR with a high differential value compared to elite group.
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However, elites and non-elites present the same results in short passing, long passing 
and maturity. This proved that non-elite groups can also perform well tests even 
though they do not have the skills compare to elite groups. After completion of this 
study, it is highly recommended to investigate more detailed as measured in this 
study but using experienced players such as professional players or elite because 
they have more experience in competition. 

5 Conclusion 

This study analyzed 8 soccer skills with 2 attempting of 59 male soccer athletes 
to examine the validity and reliability of soccer-specific skill. The analysis discov-
ered that only run with ball is highly has significance difference (ICC > 0.98). even 
though the ICC value for other soccer skills that is shooting TL (to the left corner), 
shooting TR (to the right corner), heading (md post) and long passing are a bit 
lower than run with ball soccer skills (ICC > 0.58) but the value are still accept-
able, showing that the other mentioned soccer skills earlier were still reliable to be 
applied. Surprisingly, for the heading (sd post) and short passing, the result is below 
expectation (ICC > 0.49). However, DA successfully discriminates 7 significant vari-
ables statistically between elite and non-elite which is elite group tend to be more 
expert in specific skill performance compare to non-elite. As conclusion, the result of 
this study does not attain high satisfaction as expected. Nevertheless, probability of 
getting strong significance can be enhanced with systematic procedure, more detail 
in exploration of the investigation and recommended that using experienced players, 
whereby they have more experience and more matured in facing competition. 
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The Relationship Between the Female 
Athlete Triad and Dependence on Sports 
Coaches and Stress Responses 

Chihiro Kemuriyama and Mitsuhiro Amazaki 

Abstract Female athletes are susceptible to low energy levels, hypothalamic amen-
orrhea, osteoporosis, and a constellation of clinical conditions, which the American 
College of Sports Medicine defined as the female athlete triad (FAT). This study 
examined whether there is a difference in dependence on sport coaches, abnormal 
eating behavior, and athletes’ stress responses related to subjective symptoms of 
FAT and explored the effects of dependence on sport coaches and abnormal eating 
behavior on athletes’ stress response. The participants included 300 Japanese female 
athletes who completed a set of questionnaires on demographic variables, questions 
about FAT, the new version of the abnormal eating behavior scale, a dependence ques-
tionnaire, and the stress response scale for athletes. The results of a t-test revealed that 
helplessness, depression, all subscales of abnormal eating behavior, and all subscales 
of dependence on sport coaches were more prominent among the FAT group than non-
FAT group. In addition, the results of multiple regression analysis highlighted that 
while inappropriate diet behavior was positively associated with helplessness, appre-
hension concerning to food intake was positively associated with physical fatigue, 
irritation and anger, distrust of people, and depression. Furthermore, binge eating was 
associated with helplessness and irritation and anger. Physical proximity was nega-
tively associated with physical fatigue, and attention was positively associated with 
irritation and anger, and help was associated with irritation and anger and distrust 
of people. Thus, abnormal eating behaviors and dependence on sports coaches may 
exacerbate FAT symptoms and should be connected to consider ways to reduce the 
risk of FAT. 
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1 Introduction 

While female athletes have been active in international competitions such as the 
Olympics, the Female Athlete Triad (FAT) has been attracting attention [1, 2]. 
FAT refers to the interrelationships among energy availability, menstrual function, 
and bone mineral density, which may have clinical manifestations including eating 
disorders, functional hypothalamic amenorrhea, and osteoporosis [2]. Therefore, the 
development of effective prevention methods and remedial measures is urgently 
required. 

In particular, a state of “low energy availability” in which energy intake from 
food and other sources is insufficient in relation to energy expenditure from exercise, 
can decrease hormone secretion, and increase the risk of causing amenorrhea and 
osteoporosis [3]. The beginning of FAT is considered to be the lack of available 
energy [4]. Nevertheless, female athletes consume a large amount of energy in their 
daily training and often lose a lot of weight and eat inappropriately, which increases 
the risk of FAT and exacerbates its symptoms [5]. In fact, female athletes, who 
became afraid to eat due to pressure to lose weight, have been reported to have 
experienced regret after eating or suffered from eating disorders due to unhealthy 
weight loss [6]. In addition, those with subjective symptoms of any or all of the FATs 
have a higher tendency toward abnormal eating behavior and a desire to lose weight 
than those without subjective symptoms. In addition, this may aggravate FATs, as 
they are more likely to suffer from unbalanced nutritional status and chronic energy 
deficiency caused by unhealthy eating behaviors [5]. 

The association between FAT onset status and psychological stress reactions has 
been confirmed. For example, those who have or are aware of FAT perceive higher 
physical and psychological stress reactions [7, 8]. In addition, in a survey of female 
rhythmic gymnasts, higher depression scores for psychological stress reactions were 
found in female athletes who were aware of FAT [5]. Furthermore, female athletes 
are characterized by greater dependence on their coaches than male athletes [9], and 
they typically rely more on their coaches for problem solving [10]. In addition, the 
presence of coaches and others is considered a factor that reinforces the state of 
eating disorders [11]. 

The purpose of this study was to examine whether there is a difference in depen-
dence on sport coaches, abnormal eating behavior, and athletes’ stress responses 
related to subjective symptoms of FAT and to explore the effects of dependence on 
sport coaches and abnormal eating behavior on athletes’ stress response.



The Relationship Between the Female Athlete Triad and Dependence … 161

2 Methods 

2.1 Survey Participants 

The participants consisted of 300 female athletes aged 20–39 years (mean age 
29.45 years, SD = 5.44) who competed at least three days per week and had partic-
ipated in an official sports competition within the past five years. The mean height 
of the subjects was 158.05 cm (SD = 8.66), and the mean weight was 50.34 kg (SD 
= 7.38). The mean years of competition were 11.29 (SD = 7.43). 

2.2 Survey Period 

A Web-based survey was conducted through a research firm from December 2021 
to January 2022. 

2.3 Survey Items 

2.3.1 Demographic Variables 

Respondents were asked to provide their age, the type of sport they were currently 
competing in, the length of time they had been competing, their best results in the 
sport they were currently competing in, their height, and their weight. 

2.3.2 Questions About Subjective Symptoms of FAT 

Subjects were asked to select one of the three symptoms of low energy availability, 
exercise-associated amenorrhea, or osteoporosis that had been diagnosed by a physi-
cian in the past year as they were aware of the symptoms (e.g., exercise-associated 
amenorrhea, secondary amenorrhea in which menstruation has ceased for over three 
months and is considered to be caused by exercise). 

2.3.3 Abnormal Eating Behaviors 

The abnormal eating behavior scale-new version (AEBS-NV) [12] was used to 
measure the status of abnormal eating behavior in female athletes. This scale 
measures the tendency toward abnormal eating behavior and the psychological state 
characteristic of eating associated with it. This scale consists of 14 items in three 
factors: inappropriate diet behavior (6 items), apprehension concerning food intake
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(5 items), and binge eating (3 items). The scale required responses on a 6-point scale 
wherein 1 = not at all true to 6 = completely true; higher total scores indicated more 
unusual eating behavior. 

2.3.4 Dependence on Sports Coaches 

To measure female athletes’ dependence on their mentors, we used the depen-
dence questionnaire developed by [13]. This scale measures the intensity of demand 
for interpersonal dependence and consists of 24 items in five subscales: physical 
proximity (3 items), attention (4 items), help (5 items), assurance (6 items), and 
psychic/spiritual (6 items). In this study, the subject of the demand that causes the 
dependent behavior was used as the sport coaches. The scale required responses on 
a 5-point scale wherein 1 = not true and 5 = true; higher total scores indicated more 
unusual dependence sports coaches. 

2.3.5 Stress Response 

The stress response scale for athletes (SRSA) [6] was used to measure the stress 
response of female athletes. This scale measures stress response in competition situ-
ations from psychological, physical, and behavioral aspects and consists of 15 items 
in five subscales: physical fatigue (3 items), helplessness (3 items), irritation and 
anger (3 items), distress of people (3 items), and depression (3 items). The scale 
required responses on a 5-point scale: from 1 = not at all to 5 = very much; higher 
total scores indicated greater stress response. 

2.4 Ethical Considerations 

This study was conducted with the approval of the Research Ethics Review 
Committee of Gifu Shotoku Gakuen University (Approval No. 2020–1). 

2.5 Data Analysis 

To examine whether female athletes’ scores on abnormal eating behavior, dependence 
on sports coaches, and stress response differed depending on whether they were 
aware of FAT symptoms, t-tests with the AEBS-NV, the dependence questionnaire, 
and the SRSA subscale as dependent variables were considered. To examine the 
relationship among abnormal eating behavior, dependence on sports coaches, and 
stress response, multiple regression analysis was conducted with the presence of
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subjective symptoms on the FAT, the AEBS-NV, and the dependence questionnaire 
subscale as independent variables, and the SRSA subscale as the dependent variable. 

The analysis was performed using IBM SPSS Statics 26. 

3 Results 

3.1 Examining Differences in Scores for Abnormal Eating 
Behavior, Dependence on Sport Coaches, and Stress 
Response with and Without FAT Subjective Symptoms 

The results of a t-test revealed that the FAT group’s score of inappropriate diet 
behavior (t [298] = 4.705, p < 0.001, Cohen’s d = 0.775), apprehension concerning 
to food intake (t [298] = 5.464, p < 0.001, Cohen’s d = 0.893), and binge eating 
(t [298] = 2.675, p < 0.01, Cohen’s d = 0.417) of abnormal eating behavior was 
higher than non-FAT group. The FAT group’s score of physical proximity (t [298] = 
3.502, p < 0.01, Cohen’s d = 0.562), attention (t [298] = 2.869, p < 0.01, Cohen’s 
d = 0.404), help (t [298] = 2.949, p < 0.01, Cohen’s d = 0.416), assurance (t [298] 
= 2.641, p < 0.01, Cohen’s d = 0.372), and psychic/spiritual (t [298] = 3.517, p < 
0.01, Cohen’s d = 0.496) of dependence on sport coaches was higher than non-FAT 
group. Moreover, the FAT group’s score of helplessness (t [298] = 2.913, p < 0.01, 
Cohen’s d = 0.411) and depression (t [298] = 2.421, p < 0.05, Cohen’s d = 0.341) 
of stress response was higher than non-FAT group (Table 1).

3.2 Examination of the Relationship Between Abnormal 
Eating Behavior, Dependence on the Instructor, 
and Stress Reactions 

The results showed that the adjusted coefficient of determination for physical fatigue 
(ΔR2 = 0.136, p < 0.001), helplessness (ΔR2 = 0.216, p < 0.001), irritation and 
anger (ΔR2 = 0.207, p < 0.001), distrust of people (ΔR2 = 0.224, p < 0.001), and 
depression (ΔR2 = 0.192, p < 0.001) in the stress response was significant. 

The standard partial regression coefficients for apprehension concerning to food 
intake (β = 0.238, p < 0.05) and physical proximity (β = −0.234, p < 0.05) were 
significant for physical fatigue. In addition, the results showed that the standard 
partial regression coefficient for inappropriate diet behavior (β = 0.214, p < 0.05) 
and binge eating (β = 0.185, p < 0.05) was significant for helplessness. Furthermore, 
the irritation and anger had a significant result for the standard partial regression 
coefficients for apprehension concerning food intake (β = 0.222, p < 0.05), binge 
eating (β = 0.246, p < 0.01), attention (β = 0.227, p < 0.05), and help (β =−0.306,
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Table 1 Results of the t-test 

FAT group 
(N = 64) 

Non-FAT group 
(N = 236) 

t value Effect size (d) 

Abnormal eating 

Inappropriate diet behavior 20.77 (7.60) 15.96 (5.77) 4.705*** 0.775 

Apprehension concerning to food 
intake 

18.14 (6.53) 13.33 (5.03) 5.464*** 0.893 

Binge eating 10.88 (4.26) 9.32 (3.57) 2.675** 0.417 

Dependence on sport coaches 

Physical proximity 8.36 (3.40) 6.75 (2.70) 3.502** 0.562 

Attention 12.91 (4.12) 11.34 (3.81) 2.869** 0.404 

Help 16.44 (4.93) 14.48 (4.64) 2.949** 0.416 

Assurance 20.34 (5.71) 18.29 (5.47) 2.641** 0.372 

Psychic/spiritual 17.45 (6.37) 14.65 (5.45) 3.517** 0.496 

Stress response 

Physical fatigue 10.31 (3.09) 10.02 (2.93) 0.698 n.s 0.098 

Helplessness 9.34 (3.31) 8.04 (3.13) 2.913** 0.411 

Irritation and anger 8.90 (3.93) 8.43 (3.44) 0.948 n.s 0.134 

Distrust of people 8.95 (4.02) 7.88 (3.35) 2.170 n.s 0.306 

Depression 9.77 (3.93) 8.55 (3.47) 2.421* 0.341 

***p < 0.001, **p < 0.01, *p < 0.05

p < 0.05). In addition, the standard partial regression coefficients for apprehension 
concerning food intake (β = 0.392, p < 0.001) and help (β = −0.273, p < 0.05) 
for interpersonal distrust and apprehension concerning food intake (β = 0.353, p < 
0.01) for depression were significant (Table 2).

4 Conclusion 

This study suggests that those with subjective symptoms of FAT are more likely 
to have abnormal eating behavior and dependence on their instructors and express 
a stronger stress response than those without subjective symptoms. These results 
support the suggestion that FAT symptoms are triggered by abnormal eating behavior 
[3] and that the involvement of sport coaches can aggravate FAT symptoms [11]. In 
particular, many sport coaches are experienced athletes—often successful athletes 
with a certain level of competitiveness. Therefore, customary and unhealthy methods 
may also be transferred from sport coaches to athletes as methods facilitating success 
[14]. In addition, there is a risk that excessive pressure to lose weight and unhealthy 
eating habits may be communicated by the sport coaches to the athlete, which may 
trigger a worsening of abnormal eating behavior. Furthermore, the fact that the FAT
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Table 2 Results of multiple regression analysis 

Stress response (dependent variable) 

Physical fatigue Helplessness Irritation 
and anger 

Distrust of 
people 

Depression 

Subjective 
symptoms on 
the FAT 

0.066 
n.s 

−0.029 
n.s 

0.074 
n.s 

0.032 
n.s 

−0.003 
n.s 

Abnormal 
eating 

Inappropriate 
diet behavior 

0.056 
n.s 

0.214* 0.025 
n.s 

−0.037 
n.s 

−0.081 
n.s 

Apprehension 
concerning to 
food intake 

0.238* 0.119 
n.s 

0.222* 0.392*** 0.353** 

Binge eating 0.154 
n.s 

0.185* 0.246** 0.114 
n.s 

0.126 
n.s 

Dependence on 
sport coaches 

Physical 
proximity 

−0.234* −0.105 
n.s 

−0.081 
n.s 

−0.054 
n.s 

− 0.133 
n.s 

Attention 0.225 
n.s 

0.170 
n.s 

0.227* 0.172 
n.s 

0.066 
n.s 

Help −0.201 
n.s 

−0.209 
n.s 

−0.306* −0.273* − 0.074 
n.s 

Assurance 0.071 
n.s 

0.039 
n.s 

0.172 
n.s 

0.133 
n.s 

0.176 
n.s 

Psychic/spiritual 0.100 
n.s 

0.125 
n.s 

0.049 
n.s 

0.120 
n.s 

0.110 
n.s 

Adjusted 
coefficient of 
determination 
(ΔR2) 

0.136*** 0.216*** 0.207*** 0.224*** 0.192*** 

Note The values in the table are the standard partial regression coefficients (β) dependent variable: 
stress response, independent variable: abnormal eating, dependence on sport coaches 
***p < 0.001, **p < 0.01, *p < 0.05

group showed both abnormal eating behavior and higher scores for stress reactions 
such as helplessness and depression may be related to the fact that efforts to maintain 
or reduce body fat and weight are one of the psychological stressors for female 
athletes [15]. 

In this study, the results suggest that dependence on the sport coaches and tendency 
to abnormal eating behavior influenced stress reactions. Moreover, depending on the 
type of eating behavior abnormality and the type of dependence on the sport coaches, 
the associated stress responses were also found to be distinctive. In particular, over-
sensitivity to caloric intake and over eating can cause numerous stress reactions.
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Therefore, it is important to support regular and well-balanced eating habits and to 
appropriate the athlete’s cognition to ensure that they do not feel depressed after 
eating. However, when athletes dieted without regard to their health or engaged in 
binge eating in reaction, they were more likely to experience psychological stress 
responses such as helplessness and anger. 

This study highlighted that physical fatigue was reduced when the patient 
attempted to feel safe with their sport coaches. In addition, the results showed that 
the more the athletes sought help from their leaders, the more they reduced their 
feelings of anger and distrust of others. However, the more the athletes wanted the 
sport coaches to focus on and understand their feelings, the more feelings of anger 
increased. The results suggest that athletes’ stress responses decrease when they seek 
support that can be concretely implemented by the sport coaches. However, athletes 
may feel deficient with respect to invisible support such as acceptance and empathy, 
which may increase their feelings of anger. This requires that the desire to be psycho-
logically close and empathetic be satisfied in the support of female athletes. When 
female athletes exhibit high demands to be understood and empathized with by their 
sport coaches, they are also at higher risk for inappropriate eating behaviors [5]. 
Therefore, the sport coaches’ empathy and psychological support can both reduce 
stress reactions and prevent abnormal eating behavior. 

Thus, FAT is assumed to be intimately related to abnormal eating behavior, depen-
dence on the instructor, and stress reactions. In addition, abnormal eating behaviors 
and stress may exacerbate FAT symptoms. Therefore, future studies should examine 
ways to reduce the risk of abnormal eating behaviors and stress and prevent FAT. 
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Application of the Health Action Process 
Approach to Abnormal Eating Behavior 
Among Female Athletes 

Mitsuhiro Amazaki and Chihiro Kemuriyama 

Abstract The potential cause of female athlete triad, which is considered a factor 
in the decline of the competitive performance of female athletes, is abnormal eating 
behavior. To pursue their competitive lives, addressing abnormal eating behavior 
without resorting to medicines is necessary for female athletes from the perspective of 
sports doping. Toward this end, health education interventions that promote behavior 
change for abnormal eating behavior are required. This study aimed to examine the 
of the health action process approach (HAPA) to promote behavioral change for 
abnormal eating behavior among female athletes. Participants included 300 Japanese 
female athletes, who completed a set of questionnaires on demographic variables, the 
abnormal eating behavior scale new version, and psychosocial factors constituting 
HAPA (risk perception, outcome anticipation, self-efficacy, behavioral intentions, 
and behavioral planning). Results revealed that the HAPA was an applicable model 
for explaining abnormal eating behavior (GFI = 0.987, AGFI = 0.939, CFI = 0.987, 
RMSEA = 0.068); however, the explanatory rate for abnormal eating behavior was 
small, where the only psychosocial factor reducing abnormal eating behavior was 
self-efficacy for eating behavior. Furthermore, there was no significant effect from 
negative outcome expectancy on behavioral intention. Therefore, health education 
interventions for improving abnormal eating behaviors in female athletes should 
focus on self-efficacy for eating behaviors. 

Keywords Female athlete triad · Health action process approach · Self-efficacy

M. Amazaki (B) 
Aichi University, Aichi, Japan 
e-mail: amazaki@vega.aichi-u.ac.jp 

C. Kemuriyama 
Gifu Shotoku Gakuen University, Gifu, Japan 

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 
G. Kuan et al. (eds.), Advancing Sports and Exercise via Innovation, Lecture Notes 
in Bioengineering, https://doi.org/10.1007/978-981-19-8159-3_16 

169

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-8159-3_16&domain=pdf
mailto:amazaki@vega.aichi-u.ac.jp
https://doi.org/10.1007/978-981-19-8159-3_16


170 M. Amazaki and C. Kemuriyama

1 Introduction 

The female athlete triad (FAT), characterized by the three symptoms of low energy 
availability, athletic amenorrhea, and osteoporosis, is a significant health problem 
with a high incidence [1, 2]. Because FAT can afflict any female athlete regardless 
of athletic ability [3] sports coaches need to understand the construct. 

The three symptoms of FAT affect each other, transforming the body from a healthy 
state to one that requires treatment over a long period [4]. Researchers have reported 
that female athletes not only expend a great deal of energy in daily training but also 
often repeat inappropriate or abnormal eating behaviors [5]. When female athletes 
suffer from low energy availability, a condition in which energy intake from food 
and other sources is insufficient relative to energy expenditure from training, female 
hormone secretion declines, increasing the mazarisk of amenorrhea and osteoporosis 
[6], and FAT is thought to start with a lack of available energy [7]. It has been reported 
that athletic amenorrhea and osteoporosis become more serious because of this effect 
[4]. 

Athletes have limited access to medications for treatment given anti-doping 
concerns. It is imperative to propose effective prevention methods for abnormal 
eating behavior based on behavioral science approaches that do not rely on medica-
tions. Therefore, it is important to better understand the psychological processes that 
lead to abnormal eating behavior to prevent female athletes from suffering from asso-
ciated low energy availability. To this end, it is necessary to clarify the psychological 
processes that lead to abnormal eating behavior using behavioral theory. 

The health action process approach [8], a behavioral theory, has been used as 
a predictive model for multiple health behaviors [9–11]. It is an integrated model 
that combines features of stage, continuum, and dual-phase social cognition models 
[12]. The HAPA consists of five psychological variables, risk perception, outcome 
expectancy, self-efficacy, behavioral intention, and behavioral planning, and the 
dependent variable, which is health behavior. According to the HAPA, individuals 
perform health behaviors in a process consisting of a motivation phase that develops 
behavioral intentions and a volition phase that leads to actual behavior. Because it 
has been reported that the HAPA can also predict healthy eating behaviors [13], 
we expected that it would be able to explain the psychological process leading to 
the occurrence of abnormal eating behaviors as well. Therefore, our aim with the 
present study was to examine the adaptability of the HAPA as a model for predicting 
abnormal eating behavior in female Japanese athletes.
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2 Methods 

2.1 Survey Period and Survey Participants 

We conducted the online survey for this study from December 2021 to January 2022 
among 300 female Japanese athletes aged between 20 and 39 years (mean age = 
29.45 years, SD = 5.44) who were selected from among monitors registered with 
an Internet research firm and had participated in official sports competitions within 
the past 2 years. The basic attributes of the study subjects were as follows: mean 
height 158.05 cm (SD = 8.66), mean weight 50.34 kg (SD = 7.38), and mean years 
of competition 11.29 years (SD = 7.43). The study athletes were competing in 44 
different types of athletic events at the time of the study including track and field 
(long distance). We conducted this study survey with approval from the Local Ethics 
Committee of Gifu Shotoku Gakuen University. 

2.2 Survey Items 

2.2.1 Demographic Variables 

Participants self-reported their age in years, current sport, history of competition in 
current sport, highest performance in current sport, height, and weight. 

2.2.2 Psychological Constructs of HAPA 

To measure the psychological constructs of the HAPA, we used scales confirmed as 
reliable and valid by [5]. Specifically, the scales measured the female athletes’ eating 
behaviors for risk perceptions (1 factor, 10 items), outcome expectancy (2 factors, 11 
items), self-efficacy (1 factor, 9 items), behavioral intention (1 factor, 8 items), and 
planning (1 factor, 10 items). Respondents rated all items on 5-point Likert scales 
where 1 = completely disagree and 5 = strongly agree and where higher scores on 
each scale indicated a higher likelihood of that scale’s behavior. 

2.2.3 Abnormal Eating Behaviors 

To measure Japanese women athletes’ abnormal eating behavior, we used the 
Abnormal Eating Behavior Scale new version (AEBS-NV) [14]. The scale consisted 
of 19 items and required responses on 6-point Likert scales where 1 = not at all 
true and 6 = completely true and higher total scores indicated more unusual eating 
behavior.
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2.3 Data Analysis 

We conducted a structural equation model (SEM) using the total AEBS-NV score 
as the dependent variable and the psychological factors comprising the HAPA. We 
used maximum likelihood as the estimation method, and to ensure the differentia-
tion of models, we set both the variance of each latent variable and the path from 
the error variable to the observed variable to 1. To confirm the suitability of the 
model, we calculated the following fit indices: goodness-of-fit index (GFI), adjusted 
goodness-of-fit index (AGFI), comparative fit index (CFI), and root-mean-square 
error of approximation (RMSEA). Specifically, good model fit is indicated when 
GFI, AGFI, and CFI exceed 0.90 and RMSEA is below 0.10 [15]. We performed all 
statistical analyses using IBM Amos 25.0.0. 

3 Results 

Tables 1 and 2 show, respectively, the mean scores for each scale used in this study 
and the correlation coefficients between the scales. Figure 1 presents the indices for 
the fit of the HAPA SEM to the data: GFI = 9.87, AGFI = 9.39, CFI = 0.987, 
and RMSEA = 0.068. Because these indices met sufficient values, we judged that 
the HAPA was fit as a model to explain the abnormal eating behavior of female 
Japanese athletes: The HAPA model explained 4% of the female Japanese athletes’ 
abnormal eating behavior. The standardized coefficients between variables in the 
HAPA were all significant except for that from negative outcome expectancy to 
behavioral intention. The only direct effect of decreased abnormal eating behavior 
was the effect of self-efficacy on eating behavior. The variables that had the indirect 
effect of increasing abnormal eating behavior were risk perception, positive outcome 
anticipation, and self-efficacy for eating behavior. 

.

Table 1 The mean scores for each scale 

Mean SD Min. Max. 

Risk perception for eating behaviors 40.43 7.74 10 50 

Positive OE for eating behaviors 18.41 3.62 5 25 

Negative OE for eating behaviors 15.88 4.71 6 30 

Self-efficacy for eating behaviors 30.44 7.30 9 45 

Behavioral intention for eating behaviors 30.55 5.52 10 40 

Planning for eating behaviors 33.54 8.60 10 50 

Abnormal eating behavior 41.00 14.54 14 84 

Note OE, outcome expectancy
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Table 2 The correlation coefficients between the scales 

1 2 3 4 5 6 

1. Risk perception for eating 
behaviors 

1 

2. Positive OE for eating 
behaviors 

0.380** 1 

3. Negative OE for eating 
behaviors 

0.016 −0.005 1 

4. Self-efficacy for eating 
behaviors 

0.116* 0.271** 0.094 1 

5. Behavioral intention for eating 
behaviors 

0.275** 0.337** −0.004 0.676** 1 

6. Planning for eating behaviors 0.185** 0.336** 0.102 0.680** 0.706** 1 

7. Abnormal eating behavior −0.015 −0.011 0.510** −0.016 −0.040 0.170** 

Note OE, outcome expectancy. * p < 0.05, ** p < 0.01  

ns 

ns 

** 

* 

ns 

ns 

** 

* 

** 
** 

** 
** 

** ** 

** 

Fig. 1 HAPA model for abnormal eating behavior of Japanese women athletes. Note * p < 0.05, 
** p < 0.01, *** p < 0.001

4 Conclusion 

In previous attempts to explain health behaviors using the HAPA, researchers iden-
tified the psychological factors that comprise the HAPA, risk perception, outcome 
anticipation, self-efficacy, behavioral intention, and behavioral planning, as factors 
that promote behaviors considered to be good for health. However, we must keep in 
mind that in this study, we used a health-damaging behavior, disordered eating, as 
the dependent variable, and therefore, our interpretation of the variable differs from 
that in previous studies. 

The results of this study indicated that the fit of the HAPA model for abnormal 
eating behavior in female Japanese athletes was adequate in that the model was able
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to predict abnormal eating behavior in these athletes. Specifically, female Japanese 
athletes who had high scores for risk perception, positive outcome anticipation, and 
self-efficacy related to eating behaviors were more likely to engage in abnormal eating 
behaviors. The results also identified the outcome expectancy and self-efficacy scales 
as useful instruments for screening abnormal eating behavior among female Japanese 
athletes. That is, although the scales included no cutoff points, scores above a certain 
level should require sports coaches to discuss whether female athletes have abnormal 
eating behaviors. 

However, despite the usefulness of our findings, this study does contain limita-
tions. First, abnormal eating is a socially undesirable behavior, and it was likely that 
the female Japanese athletes would hide any abnormal eating behaviors. We also 
recognized overeating as a potential abnormal eating behavior that could be hidden 
and that we would thus not know about [16, 17]. 

In more detail, researchers have identified the possibility of false responses on self-
report questionnaires and the social desirability bias, whereby respondents answer 
falsely in ways they perceive will make them appear more socially desirable. In this 
study, the female Japanese athletes could have skewed their responses to conceal 
their abnormal eating behavior. Given this possibility, we anticipated that female 
Japanese athletes would not accurately respond to attempts to directly assess their 
eating behaviors, and we proposed that it would be possible to accurately screen for 
abnormal eating behavior among them by examining factors that indirectly influence 
such behavior. 

Additionally, in this study, we validated the HAPA model without considering the 
presence or absence of subjective symptoms of FAT in a group of female Japanese 
athletes to better understand their overall tendencies toward abnormal eating behav-
iors. Future researchers should conduct multiple-group SEM analysis of the HAPA 
model that considers the specific FAT status of Japanese female athletes. 
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Common Sports Injury in Karate 
Practitioner: A Bibliometric Analysis 
and Mini-Review (1992–2021) 

Hong Yee Kek, Huiyi Tan, Keng Yinn Wong, and Garry Kuan 

Abstract Karate is a Japanese martial art which emphasizes character develop-
ment and self-discipline. However, noticeable karate practitioners contracted injuries 
during training and competition. The aim of this study is to visualize the knowl-
edge map of sports injury in karate research through bibliometric analysis. Also, the 
common injury among the karate practitioner and their associated causes is included 
in the mini-review section. The global developments and research landscape on sports 
injury of karate were examined based on 139 publications (1992–2021) extracted 
from the Web of Science (WoS). The emerging trend in the research areas was 
observed in 2016. The top leading countries indicated that the USA has published 
the most publications related to sports injury research in karate. This manuscript 
reviewed the potential injuries and their associated causes. Knee injuries were the 
most prevalent, and they could be contracted during training or tournament. These 
findings would be useful for the instructor and clinicians in designing some training 
activities, which aim to reduce the risk of the practitioner contracting injury. In future 
studies, it is recommended to conduct the injury assessment on the traditional karate 
practitioner such as Kyokushin Kai (full-contact karate style). Such exploration could 
provide insight into karate-associated injuries and reduce the bias in bibliometric data 
analysis. 
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1 Introduction 

“Karate” is a martial art that was initiated in Okinawa, Japan. This martial art has been 
proven to have positive effects on mental and physical health [1]. Karate could be 
divided into two types: traditional karate and sports karate. Traditional karate mainly 
focuses on full-contact training, including strikes to the body with no protection for 
the arms and torso [1]. Also, practitioners are allowed to have a full power kick to the 
head, knee strikes, and kicks to the inner and outer leg. On the other hand, sports karate 
focuses on athletes’ performance and points scoring, which was included as one of 
the events in the 2020 Olympics in Japan [2]. Sports karate has two modes: sparring 
(Kumite) and forms (Kata) [3]. The training regime for both modes is different, as 
Kumite focuses on opponent-contact training, while Kata focuses on self-perform 
training. Both modes of practitioners were reported to suffer from different injuries. 

The main objective of this study is to visualize the knowledge map of sports injury 
in karate research through bibliometric analysis. Also, the common injury among the 
karate practitioner and their associated causes is included in the mini-review section. 
This paper also shows the general publication trends, top-cited publications, prolific 
institutions, influential authors, etc. This bibliometric analysis procedure provides 
an overview of global trends on specific research topics to readers from different 
backgrounds. 

2 Methodology 

Web of Science (WoS) is one of the most comprehensive scientific databases, citation 
indexing services, and search engines when compared to Scopus, Science Direct, and 
Google Scholar [4]. Web of Science Core Collection (WoS) is a thorough database 
with the largest number of indexed journals and conference proceedings (around 
12,000) and covers nearly 150 research disciplines. Therefore, WoS as one of the 
globally recognized databases was adopted to retrieve the publication records for this 
study. An electronic search was performed by inserting the search string consisting 
of the following keywords: (Karate AND (injur * OR hurt * OR impair *)). Next, the 
results are filtered by only involving research articles, review papers and conference 
papers written in English within the timespan from 1992 to 2021. At this stage, the 
inclusion criteria reduced the sample size from 195 to 153 papers. Next, the remaining 
papers are further screened manually to eliminate publications that are not directly 
related to the theme of the study. Finally, the front-page filtering method returned a 
result of 139 publications. 

Next, the full set of downloaded publication-related data was used to generate 
useful statistics via Microsoft Excel. The presented tables could help visualize the 
growing curve of research output and identify the prolific countries, institutions, and 
researchers. Moreover, VOS Viewer was utilized to produce a visualization map of 
the collaboration network between researchers and institutions from different nations.
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The size of the node denoted the importance of the representative objects in the map, 
while the thickness of the line connecting two nodes represented the strength of 
interactions between them. 

Several bibliometric indicators including TP: the total amount of publications, TC: 
total number of citations, and h-index were employed in the current study. TP and TC 
could reflect the productivity of publication and its scholarly impact, respectively. The 
Hirsh index or h-index was known as a standard indicator to measure the cumulative 
impact of a scholar’s output by author, institution, or nation. An author with an h-
index of N has N publications each having at least N citations, which is a measure 
of the impact research work in a particular field [4]. 

3 Result and Discussion 

3.1 Publication Trend 

Figure 1 shows the chronological distribution of 139 publication outputs over the 
three decades, from 1992 to 2021. The publications have consisted of 118 research 
articles, 13 review articles, and 8 proceedings papers. As shown, the publication 
productivity of the research topic fluctuated over the years. It could be observed that 
the current topic only received little attention in the first decade (1992 to 2001), 
where the total production of publications did not exceed 15 in this decade. In the 
next decade (2002–2011), the production of articles started to increase to 34, which 
is contributing to approximately one-fourth of the total production. The most recent 
decade would be the blooming era which produced multiple folds of publications 
compared to the previous decade, with a peak production of 21 papers in 2019. The 
highest number of publications were recorded in the recent five years, indicating 
there is a positively growing interest of researchers in exploring the part and parcel 
behind the sports injuries among the Karate practitioners. 

Fig. 1 Publication output distribution from 1992 to 2021
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Table 1 Top leading countries in the research of sports injury in karate practitioner 

No. Countries/regions TP TC h-index 

1 USA 28 787 17 

2 Poland 18 115 6 

3 Spain 16 250 7 

4 Brazil 13 108 5 

5 England 11 211 6 

6 Canada 10 261 8 

7 Italy 10 108 5 

8 Australia 8 63 5 

9 Slovakia 8 45 5 

10 Iran 6 63 2 

3.2 Top Leading Countries 

A total number of 41 countries Table 1 has shortlisted the top ten influential countries 
in the research of sports injury in Karate Practitioner with a minimum production of 
6 publications. According to the analysis, it is undeniable that the USA should be 
recognized as the top leading country in the current research area, with its highest 
records of 28 publications, associated with the highest number of citations (787) and 
h-index (17). The distribution of research productivity from the country is highly 
skewed as the top ten countries had contributed over two-thirds of the total output, 
where the USA alone is accountable for 20 percent of the overall production. The 
contribution is followed by Poland (13%), Spain (11.5%), Brazil (9%), England 
(8%), Canada and Italy (7% each), Australia and Slovakia (6% each), and Iran (4%). 

It could be also noticed that the total number of citations and h-index were 
not compatible with the total number of publications. For instance, Canada which 
produced less papers (10) scored a higher citation number of 261 compared to Poland 
(115) which produced a greater number of articles (18). Meanwhile, Australia and 
Iran which obtained similar TC (63) owned different values of h-index. Therefore, it 
could be deduced that the impact of the research paper may not always be proportional 
to the number of productions. 

3.3 Prolific Institutions 

The analysis of data indicates that 296 global institutions contributed to the total 
publication output. Table 2 displayed a list of prolific institutions which published at 
least 3 papers, together with their geographical distribution, the number of publica-
tions, number of citations and h-index. A total number of fifteen institutions comple-
mented the list and the institutions were scattered around the globe, indicating the
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Table 2 Top prolific institutions 

No. Institution Country TP TC h-index 

1 Comenius University Bratislava Slovakia 8 45 5 

2 Universidade Da Coruna Spain 6 43 4 

3 Harvard University USA 5 240 5 

4 Macquarie University Australia 5 22 3 

5 University of Manitoba Canada 5 179 4 

6 Boston Children S Hospital Canada 3 96 3 

7 Gdansk University of Physical Education Sport Poland 3 23 2 

8 Instituto Medico Arriaza Asociados Spain 3 22 3 

9 Tampere University Finland 3 278 3 

10 Tehran University of Medical Sciences Iran 3 58 2 

11 University School of Physical Education Poland 3 29 2 

12 University of Calgary Canada 3 26 3 

13 University of Helsinki Finland 3 382 3 

14 University of Milan Italy 3 28 2 

15 University Of Novi Sad Serbia 3 6 2 

current research field is a global concern. Out of them, three originated from Canada, 
six from Spain, Finland, and Poland with two each, and the remaining six were from 
Slovakia, the USA, Australia, Iran, Italy, and Serbia, respectively. 

Comenius University Bratislava with 8 publication records and the highest h-index 
of 5 was regarded as the top productive research institution in the current subject field. 
The production sequence was followed by Universidade Da Coruna which produced 
6 research papers, and three institutions, namely Harvard University, Macquarie 
University, and the University of Manitoba which equally produced 5 publications. 
The list was continued with ten institutions which produced three publications each, 
including Boston Children S Hospital, Gdansk University of Physical Education 
Sport, Instituto Medico Arriaza Asociados, Tampere University, Tehran University 
of Medical Sciences, University School of Physical Education, University of Calgary, 
University of Helsinki, University of Milan, and University of Novi Sad. 

The record of TC within the institution varied significantly ranging from 6 to 382. 
The significant difference in the citation count received by the institution signified 
that the research direction on sports injury topics has diverged and some of them 
were less likely to be linked with other research work. It could be noticed that only 
four institutions managed to obtain citations above 100. The highest number of TC 
(382) was documented by University of Helsinki, where the top prolific researcher, 
Kujala Urho was the representative of this institution. The second-highest number of 
TC (278) was received by Tampere University, which also originated from Finland. 
The citation record above 100 was then followed by Harvard University (240) and 
University of Manitoba (179).
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3.4 Top Influential Authors 

A total number of 513 authors were involved in the publications related to sports 
injury among Karate practitioners over the three decades, indicating that the produc-
tion of a single article required three to four authors on average. Table 3 shows ten top 
influential authors who contributed 2 publications and above. The geographical distri-
bution of the prolific authors is quite equal, where the authors originated from various 
countries. There were several pairs of authors who originated from Spain, USA, and 
Slovakia, while every remaining author was coming from Australia, Canada, Finland, 
Philippines, Poland, Scotland, and Serbia, respectively. Arriaza Rafael was crowned 
as the most active researcher and outnumbered other researchers with eight papers 
and the highest h-index of 6. The list is followed by Lystad Reidar P. who managed 
to produce five publications and five authors who were contributing to four publi-
cations each. Among them, Micheli Lyle J., Violan Mariona, and Zetaruk Merrilee 
collaborated in the four papers, thus harvesting the same number of citation counts 
(212) and h-index (4). Subsequently, six prolific researchers comprised of Kujala 
Urho, Zurakowski David, Pieter Willy, Witkowski Kazimierz, Baker Julien S., and 
Drid Patrik were accountable for three publication records each. 

The capability of attracting citations could be closely linked to the productivity 
of the research team and the hot research topics. It was worth mentioning that Kujala 
UM was the author who received the highest number of citations (382), owning to his 
duo highly cited papers entitled “Acute Injuries in Soccer, Ice Hockey, Volleyball, 
Basketball, Judo, and Karate—Analysis of National Registry Data” [5] and “is it 
possible to prevent sports injuries? Review of controlled clinical trials and recom-
mendations for future work” [6]. It is followed by the aforementioned research team 
who managed to score the second-highest in the total number of citations accumu-
lated (212). The subsequent list of authors who received citations over three-digit 
numbers includes top productive authors Arriaza Rafael (112) and Zurakowski David 
who obtained 170 citations with his three publications.

Table 3 Top prolific authors 

No. Authors Country TP TC h-index 

1 Arriaza R Spain 8 112 6 

2 Lystad RP Australia 5 22 3 

3 Micheli LJ USA 4 212 4 

4 Violan MA Spain 4 212 4 

5 Zetaruk MN Canada 4 212 4 

6 Cierna D Slovakia 4 32 4 

7 Augustovicova D Slovakia 4 13 2 

8 Kujala UM Finland 3 382 3 

9 Zurakowski D USA 3 170 3 

10 Pieter W Philippines 3 43 2 
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3.5 Top Cited Papers 

To date, the topic constituting the cause and effect of sports injury among Karate 
practitioners had accumulated 2248 citations, with an h-index of 27 and 16.17 cita-
tions per publication. Citation counts are frequently used in evaluating the influence 
of an article by determining how often it has been cited in another research. There-
fore, a higher number of citations achieved could be considered an indication of 
greater influence, visibility, and impact. In this study, the variations in citation were 
normalized by adopting citation per year (CPY) as recommended by Garg and Singh 
[7]. 

Table 4 demonstrated the top-cited papers in this subject field with minimum 
citation counts of above 45, and the ranking of papers was based on the TC. Out of ten 
articles, eight of them are original research articles, while others are literature reviews. 
The top-cited paper (202) is a research article which discussed the acute injury profile 
in six sports including soccer, ice hockey, volleyball, basketball, Judo, and Karate 
and compared the injury rates between the sports [5]. The comprehensiveness and 
reliability of outcome based on 54,183 sports injuries reported by National Registry 
Data could best explain the considerable impact imposed by the article. Next, the 
review of controlled clinical trials prepared by Parkkari et al. [6] managed to score 
the highest CPY of 8.05 though its TC (177) was slightly lower than the top paper. 
This could be attributed to its various recommendations that brightened the future 
research path toward the prevention of sports injuries is commonly practized or high-
risk sport. The last paper which obtained TC above 100 was about the comparison 
of injury rates among five types of martial arts [8]. The study revealed the detailed 
injury outcome of Shotokan Karate, Aikido, Tae kwon do, Kung Fu and Tai Chi, 
thus enabling the paper to become a convincing reference for the continued research 
from time to time.

3.6 International Collaboration Network 

Figure 2 displays the network visualization map on the level of collaboration between 
ten countries with a minimum number of six publications. USA was the prime pioneer 
of the current field subject, which contributed to publication as early as 1993 [16]. In 
recent five years, Slovakia emerged as one of the top prolific countries in investigating 
the incidence and pattern of injuries in Karate, especially during Karate competitions.

As observed, Spain and Brazil held a similar number of international collabo-
rations with five countries. However, a bigger size of the node and strong linking 
strength between Spain and other countries had enabling its central location in the 
network map. For instance, the multinational collaboration between Spain, Canada, 
and USA yielded a significant outcome, as their research article [8] was recognized 
as the top-cited papers which had attracted a great number of citation counts (177). 
Moreover, the thick lines forming a triangle between Spain, Slovakia, and Australia
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Table 4 Top cited papers 

No. Title (Author, year) TC CPY 

1 Acute injuries in soccer, Ice hockey, Volleyball, Basketball, Judo, and 
karate—analysis of national registry data [5] 

202 7.21 

2 Is it possible to prevent sports injuries? Review of controlled clinical trials 
and recommendations for future work [6] 

177 8.05 

3 Injuries in martial arts: a comparison of five styles [8] 116 6.44 

4 Active living and injury risk [9] 98 5.16 

5 No holds barred sport fighting: a 10 year review of mixed martial arts 
competition [10] 

90 5.29 

6 Injury and injury rates in Muay Thai kick boxing [11] 83 3.77 

7 Pediatric martial arts injuries presenting to emergency departments, United 
States 1990–2003 [12] 

52 3.25 

8 Injury rates in Shotokan karate [13] 51 2.13 

9 Effects of the new karate rules on the incidence and distribution of 
injuries—commentary [14] 

49 2.88 

10 Kinematic and electromyographic analyzes of a karate punch [15] 47 3.92

Fig. 2 Overlap visualization 
of the co-authorship network 
between nations (minimum 
number of publications: 6)

had indicated their joint effort in conducting prospective studies on time-loss injuries 
in Karate athletes [17]. Meanwhile, England and Brazilian researchers also shared a 
common interest in analyzing the risk of bone traumatic features depending on the 
engagement in sports and identifying its potential impact on healthcare costs [18]. 

Though Poland itself had contributed 18 publications, it demonstrated a weak 
linkage with the only connected country, USA. Meanwhile, Italy and Iran, which 
had produced ten and six publications, were coordinated at the edge of the interna-
tional collaboration network, due to their less scholarly communication with other 
nations. Nonetheless, the active networking relationship between countries is a posi-
tive phenomenon in the current research field as it could encourage more intersections 
of insights between experts.
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Fig. 3 a Network visualization map and b overlay visualization map of the keyword co-occurrence 
network for research on sport karate’s injury 

3.7 Keyword Co-occurrence Analysis 

The assessment of the co-occurrence of keywords in literature is essential to iden-
tify the research hotspots [19]. The visualization map and overlay were generated 
from the frequently used keywords. As shown in Fig. 3a, the terms “karate”, “mar-
tial art”, and “injury” are the prevalence keywords, with a total link strength of 
153, 143, 178, respectively. These are followed by the keywords of “competition”, 
“prevention”, “judo”, and “children”. The main difference between “martial arts” and 
“karate” is that martial arts consist of all combat sports, i.e., karate, judo, taekwondo, 
mixed martial art, jiujitsu, kickboxing, etc. However, the present study indicated that 
most research teams focus on a specific combat sport as the case study, instead of 
combining several combat sports as a case study. The nineteen keywords in Fig. 3a 
can be categorized into three clusters, as indicated by three different colors (red, 
green, and blue). 

“Injury” is the central mode of cluster 1 (red color), followed by “martial arts”. 
This cluster shows the earlier focus of the researchers on the uptake of combat 
sports injury. Esmaeilpoor et al. [20] evaluated the experience of orofacial injuries 
and related factors among martial arts practitioners. They disclosed that most of the 
orofacial injuries were due to unsuitable or poor fitting mouthguards. On the other 
hand, Tulendiyeva et al. [1] reported that joint injuries were commonly suffered by 
Judo and Sanda martial arts, due to excessive straining and stretching of ligaments 
during grappling and throwing techniques. However, karate and taekwondo practi-
tioners who emphasize striking techniques to the head region, usually experienced 
traumas in the head and neck areas [1]. 

The second cluster (green color) indicates the most recent progress in karate 
development among the children, which aims to promote sports performance and 
achieve good posture stability. Vando et al. [21] found that one week of high-intensity 
karate training promoted a significant improvement in static body balance among 
early age karate practitioners, with the age ranging from 9–12 years old. Similarly, 
Truszczyńska et al. [22] also conducted a similar study on non-karate practitioners
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aged 7–10 years. Surprisingly, they discovered that these children could develop a 
better mediolateral postural stability after a period of training, with 1.5 h of training 
sessions, twice a week. However, the dynamics balance associated with intensive 
karate training has not been reported so far. The third cluster (blue color) links 
various injuries due to martial arts during competition and training session. Various 
injuries have been reported associated with martial arts, i.e., knee, head, neck, limp, 
ankle, spine, etc., [2, 6, 20]. 

4 Mini-review on causes of injury 

Injuries among the karate practitioners are unavoidable, especially during a sparring 
session, intensive training sessions, or motor consciousness weakness [23]. It is an 
injury associated with the nature of practitioner-to-practitioner contact inherent in 
the sport [2]. Injuries in sport karate could break into two main categories: contact 
injury and non-contact injury. Contact injury refers to the injury developed through 
direct contact or impact, while non-contact injury refers to the injury developed 
due to positioning, momentum, direction change, hyperextensions, etc., [3]. For the 
contact injury, the head and neck were the commonly injured body regions in karate, 
usually presented with mild contusions and lacerations [3]. As compared to other 
full-contact combat sports like boxing, kickboxing, and mixed martial arts, karate has 
a milder injury in these two regions [24]. One of the reasons was that sport karate’s 
scoring system focuses on “speed” rather than the “knockdown” concept, while other 
combat sports focus on attacking the head region to decrease the opponent’s cognitive 
function or perception, and subsequently losing the ability to fight with full awareness 
[25]. Another reason is that protective padding for hand and feet is required to be 
worn by the practitioner during the championship [6]. Hence, severe injuries could 
be prevented in most cases. The orofacial injury was also commonly encountered by 
the karate practitioner [26], which is due to the heavy punching or kicking technique 
mistakenly executed by the training partner or opponent. Most of the contact injuries 
occurred during the fist strikes or kicking movements, especially a combination of 
high-speed punching-kicking techniques was performed. Although takedown action 
has contributed to the injury, the reporting cases are not as frequent as punching or 
kicking techniques. Recently, a rare incident was encountered by a practitioner, where 
she sustained with spinal cord injury at the cervical and thoracic level (damaged at 
TH11/12) after mistakenly felling the ground during training camp [27]. Figure 4 
shows the movements executed by the practitioner that could potentially cause a 
minor injury to the partner or opponent.

Apart from the contact injury, non-contact injury is commonly experienced by the 
karate practitioner. A study reported that knee injury was commonly sustained by 
karate practitioners [29]. Knee injury, however, could be contracted due to contact 
injury (accounting for 41.1% due to hitting the opponent) and non-contact injury 
(accounting for 32.5% due to abrupt rotation of the feet, landing from height, abrupt
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Fig. 4 Karate practitioner executing a speed punch toward the opponent’s head section, b takedown 
action during an international championship. Source WKF.net [28]

stopping, and falling) [29]. Approximately, 73.6% of Iranian elite karate practi-
tioners suffered from knee injuries, i.e., anterior cruciate ligament (ACL) rupture 
(6.9%), articular cartilage (5.4%), and meniscus damage (3.8%). These statistics 
were obtained from a sample of 390 male athletes, with the age ranging from 21 to 
27 years old [29]. In another study conducted in an international karate championship 
(a tournament used to qualify the practitioner for Tokyo Olympic Games), 24.2% of 
the practitioners were found to suffer from a severe knee injury [2]. The tendencies 
they contracted with the knee injury during training and during the competition were 
54.9% and 45.1%, respectively. The researchers further highlighted that approxi-
mately 28.0% of the Kumite practitioners (sparring) and 13.9% of kata practitioners 
(form performance) are contracting injuries [2]. Among the karate practitioner, the 
upper-body injury would be lower compared to the upper body. The reason is that 
practitioners frequently use leg technique instead of hand technique as the scoring 
points awarded are two to three times higher [30, 31]. Ankle injury such as ankle 
sprain was also a regular injury encountered by karate practitioners [6]. The possible 
prevention of ankle injury would be ankle disk training, taping, and bracing [6]. A 
slow progression of training also helps in preventing injury, by allowing the tissues 
gradually adapt to the loads’ increment [32]. The details of injury types associated 
with the elite karate practitioner in Iran are shown in Fig. 5.

5 Conclusion 

The global developments and research landscape on sports injury of karate were 
examined based on 139 publications (1992–2021) extracted from WoS. The emerging 
trend in the research areas was observed from 2016. The top leading countries indi-
cated that the USA has published the most publications related to sports injury 
research in karate. This manuscript reviewed the potential injuries and their associ-
ated causes. The most common injury was a knee injury, which could be contracted 
during training session or tournament. These findings would be useful for the
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Fig. 5 Type of knee injuries suffered by the 287 elite practitioner

instructor and clinicians in designing some training activities, which aim to reduce 
the risk of the practitioner contracting injury. In future studies, it is highly recom-
mended to conduct the injury assessment on the traditional karate practitioner such 
as Kyokushin Kai (full-contact karate style). Such exploration could provide insight 
into karate-associated injuries and reduce the bias in bibliometric data analysis. 
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to Improve Overhand Volleyball Serve 
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Abstract An explicit attentional focus is needed in performing a task. The focus 
of attentional cues during skill execution has received much attention in delivering 
the correct technique in action. However, internal attention focus that focuses on 
body’s coordination is more complex to be followed compare to external attention 
focus which focusing on environmental effects. This study investigates the impact of 
specific attentional focus on novices in overhand volleyball serve. The participants 
(N = 132) were assigned into three groups that received different attentional focus: 
IF group (n = 44) internal focus attention, EF (n = 44) external focus attention, and 
CONF group (n = 44) no attentional focus attention. The measurements transpired 
(acquisition test and retention test). The participants performed 30 trials divided into 
seven blocks of five trials of overhand serve in volleyball skill using their dominant 
hand. North Carolina State University Volleyball Skills Test Battery and instruction 
scoring were used to evaluate the overhand serve performance of 7 blocks of 5 trials. 
ANOVA-repeated measures revealed a significant interaction between groups and 
measurements in a 3(groups: IF, EF, and CONF) × 2(measurements: acquisition 
test and retention test) design and post-hoc Bonferroni adjustment analysis revealed 
that the EF group demonstrated the most significant improvement in instruction 
scoring and serving to score. Furthermore, participants from EF understand better in 
executing the action compared to other groups. Conclusion: Individuals’ skill-based 
performance can be impacted by directing their attention to internal or external 
stimuli. By focusing their attention externally while doing a motor task, novices can 
improve their serve technique. Recommendations are made to explore several criteria 
that may affect the participant’s learning process in greater detail.
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Keywords Internal focus attention · External focus attention ·Motor skill 
performance · Overhand serve · Novice 

1 Introduction 

According to [1], the importance of focusing on motor skill performance has influ-
enced scientists’ interest in the learning of human mobility. The precision and value 
of skill performance are highly dependent on where athletes direct their attention 
while doing a skill [2]. Hartstra et al. [3] established a link between the influence 
on the brain and the muscles recruited to do the task based on the attentional focus 
offered. Additionally, it is referred to as brain-muscle connection. Additionally, this 
includes assisting and mentoring new learners or beginners in attempting to apply 
performance. This is another level of communication; it involves communication 
when muscles act together. Saladin [4] revealed further that this synchronization 
takes position in the brain stem, a reptile brain attachment. When instructions were 
delivered, the person would opt to move according to the focus of attention (voluntary 
movement). At the same time, the theoretical basis for the efficiency of adoption and 
external attention resides in the constrained action hypothesis. Palmer [5] proposed 
this theory that the internal focus restricts the motor system’s ability to perform auto-
mated movement processes and interferes with them. Comportment research that 
supports the CAH reveals that an external focus relates to increased job automation 
[6]. 

Many prior studies investigating the differential impacts of internal and external 
attentional concentration on sport performance have concentrated on skill-based 
activities. In sports, an athlete’s external focus occurs when he or she diverts atten-
tional resources away from the activity itself and toward its repercussions or the 
impact of the movement on the surrounding environment rather than the movement 
itself. Individuals who are athletes develop internal concentration when they direct 
their attentional resources inward toward the action of their bodies or their sensa-
tions about their bodies during competition. Attentional focus training, according to 
[7], ought should be short and precise, directing the concentration on a restricted 
amount of information at a time, such as a single or two items. Beginning with the 
most fundamental and necessary information that will aid in the execution of a new 
skill, it is important to maintain your attentional focus throughout the process of 
acquiring a new talent. For instance, in carrying out a jump, individuals can focus 
on how far they can perform a save landing by targeting a certain distance (i.e., 
external focus), or they can concentrate on pressing their feet to get off the board as 
strongly as possible (i.e., internal focus) [5]. Pelleck and Passmore [8] discovered that 
inexperienced golfers’ internal emphasis on task-relevant (i.e., hands and elbows) 
characteristics had a less negative influence on accuracy than when they focused on 
fewer task-relevant internal indicators (i.e., body position). In comparison, there was 
no discernible variation in the accuracy of experienced golfers’ focus.
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When novices were instructed to pay attention to task-relevant core strength, 
signals that were both internal (e.g., wrist movement) or external (e.g., handle move-
ment), the researchers discovered that they performed better on a jump-rope task 
than when their attention was directed toward task-relevant core strength cues that 
were either internal (e.g., wrist movement) or external (i.e., handle movement) (i.e., 
movement of the handle). Internal (foot movement) and external (handle movement) 
lower-body cues were shown to be less effective than external (handle movement). 
The attentional focus that is primarily focused on body movement coordination has 
been demonstrated to impede optimal cognition during the process of learning. 

Uehara et al. [9] discovered that education focused on body motion may impair 
learning compared to no instruction. In contrast, [10] stated that it is still uncertain if 
an external focus continues to be beneficial after several training sessions and whether 
the relative detrimental influence of internal focus on performance and learning may 
be overcome with additional practice. In conclusion, one “dosage” of external focus 
attention remains as the focus on repeated practice sessions and long-term changes 
in motor learning are unsupported. A solid attentional focus should be emphasized 
and utilized in teaching or coaching individuals regardless of their skill levels. In 
this context, the objective of this study is to investigate the efficacy of different focus 
groups in volleyball improvement. 

2 Methodology 

2.1 Participants 

Purposive sampling was used in this study, which enrolled 132 individuals (N = 
132). They were selected based on the following inclusion criteria: female student, 
minimal knowledge of volleyball serves, age between 20 and 25, and only use of the 
right dominant hand. Following that, each participant was required to sign a consent 
form expressing their voluntary participation in the study. 

2.2 Procedure 

The study was divided into three sessions: the beginning phase, the acquisition test, 
and the retention test. The initial and acquisition tests were completed in a single day, 
and the retention test was completed two days later. The beginners were given two-
day intervals due to the temporary influence of practice conditions [11]. Initially, 
the researcher invited volunteers with no prior expertise with overhand serves to 
practice the serve. The researcher provided fundamental stance, posture, and swing 
instructions and demonstrations. They were randomly separated into three groups: 
(n = 44) subjects were assigned into group IF (internal focus); (n = 44) subjects
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were assigned into group EF (external focus), and (n = 44) subjects were assigned 
into group CONF (CONTROL: no focus given). 

Thirty serves were completed in the acquisition test—means acquired from 1 
block of 5 trials out of a total of 6 blocks of 5 trials in the test. The maximum score 
for a single block of five trials was twenty points. All the participants in this study 
performed the same exercise, an overhand serve, but received a variety of various sorts 
of instruction during the process. After each of the three blocks of five trials in the 
acquisition test, the researcher reminded the participants of the internal and external 
attention instructions they had received earlier. The retention test was scheduled two 
days after the two-day break. There was no guidance offered throughout the retention 
period. Participants completed one block of five trials. 

2.3 Outcome Measures 

North Carolina State University Volleyball Skills Test Battery. 
The instrument was a North Carolina State University Volleyball Skills Test 

Battery with coefficients of 0.81 [12]. Total points were awarded for each trial, 
with 4 points as a maximum score. 

2.4 Instruction Scoring 

See (Table 1). 

Table 1 Internal and external focus attention order implementation for instruction scoring 

Internal instruction External instruction

• Toss the ball far enough in front of the hitting 
arm

• While hitting the ball, snap your wrist to 
produce a forward rotation of the ball

• Shortly before hitting the ball, move your 
weight from the back leg to the front leg

• Arch your back and accelerate your shoulder 
first, then your upper arm, your lower arm, 
and finally your hand

• Toss the ball straight up
• Imagine holding a bowl in your hand and 
cupping the ball with it to induce a forward 
rotation of the ball

• Transfer weight toward the target shortly 
before hitting the ball

• Hit the ball as if driving horses with a whip 

Note Adopted from [13], principles derived from the study of simple skills do not generalize to 
complex skill learning
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2.5 Data Analysis 

This study used descriptive and inferential statistics. When evaluating the data for 
descriptive purposes, the mean and standard deviation were emphasized. A repeated 
measure ANOVA was used for the inferential statistical design to examine the differ-
ences among subjects acquired by the correctness of instruction scores and serving 
scores, additionally to disparities across subjects in terms of resolving the various 
forms of concentration attention. 

2.6 Statistical Package for the Social Sciences (SPSS) 

The Statistical Package for the Social Sciences was used to examine the data 
(SPSS. Version 24.0). The post-hoc Bonferroni correction was used to modify all 
comparisons. For all tests, the alpha p > 0.05 was set. 

3 Findings 

3.1 Descriptive Statistics 

See (Table 2).
In the internal focus statistics table, we can see that the mean score of instruction 

1 (AIS1) was 1.431 ± 1.822, which is a good starting point. One of the tests on 
which IF had the lowest possible score was AIS 2, with a score of 1.204 ± 1.192. 
It is more likely to begin with AIS 3 and progress to RIS 7. The IF received the 
highest possible score at RIS, which was 4.522 ± 1.284. At the AIS1 experiment, 
the lowest mean score for the external focus group was 6.090 ± 2.768, which was 
the lowest possible score. In the beginning, there was a decrease in the mean and 
standard deviation scores, but starting with AIS 4, RIS 7 produced greater mean and 
standard deviation scores, and it achieved its greatest mean score at this point in 
the study with 12.568 ± 1.284. Contrary to the control group, which did not get any 
instruction, the mean score for the CONF group improved steadily over time, starting 
with 0.704 ± 1.249 at AIS 1. Progressively, higher mean scores were achieved until 
it achieved the greatest mean score of 4.386 ± 2.442 at RIS7, which was the highest 
of all. As a result, the EF group received a significantly higher mean score than the 
other two groups, as indicated in Table 3.

The mean score of serving (ASS1), according to the internal focus statistics table, 
was 1.64 ± 3.111 points. One of the areas where IF’s scores dropped the most was 
on ASS2, where the score dropped to 1.295 ± 1.456. It has been raised from ASS3 
to RSS7 as a starting point. RSS7 had the highest mean score for the IF group, with a 
total of 5.590 ± 1.529 points. For the external focus group, the results were different:
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the ASS1 trial had the lowest mean score of 4.568 ± 2.061, whereas the ASS2 trial 
had the highest mean score of 4.568 ± 2.061. It had a lower mean score at ASS3 
with 6.386 ± 2.169, but outcomes of mean and standard deviation score began to 
improve starting at ASS4 and reached its best mean score at RSS7 with 10.522 ± 
2.277, which was the lowest of the seven scores. In the end, the CONF group began 
with an ASS1 mean score of.545 ± 1.109, but the mean scores gradually climbed 
until they achieved the highest mean score of 4.500 ± 2.028 at RSS7, the group with 
no concentration. Because of this, the table displayed the EF group as having the 
highest mean score when compared to the other two groups. 

3.2 Inferential Statistics 

Repeated ANOVA was used to analyze the treatment differences between two groups 
and one control group. Wilk’s Lambda = 0.458, F (12,248) = 9.878; p < 0.05, 
partial eta2= 0.323 demonstrated a statistically difference in significant of instruction 
scoring in the seven blocks of trials. Within the group, there was a difference in 
instruction scoring for seven blocks of trial, as measured by Wilks’ Lambda = 0.122, 
F (6124) = 1.486; p < 0.05, and partial eta2 = 0.878. According to the results, there 
were significant variations in instruction score between treatment groups (IF, EF) 
and CONF. Additionally, it demonstrated that EF was the most effective treatment 
for increasing overhand volleyball serves among athletes, learners, and students. 

In conclusion, Wilk’s Lambda= 0.0.652, F (12,248)= 4.934; p < 0.05, partial eta2 
= 0.193 suggested there was a statistically significant difference in serving scoring in 
the seven (blocks of five trials). Within the group, there was a statistically significant 
difference in serving scoring of seven (blocks of five trials), which indicated that 
Wilks’ Lambda was in fact significant = 0.96, F(6124) = 1.954; p < 0.05, partial 
eta2 = 0.904. Additionally, it was demonstrated that EF was the most effective 
therapy method for verbal instruction to athletes or students. 

4 Discussion 

The present study aimed to examine the effectiveness of different focus attention 
in improving volleyball overhand serve among novices. This was achieved through 
the use of practice sessions with the participants in the initial phase, acquisition test, 
and retention test. The result of the ANOVA revealed that both training groups did 
show an improvement in their performance from the beginning to the end of blocks 
within trials. The findings confirmed that EF group attention improves tremendously 
and effectively serves execution toward the novices. The data analysis demonstrated 
a significant improvement in decision-making performance for novices trained to 
use an EF of attention compared to novices instructed to use an IF of attention
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and the control group. The EF outperformed the IF and CONF in both acquisi-
tion and retention testing in terms of the test component. Previous studies investi-
gating object manipulation competencies have demonstrated the effectiveness of the 
external focus of attention. Volleyball research results [14], basketball [15], brought 
about the conclusion as mentioned earlier. According to Neumann et al. [1], more 
muscular effort rather than more coordinated or fluid motions may be responsible 
for the larger distance and power output with an internal concentrate rather than an 
external emphasis. Support for this conclusion can be seen in the findings on heart 
rate, which showed that heart rate was significantly higher in the internal attention 
condition than in the external focus condition. 

Finally, there was a statistically significant difference in serving scoring between 
the two groups of IF and EF. The experiment’s finding showed a significant improve-
ment in serving scoring, which indicates they have improved significantly on the 
scoring from initial to final trials within the blocks. However, while both groups 
demonstrated improvement, the EF scored significantly higher than the IF and CONF. 
This is because the EF group practiced under movement on the environmental cues, 
which improved the performance of skills. The findings confirmed that EF atten-
tion could improve and is more effective in serving execution toward the novices. 
According to Neumann et al. [1], rather than more coordinated or fluid movements, 
it is possible that increased muscular effort is responsible for the greater distance 
and power output with internal concentration as opposed to external concentra-
tion. Palmer et al. [5], according to the teaching and learning perspective, telling 
participants to concentrate their attention externally on the outcome of a motor skill 
greatly enhanced their object control abilities when compared to when no attentional 
direction instructions were given. 

Furthermore, this study indicated that demonstrating the correct focus attention 
to novices provides the right guidance for their vision, images, and action. Other 
research revealed a significant improvement in decision-making performance for 
athletes instructed to use an external focus of attention compared to athletes instructed 
to use an internal focus of attention and to the control group [1]. According to the 
research findings, an external focus appears to be helpful even after several training 
sessions, and ongoing practice with an internal focus does not outweigh the benefits 
of an external focus, according to the research findings [10]. Landers et al. [16] stated 
that adopting external attention training during free throws in basketball indicated 
greater practical implications for specialized sport performance. The current study’s 
findings also revealed that the external teaching groups scored higher. This was due 
to the lack of attention and easy instruction that focuses on other factors such as 
equipment, surroundings, and others. External focus (i.e., focusing on the desired 
movement result) is consistently increase learning comparing to internal focus on 
physical motions or no focus concentration require (control circumstances) [17–19]. 

Black and Wright [20] highlighted that the necessity for explicit instruction is 
greater when the impact of their first fundamental of accomplishing the task is at 
stake. On the other side, a lack of focus or hazy attention might result in substandard 
output and an ineffective completion of the activity. Based on the result of the control 
group, [2] concluded that the athletes in the control group gained their natural internal
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focus through prior training that was oriented toward technique performance. Similar 
to finding from [21], simple attentional focus (on the surroundings or equipment) is 
far easier to comprehend than sophisticated attention that requires body coordination. 
As a result, this method is more constant in its emphasis on the external environment 
when instructing the new learner. It is more advantageous to educate new learners 
on how to perform better than it is to provide intricate concentrate attention. Even 
if the instruction is merely temporary, easy-to-understand instruction may provide 
an explicit focus of attention. Nonetheless, the possibility of capturing the correct 
technique can be transferred for a particular time [22]. 

Additionally, this external perspective may benefit other areas, such as sports 
coaching and training, athletic injury, and rehabilitation. It influences participants’ 
movement patterns independent of their familiarity with the encoded activity. 
According to Lohse et al. [23], focusing external attention facilitates recovery and 
performance of motor abilities in experimental yet clinical populations. 

5 Conclusion 

This has brought the researcher closer conclusions and recommendations to be 
improved for future research purposes. For example, according to this study’s find-
ings, applying cues that guide attention externally improves decision-making in 
novice volleyball players. Due to this, coaches ought to be aware of learning methods, 
which often impact the development of technique and cognitive growth, so that 
players can solve difficulties during the game. 

Future research should apply electromyographic recordings to directly assess 
muscle fiber activation in response to a variety of attentional focus commands, 
according to the findings. Furthermore, a comparative usage of a broader and more 
diverse range of participants (such as expert, novice, young, old, and gender) is advo-
cated. Regardless of the participants’ experience, it may provide a new perspective 
and all the effectiveness of attentional focus. 
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Effects of Physical Exercise 
on Post-traumatic Growth of Adolescents 
After Disaster Stress Events: 
A Conditional Process Model 

Jin Chen and Hu Lou 

Abstract After the disaster, stress would affect the people in the affected areas 
for a long time. If psychological relief and rescue were not carried out in time, 
it may induce a series of physical and mental diseases. Physical exercise is low 
cost and easy to popularize, which is in line with the characteristics of widespread 
disaster impact. Therefore, it has important research significance in post-disaster 
stress psychological rescue. The purpose of this study is to explore the comprehensive 
effects of adolescent physical exercise and empathy on post-traumatic growth after 
disaster stress events, investigate the mediating effect of empathy, the regulatory 
effect of gender and learning stage, and construct a conditional process model. A 
longitudinal follow-up design was used to investigate 1069 middle school students in 
Zhengzhou, which were affected by heavy rain in Henan Province. Physical exercise 
(β = 0.75), empathy (β = 0.79) had a significant positive impact on post-traumatic 
growth prosocial behavior (P < 0.01); when physical exercise affected post-traumatic 
growth, the mediating effect of empathy was significant (P < 0.01); in addition, the 
learning stage regulates the impact of physical exercise on post-traumatic growth, 
and gender regulates the impact of physical exercise on empathy. After disaster 
stress events, adolescent physical exercise cannot only directly affect post-traumatic 
growth, but also indirectly affect post-traumatic growth by inducing empathy; in 
contrast, physical exercise is more likely to trigger empathy among girls, and the body 
at this time, education and exercise have a greater impact on high school students’ 
prosocial behavior. 
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1 Introduction 

Earthquakes, floods, tsunamis, and other natural disasters are the natural enemies of 
human beings. Their great destruction is not only manifested in the loss of production 
and living facilities, materials, property, and other aspects, but also brings a strong 
impact on people’s psychology. Even after the disaster, strong psychological stress 
will affect people in the affected areas for a long time. If psychological relief and 
rescue are not carried out in time, it is easy to produce a series of post-disaster 
physical and mental reactions, and even serious physical and mental diseases may 
be induced. 

Physical exercise can antagonize acute psychological stress, improve public 
psychological state, relieve symptoms of post-traumatic stress, and improve indi-
vidual health and behavior level [1]. In addition, physical exercise is low cost and 
easy to popularize, which is in line with the characteristics of the widespread impact 
of disasters. Therefore, it has important research significance and application poten-
tial in psychological relief of post-disaster stress. In this study, physical exercise was 
introduced into the post-stress intervention, and the tracking samples after the heavy 
rain disaster in Henan Province were used to explore the law of physical exercise and 
traumatic recovery of adolescents after stress events, in order to provide reference for 
the exercise program of psychological intervention of adolescents after stress events. 

Researchers have found that individuals will not only have post-traumatic stress 
disorder after disaster and trauma, but also have a positive adaptive change called 
post-traumatic growth (PTG) [2]. Unlike post-traumatic stress disorder, which only 
a few people suffer from, PTG is a more common response to stress events. It can 
not only help the public in disaster areas recover from psychological trauma, but 
also has positive significance for individual coping ability, healthy development, 
and social adaptation in the future[3, 4]. Therefore, the concept, influencing factors, 
mechanism path, and promotion strategy of disaster psychology have become one 
of the hot topics in recent years. 

Empathy is one of the most common influencing factors in PTG studies after stress 
events. It is an empathetic ability, which means that when disasters or mishaps occur, 
individuals can produce emotional responses such as sympathy, and then develop 
altruistic behaviors such as kindness and help, helping individuals to develop from 
traumatic stress to PTG [5]. Physical exercise may be a behavioral promoter of PTG 
through a review of physical exercise and PTG [6]. Participation in physical exercise 
may make post-traumatic individuals feel their physical and mental strength, relieve 
emotional distress, divert attention, and develop meaningful social relationships with 
others, which may promote the development of PTG [7–9]. Previous authors summa-
rized the relationship between physical exercise and empathy, believing that physical 
exercise plays an important role in the development of empathy [10]. It should be 
noted that most of the previous studies on the relationship between physical exercise 
and PTG adopted a cross-sectional design and were generally conducted in conven-
tional situations rather than stressful events. The cross-sectional design limits the 
ability to understand that physical exercise predicts changes in PTG over time, and
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Fig. 1 Hypothetical model of post-traumatic growth affected by physical exercise after stress events 

that PTG development may differ from that in the general context after a stressful 
event. Therefore, it is necessary to use longitudinal design to explore the effect of 
physical exercise on promoting PTG after stressful events. 

In addition, there may be gender and stage differences in physical exercise, 
empathy, and post-traumatic growth. Atan conducted a survey of 400 teenagers, 
which showed that physical exercise had a higher impact on empathy among girls 
than boys [11]. The theoretical model of physical exercise and PTG proposed by 
Chen et al. believes that demographic variables such as age and gender may play 
a role in the relationship between them [6]. Based on the above considerations, a 
hypothetical model of conditional process is constructed (Fig. 1). Specific research 
hypotheses include: 1. For adolescents after stress events, there are gender and stage 
differences in physical exercise, empathy, and post-traumatic growth; 2. After stress 
events, teenagers come to physical exercise, which directly affects post-traumatic 
growth; 3. Empathy plays a mediating role in the influence of adolescent physical 
exercise on post-traumatic growth path after stress events; 4. In the intermediary 
model, gender and school stage have a moderating effect. 

2 Methods 

2.1 Study Subjects 

In the summer of 2021, a severe rainstorm disaster occurred in Henan Province. 
According to statistics (as of 12:00 on August 2), the direct economic loss exceeded 
100 billion yuan. Among them, 292 people were killed, and 47 people were missing 
in Zhengzhou, which not only caused huge property losses, but also brought serious 
psychological pain to the people of Zhengzhou. This study investigated middle school 
students in two schools in Zhengzhou, a serious disaster area, one month (T1) and two 
months (T2) after the severe rainstorm disaster in Henan Province. Cluster random 
sampling was used to distribute questionnaires to 200 students in each grade from 
junior one to senior one. A total of 2400 questionnaires were distributed twice.
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Excluding 85 invalid questionnaires with missing choices, multiple choices, and 
consistent answers to all questions, 4 of them were the same subject, and the answers 
were invalid twice. 1117 subjects obtained valid data. In order to ensure that all 
samples are under the influence of stress events, the trauma exposure questionnaire 
is used for screening, and the subjects who choose “no such situation” in all items are 
excluded. In addition, referring to the paradigm of empathy research and using altru-
istic beliefs to screen the subjects, the screening standard is to exclude the subjects 
who choose “fully agree” for all items. In this part, 48 subjects were excluded, and 
1069 effective subjects were obtained, including 487 boys and 582 girls, with an 
average age of 15.12 ± 1.72 years. All middle school students who participated in 
the questionnaire gave informed consent to the study. 

2.2 Research Tools 

2.2.1 Physical Activity Rating Scale 

The Chinese version of Physical Activity Rating Scale (PARS) revised by Liang [12] 
was used to test the physical exercise level and the internal consistency coefficient 
Cronbach’s α = 0.75. The subjects were asked to recall the physical exercise in the 
past month and measure three aspects: the frequency of exercise every week, the 
duration of each exercise, and the intensity of normal exercise. The total amount of 
physical exercise was divided into the product of the three. 

2.2.2 Interpersonal Reactivity Index 

The Chinese version of Interpersonal Response Index scale (IRI) revised by Rong 
et al. [13] was adopted. The original scale had 28 items. According to Siu and Shek 
[14], 11 of them can be used to measure individual empathy. Therefore, this study 
uses IRI-E to measure the empathy of post-disaster adolescents, including two dimen-
sions: point of view selection and empathic attention and its internal consistency 
coefficient Cronbach’s α = 0.76. 

2.2.3 Post-traumatic Growth Inventory 

The Post-Traumatic Growth Inventory (PTGI) revised by Zhou et al. [15] is used to  
reflect the post-traumatic growth status of adolescents after the disaster. The ques-
tionnaire includes three dimensions: the change of self-awareness, the change of 
interpersonal experience, and the change of life values. There are 20 items in total, 
and its internal consistency coefficient Cronbach’s α = 0.93.
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2.2.4 Trauma Exposure Questionnaire 

According to the trauma exposure questionnaire prepared by Wu et al. [16], the 
trauma exposure degree of teenagers is measured, and the first half sentence of each 
item is limited to “rainstorm disaster.“ The questionnaire includes 18 items, and its 
internal consistency coefficient Cronbach’s α = 0.83. 

2.2.5 Philosophies of Human Nature, PHN 

The altruistic belief subscale in the Chinese version of Philosophy of Human Nature 
(PHN) was used to measure the altruistic belief of teenagers. There were 14 items, 
and the internal consistency coefficient Cronbach’s α = 0.78 [17]. 

2.3 Research Procedure and Data Processing 

One month (T1) after the severe rainstorm disaster in Henan, the sports activity 
level scale, trauma exposure questionnaire, and altruism belief scale were issued. 
Two months after the disaster (T2), the interpersonal response index scale and post-
traumatic growth questionnaire were issued. 

SPSS 23.0 was used for statistical analysis. Using Harman single factor test, the 
exploratory factor analysis with single factor and no rotation was carried out for all 
items. The variance explained by the first factor was less than 40%, indicating that 
there was no obvious common method deviation in this study. Then, we analyze 
the data based on the research hypothesis. Firstly, descriptive statistics and Mann– 
Whitney U test were used to investigate the gender and stage differences of various 
variables, and then, partial correlation analysis and regression analysis were used to 
investigate the direct impact of physical exercise on post-traumatic growth. Finally, 
bootstrap process (3.5) plug-in was used to analyze the mediating role of empathy 
and the regulatory role of gender and stage. 

3 Result 

3.1 Group Differences in Physical Exercise, Empathy, 
and Post-Traumatic Growth of Adolescents After Stress 
Events 

Mann–Whitney U test of school stage and gender shows (see Table 1): there is 
significant difference in post-traumatic growth stage (P < 0.01). The comparison of 
the mean shows that the post-traumatic growth level of senior high school students
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(64.51 ± 23.20) is better than that of junior high school students (58.39 ± 23.77), and 
there is no significant difference in other variables (P > 0.05). There were significant 
gender differences in physical exercise and empathy (P < 0.05). The comparison of 
the mean value found that the physical exercise level of boys (54.20 ± 26.53) was 
higher than that of girls (49.98 ± 26.13), and the empathy ability of girls (40.06 
± 18.11) was higher than that of boys (38.36 ± 16.41). However, there was no 
significant gender difference in post-traumatic growth (P > 0.05).

3.2 Effects of Physical Exercise and Empathy 
on Post-traumatic Growth of Adolescents After Stress 
Events 

After the data were standardized, the partial correlation analysis was carried out 
by controlling gender and school stage. The results showed that (see Table 2): the 
positive correlation among physical exercise, empathy, and post-traumatic growth 
reached a significant level (P < 0.05).

The forced entry method was adopted with school stage, gender, physical exer-
cise, and empathy as independent variables and post-traumatic growth as dependent 
variables. Four groups of regression analysis were conducted, respectively (see Table 
3): physical exercise (F(1,1067) = 1309.60, β = 0.75), empathy (F(1,1067) = 1703.98, 
β = 0.79) had a significant effect on post-traumatic growth (P < 0.01).

The bootstrap mediation effect test method was adopted, and the conditional 
process model proposed by Hayes was tested to investigate the indirect effects of 
physical exercise on post-traumatic growth of adolescents after stressful events (see 
Tables 4 and 5, and Fig. 2). The results show that in the equation with IRI-E as 
dependent variable: Physical exercise positively predicts empathy (β = 0.28, F (1,1067) 
= 110.17, 95% CI = [0.13, 0.33], P < 0.01) was statistically significant, and the 
interaction between gender and physical exercise had a significant positive prediction 
of empathy (β = 0.05, F(1,1067) = 4.23, 95% CI = [0.01, 0.10], P < 0.05). In the 
equation with PTGI as dependent variable: physical exercise positively predicts post-
traumatic growth (β = 0.27, F(1,1064) = 66.75, 95% CI = [0.10, 0.43], P < 0.01) 
was statistically significant, and the interaction between school stage and physical 
exercise was a positive predictor of post-traumatic growth (β = 0.08, F (1,1064) = 4.14, 
95% CI = [0.01, 0.16], P < 0.05) was significant, and empathy positively predicted 
post-traumatic growth (β = 0.86, F(1,1064) = 6.66, 95% CI = [0.61, 1.12], P < 0.01); 
empathy plays a conditional mediating role in the influence of post-traumatic growth.
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Table 2 Correlation analysis 
between variables 

PARS IRI-E PTGI 

PARS 1 0.82** 0.76** 

IRI-E 0.82** 1 0.80** 

PTGI 0.76** 0.80** 1 

Note ** P < 0.01, * P  < 0.05, the control variables are stage and 
gender

Table 3 Regression analysis of various variables on adolescents’ post-traumatic growth 

B SE β T F Rj 
2 

STAGE 6.11 1.50 0.12** 4.05 16.46 0.01 

GENDER − 0.69 1.51 − 0.01 − 0.46 0.21 0.00 

PARS 0.67 0.01 0.75** 36.18 1309.60 0.57 

IRI-E 1.09 0.02 0.79** 41.27 1703.98 0.63 

Note ** P < 0.01, * P  < 0.05

Table 4 Test of indirect effect of physical exercise on post-traumatic growth 

IRI-E PTGI 

β SE t P β SE t P 

Constant 23.05 3.60 6.39 0.00 14.17 2.21 6.39 0.00 

Stage −0.36 1.61 −0.22 0.82 −0.02 1.03 −0.02 0.98 

Gender 1.75 1.62 1.07 0.28 −0.64 0.97 −0.59 0.55 

PARS 0.23** 0.05 4.59 0.00 0.27** 0.08 3.20 0.00 

IRI-E 0.86** 0.13 6.66 0.00 

Stage × PARS −0.01 0.02 −0.48 0.62 0.08* 0.04 2.03 0.04 

Stage × IRI-E −0.06 0.06 −1.02 0.30 

Gender × PARS 0.05* 0.02 2.05 0.04* 0.03 0.03 0.78 0.43 

Gender × IRI-E −0.03 0.05 −0.59 0.55 

R2 0.34 0.33 

F 110.17 66.75 

Note ** P < 0.01, * P  < 0.05  

Table 5 Bootstrap test of indirect effects 

Equation Interactive item ΔR2 F df 1 df 2 LLCI ULCI 

IRI-E Stage × PARS 0.004 0.23 1.00 1067.00 −0.06 0.03 

Gender × PARS 0.001 4.23* 1.00 1067.00 0.01 0.10 

PTGI Stage × PARS 0.001 4.14* 1.00 1064.00 0.01 0.16 

Gender × PARS 0.002 0.618 1.00 1064.00 −0.19 0.06 

Stage × IRI-E 0.006 1.04 1.00 1064.00 −0.04 0.10 

Gender × IRI-E 0.003 0.35 1.00 1064.00 −0.14 0.07 

Note ** P < 0.01, * P  < 0.05 growth after stress events
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Fig. 2 Conditional process model of physical exercise affecting post-traumatic 

4 Discussion 

This study adopts the paradigm of follow-up longitudinal study and constructs a 
conditional process model to investigate the impact of adolescent physical exercise 
on post-traumatic growth after rainstorm stress events, as well as the mediating role 
of empathy and the regulatory role of gender and school stage. 

5 Group Differences in Physical Exercise, Empathy, 
and Post-Traumatic Growth of Adolescents After Stress 
Events 

Mann–Whitney U test showed that there were no significant differences in physical 
exercise and empathy in the school stage, but significant differences in post-traumatic 
growth in the school stage. The mean comparison found that the post-traumatic 
growth of senior high school students was higher than that of junior high school 
students, and the results were consistent with the previous views. Barakat et al. [18] 
found that there was a significant positive correlation between post-traumatic growth 
and age in adolescents aged 11–19. The theory of post-traumatic growth can explain 
the increase in the potential ability of post-traumatic growth of adolescents with age. 
Because the cognitive schema established by older adolescents is relatively less likely 
to be changed and have stronger tolerance for trauma, high school students may be 
more likely to experience post-traumatic growth [19]. Comprehensive studies have 
shown that post-traumatic growth may increase with the age of adolescents from 
junior high school to senior high school. The explanation mechanism may be related 
to the changes of social personal growth during adolescence. With the growth of 
age, teenagers show stronger psychological tolerance and social connection, which 
will increase the contact and negotiation between relatives, friends, and society, 
so as to have greater growth. Adolescence is a key period for recognizing society 
and developing social relations. Students from junior middle school to senior high
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school are more mature in mind and more stable in emotion, which may provide 
opportunities for senior high school students to achieve greater growth after stress 
events [20]. 

The Mann–Whitney U test of gender shows that there are significant gender differ-
ences in physical exercise and empathy. The mean comparison shows that the physical 
exercise level of boys is higher than that of girls, and the empathy ability of girls 
is higher than that of boys. The explanation mechanism of gender differences in 
physical exercise has the viewpoints of trait theory and gender cognition. Relatively 
speaking, boys are more energetic, more open-minded, and more willing to exercise, 
so they have a higher level of physical exercise [21]. There are gender differences 
in adolescents’ empathy level, and girls are higher than boys, which is consistent 
with the previous results [22]. Colakoglu and Solak [23] also took middle school 
students as the survey object, and found that girls’ empathy score was significantly 
higher than boys. The gender difference of adolescent empathy may be because girls 
are more understanding and sharing, easier to solve problems, and more willing to 
think of others than boys [11]. Role constraint theory shows that coping strategies are 
determined by the role played by individuals [24]. Considering that women now play 
multiple social roles (such as mother, worker, and housewife), compared with men, 
women may be more likely to integrate into positive coping strategies and consider 
others more after traumatic events, so as to have a higher level of personal empathy 
[25, 26]. 

6 Direct Impact of Adolescent Physical Exercise 
on Post-Traumatic Growth After Stress Events 

The direct effect model test of physical exercise on teenagers’ post-traumatic growth 
after stress events found that the physical exercise behavior at the previous time point 
can significantly and positively predict the post-traumatic growth at the later time 
point, which verified the research hypothesis 1. Although there are few direct studies 
on the prediction of adolescents’ post-traumatic growth by physical exercise after 
stress events, physical exercise promotes pro adolescents’ post-traumatic growth, and 
adolescents with positive behavior after stress events have more growth, which can 
partially support the view of this study. Love and Sabiston [27] through the investiga-
tion of young cancer patients, the results show that physical exercise is significantly 
positively correlated with post-traumatic growth. Physical exercise is considered to 
be a simple and cost-effective strategy to promote the growth of patients after trauma. 
Although few models of physical exercise are included in the current post-traumatic 
growth theory, extensive research supports that physical exercise is related to the 
post-traumatic growth experience of individuals who have experienced traumatic 
events [28, 29]. The mechanism of physical exercise affecting post-traumatic growth 
is not clear. However, physical exercise may change the results of mental health and
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social adaptation by regulating post-traumatic growth-related factors such as post-
disaster emotional response, cognitive coping, and social support, so as to promote 
positive post-traumatic adaptation and growth [30]. However, how adolescent phys-
ical exercise affects post-traumatic growth after stress events needs to be considered 
in combination with other variables. 

Slightly different from previous studies, the correlation coefficient of physical 
exercise, empathy, and post-traumatic growth found in this study is high. This may 
be related to the investigation period. Previous studies mainly conducted the investi-
gation in daily situations or 1 or 2 years after the disaster, while this study investigated 
the early stage after the rainstorm disaster. In the early post-traumatic stage, individ-
uals may experience major life interruptions, challenges to core beliefs, and phys-
ical and emotional pain [31]. Physical exercise can rebuild confidence and control, 
improve health, and provide social support at an early stage, which helps accelerate 
post-traumatic growth. It is also found in the study of the sick samples that the 
correlation between physical exercise and post-traumatic growth decreases with the 
delay of time. Physical exercise is conducive to regain the control of the body and 
cultivate confidence in the process from treatment to rehabilitation to growth, which 
is very important for the post-traumatic growth of patients with early diseases [32, 
33]. However, individuals in the middle and late stage of the disease may have more 
complex physical, psychological, emotional, and social challenges, which makes the 
long-term effect of physical exercise on post-traumatic growth more complex [34]. 

7 The Mediating and Regulating Role of Empathy, Gender, 
and Stage in the Model 

Empathy has a significant mediating effect when adolescent physical exercise affects 
post-traumatic growth after stress events. In the physical exercise after stress events, 
if it can stimulate individuals to learn other people’s actions, interact with others 
to achieve specific goals, or predict other people’s actions, identify other people’s 
intentions, and adapt their actions to other people’s behaviors, these processes will 
strengthen the ability of empathy [10]. From the data results, when the level of 
physical exercise of teenagers after stress events is not high, it is not easy to form 
empathy in the short term, resulting in slow growth after trauma. It can be seen that 
in the post-stress physical exercise situation, when individual empathy is stimulated, 
it is more likely to produce post-traumatic growth. 

In the process model of adolescent physical exercise, empathy and post-traumatic 
growth after stress events, the learning stage regulates the impact of physical exer-
cise on post-traumatic growth, and gender regulates the impact of physical exercise 
on empathy. High school students may have more coping resources and more flex-
ibility to adjust the post-disaster stress environment, so that they can transfer their 
attention, stabilize their mentality, and rethink the positive significance of traumatic 
events through physical exercise in a short time, so as to have greater growth [35]. In
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addition, there is a more obvious longitudinal correlation between physical exercise 
and empathy among girls, which may be due to the differences between men and 
women in how to express aggression and empathy in physical exercise [36]. Stanger 
et al. [37] found that boys’ sports attitude is more aggressive than girls, while girls’ 
sports attitude is more empathic. Through physical exercise, girls are less likely to 
have aggressive behavior, and they are more likely to understand others and develop 
empathy through physical exercise, which is conducive to post-traumatic growth 
[38]. To sum up, in the group of teenagers after stress events, when considering the 
relationship between physical exercise, empathy, and post-traumatic growth of indi-
viduals of different stages and genders, physical exercise is more likely to stimulate 
girls’ high-level empathy, while physical exercise in a short period after stress events 
has a greater impact on the post-traumatic growth of high school students. 

8 Conclusion 

Adolescent physical exercise after stress events can not only directly promote post-
traumatic growth, but also indirectly affect post-traumatic growth by stimulating 
empathy. In contrast, physical exercise after stress events is easier to stimulate girls’ 
high-level empathy, and physical exercise in a short period after stress events has a 
greater impact on senior high school students’ post-traumatic growth. The construc-
tion of conditional process model explains the relationship between physical exercise, 
empathy, and post-traumatic growth after stress events to a certain extent, which can 
provide some reference for formulating the exercise prescription of psychological 
assistance for adolescents after stress events. Compared with other psychological 
assistance strategies after stress events, physical exercise is a low-cost and easy to 
implement intervention measure, which is conducive to post-traumatic psychological 
recovery. Therefore, it is necessary to further study and apply the precise physical 
exercise prescription for adolescents after stress events in the future. 
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Effect of Music and Exercise Improve 
Quality of Life Among Post-Stroke 
Patients: A Review 

Wan Zhen Lee, Garry Kuan, Muhammad Hafiz Hanafi, 
and Yee Cheng Kueh 

Abstract Stroke can result in physical impairment, cognitive or management 
dysfunction, emotional issues, and a decline in quality of life. Anxiety is one of 
the most prevalent emotional issues among stroke patients. Post-stroke anxiety may 
have a significant impact on the quality of life (QOL) and rehabilitation of stroke 
survivors. Moreover, severe anxiety symptoms are associated with an increased risk 
of incident stroke. Depression, cognitive impairment, fatigue, age, female sex, lesion 
site, and sleep disturbance are all risk factors for post-stroke anxiety. In addition to 
the stress caused by an acute ischemic stroke, the biological causes of post-stroke 
anxiety should be acknowledged. Physical activity consistently alleviates the depres-
sion symptoms in stroke patients. Regular physical activity improves the quality of 
life by reducing the risk of illness and disability. The therapists promote exercise 
and music to improve the condition of stroke patients. It also teaches them how to 
manage anxiety and achieve independence in daily life. Promoting music and exer-
cise is essential for stroke patient in their daily lives. Thus, the aim of this study is 
to review the effect of music and exercises on reducing post stoke anxiety. 
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1 Introduction 

Stroke is indeed a prevalent chronic disease with significant mortality, morbidity, 
and impairment rate that poses a severe threat to human health [1]. Moreover, stroke 
induced by cerebral infarction or hemorrhage is the primary cause of lifelong impair-
ment in people and the second biggest cause of mortality after heart disease and cancer 
[2]. Every year, more than 25 million individuals worldwide are diagnosed with a 
stroke, and 6.5 million people die from it, with an almost equal representation of the 
genders [3]. 

According to Oyewole and his colleagues [4], the medical developments have 
resulted in an increasing number of stroke survivors, but many will be disabled to 
varying degrees [4]. Stroke patients always experience post-stroke consequences, 
such as language impairment, limb hemiplegia, and other dysfunctions, and reha-
bilitation of these abilities might take six months or longer. In addition to physical 
disability, those who have had a stroke may overcome a variety of health conse-
quences, such as mental disorders, which can compromise the rehabilitation process 
and have an impact on long-term recovery [5]. 

As a result, almost stroke survivors experience moderate to severe anxiety, which 
can be a natural and sometimes necessary reaction to coping with stress and life-
threatening circumstances. According to Lincoln and his colleagues in the year 2013, 
anxiety is a common symptom of stroke onset, whether in the early period, months 
later, or years later. Corresponding to a 2012 systematic review, roughly, 20% of 
persons after stroke feel anxiety to varying degrees [6], but further research has found 
that more than one-third of stroke patients experience fear and anxiety post-stroke 
[7]. 

Dunton [8] was the first to describe music as a therapeutic intervention [8]. Further-
more, according to Pacchetti and his colleagues (2000), music therapy boosted 
physical therapy involvement among Parkinson’s patients [9]. In addition, music 
therapy can improve neurologically injured people receiving rehabilitation therapy 
to enhance their mood states [10]. Music benefits for stroke inpatients at the acute 
stage have been reported for arm function [11], non-fluent aphasia [12], gait [13], 
and cognition. 

The purpose of this book chapter was to summarize how music improves mood, 
cognitive, and reduces the physical disability among stroke patients. The investigation 
will contribute to the development of music training choices for stroke patients in an 
effort to reduce physical disability and improve their quality of life. 

2 The roles of music and exercise in reducing anxiety 
among stroke patients 

Herholz and Zatorre [14] describe that in both healthy and clinical populations, 
music-making activities promote neuroplastic changes in sensorimotor, auditory,
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and memory systems [14]. Furthermore, motor sequences are designed and imple-
mented in a forecast moment sense, anticipating, and having to listen to sounds 
requires, respectively, audio feedforward and feedback systems, promoting neural 
communications between auditory and motor areas [15]. According to Thaut and 
Hoemberg[16], using music to treat stroke patients resulted in an improvement in 
neurological movement disorders. The researchers also demonstrate the advantages 
of musical activities, showing the positive sign of motor recovery in subacute and 
chronic stroke [16]. 

Besides, Maratos and his colleagues [17] stated that music therapy might indeed 
improve cultural and cognitive outcomes such as interpersonal communication, 
encouragement, emotions, anxiety, and motor improvements [17]. According to 
Raglio and his colleagues [18], music can enhance physical and psychological 
tasks. This connection will also help communication and rehabilitation by facilitating 
patient physiological, representation, and attenuation aspect [18]. 

Mental issues such as depression and anxiety are associated with lower treat-
ment adherence, which leads to decreased social interactions and motivation. These 
alterations have an impact on overall health [19]. Rehabilitation intends to minimize 
long-term dependency and help patients to reintegrate into society. According to 
Nie and Yang in the year 2017 mention that the following ischemic stroke, exercise 
enhances movement patterns and learning function, both of which are engaged in 
memory and learning formation [20]. Furthermore, Mead and his colleagues [21] 
carry out the study that to assess the viability and effectiveness of exercise training 
following a sixty-six independently ambulatory stroke patients. The warm up and 
circuit training are included in the exercise training. Participants walked or marched 
in place during the middle of the circuit training. Stroke patient participated in circuit 
training during the first week, including shuttle walking, standing chest press, 1.4kg 
raising and lowering, 55cm exercise ball, and cycle ergometry. Moreover, the fourth 
week added the stair climbing and descending exercises. The intensity of the cycle 
has been raised weekly by pedal resistance. The perceived rate of exertion between 
13 to 16. The duration of circuit training raised from 9 to 21 minutes by means of 
week 12. The result shown that the exercise training significantly greater benefits in 
physical function and perceived effect of physical health on daily life. In additional, 
exercise training was attainable for post-discharge stroke patients [21]. 

Moreover, aerobic exercise, strength exercise, balance exercise, and flexible exer-
cise are all types of exercise that can help a post-stroke patient’s overall function. 
Han and his colleagues [22] demonstrated that aerobic exercise, strength exercise, and 
flexibility exercise can enhance the speed of walking, endurance, strength, balance, 
prevent joint stiffness, and improve range of motion and motor function. It also can 
promote quality of life among stroke patients [22]. On the other hand, Son and his 
colleagues [23] studied the effects of resistance exercise training for strengthening 
muscles across multiple joints on the dynamic balance function of 28 stroke patients. 
The result showed that the exercise improved muscle strength across multiple joints, 
which is an effective intervention for improving the dynamic balance function of 
stroke patients [23]. The hydrotherapy great impact reduces level of depression and
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anxiety in people who have had a stroke [24]. The effect of music and exercise 
reduces anxiety among stroke patients is shown in Table 1.

3 Discussion 

A stroke happens when the blood supply to the brain is interrupted or reduced due to 
a blockage or leak in the blood arteries. The brain does not receive enough oxygen 
or nutrients, and brain cells begin to die. It was reported that stroke patients were 
overall more depressed and anxiety after the post-stroke. Therefore, the discussion 
will focus on the effect of music and exercise reduce anxiety among stroke patients. 
Table 1 demonstrated numerous beneficial effects of using music and exercises on 
the cognitive, strength, balance, and reduce anxiety and depression among stroke 
patients. Exercise has a positive impact on reducing anxiety and depression and 
improves the quality of life among stroke patients. 

Post-stroke anxiety may have a substantial impact on stroke survivors’ quality 
of life (QOL) and recovery. As a result, high anxiety symptoms are linked to an 
increased risk of stroke. Moreover, several studies have looked at physical exercise 
during stroke rehabilitation and found that people are inactive most of the time. 
Severe anxiety symptoms are associated with an increased risk of incident stroke. 
It is essential to understand the benefits of music and exercise for stroke to the 
participation of the patients in the rehabilitation program actively, reduce anxiety, 
and improve quality of life. Sixteen weeks of cognitive rehabilitation complex exer-
cise program (singing and dancing) and physical exercise program among 12 chronic 
stroke patients improve their sleep quality, cognitive, and reduce depression. In addi-
tion, three times per week, 30 minutes of music therapy in combination with rehabil-
itation among stroke patients to decrease of anxiety, depression, and improve muscle 
strength. Furthermore, six months after the stroke, the stroke patients receive music 
and language program showed improvement in attention, memory, and prevents 
negative mood. On the other hand, music combining with rehabilitation improves 
depression, anxiety, strength, attention, memory, and quality of life, in people who 
suffered a stroke. 

4 Conclusion 

In summary, stroke is the world’s second most significant cause of mortality and 
a major source of disability. The most prevalent type of stroke is ischemic stroke, 
which is most common in underdeveloped countries. Depression and anxiety disorder 
are two of the most common neuropsychiatric problems following a stroke, and they 
commonly interact. Regular physical activity improves the quality of life by lowering 
the risk of sickness and disability. The therapists promote exercise and music to 
improve the condition of stroke patients. It also teaches them how to manage anxiety
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and achieve independence in daily life. Promoting music and exercise is essential for 
stroke patients in their daily lives among stroke survivors in Malaysia. 
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Management of Physical Characteristics 
on Badminton Performance 
with Psychological Skills 

Daphne Ng Chiew Yen, Lim Boon Hooi, and Teo Eng Wah 

Abstract Footwork agility is one of the most important physical characteristics in 
badminton performance as it is the fundamental basic to execute quality technical 
skills. Psychological skill training (PST) is as important to the athlete as physical 
training. Although it has been established that PST is techniques to enhance mental 
skills that may improve sports performance, the interactions between PST and foot-
work agility in badminton have received very little attention. Therefore, this study is 
designed to bridge this knowledge gap of the importance of footwork agility manage-
ment on badminton performance with goal setting and self-talk. There is a need to 
implement this PST package on footwork agility with measuring tool, Onigoe device 
to achieve and enhance an effective physical development on badminton perfor-
mance. The participants are youth badminton players in Selangor (N = 80) which 
are randomly divided into 4 groups: goal-Setting group (N = 20), self-talk group (N 
= 20), combined goal-setting and self-talk group (N = 20), and control group (N 
= 20). This is an 8-weeks management program. All participants are required to do 
a pre-test before the management program. The management groups (Goal setting, 
self-talk, and combined goal setting and self-talk) will be given PST program before 
footwork agility program. The control group will not be given any program. All 
participants are required to do a post-test at the end of the program. The findings can 
be used to enhance the performance of badminton players. 

Keywords Goal setting · Self-talk · Footwork agility · Onigoe · Badminton 
technology 

1 Introduction 

Badminton is one of the most popular racket sport in the world. Badminton’s inclusion 
on the Olympic schedule didn’t happen until the middle of the 1960s. In 1972, it first 
appeared in the Olympic Games as a demonstration sport in 1972 and as an exhibition
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sport in 1988. At the 1992 Games, it become a full-medal Olympic sport for men 
singles and doubles and women singles and doubles. At the Summer Olympics in 
1992 in Barcelona, Spain, the men’s doubles team of Jalani and Razif Sidek won 
Malaysia’s first-ever bronze medal [1]. 

In Malaysia, sports are evolving rapidly, especially badminton. Regardless of 
age, ethnicity, gender, groups of youngsters to adults can participate in this well-
liked sport. Malaysia has produced Olympic medalists and world champions. At all 
levels, players are continuously looking for methods to advance and enhance their 
performance. Badminton is a sport which requires strong agility, endurance, speed, 
and intense concentration [2]. The game has become more intense which requires 
the highest level of physical attributes with the change of scoring system to 21 points 
system and no service over [3]. 

Peak athletic performance in sports is often the result of combination of phys-
ical condition, technical ability, psychological factors, and tactical strategies. Sports 
performance is based in a complex and complicated diversity of components, 
including physical factors (general and specific conditions), psychological (person-
ally and motivation), and body (body morphology, anthropometry, and body compo-
sition) factors [4]. Similarly, in the sport of badminton, a number of factors, including 
skill and tactics, psychological training, and game strategy, as well as individuals’ 
physical qualities, contribute to success in the sport [5]. It has been demonstrated 
that games effectiveness is connected to footwork agility [6]. Players that can move 
and change directions more quickly fare better in games. Because of this, badminton 
footwork is constantly stressed throughout practice and games. 

The psychological component is another crucial determinant in addition to the 
physical, technical, and tactical ones. For the athlete, psychological skill training 
(PST) is just as crucial as physical training. Success in most sports is achieved by 
combining and employing a variety of technical, tactical, physical, and psycholog-
ical skills [7]. Today’s sports psychologists assist both male and female athletes in 
reaching their full potential [8]. 

Numerous earlier studies in applied sport psychology have concentrated on 
the psychological capabilities of athletes. Techniques for teaching or enhancing 
mental skills that may promote performance in competitive settings are known as 
psychological skills training (PST) [9]. 

Additionally, it was found that using the PST program improved athletic perfor-
mance whether a whole strategy was implemented or just one skill [10]. Previous 
research showed that in the self-regulation of learning dart throwing, students who 
integrated self-talk with either performance or process goals did better than those in 
the goal only or control group condition [11]. 

The most crucial aspect of badminton technology, according to the most recent 
studies, is footwork training [12]. Children should receive instruction in good foot-
work; otherwise, it will negatively affect their entire technical skills in badminton 
[12]. This was further verified by a research, which found that good footwork is 
essential for hitting accurate strokes in badminton [13]. 

According to research on Indian badminton players, changing directions while 
performing a task was more closely associated to players’ success on the court than
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other physical abilities [14]. Therefore, it would seem that managing footwork agility 
is something that both players and coaches should focus on. 

Coaches finally resort to using tests of changes of direction like the shuttle run 
agility test [15] and zig-zag/slalom type tests [16] for agility evaluation due to the 
demand for expensive electronic equipment or the lack of a specialized test validated 
for a given sport [17]. Therefore, this study is designed to bridge this knowledge gap 
of the importance of footwork management in badminton performance as well as 
relying on a reliable and efficient way of training and measuring specific agility on 
court. 

Additionally, PST programs are essential in today’s sports since they train athletes 
of all levels to get an advantage over competitors [18]. Performance has also been 
discovered to be associated with improvements in PST [7]. Goal setting, imagery, 
self-talk, and relaxation are the most frequently used psychological techniques 
that help with mental toughness and performance enhancement [19]. According to 
research, the PST program substantially increased athletic performance whether a 
package approach or only one skill is applied [10]. 

However, previous studies stressed that most efficient psychological skills are 
combined PST package. There are several literature reviews showed that PST 
program using multimodal package has improved athletic performance in several 
sports such as softball [20], volleyball [21], and badminton [22]. 

Most studies have provided information on goal setting and self-talk multiple 
types of sports, but few studies have been conducted to evaluate their effectiveness 
on badminton performance [22]. There is no published article in this specific area of 
study or available data related to these characteristics in Malaysia. 

Psychological preparation is crucial for successful skill learning, practice, and 
competition processes in the context of performance as an athlete transitions from 
youth sports to professional sports [23]. In accordance with the foregoing, combining 
goal setting with further self-use should lead to greater performance increases than 
each strategy used alone [24]. However, there is currently a dearth of research on the 
impact of self-talk and goal planning on sports [25]. 

Currently, to our knowledge, there is no studies on Onigoe device and psycho-
logical skills program. Onigoe device is a new instrumentation device which 
provides footwork agility performance feedback to participants which is significantly 
important in enhancing badminton performance. 

Goal setting and self-talk are performance enhancement techniques in sports. 
Implementation of this psychological skills techniques with Onigoe device on 
footwork agility training will lead to new recommendations that can be adopted 
by coaches and players. Hence, this study will provide useful new findings in 
development of badminton performance. 

The main objectives of this study are to examine the management of physical 
characteristics in badminton performance with psychological skills. The findings 
of the current study can be used to enhance the performance of badminton players 
performance and also as a reliable and evidence-based recommendations that can be 
adopted by sports coaches and players in their training program.
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2 Methods 

This study aims to examine the management of physical characteristics on badminton 
performance with psychological skills. Eighty participants (N = 80) will be recruited 
for this study. All players were recruited based on the following requirements. All 
participants had at least two years of training, have the correct badminton footwork, 
and are able to attend all the testing sessions. The participants for this study will 
be selected by using cluster sampling method where all the participants aged 12– 
18 years old with at least 2 years of consistent training. The participants are selected 
from badminton clubs in Selangor because it is the most populous state in Malaysia. 
Participant’s parents had to sign the informed consent form before starting the test. 

2.1 Procedures 

This research was to examine the management of characteristics physical charac-
teristics in badminton performance with goal setting and self-talk. The duration of 
this study is 8 weeks. All participants will be required to do a pre-test before the 
experimental program is introduced, and a post-test will be taken after eight weeks. 

In this study, participants will be divided randomly to 4 groups: self-talk (n = 20), 
goal setting (n = 20), combined goal setting and self-talk (n = 20), and control (n = 
20). All participants will be asked to do a pre-test before the program is implemented 
according to groups. In self-talk group, participants will be given a brief introduction 
and description of the technique of self-talk, presenting them with the positive cue ‘I 
CAN DO IT’. Participants are required to familiarize using the cue by reciting their 
self-talk out loud or silently to themselves. In goal setting group, the program begin 
with an explanation of scoring system. Each participant will receive a personal score 
sheet and will be guided in setting personal performance goals and was asked to 
write down the goal for the next session. Performance goals address overall personal 
performance. 

The program for combined goal setting and self-talk was literal combination of the 
treatments of combined programs in self-talk and goal-setting group with the goal-
setting program being introduced first. In control group, participants will be asked to 
practice footwork training program with Onigoe device. In all conditions, participants 
will be doing footwork training program after implementation of psychological skill 
training programs. The measurement of the program will be evaluated by comparing 
between groups on pre-post test.
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2.2 Instrumentation 

Onigoe (Fig. 1) is an advanced developing technology instrument invented by Dr 
Magara Yukata from Japan. The primary function of Onigoe device is particularly 
for the sport of badminton with the aim to enhance players’ reaction, endurance, 
agility, and concentration. More significantly, it is a footwork movement training 
tool for badminton players with in-built data collection system on reaction timing. It 
also improves a player’s footwork on court. 

Its power source is battery. The control box (170 × 85 × 60 mm, weight 290 g) 
and touch switch button (93 × 93 × 92 mm, 85 g). It comes with a 7 m cable, 
indicator lamp, and touch switch button. 

This instrumentation consists of 3 main parts: the indicator lamp where there 
will be indication on which switch button to touch, a control box where most of 
the settings are set there, and a touch switch button. Both touch switch button are 
connected to the control box, and there are connections to the indicator lamp as well. 
It is all connected by cables. 

The instrument provides visual cues to execute prompt agile reactions and rapid 
movements. LED lights, a programmable system controller, and optical sensors were 
used for training and measurements. The feedback/training system provided visual 
cues to the participants by lighting locations on the court. The players responded 
to these cues by moving to the lighted cylinders. The parameters and time will 
be recorded during the session. These measurements serve as post-training feed-
back, allowing coaches to modify their training programs. This instrumentation is a 
developing technology, but it is very effective in badminton performance.

Fig. 1 Shows a diagram of 
how the instrumentation 
works 
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x 

Fig. 2 Shows the two-point footwork training which will be tested (front court) 

2.3 Testing Management Setup 

The test is performed at the badminton court with 5.18 m wide approximately singles 
badminton court dimension—Fig. 2. 

The starting position is at the center of the court which is divided into 2 squares 
of 0.7 m per side. The touch switch button composed of a cylinder with a rounded 
cover. 

This instrumentation is considered low cost compared with wireless training tools 
with movement sensors and computers. This instrumentation can be used anywhere, 
easy to set up, and beneficial for coaches and players to be used as training tool and 
testing tool.

3 Statistical Analysis 

A summary of data analyses which will be used in this study are shown in Table 1: 
Data analysis technique below. The reliability and validity of the Onigoe device on 
badminton players’ footwork agility are examined in the first section. The second 
analysis section demonstrates that MANOVA will be used to analyze the three 
research goals. Multivariate analysis of variance (MANOVA) is a statistical method 
for comparing the means of multiple sample varieties. It is frequently used to deter-
mine whether an influence of one or more independent variables on a group of two 
or more dependent variables is statistically significant.
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Fig. 3 Shows the testing setup of Onigoe device for mid-court 

x 

Touch switch 
button 

Participant 

Touch switch 
button 

Starting 
position 

Indicator lamp 

Fig. 4 shows the two-point footwork training which will be tested (rear court)

4 Conclusion 

Onigoe device had been used by many international players and professional clubs 
across the world including national junior badminton players in Malaysia. However,
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Table 1 Data analysis techniques summary 

Research objective Variable used Statistical technique 

To investigate the effects of self-talk 
program on physical characteristics 
among participants between 
(management and control group) 
and within (pre-post) groups 

Dependent variable: 
Scores on footwork agility across 
two time period (pre-program and 
post-program) 

MANOVA 

Independent variable: 

1. Independent between-subjects 
variable 

• Self-talk group 

2. Independent within-subjects 
variable 

Time period: pre-program, 
post-program 

3. To investigate the effects of 
goal-settings program on physical 
characteristics among participants 
between (management and control 
group) and within (pre-post) groups 

Dependent variable: 
Scores on footwork agility across 
two time period (pre-program and 
post-program) 

MANOVA 

Independent variable: 
1. Independent between-subjects 
variable 

• Goal-setting group 

2. Independent within-subjects 
variable 

Time period: Pre-program, 
Post-program

there have not been any studied or reported research found on this device. Hence, it 
is important to address psychological skills training for the development of footwork 
training. This will enhance the management of physical characteristics on badminton 
performance. 
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Experienced Players and Novices 
in Kendo Can Discriminate a Good 
Preparatory Posture from Worse Ones 

Motoki Okumura, Akifumi Kijima, and Yuji Yamamoto 

Abstract Previous research has shown that experienced players in various sports 
can detect subtle differences in their opponents’ movements and anticipate the 
outcomes of the movements accurately and rapidly. In these methods, the researchers 
presented opponents’ movements, such as serving and striking, to their participants, 
and measured the precision of anticipation. Our research purpose was to examine 
whether experienced players and novices in kendo could discriminate between three 
different preparatory postures (Good-middle-bad) for striking without watching the 
start of the strike movements. Three preparatory postures showed very subtle differ-
ences only in trunk angle: forward tilt (Good), backward tilt (Bad), and in between 
these tilts (Middle). Groups of experienced players and novices watched a series of 
movements in which an opponent stood in a preparatory posture, stepped forward 
about 30 cm from right to left foot, and then stopped with one of the three prepara-
tory postures. They watched each series of the movements 20 times on a monitor 
and assessed the possibility (0–100%) of the opponent striking from the prepara-
tory postures without any preliminary movements. The results showed that both the 
groups could discriminate between the good preparatory posture from middle and 
bad ones. This indicated that the participants could detect the qualities of the next 
strike movements based only on watching the preparatory movements and postures, 
regardless of their experience levels. The perceptual abilities of vision that are used 
to detect kinematic patterns in sports may be more sensitive than we believe. 

Keywords Visual perception · Kinematic pattern · Anticipation
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1 Introduction 

Many researchers have indicated that expert players can anticipate and respond 
more rapidly and accurately than intermediate/novice players in any sport. In these 
methods, the researchers asked the players to observe the actual movements of other 
players on screens or fields, and they were asked to anticipate the outcomes of the 
movements [1–3]. Thus, in past research, players anticipated the outcome of other 
players’ movements by actually observing them. However, the question remained 
as to whether experienced players can perceive important information to anticipate 
the next movements of other players based only on the observation of the previous 
movements and not the next movements themselves. 

It has been reported in the literature that baseball players seemed to be able to 
perceive invisible kinetic information about pitchers (e.g., muscle strength of lower 
limbs) before they executed any visible movements in anticipation to steal the base. 
Deriving from that notion, the following research questions are formulated in the 
present study, i.e., (1) Can we confirm this strange phenomenon among players in 
other sports, in this case, kendo or Japanese fencing? (2) If we could confirm this, 
what information can they perceive in anticipation? (3) Are there any differences in 
the perception and anticipation with respect to the players’ skill levels? 

2 Methods 

2.1 Participants 

Twenty-eight female students from Tokyo Gakugei University participated in the 
experiment. 14 were experienced kendo players, with an average (SD) age of 19.09 
(3.99) years, athletic experience of 13.82 (2.52) years, and kendo rank 3.27 (0.45) dan. 
Their athletic levels ranged from the regional to national levels. 14 of the participants 
were novices in kendo, with an average age of 20.55 (0.89) years. Informed consent 
was obtained from all participants using a procedure approved by the Research Ethics 
Committee of Tokyo Gakugei University. 

2.2 Experimental Stimuli 

A female kendo player presented the stimuli as an experimental opponent. Her athletic 
skills were at the national level. Before the experiment, she trained sufficiently to 
present the same experimental stimuli consistently. In the movie clips of the stimuli, 
the opponent wore normal protectors and assumed a good preparatory posture with 
a shinai (sword) at a far distance (225 cm). From there, she approached just one step 
from the right to the left foot (about 30 cm) toward the participants on a monitor.
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After the step, she stopped and assumed three different preparatory postures for 
striking. The three preparatory postures had very subtle differences only in the trunk 
angle: forward tilt (Good), backward tilt (Bad), and in between these tilts (Middle), 
as shown in Fig. 1. 

In general, players would take longer to strike from the middle and bad tilts than 
from the good one. Because of the middle and bad tilts, the experimental opponent 
needed to move her posture forward before starting the strike. The length of the 
movie clips was approximately 3 s, including the first preparatory posture, one step, 
and three different postures for about a second of each movement. We recorded the 
movie shooting situation of the stimuli and the height of the experimental opponent, 
and then calculated the visual angle in the situation and reproduced the angle by 
adjusting the distance between the participants and a monitor in the experimental 
setting. The participants watched three different types of stimuli 20 times each from 
an opponent’s view while sitting on a chair. We asked the participants to watch the 
opponent on the monitor in the same manner as the real matches.

Fig. 1 Participants watched the stimuli from an opponent view. It shows the subtle differences of 
the stimuli in the places of shinai (sword) corresponding to forward tilt (good), backward tilt (bad), 
and in between these tilts (middle) 
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2.3 Data Collection and Analysis 

After watching each stimulus, the participants were asked to answer the following 
question: “Do you feel the opponent could strike from the preparatory posture without 
any preliminary movements?” on a scale of 0 to 100%. We explained the preliminary 
movement in advance, which is defined as the displacement of the center of mass 
and flexion of the lower limbs. 

We averaged each of the participants’ answers for the same kind of stimuli and 
analyzed them using two-way ANOVA, with the independent variable being the 
groups, and dependent and repeated variables the average percentage of the answers. 

3 Results and Discussion 

The results indicated that the average of the good preparatory postures was higher 
than those of the middle and bad ones (F(2, 52) = 41.19, p < 0.01, partial η2 = 0.61). 
The difference between the groups was marginally significant, and the experienced 
group had a higher percentage than the novice group (F(1, 26) = 5.59, p < 0.10, 
partial η2 = 0.12). No significant interactions were observed. 

The results depicted in Fig. 2 showed that both the groups could discriminate 
the good preparatory posture from middle and bad ones. The most important fact is 
that the participants did not observe the experimental opponent’s striking movement 
itself, but they could discriminate the differences in the qualities of the next striking 
movements, regardless of their experience levels. Furthermore, as shown in Fig. 1, the  
experimental stimuli exhibited subtle differences. The perceptual abilities of vision 
that are used to detect kinematic patterns may be more sensitive than we believe [4, 
5].

4 Conclusion 

This study has established that the different type of kendo preparatory posture could 
be distinguished by both novice and experience players. In future research, we should 
extend the spatiotemporal range that we examine and present to players and clarify 
what information players are able to detect and use to anticipate their opponents’ 
movements in real sports fields. On the other hand, although there was a marginal 
significance in the main effect of the group difference, it was considered that the 
experienced group might answer the question with higher confidence based on their 
athletic experience than the novice group, which made a difference.
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Fig. 2 Average percentage for each of the groups and the preparatory postures
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The Effects of Active Video Games 
on Children’s Fundamental Movement 
Skills: A Systematic Review 
and Meta-Analysis 

Zheng Su, Xuan-xi Li, Chuan-peng Hu, and Yu-cui Diao 

Abstract Available evidence suggests that different types of active video games 
(AVGs) and interventions may have different effects on children’s fundamental move-
ment skills (FMS). Therefore, a systematic review and meta-analysis of randomized 
controlled trials (RCTs) using AVGs is necessary to explore the effects of different 
types and doses of AVGs on FMS in healthy children. The purpose of this work is 
to update the current evidence on the effects of AVGs on FMS in healthy children 
aged 3–12 years. RCTs studies up to June 2021 were retrieved from Chinese and 
English databases (CNKI, Wanfang database, Cochrane Library, Web of Science, 
Science Direct, PubMed, etc.), and the included studies were tested for bias using 
the Cochrane Risk Bias Assessment Tool. Review Manager 5.3 software was used to 
conduct meta-analysis. The study type was an RCT trial, the subjects were healthy 
children aged 3–12 years, and the study topic was a comparison of AVGs with other 
interventions and the outcome indicator was FMS. There were few high quality exper-
imental studies, with only four of the seven included literature reaching moderate to 
high quality; (2) AVGs had a moderate effect on overall FMS (SMD = 0.41, 95% CI 
(0.15, 0.67), p = 0.002), where the effect on object control skills (SMD = 0.41, 95% 
CI (0.07, 0.75), P = 0.02) was slightly better than locomotor skills (SMD = 0.39, 
95% CI (0.02, 0.75), P = 0.04); (3) For FMS, using Xbox Kinect (SMD = 0.55, 95% 
CI, −0.14–0.99, P = 0.05) in schools (SMD = 0.40, 95% CI, −0.02–0.93, P = 0.05) 
for at least 12 weeks (SMD = 0.43, 95% CI, 0.08–0.79, P = 0.02), 5 times/week 
(SMD = 0.51, 95% CI, 0.13–1.02, P = 0.0001), and 30 min/time (SMD = 0.49, 95% 
CI, 0.20–0.79, P = 0.0009) were more effective. For OCS, using Xbox Kinect (SMD 
= 0.41, 95% CI, 0.05–1.06, P = 0.04) at home (SMD = 0.51, 95% CI, 0.02–1.03, 
P = 0.01) for at least 12 weeks (SMD = 0.51, 95% CI, −0.00–1.15, P = 0.01), 
5 times/week (SMD = 0.42, 95% CI, 0.05–1.09, P = 0.05), and 45–60 min/time 
(SMD = 0.47, 95% CI, −0.10–1.07, P = 0.04) had a more significant effect. For 
LOC, using Xbox Kinect (SMD = 0.47, 95% CI, −0.09–1.27, P = 0.01) in the home 
(SMD = 0.55, 95% CI, 0.04–1.25, P = 0.05) for at least 10 weeks (SMD = 0.48, 
95% CI, 0.16–1.19, P = 0.001), 5–7 times/week (SMD = 0.53, 95% CI, −0.17– 
1.14, P = 0.007), and 45–60 min/time (SMD = 0.46, 95% CI, 0.07–1.04, P = 0.002)
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had a more significant effect. Only seven studies were included, the sample size was 
not large enough and was not comprehensive enough for possible publication bias. 
AVGs had a moderate facilitative effect on children’s total FMS and a slightly better 
facilitative effect on OCS than LOC. 

Keywords Active video games · Children · Fundamental movement skill ·
Locomotor skill · Object control skill 

1 Introduction 

Physical inactivity among children and adolescents had become a global epidemic, 
with studies indicating that three quarters of children and adolescents (aged 6– 
17 years) do not meet the recommended amount of physical activity guidelines 
set by the WHO[1], and up to 80% of children aged 13–15 years did not meet the 
requirement of 60 min of moderate to vigorous physical activity (MVPA) per day and 
engaged in prolonged sedentary behavior and electronic screen activity[2]. Physical 
inactivity had become a major threat to the physical and mental health of children 
and adolescents [3, 4]. Therefore, the promotion of physical activity (PA) in children 
and adolescents had become an important initiative to improve international public 
health [5]. 

FMS is considered a key influence in the promotion of PA in children and adoles-
cents [6]. FMS are the most fundamental movements required for individuals to 
participate in sports, games or physical activities, and include locomotor skills (LCS), 
object control skills (OCS), and stability skills (SS) [7]. LCS are the ability to manip-
ulate the body from one place to another. OCS are the ability to accomplish movement 
by controlling certain instruments. SS are the ability to maintain balance to control 
the body [8]. Multiple longitudinal studies had revealed that FMS is positively asso-
ciated with moderate to vigorous PA [9–13], healthier weight and psychological in 
children [14, 15]. So, it is vital to create a variety of opportunities for children to 
practice and achieve proficiency in FMS. 

Unfortunately, the development of FMS in healthy children was delayed to varying 
degrees both internationally [16] and in China [17]. Therefore, the use of multiple 
interventions to enhance the development of FMS in healthy children had become an 
international research hotspot in the field of motor development. Several systematic 
reviews of interventions for children with FMS had shown that interventions in 
schools [18] and with physical education teachers [19], coaches and specialists [20] 
are more effective. However, during the COVID-19, home-based online teaching 
gradually became the norm [21], which led to a shift in the implementation field of 
school physical education and sport from athletic fields and gymnasiums to the home 
and community [22], thus preventing the implementation of traditional school-based 
interventions. Therefore, there is a need to adopt new interventions to promote the 
development of FMS in children in a family-based setting.
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Fortunately, in recent years, AVGs based on virtual reality technology had grad-
ually become an integral part of international [23] and Chinese [24] home fitness 
distance education systems, providing a new pathway option for children’s physical 
education reform. AVGs is a new type of video game that requires players to interact 
with the game environment on screen through various PA in real time and give posi-
tive feedback, aiming to improve physical health levels [25]. Studies had shown that 
AVGs-based interventions can significantly improve FMS in healthy children [26], 
however, different types and doses of AVGs may have different effects on children’s 
FMS [27]. 

Despite the abundance of studies on this topic, to our knowledge, no systematic 
review and meta-analysis had been conducted to examine the effects of different 
types and doses of AVGs on FMS. Therefore, the aim of the study was to use a 
systematic review and meta-analysis to examine the effects of different types and 
doses of intervention-based AVGs on children’s FMS. 

2 Methods 

This study strictly followed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) reporting guideline [28]. 

Search Strategy 

The Chinese and English electronic search of China National Knowledge Internet 
(CNKI), Wanfang Database, Google Scholar, ScienceDirect, PubMed, Web of 
Science, and Cochrane Library was combined with manual searches of the existing 
literature, performed from inception to June 10, 2021. The search strategy combined 
the following relevant terms: 1.“active video game” OR “electronic games” OR 
“exergame” OR “movement-based video game” OR “sedentary video games” OR 
“interactive video games” OR “nintendo wii” OR “play station” OR “xbox 360 
kinect” OR “virtual reality” AND 2.“fundamental motor skill” OR “fundamental 
movement skill” OR “basic motor skill” OR “basic movement skill” OR “gross 
motor skill” OR “locomotor skill” OR “object control skill” OR “manipulative 
skill” OR “stability skill” AND 3.“children” OR “kid” OR “preschoolers” OR 
“kindergarten” OR “adolescent” OR “youth” OR “teenager” OR “students”. In  
addition, the reference lists of the included studies were checked to find potential 
studies that could also be used in the review. 

Eligibility Criteria and Study Selection 

The criteria for study inclusion were as follows: (1) RCT published in Chinese 
and English, and the type of literature was journal articles; (2) apparently healthy 
(i.e., general population, including samples of children and adolescents with over-
weight or obesity but not samples of children exclusively with a diagnosed medical 
condition) (mean age 3–6 years) and adolescents (mean age 7–12 years); (3) The
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type of AVGs such as Nintendo Wii and Xbox Kinect were used as the interven-
tion; (4) The outcome indicators included fundamental motor/movement skills, basic 
motor/movement skills, gross motor skill, LOC, OSC, manipulative skill, SS. 

The criteria for study exclusion inclusion were as follows: (1) intervention studies 
for non-children and adolescents (age < 3 years or age > 12 years); (2) Meta-analyses, 
systematic reviews, and evaluations type of literature; (3) duplicate publications, 
unavailable full text, and inability to extract outcome indicators and quantitative 
data. 

Study Selection and Data Collection Process 

The entire process of study selection was carried out by two researchers who screened 
the 529 included papers according to the inclusion and exclusion criteria. The Cohen’s 
Kappa coefficient for this study was 0.713, indicating a high level of consistency in 
the screening results [29]. For studies in which two researchers disagreed, a third 
researcher was invited to intervene to finalize the included studies, resulting in a total 
of seven publications. 

For each study, data were extracted for characteristics of the study population, 
including: (1) first author’s last name, year of publication and country; (2) purposes; 
(3) sample size; (4) sample characteristic (mean age and gender); (5) characteristics 
of intervention (type, frequency, and duration); (6) test instruments and outcome; (7) 
statistical methods; (8)comparison of intervention outcomes. For quantitative data, 
means (M) and standard deviations (SD) were extracted for each RCT at baseline 
as well as post-intervention. When there was insufficient information, the respective 
corresponding author was contacted. 

Risk of Bias of Individual Studies 

The risk of bias of the included studies was assessed according to the RCT risk of bias 
assessment tool recommended by the Cochrane systematic review manual from the 
following six entries: (1) random sequence generation; (2) allocation concealment; 
(3) blinding of participants and personnel; (4) incomplete outcome data; (5) selective 
reporting; (6) other bias. The maximum score for each study was 6: low risk of bias 
(=5 or more); moderate risk of bias (=3–4); high risk of bias (<3 or less). 

3 Statistical Analysis 

Meta-analysis was performed using Review Manager 5.3 software [30]. The results 
of this study were all continuous variables, so Standardized Mean Difference (SMD) 
was used to calculate the Effect Size (ES) for each study, with ES indicating the 
degree of difference between groups: ES < 0.2 for small effect, 0.2 ≤ ES ≤ 0.8 for 
medium ES < 0.2 represents a small effect, 0.2 ≤ ES ≤ 0.8 represents a medium 
effect, and ES > 0.8 represents a large effect [31]. The test for heterogeneity was 
assessed by two statistics, Q test and I2: I2 < 50% and P ≥ 0.05 indicated that the 
included studies were not heterogeneous; I2 > 50% and P < 0.05 indicated that the
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included studies were heterogeneous, and sensitivity analysis could be performed 
to exclude the more heterogeneous studies [32] or combined using random effect 
measures [33]. Funnel plots were used to test for publication bias in the included 
studies. Finally, subgroup analyses of the included studies were conducted to clarify 
the dose–effect relationship between AVGs and FMS in children as well as to uncover 
potential sources of heterogeneity. Statistical significance was achieved at p ≤ 0.05. 

4 Results 

Study Selection 

A total of 529 articles were obtained by searching the databases. Among the English 
databases, there were 142 articles in PubMed, 95 articles in Web of Science, 43 
articles in Science Direct and 172 articles in Cochrane Library. Among the Chinese 
databases, there were 45 articles in CNKI and 32 articles in Wanfang Database. After 
removing the duplicate articles by EndNote, a total of 342 articles remained. After 
reading the titles and abstracts, a total of 89 papers were remained. Further reading 
of the full text resulted in 82 papers being excluded as they did not meet the outcome 
indicators. A total of 7 papers were eventually included (Fig. 1). 

Study Characteristics 

The studies were published between 2015 and 2020, with two from USA [34, 35], one 
from Greece [36], one from Brazil [37], one from Australia [38], one from the UK 
[39], and one from Ireland [40]. For subjects, the age and gender of the children were 
reported in each study, with sample sizes ranging from 34 to 137 and a total of 462. 
The interventions in the experimental group were predominantly school-based and

Fig. 1 PRISMA flow diagram 
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ranged from 8 to 18 weeks, 2–7 times/week, and 20–60 min/time. The interventions 
in the control group were mainly based on regular physical activities and physical 
education class organized by the school. Regarding statistical methods, two studies 
used both t-tests and ANOVA [36, 37], three studies used ANOVA [34, 35, 40], one 
study used t-tests [39] and one study used mixed linear models [38]. For outcome 
indicators, two studies included both the total FMS, OCS, and LOC [37, 39], one 
study included the total FMS and OCS [36], two studies included the LOC and OCS 
[35, 38], one study included only the total FMS [34], and one study included only 
the LOC [40]. All studies used the Test for Gross Motor Development (TGMD) as 
a test tool of FMS (Table 1).

Risk of Bias Assessment 

All seven articles were low risk of bias in four areas: random sequence generation, 
selective reporting, incomplete outcome data, and other bias. However, in terms of 
allocation concealment, only three papers specified a specific concealment strategy 
for the allocation scheme [37–39], which achieved low risk, and the remaining four 
papers were of unknown risk bias, which led to a decrease in the quality of the 
studies. In terms of blinding of participants and personnel, only one study was blinded 
between subjects and assessors [37], achieving low risk bias. Given that most of the 
studies had children and adolescents as subjects and required informed consent or 
agreements from guardians prior to the experiment, this resulted in most studies 
not being able to use blinding between subjects and researchers and therefore most 
studies had a high risk of bias (Fig. 2). Based on the risk assessment tool, three articles 
were identified as having a low risk of bias, with one article achieving a score of 6 
and the remaining four articles all achieving a moderate risk of bias (Fig. 3).

Meta-Analysis 

For total FMS, heterogeneity between the four studies was not significant (I2 = 4% 
< 50%, P = 0.37) and allowed for the selection of a fixed ES for meta-analysis. 
Sensitivity analyses found no effect on study outcomes. AVGs had a moderate effect 
on FMS in healthy children (SMD = 0.41, 95% CI, 0.15–0.67, p = 0.002) (Fig. 4). 
There was a low risk of bias publication for the above four studies (Fig. 5).

For OCS, there was heterogeneity between the five papers (I2 = 58%, P = 0.05), 
so a random ES was selected for meta-analysis. AVGs had a moderate effect of (SMD 
= 0.41, 95% CI, 0.07–0.75, P = 0.02) on OCS in healthy children (Fig. 6). There 
was a low risk of publication bias for the above five studies (Fig. 7).

For LOC, meta-analysis was conducted using a random ES because of the high 
heterogeneity between the five studies reporting children’s LOC (I2 = 58% > 50%, 
P = 0.05). Figure 8 shows that there was a moderate effect of AVGs on healthy 
children’s LOC (SMD = 0.39, 95% CI, 0.02–0.75, P = 0.04). There was a low risk 
of bias publication for the above five studies (Fig. 9).

Subgroup Analyses 

Because the four studies reporting total FMS had the same intervention setting (in 
schools) and the intervention content (using Xbox Kinect), subgroup analyses were



The Effects of Active Video Games on Children’s Fundamental … 251

Ta
bl
e 
1 

D
es
cr
ip
tiv

e 
ch
ar
ac
te
ri
st
ic
s 
of
 th

e 
lit
er
at
ur
e 

Fi
rs
t a
ut
ho
r, 

co
un
tr
y,
 y
ea
r 
of
 

pu
bl
ic
at
io
n 

Pu
rp
os
es

Sa
m
pl
e 
si
ze
 (
IG

, 
C
G
) 

Sa
m
pl
e 

ch
ar
ac
te
ri
st
ic
s 
(a
ge
 

an
d 
ge
nd
er
) 

In
te
rv
en
tio

ns
 v
s.
 

co
nt
ro
ls
 

Te
st
 to

ol
s 
an
d 

ou
tc
om

es
 

St
at
is
tic

al
 

m
et
ho
ds
 

In
te
rv
en
tio

n 
re
su
lts
 

V
er
na
da
ki
s 

(2
01
5)
, G

re
ec
e 

E
ff
ec
ts
 o
f 

A
V
G
s-
ba
se
d 

tr
ai
ni
ng
 o
n 

ch
ild

re
n’
s 
FM

S 

66
 (
22
, 2

2)
A
ge
d 
6–
7 
ye
ar
s 

(6
.3
5 

± 
0.
73
) 

IG
(1
):
 1
1 
m
al
es
 1
1 

fe
m
al
es
 I
G
(2
):
 1
2 

m
al
es
 1
0 
fe
m
al
es
 

C
G
: 1

3 
m
al
es
 

9 
fe
m
al
e 

8 
w
ee
ks
. ➀

 IG
: 2

 ×
 

30
 m

in
/w
ee
k,
 F
M
S 

tr
ai
ni
ng

 b
as
ed
 o
n 

A
V
G
s; 

➁
 C
G
: 2

 ×
 

30
 m

in
/w
ee
k,
 

un
st
ru
ct
ur
ed
 r
ec
es
s 

T
G
M
D
-2
 

FM
S/
O
C
S 

T-
te
st
s 

A
N
O
V
A
 

➀
 >
 ➁

 

G
ao
 (
20
18
),
 U
SA

 
E
ff
ec
ts
 o
f 

sc
ho
ol
-b
as
ed
 

A
V
G
s 

in
te
rv
en
tio

n 
on
 

FM
S 
in
 c
hi
ld
re
n 

56
 (
20
, 3

6)
A
ge
d 
4–
5 
ye
ar
s 

(4
.4
6 

± 
0.
46
) 

IG
: 1

1 
m
al
es
 

9 
fe
m
al
es
 

(4
.7
2 

± 
0.
34
) 

C
G
:1
4 
m
al
es
 

22
 f
em

al
es
 

(4
.3
3 

± 
0.
46
) 

8 
w
ee
ks
. ➀

 IG
: 5

 ×
 

20
 m

in
/w
ee
k,
 

A
V
G
s 
in
cl
ud
ed
 in

 
pr
es
ch
oo
l 

cu
rr
ic
ul
um

, 1
0 
m
in
 

ga
m
e
 an
d
10

m
in

 
re
st
; ➁

 C
G
: 5

 ×
 

20
 m

in
/w
ee
k,
 

sc
ho
ol
 r
ou
tin

e 
ca
re
 

an
d 
re
ce
ss
 

T
G
M
D
-2
 F
M
S

A
N
O
V
A

➀
 >
 ➁ (c
on
tin

ue
d)



252 Z. Su et al.

Ta
bl
e
1

(c
on
tin

ue
d)

Fi
rs
ta
ut
ho
r,

co
un
tr
y,
ye
ar

of
pu

bl
ic
at
io
n

Pu
rp
os
es

Sa
m
pl
e
si
ze

(I
G
,

C
G
)

Sa
m
pl
e

ch
ar
ac
te
ri
st
ic
s
(a
ge

an
d
ge
nd
er
)

In
te
rv
en
tio

ns
vs
.

co
nt
ro
ls

Te
st
to
ol
s
an
d

ou
tc
om

es
St
at
is
tic

al
m
et
ho
ds

In
te
rv
en
tio

n
re
su
lts

Fu
 (
20
18
),
 U
SA

E
ff
ec
ts
 o
f 
A
V
G
s 

on
 p
hy
si
ca
l 

ac
tiv

ity
, m

ot
or
 

sk
ill
 a
nd

 
en
jo
ym

en
t i
n 

pr
es
ch
oo
l c
hi
ld
re
n 

65
 (
36
, 2

9)
A
ge
d 
4.
9 

± 
0.
7 
ye
ar
s 

IG
:2
0 
m
al
es
 

16
 f
em

al
es
 C
G
:1
4 

m
al
es
 

15
 f
em

al
es
 

12
 w
ee
ks
. ➀

 IG
: 5

 
× 

30
 m

in
/w
ee
k,
 

A
V
G
s 
in
cl
ud
ed
 in

 
re
gu
la
r 
sc
ho
ol
 

ac
tiv

iti
es
 a
nd

 
su
pe
rv
is
ed
 b
y 

re
se
ar
ch
 a
ss
is
ta
nt
s 

an
d 
te
ac
he
rs
; ➁

 
C
G
: 5

 ×
 

30
 m

in
/w
ee
k,
 

un
st
ru
ct
ur
ed
 r
ec
es
s 

T
G
M
D
-3
 

FM
S/
O
C
S/
L
O
C
 

A
N
O
V
A

➀
 >
 ➁

 

M
ed
ei
ro
s 
(2
02
0)
, 

B
ra
zi
l 

E
ff
ec
ts
 o
f 
A
V
G
s 

on
 m

ot
or
 s
ki
lls
 in

 
ch
ild

re
n 
ag
ed
 

8–
10
 

64
 (
32
, 3

2)
A
ge
d 
8–
10
 y
ea
rs
 

(9
.0
9 

± 
0.
75
) 

30
 m

al
es
 

34
 f
em

al
es
 

18
 w
ee
ks
. ➀

 IG
: 2

 
× 

45
 m

in
/w
ee
k,
 

A
V
G
s 
in
cl
ud
ed
 in

 
sc
ho
ol
 P
E
 

cu
rr
ic
ul
um

; ➁
 C
G
: 

2 
× 

45
 m

in
/ w

ee
k,
 

re
gu
la
r 
sc
ho
ol
 P
E
 

cu
rr
ic
ul
um

 

T
G
M
D
-2
 

FM
S/
O
C
S/
L
O
C
 

T-
te
st
s 

A
N
O
V
A
 

➀
 ≈

 ➁ (c
on
tin

ue
d)



The Effects of Active Video Games on Children’s Fundamental … 253

Ta
bl
e
1

(c
on
tin

ue
d)

Fi
rs
ta
ut
ho
r,

co
un
tr
y,
ye
ar

of
pu

bl
ic
at
io
n

Pu
rp
os
es

Sa
m
pl
e
si
ze

(I
G
,

C
G
)

Sa
m
pl
e

ch
ar
ac
te
ri
st
ic
s
(a
ge

an
d
ge
nd
er
)

In
te
rv
en
tio

ns
vs
.

co
nt
ro
ls

Te
st
to
ol
s
an
d

ou
tc
om

es
St
at
is
tic

al
m
et
ho
ds

In
te
rv
en
tio

n
re
su
lts

T
ro
st
 (
20
20
),
 

A
us
tr
al
ia
 

E
ff
ec
ts
 o
f 

M
oo
vo
si
ty
™
 o
n 

FM
S 
in
 3
–6
 y
ea
rs
 

ol
d 
ch
ild

re
n 

34
 (
17
, 1

7)
A
ge
d 
3–
6 
ye
ar
s 

IG
:8
 m

al
es
 

9 
fe
m
al
es
 

(5
.3
 ±

 1
.1
) 

C
G
:9
 m

al
es
 

8 
fe
m
al
es
 

(5
.3
 ±

 1
.3
) 

8 
w
ee
ks
. ➀

 IG
: 3

 
tim

es
/w

ee
k 
at
 h
om

e 
w
ith

 M
oo
vo
si
ty
™
; 

➁
 C
G
: u

ns
tr
uc
tu
re
d 

re
ce
ss
 

T
G
M
D
-2
 

O
C
S/
L
O
C
 

M
ix
ed
 li
ne
ar
 

m
od

el
s 

➀
 >
 ➁

 

Jo
hn
st
on
e 
(2
01
9)
, 

U
K
 

Fe
as
ib
ili
ty
 o
f 

A
V
G
s 
to
 im

pr
ov
e 

FM
S 
in
 c
hi
ld
re
n 

13
7(
73
, 6

4)
IG

:3
4 
m
al
es
 

39
 f
em

al
es
 

(7
.1
 ±

 0
.3
) 
C
G
: 2

4 
m
al
es
 

40
 f
em

al
es
 

(7
.0
 ±

 0
.3
) 

10
 w
ee
ks
. ➀

 IG
: 1

 
× 

60
 m

in
/w
ee
k,
 

G
o2

Pl
ay
 A
ct
iv
e 

Pl
ay
, 3
0 
m
in
 p
la
y 

an
d 
30
 m

in
 r
ec
es
s;
 

➁
 C
G
: u

ns
tr
uc
tu
re
d 

re
ce
ss
 

T
G
M
D
-2
 

O
C
S/
L
O
C
 

T-
te
st
s

➀
 ≈

 ➁
 

M
cG

an
n 
(2
01
9)
, 

Ir
el
an
d 

To
 e
xa
m
in
e 
th
e 

ef
fe
ct
s 
of
 

co
m
m
er
ci
al
 

ex
er
ga
m
es
 a
nd
 

pu
rp
os
e-
bu
ilt
 

ex
er
ga
m
es
 o
n 

ch
ild

re
n’
s 

lo
co
m
ot
or
 s
ki
lls
 

40
 (
20
, 2

0)
A
ge
d 
5–
7 
ye
ar
s 
IG

: 
10

 m
al
es
 

10
 f
em

al
es
 C
G
: 6

 
m
al
es
 

4 
fe
m
al
es
 

8 
w
ee
ks
. ➀

 IG
: 7

 
tim

es
/w

ee
k 
w
ith

 
H
IT
L
-b
as
ed
 A
V
G
s;
 

➁
 C
G
: 7

 
tim

es
/w

ee
k 
w
ith

 
co
m
m
er
ci
al
 A
V
G
s 

T
G
M
D
-2
 L
O
C

A
N
O
V
A

➀
 >
 ➁

 

N
ot
e 

➀
 in

te
rv
en
tio

n 
gr
ou
p 
(I
G
) 

➁
 c
on
tr
ol
 g
ro
up
 (
C
G
);
 L
O
C
 (
lo
co
m
ot
or
 s
ki
ll)
; O

C
S 
(o
bj
ec
t c
on
tr
ol
 s
ki
ll)
; G

M
S 
(g
ro
ss
 m

ot
or
 s
ki
lls
)



254 Z. Su et al.

Fig. 2 The percentage of entries in the methodological assessment 

Fig. 3 Methodological quality assessment of included studies

Fig. 4 Forest plot of the effects of AVGs on FMS in healthy children

not conducted for these two variables. For the combined ES of intervention weeks: 
although the effects of ≤ 8 weeks (SMD = 0.31, 95% CI, 0.00–0.68, P = 0.03) 
and 12–18 weeks (SMD = 0.43, 95% CI, 0.08–0.79, P = 0.02) were both moderate 
ES, the intervention effect of 12v18 weeks was significantly better than ≤ 8 weeks 
(χ 2 = 1.15, P = 0.04). For the combined ES of time per intervention, there was a
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Fig. 5 Funnel plot of the effect of AVGs on FMS in healthy children

Fig. 6 Forest plot of the effects of AVGs on OCS in healthy children 

Fig. 7 Funnel plot of the effect of AVGs on OCS in healthy children

Fig. 8 Forest plot of the effects of AVGs on LOS in healthy children
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Fig. 9 Funnel plot of the 
effect of AVGs on LOS in 
healthy children

moderate effect for ≥ 30 min/time (SMD = 0.49, 95% CI, 0.20–0.79, P = 0.0009) 
and significantly better than the effect of ≤ 20 min/time (χ2 = 1.24, P = 0.05). For 
the ES of intervention frequency, although there was a moderate effect for both 2 
times/week (SMD = 0.42, 95% CI, 0.06–0.78, P = 0.02) and 5 times/week (SMD 
= 0.51, 95% CI, 0.13–1.02, P = 0.0001), the effect was significantly better for 2 
times/week than for 5 times/week (χ 2 = 2.31, P = 0.03) (Table 2). 

For OCS, the combined ES of intervention weeks: a moderate effect was present 
for 10–18 weeks intervention (SMD = 0.51, 95% CI, −0.00–1.15, P = 0.01) which 
was significantly better than for ≤ 8 weeks (χ 2 = 1.72, P = 0.03). The combined ES 
of time per intervention: there was a moderate effect for 45–60 min/time (SMD = 
0.47, 95% CI, −0.10–1.07, P = 0.04) and it was significantly better than the effect for 
≤ 30 min/time (χ 2 = 1.66, P = 0.02). The ES of intervention frequency: moderate 
effects were present for both 1–3 times/week (SMD = 0.39, 95% CI, −0.01–0.95, P

Table 2 Subgroup analysis of the effects of AVGs on total FMS 

Variable Subgroup No. of 
studies 

Heterogeneity Subgroup 
differences 

ES 95% CI Two-tailed 
test (Z/P) 

χ 2/P/I2 χ 2/df /P/I2 

Intervention 
weeks 

≤ 8 weeks 2 1.31, 0.12, 3% 1.15, 1, 
0.04, 13% 

0.31 (0.00, 
0.68) 

1.27, 0.03 

12–18 weeks 2 1.28, 0.26, 
22% 

0.43 (0.08, 
0.79) 

2.42, 0.02 

Time per 
intervention 

≤ 20 min 1 0.00, 0.00, 0 1.24, 2, 
0.05, 0% 

0.11 (−0.44, 
0.66) 

0.39, 0.69 

≥ 30 min 3 1.64, 0.44, 0% 0.49 (0.20, 
0.79) 

3.32, 
0.0009 

Intervention 
frequency 

2 times/week 2 1.15, 0.28, 
13% 

2.31, 2, 
0.03, 0% 

0.42 (0.06, 
0.78) 

2.30, 0.02 

5 times/week 2 2.14, 0.02, 0% 0.51 (0.13, 
1.02) 

1.71, 
0.0001 
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= 0.07) and 5 times/week (SMD = 0.42, 95% CI, 0.05–1.09, P = 0.05) interventions, 
but the effect of 5 times/week was more significant (χ 2 = 2.32, P = 0.01). The ES 
of intervention setting: moderate effects were found for both interventions in school 
(SMD = 0.40, 95%CI, −0.02–0.93, P = 0.05) and in the home (SMD = 0.51, 95% 
CI, 0.02–1.03, P = 0.01), but the effect of intervention in the home were significantly 
better than those in school (χ 2 = 1.35, P = 0.02). However, the inclusion studies was 
insufficient and the results should be viewed with caution. The combined ES of the 
types of AVGs: though the effect of Xbox Kinect (SMD = 0.41, 95% CI, 0.05–1.06, 
P = 0.04), Go2Play active play (SMD = 0.32, 95% CI, 0.01–0.98, P = 0.05) and 
Moovosity™ (SMD = 0.30, 95% CI, −0.03–0.81, P = 0.07) were all moderate, the 
effect of Xbox Kinect was more significant (χ 2 = 2.21, P = 0.05) (Table 3). 

For LOC, the combined ES of intervention weeks: though the effect of ≤ 8 weeks 
(SMD = 0.39, 95% CI, 0.12–0.65, P = 0.01) and 10–18 weeks (SMD = 0.48, 95% 
CI, 0.16–1.19, P = 0.001) were both moderate, the effect was more significant for 
10–18 weeks (χ 2 = 2.04, P = 0.05). Combined ES of time per intervention: the 
effect of 45–60 min/time was moderate (SMD = 0.46, 95% CI, 0.07–1.04, P = 
0.002) which was significantly better than 30 min/time (χ 2 = 2.61, P = 0.01). ES

Table 3 Subgroup analysis of the effects of AVGs on OCS 

Variable Subgroup No. of 
studies 

Heterogeneity Subgroup 
differences 

ES 95% CI Two-tailed 
test (Z/P) 

χ2/P/I2 χ2/df /P/I2 

Intervention 
weeks 

≤8 weeks 2 1.61, 0.20, 
38% 

1.72, 2, 
0.03, 7% 

0.29 (−0.24, 
0.83) 

1.07, 0.28 

10–18 weeks 3 2.42, 0.14, 
11% 

0.51 (−0.00, 
1.15) 

1.97, 0.01 

Time per 
intervention 

≤30 min 3 1.63, 0.44, 0% 1.66, 1, 
0.02, 12% 

0.28 (−0.03, 
0.60) 

1.75, 0.08 

45–60 min 2 1.45, 0.21, 
21% 

0.47 (−0.10, 
1.07) 

1.22, 0.04 

Intervention 
frequency 

1–3 
times/week 

4 1.11, 0.16, 2% 2.32, 2, 
0.01, 7% 

0.39 (−0.01, 
0.95) 

1.92, 0.07 

5 times/week 1 0.00, 0.00, 0 0.42 (0.05, 
1.09) 

1.75, 0.05 

Intervention 
setting 

School 4 2.35, 0.09, 
23% 

1.35, 3, 
0.02, 18% 

0.40 (−0.02, 
0.93) 

1.67, 0.05 

Home 1 0.00, 0.00, 0 0.51 (0.02, 
1.03) 

2.31, 0.01 

Types of 
AVGs 

Xbox Kinect 3 1.31, 0.07, 3% 2.21, 2, 
0.05, 8% 

0.41 (0.05, 
1.06) 

1.75, 0.04 

Go2Play 
Active Play 

1 0.00, 0.00, 0 0.32 (0.01, 
0.98) 

1.22, 0.05 

Moovosity™ 1 0.00, 0.00, 0 0.30 (−0.03, 
0.81) 

1.13, 0.07 
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Table 4 Subgroup analysis of the effects of AVGs on total LOC 

Variable Subgroup No. of 
studies 

Heterogeneity Subgroup 
differences 

ES 95% CI Two-tailed 
test (Z/P) 

χ 2/P/I2 χ 2/df /P/I2 

Intervention 
week 

≤8 weeks 2 0.06, 0.80, 0% 2.04, 2, 
0.05, 7% 

0.39 (0.12, 
0.65) 

2.46, 0.01 

10–18 weeks 3 1.14, 0.36, 2% 0.48 (0.16, 
1.19) 

3.18, 
0.001 

Time per 
intervention 

≤30 min 3 0.98, 0.61, 0% 2.61, 3, 
0.01, 11% 

0.27 (−0.00, 
0.54) 

1.95, 0.05 

45–60 min 2 2.13, 0.25, 5% 0.46 (0.07, 
1.04) 

2.47, 
0.002 

Intervention 
frequency 

1–3 
times/week 

3 1.18, 0.06, 4% 2.41, 2, 
0.05, 4% 

0.41 (−0.09, 
0.97) 

1.71, 0.03 

5–7 
times/week 

2 1.27, 0.09, 0% 0.53 (−0.17, 
1.14) 

1.81, 
0.007 

Intervention 
setting 

School 4 1.82, 0.61, 0% 1.44, 3, 
0.02, 0% 

0.21 (−0.03, 
0.45) 

1.72, 0.08 

Home 1 0.00, 0.00, 0 0.55 (0.04, 
1.25) 

1.84, 0.05 

Gaming 
platform 

Xbox kinect 4 1.21, 0.07, 5% 2.14, 2, 
0.001, 3% 

0.47 (−0.09, 
1.27) 

1.71, 0.01 

Go2Play 
Active Play 

1 0.00, 0.00, 0 0.31 (−0.10, 
1.14) 

1.05, 0.09 

of intervention frequency: the effect of 1–3 times/week (SMD = 0.41, 95% CI, − 
0.09–0.97, P = 0.03) and 5–7 times/week (SMD = 0.53, 95% CI, −0.17–1.14, P = 
0.007) were both moderate, but the effect of 5–7 times/week was more significant 
(χ 2 = 2.41, P = 0.05). Combined ES of intervention setting: the effect was moderate 
in the home (SMD = 0.55, 95% CI, 0.04–1.25, P = 0.05) which was more significant 
than in school (χ 2 = 1.44, P = 0.02). It was important to note that the inclusion study 
is insufficient and the results needed to be viewed with caution. Combined ES of the 
type of AVGs: the effects of Xbox Kinect (SMD = 0.47, 95% CI, −0.09–1.27, P = 
0.01) and Go2Play Active Play (SMD = 0.31, 95% CI, −0.10–1.14, P = 0.09) were 
both moderate, but the effect of Xbox Kinect was more significant (χ 2 = 2.14, P = 
0.001) (Table 4). 

5 Discussion 

With the continued development of human–computer interaction technology, AVGs 
as a new way of sports gaming are gradually becoming a new favorite in the market.
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Especially during the COVID-19 epidemic, the strength of AVGs at home are partic-
ularly highlighted. This study examined the effects of AVGs on FMS using a system-
atic review and meta-analysis and found a moderate facilitative effects on total FMS, 
OCS, and LOC. 

For the total FMS, studies on the effects of AVGs on children’s total FMS have 
been inconsistent. Such as, Vernadakis et al. [36] Gao  [34] and Fu [35] found that 
AVGs significantly promote FMS levels in children. However, Medeiros [37] found 
that the facilitative effect of AVGs on FMS was not significantly different from that of 
the control group. It is noteworthy that there were no negative effects of AVGs in the 
included studies, all pointing to the positive impact on children’s physical health and 
FMS. In line with these results, following a systematic review and meta-analysis, 
we also found a moderate facilitative effect of AVGs on FMS. More specifically, 
interventions using Xbox Kinect in schools for at least 12 weeks (5 times/week, 
30 min/time) had the best impact on the promotion of FMS in healthy children. 
Therefore, AVGs have the potential to be a training measure for the development of 
FMS in healthy children. 

This study found a moderate facilitative effect of AVGs on OCS in healthy chil-
dren, which was consistent with the results of one systematic review [41]. In fact, 
studies on the effects of AVGs on OCS in healthy children are more consistent, all 
finding that AVGs can improve children’s OCS significantly [35–39]. Furtherly, the 
subgroup analysis results indicated that interventions using Xbox Kinect at home 
for at least 12 weeks (5 times/week, 45–60 min/time) had a more significant effect 
on improving children’s OCS. So, AVGs could be used as a supplement to school 
physical education [37]. Considering the low levels of OCS among international [16] 
and Chinese [17] children, AVGs were recommended as an effective way to promote 
OCS in a collaborative home-school approach. 

For LOC, studies on the effects of AVGs on children’s LOC have been inconsistent. 
McGann [40], Fu [35] and Trost [38] had shown that AVGs could significantly 
improve children’s LOC, but a systematic review [27] shown that the facilitative 
effects were uncertain. In this study, the meta-analysis results suggested that AVGs 
have a moderate effect on children’s LOC. Specifically, interventions using Xbox 
Kinect in the home for at least 10 weeks (5–7 times/week, 45–60 min/time) had a 
more significant effect on improving children’s LOC. Therefore, AVGs can be an 
ideal intervention tool for developing children’s LOC. 

There were some limitations in this study. Only seven RCT trials were included 
and unpublished papers and non-reviewed articles were not entered. Therefore, there 
may be publication risk bias. The included RCTs varied widely in their intervention 
designs, and some of them had problems with dropouts and lost visits of study 
participants. The number of included RCTs was small, so subgroup analyses of age, 
gender, and ethnicity were not conducted.
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6 Conclusions 

AVGs had a moderate facilitative effect on children’s total FMS and a slightly better 
facilitative effect on OCS than LOC. 
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The Effect of Taijiquan on Working 
Memory of College Students with High 
Obsessive–Compulsive Symptoms 

Tongtong Hao 

Abstract In recent years, among college students, obsessive–compulsive symp-
toms are more prominent than other psychological problems, and college students’ 
working memory ability is closely related to obsessive–compulsive symptoms. 
Working memory plays an important role in personal learning and life. Whether 
college students with obsessive–compulsive problems have low working memory 
ability, and whether they can improve their obsessive–compulsive problems by 
improving their working memory ability is worth exploring. Firstly, this study takes 
college students as the research object and uses the method of questionnaire to 
study the relationship between college students’ obsessive–compulsive symptoms 
and working memory ability; secondly, through Taijiquan exercise intervention, the 
working memory ability of college students with high obsessive–compulsive symp-
toms was intervened to explore the improvement effect of this method on college 
students’ obsessive–compulsive symptoms. 

Keywords Taijiquan · High obsessive–compulsive symptoms · Working 
memory · Exercise intervention 

1 Introduction 

Obsessive–compulsive disorder (OCD) is a common mental disease in clinic. OCD 
is characterized by uncontrollable obsessive–compulsive thinking or obsessive– 
compulsive movement, which is prone to anxiety, depression, and other adverse 
emotions. Previous studies have found that the cognitive control of OCD patients has 
defects in three aspects: inhibitory control (the ability to inhibit dominant response), 
working memory (the ability to maintain and update information related to needs), 
and cognitive flexibility (the ability to change strategies in the face of changing 
environmental needs) [1]. Obsessive–compulsive trait and OCD are two different
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concepts. Obsessive–compulsive trait is an individual who has obsessive–compul-
sive symptoms but fails to meet the diagnostic criteria of OCD, showing excessive 
responsibility and pursuing perfection [2]. Obsessive–compulsive behavior includes 
compulsive examination, compulsive cleansing, and compulsive counting. People 
with high obsessive–compulsive traits know that this is unnecessary, but in order 
to alleviate the negative impact of obsessive–compulsive concepts, it is difficult for 
them to control not to do so, which eventually leads to a vicious circle [3], which is 
likely to cause them to often be in a situation of contradiction and conflict. In addition, 
they are often in mental pain due to various bad emotions [4]. In the mental health 
survey of Chinese college students, it is found that obsessive–compulsive symptoms 
are common among college students [5]. Obsessive–compulsive symptoms rank first 
among college students’ psychological problems. 

Working memory (WM) is the ability of individuals to temporarily maintain and 
operate information during the execution of cognitive tasks. It is the core of human 
high-level cognitive activities and an important component of learning, reasoning, 
problem-solving, and intellectual activities [6–8]. Working memory tasks are ubiq-
uitous in human life. For example, when reading, it is necessary to remember the 
characters at the beginning of a sentence and use them to understand the seman-
tics behind. Working memory is used throughout life, so it is often associated with 
human intelligence, information processing ability, executive function, problem-
solving ability, and learning ability [9–11]. People with high obsessive–compulsive 
trait have similar working memory impairment as patients with obsessive–compul-
sive disorder. Although they can maintain normal social life, their social function and 
working memory function are abnormal [12]. A recent report found that adolescents 
with high obsessive–compulsive traits have mild impairment in cognitive functions 
such as working memory [13]. The study found that compared with college students 
with low obsessive–compulsive traits, college students with high obsessive–compul-
sive traits have abnormal cognitive function indicators such as inhibition control and 
cognitive flexibility. Compared with obsessive–compulsive symptoms, there is still 
insufficient attention to the cognitive symptoms of obsessive–compulsive disorder 
[14]. 

Taijiquan has been fully proved to be one of the sports interventions for the 
treatment of obsessive–compulsive disorder and other mental diseases [15–17]. At 
this stage, there are many studies on the impact of Taijiquan on executive function 
[18–21]. To sum up, this study explored the effect of Taijiquan on working memory 
of college students with high obsessive–compulsive traits. The results are reported 
as follows.
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2 Methods 

2.1 Intervention of Taijiquan on Working Memory Ability 
of College Students with High Obsessive–Compulsive 
Symptoms 

2.1.1 Research Object 

From April to May 2021, two colleges and universities were selected in Beijing. A 
total of 816 questionnaires were distributed by cluster sampling based on class units. 
762 questionnaires were recovered. 19 invalid questionnaires were eliminated. 743 
valid questionnaires were obtained. A total of 56 subjects who met the inclusion 
criteria were divided into the experimental group (28) and the control group (28) 
according to the random number table method. 

Inclusion criteria: score of the revised Obsessive–Compulsive Scale ≥ 29, normal 
vision or corrected vision, age over 18 years old, exclusion criteria: having mental 
diseases such as schizophrenia and depression, color blindness or color weakness, 
and serious physical diseases. In the process of Taijiquan intervention, 58 subjects 
completed the intervention process. No adverse events occurred in both groups within 
the intervention period. There was no significant difference between the experimental 
group and the control group in age, education level, and gender (p > 0.05). All the 
subjects participated in this study voluntarily and signed the informed consent form. 

2.1.2 Research Tool 

2.1.2.1 Obsessive–compulsive Inventory Revised OCI-R 

FOA et al. [16] revised the Chinese version according to the simplified version 
in 1998, and Qinghuan et al. [17] revised the Chinese version in China. OCI-
R scale has 18 questions and 6 dimensions, which are cleaning, forced thinking, 
hoarding, sorting, verification, psychological neutralization, and each dimension has 
3 questions. According to the situation in the past month, the subjects made a self-
assessment on their own obsessive–compulsive symptoms. Each topic has 5 levels. 
0 means “never”; 1 means “almost never”; 2 means “sometimes”; 3 means “often”; 
and 4 means “almost always”. The total score of the revised version of the Obses-
sive–Compulsive Scale is normally distributed, with the top 27% [18] scores, that is, 
the group with a total score ≥ 29 points is a high obsessive–compulsive trait group.
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2.1.2.2 Neuropsychological Test 

Digital span test (DST) [20] digital span is divided into back-to-back and back-
to-back. The back-to-back contains 8 digital strings, and the back-to-back contains 
7 digital strings. Each length has two attempts. Can correctly recall the length of 
the digital string and continue after adding 1; if 2 attempts fail, stop the test. The 
maximum length of digit string that subjects can correctly repeat is their working 
memory span. The larger the index, the better the working memory ability. 

2.1.3 Exercise Intervention Program 

The leader of this Taijiquan exercise intervention is a national level II athlete, who 
has received professional Taijiquan training and accepted the supervision of relevant 
experts. The evaluation of the two groups of subjects was completed by a grad-
uate student who had received training in the neuropsychological-scale system. The 
specific intervention plan is as follows: the exercise item is 24 Style Taijiquan; the 
duration of exercise intervention is 12 weeks; the exercise frequency is 3 times/week, 
and each time is 60 min. The exercise intervention of Taijiquan experimental group 
was divided into three stages. The first stage was to learn the preparatory activities of 
related exercises for the first to fourth weeks; The second stage is to learn and practice 
the basic movements of relevant movements, and the time is the 5th to 8th weeks; 
The third stage is the study and practice of complete sets of movements, and the 
time is arranged in the 9th to 12th weeks. Basic requirements for sports intervention: 
warm up for 10 min before each activity, and then enter the learning and practice 
process of relevant actions. Keep your attention as much as possible during learning, 
and finally relax for 5 min. The control group did not receive any intervention. 

3 Results 

3.1 Comparison of Scores of OCI-R and Neuropsychological 
Tests Between the Two Groups Before and After 
Intervention 

Before the intervention, there was no significant difference in OCI-R scale and DST 
between the experimental group and the control group (t = 0.72, 0.83, p > 0.05). 
After the intervention, the OCI-R score of the experimental group was lower than 
that of the control group (t = 2.39, p < 0.05). The total number of error reactions and 
the total number of persistent errors in the experimental group on the OCI-R scale 
and DST were significantly improved (p < 0.05), while the other differences in the 
control group (p < 0.05) were not statistically significant (P > 0.05). See Table 1.
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Table 1 Comparison of OCI-R and neuropsychological test results of two groups of college 
students before and after intervention (x ± s) 
Group Before and 

after 
intervention 

Number 
of 
persons 

Statistical 
value 

OCI-R scale DST 

Anteroposterior Inverted 
back 

Experimental 
group 

Before 
intervention 

28 18.23 ± 5.08 8.25 ± 3.02 6.29 ± 1.56 

After 
intervention 

28 11.57 ± 6.42 9.87 ± 3.17 7.93 ± 2.26 

t 3.19 −2.40 −2.53 

P < 0.05 < 0.05 < 0.05  

Control 
group 

Before 
intervention 

28 17.45 ± 7.06 8.91 ± 2.89 6.19 ± 1.38 

After 
intervention 

28 16.91 ± 7.85 9.05 ± 2.11 6.54 ± 1.41 

t 0.37 −0.32 −0.92 

P > 0.05 > 0.05 > 0.05  

4 Conclusion 

This study whether Taijiquan can improve the working memory function of college 
students with high obsessive–compulsive symptoms. According to the experimental 
results, the OCI-R score of the experimental group is significantly lower than that 
of the control group after Taijiquan intervention, that is, the obsessive–compulsive 
symptoms are reduced, and the working memory ability is improved after Taijiquan 
intervention. In general, Taijiquan can improve the working memory function of 
college students with high obsessive–compulsive symptoms. 

The study found that the population with high obsessive–compulsive trait is one 
of the high-risk groups to develop obsessive–compulsive disorder. The prevalence 
and treatment cost of obsessive–compulsive disorder are high. Therefore, it is of 
great practical significance to carry out preventive screening and intervention in the 
general population. The reason why Taijiquan has the effect of alleviating obsessive– 
compulsive disorder and improving working memory function is that it is light, gentle, 
continuous, both internal and external, and has the characteristics of life cultivation. 
It can not only divert attention, but also regulate negative emotions. At the same 
time, in the process of practicing Taijiquan, attention will shift from anxious things 
to things that are willing to experience and accept, reducing obsessive–compulsive 
symptoms. And practicing Taijiquan is to memorize the movement sequence in the 
process of exercise, so it can effectively stimulate the working memory function 
of college students. In addition, practicing Taijiquan can also enrich after-school 
life, occupy the time of compulsive behavior and thought, reduce the interference of 
compulsive psychology, and improve learning ability and memory ability.
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The results of this study showed that the obsessive–compulsive symptoms in the 
experimental group were significantly reduced after the intervention. Although this 
study is aimed at different nonclinical groups (college students with high obsessive– 
compulsive symptoms), Taijiquan and drug therapy can significantly improve obses-
sive–compulsive symptoms. The results of digit inversion in DST task showed that 
compared with the control group, the digit span of the experimental group increased 
after the intervention, indicating that Taijiquan can improve the working memory of 
college students with high obsessive–compulsive traits. 

This study has a positive guiding significance for the early psychological interven-
tion and mental health promotion of college students with high obsessive–compul-
sive trait. At the same time, this study also has some limitations: first, this study 
was not included in the healthy control group, so it is impossible to objectively 
discuss the performance of neuropsychological tests. Secondly, the subjects were 
not followed up, and it was not verified whether the working memory impairment in 
the high obsessive–compulsive trait population could predict the long-term interven-
tion results of this kind of population. Finally, the neuropsychological tests selected 
in the study only have response indicators and lack objective electrophysiological 
indicators, which may lead to the lack of accuracy and accuracy of the research 
results. Objective indicators can be further adopted in future research. 
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Validity and Reliability of a Pictorial 
Instrument for Assessing Movement Skill 
Perceived Competence in Chinese 
Children 

Xuanxi Li, Lijun Chen, Yucui Diao, and Jing Li 

Abstract This research aims to examine the reliability and validity of the Picto-
rial Scale of Perceived Movement Skill Competence (PMSC-TGMD-2 version) in 
Chinese children aged 4 to 10 years. A total of 214 children aged 4–10 years (Mage = 
7.6 years, SD = 1.9 years, 100 girls) from four schools in Jinan City were selected for 
testing using the random sampling principle. Cronbach’s alpha was used for internal 
consistency analysis; 74 children were retested at one-week intervals to determine 
the retest reliability by intra-group correlation coefficient (ICC), and 48 children 
were asked four questions to verify the face validity. Bayesian structural equation 
modeling (BSEM) and maximum likelihood method (ML) were used to test the struc-
tural validity, and the model competition method was used to test the discriminant 
validity. The internal consistency alpha coefficients for the scale overall and each 
dimension ranged from 0.76 to 0.86, and the retest reliability ranged from 0.82 to 
0.89. (2) For the face validity, children were able to correctly identify most of the 
skills and had a good understanding of all skills. (3) Regarding structural validity, 
confirmatory factor analysis (CFA) under the Bayesian approach showed a good 
fit of the two-factor model of perceived locomotor skill competence and perceived 
object control skill competence with a posteriori predicted p value of 0.516 and 95% 
confidence interval of [-39.045, 36.477] after incorporating a priori information. (4) 
The two-factor model of locomotor and object control skill was highly supported in 
the model competition, demonstrating that the scale has good discriminant validity. 
The PMSC-TGMD-2 version has good reliability and validity in Chinese children 
aged 4–10 years. 

Keywords Children · Fundamental movement skills · Perceived competence ·
Bayesian structural equation modeling
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1 Introduction 

Fundamental movement skill (FMS) is the proficiency of individuals to complete a 
variety of basic motor movements, specifically in locomotor skills, object control 
skills, and stable ability 3 aspects [1]. It is the basis for advanced and complex sports 
and physical activities [1–3]. Numerous studies have shown that FMS development 
not only has a critical impact on preschool children’s mental health, healthy fitness, 
and healthy weight status but also has a significant impact on the development of 
FMS during childhood [4]. It has been shown in numerous studies that FMS devel-
opment not only has a critical impact on preschool children’s mental health, healthy 
fitness, and healthy weight status but also that proficiency in object control skills 
during childhood predicts physical activity behavior during adolescence [5]. The 
FMS has been shown to significantly impact preschool children’s mental health, 
healthy physical fitness, and healthy weight status. 

With the development of cognitive neuroscience and behavioral science, the 
importance of self-perception in behavior execution and action development has 
been gradually recognized. Among them, the influence of physical self-perception 
(PSP) on physical activity behavior is becoming a new hot topic of research. PSP 
is widely defined as an individual’s perception of their actual motor ability [6]. PSP 
is widely defined as an individual’s perception of their actual athletic ability. As 
one of the sub-dimensions of self-concept [7]. It is considered to be the factor most 
closely associated with physical activity level [8]. The motivational theory of ability 
considers PSP as the main motivating factor for voluntary participation in any sport 
or physical activity [9]. It has a significant impact on the persistence of physical 
activity participation [10]. Stodden et al. [11] in their Developmental Mechanisms 
Influencing Physical Activity Trajectories of Children model, they suggest that PSP 
plays an important mediating role between FMS and physical activity levels. The 
study showed that [12] the interaction between FMS and PSP and the two is the main 
potential mechanism to increase physical activity levels. 

Given the important value of FMS and PSP for physical activity promotion in chil-
dren and adolescents, Barnett et al. [13, 14] based on the TGMD-2, which is widely 
used to measure FMS in children aged 4–10 years, designed the Pictorial Scale 
of Perceived Movement Skill Competence (PMSC-TGMD-2), which has become 
an internationally used “self-report” form of PSP measurement tool, which has 
the characteristics of meeting the cognitive level of younger children, simplicity 
and efficiency, and high applicability [13, 14]. It has achieved acceptable relia-
bility and validity in Australia [13, 14], Portugal [15], Brazil [16], Spain [17], and 
other countries. However, there are significant cultural differences between China 
and other countries, and the applicability of the scale among Chinese children is 
unknown. Therefore, this study aimed to examine the reliability and validity of the 
PMSC-TGMD-2 scale in Chinese children, and then, provide Chinese scholars with 
a valid instrument for measuring PSP in children, and enrich research on PSP in 
different cultural contexts, with the final aim of making a Chinese contribution to 
the international field of motor development and health promotion.
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2 Method  

2.1 Subjects 

A total of 216 children aged 4–10 years (M = 7.6, SD = 1.9) were selected using 
the random sampling principle, and two of them did not complete the test, leaving 
214 valid data. After a one-week interval, a random sample (n = 48) was selected 
to determine face validity and another group (n = 74) was retested according to 
standard procedures to determine retest reliability. 

2.2 Self-Perception Measures of Fundamental Motor Skills 

Using the Barnett et al. [13, 14]. The FMS was measured using the FMS Self-
Perception Picture Scale (PMSC-TGMD-2) developed by Dr. Ulrich, University of 
Michigan, USA [18]. The FMS in this scale corresponds to those in the Test of Gross 
Motor Development, Second Edition (TGMD-2) developed by Dr. Ulrich et al. It 
includes six locomotor skills (Run, Gallop, Hop, Leap, Horizontal Jump, and Slide) 
and six object control skills (Striking a Stationary Ball, Stationary Dribble, Catch, 
kick, Overhand Throw, and Underhand Roll). The test uses a cartoon format to depict 
the 12 motor skills and provides two versions of the test atlas for boys and girls by 
gender as detailed in Fig. 1. 

2.2.1 Scale Translation 

The English scale was translated independently into Chinese by authors 3 and 4, and 
then a first draft of the Chinese scale was jointly agreed upon. Barnett optimized the 
scale. For example, a tester asking the question, “Which child in the picture looks 
more like you?” was changed to “Which child in the picture looks most like you?”.

Fig. 1 Example of Pictorial 
Scale of Perceived 
Movement Skill Competence 
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Second, the word “good at” was difficult for younger children to understand, so it 
was changed to “good or bad at playing”. In response to these comments, the Chinese 
version of the scale was refined and finally, many experts agreed to form the Chinese 
version of the PMSC-TGMD-2. 

2.2.2 Test Procedure 

Subjects were questioned one-on-one in a quiet classroom or setting, strictly 
according to the test manual. First, subjects were informed of the FMS that the 
child in the picture was doing and then asked if the subject had played with the 
skill. For those who had played the skill, they were further informed which of the 
two children in the picture was doing it well or not so well and then asked, “which 
child do you think is doing it the most like you”. For subjects who had not played a 
particular FMS, they were first shown the skill and then asked to imagine which child 
would do the action most like you if they played it themselves. After the participant 
chose between a good skill and a bad skill, the tester pointed to the two circles below 
the chosen picture and asked, “Do you consider that you play very well or relatively 
well?” or “Do you think you played not well or okey?”. The “large circle” below 
the picture of good skill performance means that you played “very well (4 points)” 
and the “small circle” means that you played “relatively well (3 points)”; the skill 
performance of the “large circle” means that you played “very well (4 points)” and 
the “small circle” means that you played “relatively well (3 points)”. 3 points”; “large 
circles” under the pictures with less good skills indicate that they play “not well (1 
point)”, and “small circles” indicate that they play “okay (2 points)”. Since younger 
children have difficulty in understanding the proper nouns in FMS, individual skills 
are replaced by realistic and colloquial nouns, for example, “hitting a ball with a 
bat in both hands” is replaced by “playing baseball” and “throwing a ball with the 
upper. For example, the expression “hitting a ball with a bat in both hands” was 
replaced with “playing baseball”, and “throwing a ball from above” was replaced 
with “throwing a ball from above”. The total scores of the locomotor skill and object 
control skill self-perceptions were 6–24, and the total scores of the whole scale were 
12–48. 

Four questions were administered to 48 subjects after a one-week interval to verify 
face validity. (1) The subjects were asked if they knew what the skill shown in the 
picture was, and their responses were recorded to determine the correct recognition 
rate. If any of the actions were incorrectly identified, such as interpreting a forward 
slide step as a running jump step, they were informed of the correct answer. (2) In 
which sports/games/activities the skill in the picture can be used, record each state-
ment of the respondent and then classify the answers into three categories according 
to their answers, ➀ don’t know ➁ general activities ➂ specific activities. For example, 
if the skill of running is used in “playing in the park or running when you are in a good 
mood”, the answer is classified as “general activity”, and if the answer for overhand 
ball throwing is “used when serving basketballs”. For example, if the answer to the 
question “I use it when I serve a basketball or when I hit a sandbag” was “specific
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activity”, the answer was categorized as “specific activity”. (3) Subjects were asked 
to identify which diagram showed the better FMS, and if they were incorrect, the 
tester told them the correct answer and proceeded to the next question. (4) Ask the 
subject why each FMS picture did well or not so well, and the tester will keep asking 
whether there are other differences between the two pictures to make sure the subject 
will say what he or she understands about the good and not so good actions. The 
answers can be classified into four categories based on their responses: ➀ don’t know 
➁ confusing understanding ➂ partial understanding ➃ complete understanding. For 
example, when a subject gives a response that has nothing to do with the quality of the 
action, it is classified as “confusing”, when the subject can answer any one piece of 
information related to the good or bad action, it is classified as partial understanding, 
and when the subject can answer more than two pieces of information, it is classified 
as complete understanding. 

3 Statistics Methods 

(1) Descriptive statistics were conducted on the percentage of movement demon-
strations required; the percentage of each FMS played to the four levels of 
self-perception for each skill. FMS with less than 75% of attempts using SPSS 
22.0 [14] Wilcoxon rank-sum test was conducted to examine the difference in 
scores between children who had played with the FMS and those who had not 
played with the FMS. 

(2) For reliability, intra-class correlation (ICC) and internal consistency were calcu-
lated to determine the reliability of PMSC-TGMD-2. The intra-class correlation 
ICC of the data before and after retesting the samples was examined, and ICC 
values less than 0.5 indicated poor reliability, between 0.5 and 0.75 indicated 
moderate reliability, between 0.75 and 0.9 indicated good reliability, and greater 
than 0.90 indicated excellent reliability [19]. Internal consistency was tested 
using Cronbach’s alpha for six locomotor skills, six object control skills, and 
12 FMS items of self-perception, and Cronbach’s alpha values of 0.70 or higher 
were considered acceptable [20]. 

(3) For structural validity, confirmatory factor analysis (CFA) was conducted using 
MPLUS 8.0 to test its structural validity, and the model settings are shown in 
Fig. 2.

Since the models of ML analysis are often poorly fitted due to the strict 
restriction that the zero cross-loading and zero residual correlation must be zero 
[21]. Therefore, Muthén and Asparouhov [22] provide a method for CFA using 
the Bayesian structural equation model BSEM, which allows to obtain of analyt-
ical results that converge to the real theory. Instead of the strict constraints of 
maximum likelihood estimation (ML), which usually leads to unrecognizable 
models in classical statistical methods, researchers can set a prior distribution 
with zero mean and very small variance for cross-loadings and residual corre-
lations based on the theoretical conception. Unrecognizable, while borrowing
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Fig. 2 Two factors 
structural factor analysis of 
locomotor and object control

based on BSEM can compensate for these problems. According to the scale 
developers Barnett [14], et al. reported factor load and Asparouhov et al. [23] 
suggested that the factor loadings be set to a priori distribution of N(0.7, 0.02). 
According to the recommendations of Muthén and Asparouhov [24, 25], set the 
prior distribution of cross-loadings to N(0, 0.02). Set the prior distribution of 
residual correlation to IW (0, 18) and the prior distribution of residual variance 
to IW (1, 18) for the Inverse-Wishart (IW) distribution. Since the variance of 
the prior information setting is set small, which will produce an increase in 
convergence difficulty, the number of iterations of Markov Chain Monte Carlo 
(MCMC) is changed from the default 50,000–100,000, and two MCMC chains 
are set in parallel to improve the speed of. Convergence is considered to be 
reached when the autocorrelation map is in a reasonable interval, and the trace 
map shows rapid up and down changes without long-term orientation or arbi-
trary drift [24, 25]. Gelman et al. [26] suggest that the fitness is best when 
the posterior predictive p (PPp) value is equal to 0.5 and the probability of the 
observed data is as high as that of the generated data, converging to 0 or 1 
represents poor fitness. In practice, a p of 0.30–0.70 is an acceptable fit [27, 28]. 

Three different types of prior distributions are set in this study: no prior 
information, partial information prior, and information prior distribution. This 
study also uses ML for CFA, and an acceptable model fit is indicated when the 
fit metric CFI > 0.90 and both SRMR and RMSEA < 0.06.
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(4) Regarding the discriminant validity, the model competition method was used 
to test the discriminant validity of the scale, and the one-factor model was 
set as the competition model. Bayesian information index (BIC) and abnormal 
information index (DIC) are commonly used to compare competing models, 
and according to Kass et al. [27] suggested that when the difference of BIC 
between two competing models ΔBIC > 10, the model with a large BIC index 
is a good fit. According to Spiegelhalter et al. [28] suggested that the model 
with a small DIC is a good fit. 

4 Results 

4.1 Descriptive Statistics 

Table 1 presents the percentage of people who required movement demonstration, the 
percentage of people who did each movement, and the percentage of each FMS self-
perception level. Among the locomotor skills, the movement that required the highest 
number of demonstrations was the front slide (79.9%), followed by the straddle jump 
(66.4%) and the side slide (43.0), while the number of demonstrations required for 
the standing jump, the single-leg jump and the running was less than 5%. Among the 
object control skills, the most requested movement was the underhand roll (18.2%), 
followed by hitting the ball with a bat in both hands (15.3%) and overhand throw 
(7.3%), while no subjects requested demonstrations for the slap and kick.

The least number of people played with a two-handed bat to hit the ball and 
forward sliding, 41.1% and 66.8%, respectively. The number of those who played 
running, one-legged jump, standing long jump, tapping, kicking, and catching with 
both hands were higher than 90%. For attempt rates below 80% [14]. The Wilcoxon 
rank-sum test was conducted for FMS (playing baseball, forward sliding, and under-
hand rolling) and showed that children who played playing baseball, forward sliding, 
and underhand rolling rated themselves higher than those who did not play these skills 
[Z打棒球 = −3.90, P打棒球 < 0.000, Z前滑步 = −2.92, P前滑步 = 0.003, Z下手滚球 = −  
5.27, P下手滚球 < 0.000]. 

4.2 Reliability 

4.2.1 Internal Consistency Reliability 

As  shown in Table  2, the internal consistency alpha values for locomotor and object 
control skill self-perceptions in the first test were 0.79 and 0.76, respectively, and the 
overall alpha value for the 12-item FMS was 0.86. The internal consistency alpha 
values for locomotor and object control skill self-perceptions in the second test were
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Table 1 Pictorial scale of perceived movement skill competence level table (N = 214) 
FMS Demonstration 

(%) 
Tried 
item (%) 

Not too 
good 
(%) 

A little 
good 
(%) 

Good 
(%) 

Very 
good 
(%) 

Locomotor 

Run 0 100 4.6 17.4 31.2 46.8 

Gallop 79.9 66.8 8.7 23.4 29.8 38.1 

Slide 43 82.2 7.8 18.3 23.9 50 

Hop 2.8 96.7 4.1 22.5 22.5 50.9 

Hop 3.3 98.1 8.7 20.6 34.4 36.2 

Jumping forward 66.4 86.9 7.8 23.4 19.7 49.1 

Object control 

Hitting a ball with two hands 15.3 41.1 20.2 23.9 25.7 30.3 

Stationary dribble 0 98.6 3.7 11.5 21.1 63.8 

Catch 1.5 92.5 8.7 16.1 28.4 46.8 

Kick 0 98.6 8.7 17.9 28.9 44.5 

Throw 7.3 87.4 10.1 20.2 28.4 41.3 

Underhand Roll 18.2 77.6 12.8 24.3 22.9 39.9

0.79 and 0.81, respectively, and the overall alpha value for the 12-item FMS was 
0.84. The scale has good internal consistency reliability.

4.2.2 Retest Reliability 

When the 74 children were retested one-week later according to the standard proce-
dure, the overall retest reliability of the scale’s 12-item FMS was 0.89, and the retest 
reliabilities of locomotor and object control skill self-perceptions were 0.88 and 0.82, 
respectively, indicating that the scale has high retest reliability. 

4.3 Validity 

4.3.1 Face Validity 

Table 3 presents the face validity of the PMSC-TGMD-2 version. In terms of the 
correct recognition rate of the FMS, the higher recognition rate of the locomotor 
skills were for running and standing jump (100% and 95.8%, respectively), while 
the lower recognition rate was for straddle jump (39.6%), single-leg jump (29.2%), 
and forward slide (22.9%). All object control skills were correctly identified at a 
rate higher than 66%, with subjects correctly identifying kicking (97.9%), slapping
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(95.8%) and hitting the ball with a two-handed bat (91.7%), and a lower rate of 
correct identification of underhand rolling (66.7%).

The percentages linking FMS to daily sports/games/activities were highest for 
running, kicking, and tapping (97.9%, 95.8%, and 93.7%, respectively), lowest for 
forward skating and underhand rolling (35.4% and 47.9%, respectively), and the 
remaining FMS ranged from 54.2 to 89.6%, with the exception of forward skating 
(at 83.3%), where more than 90% of children were able to correctly distinguish 
between good and bad FMS for each item. More than 93% of the children were able 
to understand the key factors influencing the performance of each FMS partially and 
fully. 

4.3.2 Structural Validity 

The fit indices obtained from the maximum likelihood estimation were as follows: 
χ 2 = 113.7, χ 2/df = 2.146, CFI = 0.918, TLI = 0.897, RMSEA = 0.073, SRMR = 
0.056, and the observed data were poorly fitted to the theoretical model. The Bayesian 
method was then used to test the results of the three different prior information as 
shown in Table 4, and the model convergence could be judged by reviewing all the 
posterior parameter distribution plots, autocorrelation plots, and trace plots.

p = 0.000 for the model without prior information and the model with partial prior 
information under the Bayesian approach, and the lower limits of the 95% confidence 
intervals are both greater than 0, suggesting that the cardinality of the observed data 
is greater than the cardinality of the data generated by the posterior distribution [27], 
indicating a poor fit. The p value for the a priori information model incorporating 
factor loadings, cross-loadings, and residual correlations is 0.516, which is very close 
to the fit criterion of 0.5. 95% confidence intervals range from −39.045 to 36.477 
and are essentially centered symmetrically at 0. 

Table 5 shows the model normalized factor loadings estimated by ML and BSEM, 
where the locomotor factor loadings obtained by ML range from 0.49 to 0.74 and 
the object control factor loadings range from 0.51 to 0.64. The locomotor factor 
loadings obtained by the information prior vary from 0.57 to 0.65 and the object 
control loadings range from 0.57 to 0.74. The cross-loadings range from -0.05 to 
0.29, so the factor loadings and cross-loadings estimated by the Bayesian approach 
are within a reasonable range.

4.3.3 Differential Validity 

The BIC value of the two-factor model of locomotor and object control in Table 6 
is 7043.86 and the DIC value is 6588.03, while the BIC of the one-factor model = 
6717.13 and DIC = 6595.98. ΔBIC = 326.73 > 10, the BIC value of the two-factor 
model is greater than that of the one-factor model, the DIC value is smaller than that 
of the one-factor model, and the fit index p value is better than that of the one-factor 
model.
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Table 4 Bayesian CFA simulation fit index under different prior information 

A priori information Number of parameters PPp value 95% CI 

Lower 2.5% Upper 2.5% 

Non-informative 37 0.000 28.500 93.359 

Informative (factor load, 
cross-load) 

50 0.000 26.665 92.695 

Informative (factor 
loadings, cross-loadings). 
(residual correlation) 

116 0.516 −39.045 36.477

Table 5 Two estimation methods are standardized factor load and cross-load 

FMS Maximum likelihood method Bayesian (information a priori) 

Locomotor Object control Locomotor Object control 

Run 0.69 – 0.60 0.20 

Gallop 0.49 – 0.52 0.06 

Slide 0.54 – 0.49 0.26 

Hop 0.64 – 0.64 0.19 

Horizontal Jump 0.74 – 0.56 0.29 

Leap 0.62 – 0.69 0.14 

Stationary dribble – 0.51 −0.05 0.59 

Striking – 0.54 0.18 0.54 

Catch – 0.64 0.04 0.65 

Kick – 0.62 0.05 0.70 

Throw – 0.60 0.03 0.68 

Underhand roll – 0.61 0.03 0.70 

Note Bold indicates factor main load

Table 6 BIC value of the two-factor model 

Models Number of 
parameters 

p value 95% CI BIC DIC 

Lower 2.5% Upper 2.5% 

One-factor model 36 0.000 36.861 101.575 6717.13 6595.98 

Two-factor model 116 0.516 −39.045 36.477 7043.86 6588.03 

5 Discussion 

PSP is becoming a research hotspot in cognitive neuroscience and behavioral science, 
and it is especially important to have a reliable and valid instrument for measuring 
PSP. This study examined the reliability and validity of the PMSC-TGMD-2 in
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children aged 4–10 years in this domestic study and demonstrated that the PMSC-
TGMD-2 is equally reliable and valid in Chinese children. 

5.1 FMS Exercise Situation 

Most children did the FMS shown in the figure, but due to cultural differences, the 
skill of hitting a ball with a bat in both hands is not very popular among Chinese 
children, resulting in most children not having done this maneuver. The forward 
sliding action is often used in the mechanics of basketball and badminton, which 
may lead to a higher number of people who have not played this skill because the 
subjects are young and have not learned the mechanics. Running has many application 
scenarios, wide range of use and the most common in life, so all children have done 
it. Second, the Ministry of Education’s Guidelines for Learning and Development of 
Children Aged 3–6 Years [29] recommended including the skill of shooting a ball to 
develop children’s coordination and flexibility of movement, so physical activities 
related to shooting a ball are included in the preschool and compulsory education 
levels, so the number of people who have played shooting a ball is also higher. In 
addition, the General Office of the Ministry of Education issued the “Notice on the 
Creation of National Kindergartens with Football Characteristics in 2020” [30]. It 
is clearly required to accelerate the popularization of early childhood soccer and 
guide kindergartens of all levels and types to widely carry out early childhood soccer 
activities. Under the guidance of the policy, the popularity of soccer has greatly 
increased, and the data from this survey can show that the number of people who 
have played tap soccer reached 98.6%, reflecting the good implementation of the 
policy. 

It was found that children who had played two-handed bat striking, front sliding, 
and underhand rolling had higher levels of self-perception than those who had not 
played these skills, so extensive exposure to various FMS can provide rich motor 
experience and have the effect of improving self-perception. In addition, given the 
large number of children who needed a demonstration of FMS such as front slide, side 
slide, and single-leg jump, it is recommended that these three skills should be demon-
strated in the follow-up test to enhance children’s knowledge and understanding of 
the movements. 

5.2 Reliability 

The scale’s internal consistency reliabilities for locomotor skills, object control skills, 
and overall, 12-item FMS were above 0.8, indicating high consistency across the 
dimensions of the scale, and the ICCs for both the retest and the first test were above 
0.82, which in this study is consistent with Barnett [12] reported ICCs (0.76–0.84) 
are generally consistent, indicating that the scale has good retest reliability.
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5.3 Face Validity 

Most children were able to identify the FMS shown in the picture, but the recognition 
rate was low for the forward slide and one-legged jump of the locomotor skill, which is 
consistent with Barnett [14]. This is consistent with the results of Barnett and Lopes’ 
study. The reason for this may be that a single still picture does not reflect well the 
continuous dynamic process of single-leg jump and forward glide. In addition, the 
skill of front sliding is often used unintentionally in daily games or sports, and its 
limited application makes it a skill that most children lack the experience of playing, 
which may also lead to a low correct recognition rate. This also suggests that the 
researcher should increase the demonstration of these two actions during the test and 
describe them with names that are as easy to understand as possible. In addition, more 
than half of the children were unable to associate the forward slide and underhand 
roll with specific sports, games, or activities, which may be related to the children’s 
little exposure to these activities, suggesting that teachers at the early elementary 
level should include more practice of these skills in physical education to promote 
the overall balanced development of children’s FMS. 

The vast majority of children aged 4–10 years can understand the actions presented 
in the pictures and can distinguish between good and not so good, proving that 
designing the scale in the form of pictures is effective and has good face validity. 

5.4 Structural Validity 

Two methods were used to explore the structural validity of the scale and it was found 
that the CFA with zero cross-loadings and zero correlated residuals based on ML did 
not produce a well-fitting model, while the BSEM with a prior of correlated cross-
loadings and residuals was able to produce a well-fitting model when incorporated. 
Barnett et al.  [12] reported a similar situation, mainly due to the difficulty of satisfying 
the harsh assumption of zero cross-loadings for non-target factors in empirical studies 
[14]. Theoretically, the various forms of running and jumping in locomotor skills all 
involve lower limb movements, and it is reasonable that these running and jumping 
skills are inherently correlated and thus cause some covariance problems. Among 
the object control skills, ball rolling involves almost no movement of the lower 
extremities and examines hand control of the ball, so it is understandable that it is not 
correlated with kicking, which requires lower extremity movement and foot control. 
The present study followed Barnett’s [14] suggestion to take the above factors into 
account by setting cross-loadings and residual correlations that converge to, but are 
not equal to, zero, and showed a good fit, indicating that the PMSC-TGMD-2 has 
stable construct validity in a cross-cultural context.
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5.5 Differential Validity 

The comparison of the BIC and DIC results, shows that the single-factor model 
combining the two dimensions in a competition between the two models is a poor 
fit and cannot replace the two-factor model based on Ulrich’s [18]. The two-factor 
model of locomotor and object control skills set up based on Ulrich’s theory shows 
that there is a difference and a connection between the two dimensions of locomotor 
and object control skills, which proves that the scale has good discriminant validity. 

6 Conclusion 

The PMSC-TGMD-2 has good retest reliability, internal consistency reliability, struc-
tural validity, face validity, and discriminant validity in children aged 4–10 years and 
can be used to measure children’s motor skill self-perceptions. 
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The Cognitive Effects of Physical Activity 
on Structural Changes in the Brain: 
A Review Study 

Hou Yuxin, Jia Wang, and Zhao Yang 

Abstract This study aims at investigating whether the changes of brain plas-
ticity caused by exercise intervention in different groups can lead to changes in 
individual cognitive ability under different intervention cycles. With “Exercise”, 
“physical activity”, “cognition”, “brains” and “prominent” inscriptions in PubMed, 
according to the literature search conducted by Web of Science, Google Scholar 
and other databases, 49 studies met the inclusion criteria of the initial search 
(sports/cognition/brain), and 16 studies were finally included after reading the 
abstract and full text. The plasticity of exercise intervention on brain tissue volume 
was mainly reflected in the changes of brain volume, hippocampus volume, gray 
matter volume, and thalamus volume. (2) The activation of brain network was most 
significant in frontal lobe and was more active in left hemisphere. (3) Exercise 
intervention can directly affect the changes of cerebral arterial flow velocity and 
pressure, as well as the concentration of oxygenated hemoglobin and brain-derived 
neurotrophic factor. Through the above mechanisms and pathways, exercise inter-
vention has an impact on the plasticity of brain structure, and then promotes the 
cognitive change after exercise. (1) Exercise intervention can affect the level of 
BDNF, promote the increase of cerebral hemoglobin, the function of cerebral neural 
network connectivity and brain structure changes. (2) BDNF level changes in children 
and adolescents show correlation with the level of cerebral neural network connec-
tivity. (3) There was a positive correlation between motor ability and cognitive level 
without group restriction. 

Keywords Physical activity · Cognitive · Brain · Plasticity 

1 Introduction 

Cognitive ability is the most important psychological condition for people to perform 
activities successfully. For children and adolescents in the growth stage, cognitive
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change plays a key role in their academic achievement [1]. The World Health Organi-
zation (WHO) [2], reports that the number of people living with dementia worldwide 
in 2015 was about 47.47 million; Alzheimer’s Disease International (ADI) predicts 
that this number will rise to 82 million in 2030 and 139 million by 2050, with the 
largest increases in low and middle-income countries. Already 60% of people with 
dementia live in low and middle-income countries, but by 2050 that proportion will 
rise to 71%. Promoting cognitive change in the elderly plays an important role in 
alleviating social pressure in developing countries [1, 3] physical activity has been 
shown to promote changes in brain plasticity, the main physiological changes are the 
change of brain volume [4–6], the promotion of brain network connection function 
[7], the change of brain-derived nutritional factor (BDNF) level [8, 9]. However, it 
remains to be further studied which areas of the brain are represented by the changes 
in brain plasticity and whether the changes in brain plasticity can further lead to 
the changes in individual cognition. In this paper, the changes of brain plasticity in 
different populations under different intervention cycles and whether it will lead to 
individual cognitive changes are explored. 

2 Method  

2.1 Literature Retrieval 

Keywords (“exercise” [MeSH Terms] OR “exercise” [All Fields] OR (“physical” 
[All Fields] AND “activity” [AllFields]) OR “physical activity” [All Fields]) AND 
(“promote” [All Fields] OR “promoted” [All Fields] OR “promotes” [All Fields] 
OR “promoting” [All Fields] OR “promotion” [All Fields] OR “promotional” [All 
Fields] OR “promotions” [All Fields] OR “promotive” [All Fields]) AND (“cogni-
tion” [MeSH Terms] OR “cognition” [All Fields] OR “cognitions” [All Fields] OR 
“cognitive” [All Fields] OR “cognitively” [All Fields] OR “cognitives” [All Fields]) 
AND (“change” [All Fields] OR “changed” [All Fields] OR “changes” [All Fields] 
OR “changing” [All Fields] OR “changings” [All Fields]) AND (“brain” [MeSH 
Terms] OR “brain” [All Fields] OR “brains” [All Fields] OR “brains” [All Fields]), 
PubMed, Web of Science, Google Scholar, and other data were used for literature 
retrieval. The retrieval strategy combines the main inscription with free words, and 
traces the reference materials of relevant literature. The retrieval year is limited to 
April 2022. 

2.2 Inclusion and Exclusion Criteria 

Exclusion criteria: 

(1) The research content is inconsistent
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(2) Systematic review research and statement 
(3) Animal experiments 
(4) Only conference abstracts or documents that cannot be obtained in full 
(5) Literature with unclear research data 
(6) Repeated literature. 

3 Results 

According to the 16 included literatures, intervention cycles were divided into 
12 weeks or less, 12 weeks or more, single exercise intervention and other types. 

3.1 Intervention Period of 3 Months or Less 

There are two studies on children and adolescents. In the study design of Gerd 
Wagner (2016), the experimental group was determined to participate in strenuous 
exercise, while the control group did not participate in exercise, and the 6-week exer-
cise intervention was conducted to study the activation of the anterior hippocampus 
and motor cortex. The experimental group first showed significant changes in body 
function after intervention. Compared with the pre-intervention group, the maximum 
workload Pmax (P < 0.001), individual anaerobic threshold (IAnT) (P = 0.002), and 
maximum oxygen uptake (VO2max) (P = 0.07) all showed significant changes. 
Functional magnetic resonance imaging showed that exercise-induced serum BDNF 
concentration had a significant intergroup and time interaction (P = 0.007). Exercise-
induced serum BDNF level was positively correlated with activation of the left ante-
rior hippocampus (P = 0.03), but BDNF level had no effect on individual cognitive 
change. Changes in hippocampal activation and cognition remain to be further studied 
[10]. 

Riggs et al. [11] conducted neurorestorative exercise training for pediatric brain 
tumor survivors. In the experimental design, the experimental group was given 
aerobic exercise while the control group had no intervention. After 12 weeks of 
exercise intervention, it was found that the exercise group increased the fraction 
anisotropy (FA) of bilateral corpus callosum, cingulate gyrus, and superior longitu-
dinal tract, as well as the right corticospinal tract and inferior fronto-occipital tract 
in pediatric brain tumor survivors (P < 0.001). Meanwhile, the hippocampal volume 
of exercise participants increased (P = 0.001) and tended to be healthy. Comparison 
with the bilateral hippocampi of healthy samples showed no significant difference (P 
= 0.08). Meanwhile, reaction time after exercise intervention was also studied in this 
study, and it was found that the increase of hippocampal volume was significantly 
correlated with the reduction of reaction time (P = 0.01). 

Karl-jurgen et al. [12] conducted a study on hippocampal-brainstem connectivity 
related to vagal nerve regulation in healthy men after exercise intervention. The
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experimental group was required to undergo vigorous exercise for 6 weeks, while 
the control group received no intervention. The results showed significant changes in 
brain network connectivity after intervention. The resting state functional connection 
between right hippocampus (aHC) and frontal lobe, temporal lobe and precuneus was 
significantly enhanced (P < 0.05). However, resting state functional connectivity 
(RSFC) between aHC and dorsal vagal complex (DVC) was significantly decreased 
(P = 0.001), and the relationship between this change and individual cognition needs 
further study. 

There are three studies on the elderly that studied the influence of resistance 
training on the cognition or related serum biomarkers of the elderly [13]. Elderly 
people around 90 years old were selected as research objects for 8 weeks of moderate 
intensity resistance training, and it was found that in this group, overall changes in 
BDNF, epidermal growth factor (EGF) and tum or necrosis factor (TNF) were not 
associated with changes in functional ability and cognitive measures after exercise 
intervention (P > 0.05). Exercise intervention focusing on resistance exercise did not 
affect cognitive function, nor did it affect BDNF level of 90-year-old people. 

Monteblanco et al. [14] uses sports games as an intervention method to study the 
neuroplasticity and cognitive improvement of the elderly. The control group has no 
intervention measures, and BDNF is selected as the result indicator. After 6 weeks 
of exercise intervention, it was found that the level of BDNF in the elderly who 
participated in sports game training was significantly improved (P = 0.0042), and 
the cognitive level in the “language” area was significantly improved after exercise 
intervention (P = 0.034). However, the total score of Montreal Cognitive Assessment 
(MoCA) was not significantly different from that before the intervention (P = 0.326). 

Takahiro et al. [15] conducted a study on the influence of exercise intervention 
on the plasticity of the prefrontal lobe. Elderly people were selected for moderate 
intensity exercise, while the control group had no intervention. After 12 weeks of 
experimental intervention, it was found that exercise had a significant impact on the 
frontal volume. Specifically, the volume of left orbitofrontal gyrus (OFG) increased 
(P = 0.028), gray matter (GM) volume of rACC (P = 0.009), GM volume of inferior 
frontal sulcus (IFS) and middle frontal sulcus (MFS) increased (P = 0.008). After 
exercise intervention, changes in brain internal volume were significantly correlated 
with MoCA test results (P = 0.011). 

Under the place on put together is narrated, 12 weeks and exercise intervention 
volume change has a positive effect on the brain, six weeks of exercise interven-
tion in children and adolescents, the elderly in the two groups showed the change 
of the serum levels of BDNF, and exercise intervention significantly correlated, but 
did not find the change and the direct link between individual cognitive; The 6-
week exercise intervention promoted the activation of the brain and the functional 
connections between various parts of the brain, mainly in the activation of the right 
hippocampus and the resting state functional connections between the hippocampus 
and the frontal, temporal, and precuneus lobes. Exercise-induced changes in intrac-
erebral volume were found to be associated with behavioral changes in children 
and adolescents, but the 8-week exercise intervention showed different results. In 
the elderly population, no changes in BDNF levels were observed after exercise
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intervention, and no significant differences were found in cognitive measures from 
before the intervention. The 12-week exercise intervention showed changes in brain 
volume in both children and adolescents, with significant increases in hippocampal 
volume in children and adolescents and in prefrontal volume in older adults, which 
are associated with cognitive changes in older adults. 

3.2 Intervention Period is More Than 3 Months 

There are three studies on the elderly. Hsu et al. [16] carried out progressive aerobic 
exercise in the elderly to study the relationship between aerobic exercise and fron-
toparietal network connectivity. After intervention, it was found that changes in 
frontoparietal neural network (FPN) connectivity were significantly correlated with 
changes in 6-min walking test results (P = 0.05). The change of FPN connectivity was 
significantly correlated with the change of Timed up-and-go test (TUG) performance 
(P = 0.02). 

Shaaban et al. [17] conducted a two-year exercise intervention study, in which the 
elderly was also selected as research objects. The experimental group participated in 
moderate intensity exercise intervention, and the control group participated in health 
education. The results showed that the percentage change in BDNF was positively 
correlated with the percentage change in straight vein length (P = 0.07), but both 
intervention groups showed an increase in straight vein length; percentage change 
of vascular endothelial growth factor (VEGF) was not associated with percentage 
change of straight vein length, and no pa-related increase in peripheral blood BDNF 
and VEGF was observed after intervention (P > 0.1).  

Yogev-Seligmann et al. [18] conducted exercise intervention study on elderly 
people with amnestic mild cognitive impairment. The experimental group partici-
pated in aerobic exercise while the control group did Balance and Toning, (BAT). 
The increased activity of left lower frontal lobe (P = 0.03) and anterior central gyrus 
(P = 0.03) in the experimental group was associated with cardiopulmonary health 
changes after the intervention. The change of physical strength level after exercise 
is correlated with the increase of “language” ability (P = 0.02) and tends to be 
correlated with the change of individual “adaptability” (P = 0.06). 

Above all, found in the long-term exercise intervention in this group is the main 
focus of the scholars in the elderly group, the physical level is a factor in the effects of 
exercise on the brain, has also sparked concern, good participants in a long-term study 
found that physical level to show after aerobic exercise the brain activity and brain 
neural network connectivity changes significantly, this change has certain correlation 
with the change of individual behavior.
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3.3 Single Acute Exercise Intervention 

Four studies have been carried out on young people. Giles et al. [19], studied the 
effects of strenuous exercise on oxygenated and deoxygenated hemoglobin in the 
prefrontal cortex, and selected at least 30 min of moderate cardiopulmonary exer-
cise recommended by the American College of Sports Medicine as an interven-
tion program for college students. The results showed that oxygenated hemoglobin 
(O2Hb) in prefrontal cortex increased with the increase of exercise load (P < 
0.001).With the increase of exercise time, the change of O2Hb was significantly 
higher than before exercise (P < 0.001). Deoxyhemoglobin dHb increased with 
the increase of exercise load (P < 0.01). With the increase of exercise time, the 
change of dHb was significantly higher than that before exercise (P < 0.01). The total 
hemoglobin content tHb increased with the increase of exercise load (P < 0.001). With 
the increase of exercise time, tHb change was significantly higher than that before 
exercise (P < 0.001). However, the relationship between changes in hemoglobin and 
cognition remains to be further studied. 

Toshiaki et al. [20] studied the response of BDNF in young people under the 
combination of cognition and physical exercise. Moderate intensity cycling exercise 
was used as physical exercise intervention, while the control group only received 
cognitive intervention. The results showed that there was no significant correlation 
between cognitive intervention alone and changes in peripheral BDNF level (P ≥ 
0.05), but there was significant change in peripheral BDNF level after exercise inter-
vention (P = 0.006; Cognitive intervention (CE) had no significant effect on the 
increase of plasma BDNF level (P = 0.373), while plasma BDNF level had a posi-
tive effect on physical exercise (PE) (P = 0.002).There was no significant correlation 
between PE alone and combining cognitive and physical exercise (CCPE) combined 
intervention on BDNF level in peripheral blood (P = 0.861).However, there is no 
evidence that exercise-induced changes in BDNF levels are related to individual 
cognitive ability. 

Tsai et al. [21] studied the effects of acute aerobic exercise and cardiopulmonary 
fitness on serum BDNF level. The experimental group was divided into low level 
exercise group and high-level exercise group based on exercise level. The control 
group received non-exercise intervention, and the cognitive change was shown as the 
allocation of attention resources. The results showed that the EIH group with high 
level of exercise had a significantly greater range of attention allocation resources than 
the low level of exercise and the non-exercise intervention group (P = 0.001; Only the 
high-level exercise group had significantly higher amplitude of attention allocation 
resources after exercise than the non-exercise intervention group (P = 0.001). And 
the study of the biological indicators to determine serum BDNF, compared with 
before and after the exercise group compared with the change of serum BDNF levels 
significantly (P = 0.031), but the single changes of BDNF level caused by acute 
exercise and neural electrical performance found no significant association between 
resource allocations (attention), has caused the change of individual attention.
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The scholars in the experimental design again two years later, using the same 
acute aerobic exercise on different cardiopulmonary health level of the young man’s 
task switching scheme and studies the influence of BDNF, motion induced acute 
BDNF concentration change before and after the intervention group and control 
group of serum BDNF concentration changes with significant difference (P = 0.011). 
However, the association between BDNF concentration changes, neurophysiolog-
ical (attention resource allocation) changes and acute exercise in both the interven-
tion group and the control group did not reach the required level of significance, 
suggesting that BDNF cannot serve as a mediator of the association between acute 
exercise and neurocognitive performance [22]. 

There are three intervention studies on the elderly. Doi (2013) study on the effect 
of exercise intervention on the brain activation of the elderly with mild cognitive 
impairment. Dual task walking and normal walking had significant effects on O2Hb 
(P < 0.001). The level of performance after cognitive exercise was significantly 
correlated with the change of O2Hb in the frontal lobe left inferior frontal gyrus 
(LIFG) (P = 0.005), and the change of hemoglobin level also caused significant 
changes in individual performance (P = 0.005) [23]. 

Doi et al.  [24] conducted an in-depth study using physical activity level as a 
reference and found that the more low intensity physical activity and medium and 
high intensity physical activity, the lower the atrophy rate (P < 0.001) in the elderly 
population without controlling the sample. Partial correlation analysis controlling for 
age, sex, and TUG showed that Lower physical activity (LPA) was not significantly 
associated with brain atrophy (P = 0.062), but moderate to high intensity physical 
activity was significantly associated with atrophy rate (P < 0.001). Consistent results 
were also shown in the TUG test (P = 0.025). 

Makizako et al. [25] studied the influence of exercise ability on memory and brain 
volume of the elderly with MILD cognitive impairment. Taking six-minute walking 
distance as the test method, the results showed that higher exercise ability was related 
to better cognitive level. After adjusting for age and gender, gray matter density in 
left middle temporal gyrus, middle occipital gyrus, and hippocampus was positively 
correlated with 6-min walking distance (P < 0.05). 

In conclusion, a single exercise intervention program can cause changes in BDNF 
level, and this change is significantly correlated with exercise intervention, but the 
changes in BDNF level are not associated with changes in cognitive ability. Exercise 
intervention has a significant correlation with the effect of hemoglobin in the young 
and the elderly, which is not affected by exercise intensity, and has a certain promoting 
effect on the change of individual executive ability. 

4 Discussion 

Under the difference of exercise intervention cycle, the factors that scholars focus 
on are mainly BDNF level, brain internal volume and brain network connection.
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The results of BDNF level changes after exercise intervention were consistent in 
children, adolescents, and young adults with significant correlation, but the inter-
vention cycle was less than three months. Therefore, future studies should focus on 
the stability of long-term exercise intervention on BDNF level changes. The level of 
BDNF in the elderly group showed correlation with the exercise intervention after 
one and a half months, but the change of BDNF level in the exercise intervention of 
more than two months and two years had nothing to do with the exercise intervention. 
Therefore, it can be preliminarily inferred that the long-term exercise intervention 
in the elderly group will not cause the change of BDNF level. But in the above 
research has not been found in the three groups of BDNF level changes cause the 
change of individual cognition, the study of exercise intensity relates to moderate, 
severe intensity, exercise types are aerobic exercise, covering a single intervention 
cycle, the following three months, more than three months, so you can preliminary 
determination of BDNF levels of change will not cause the individual cognitive 
change. 

Studies on the changes of the internal brain volume after exercise intervention 
have covered two groups: children and adolescents, and the elderly. In children 
and adolescents, the hippocampal volume increases significantly after exercise, and 
this change causes the shortening of the individual reaction time of children. The 
prefrontal lobe volume and brain atrophy rate were significantly correlated in the 
elderly population, and this change caused significant cognitive changes in the elderly 
individuals, which were positively correlated with the TUG test results. Preliminary 
estimate, therefore, changes in brain volume can promote individual cognitive and 
behavioral changes, due to the above research cycle are in three months or more, 
and intensity are higher, in the future research should further explore other strength 
grade and different intervention cycle effect on cognitive and behavior of children, 
the elderly, Attention should also be paid to changes in the youth group. 

Exercise intervention after brain network connections to related research become 
cover children, youth, the elderly three groups, and all are consistent results, namely 
exercise intervention can significantly improve the network connection, based on 
this, found in the study of the elderly, the change, and the individual “language” the 
improvement of the ability to have significant correlation. Therefore, it can be prelim-
inarily inferred that brain network connectivity can promote behavior improvement 
in the elderly population and is not affected by exercise intervention cycle. However, 
attention should be paid to short-term exercise intervention in the future studies, and 
changes caused by different exercise intervention cycle and exercise intervention 
situation should be compared in the same population. 

5 Conclusion 

In cognitive changes caused by exercise intervention effects on the brain, most studies 
focused on brain source sex nutrition factor BDNF, brain network connectivity, 
changes in brain structure, and so on, which focus on the elderly subjects, intervention
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of moderate intensity, based on the combing of literature, the following conclusions: 
(1) Exercise intervention can affect the BDNF level; (2) Exercise intervention can 
promote the brain neural network connection function; (3) Exercise can promote the 
changes of brain structure, especially in hippocampus volume and frontal lobe; (4) 
Exercise intervention can promote the increase of cerebral hemoglobin; (5) Changes 
in BDNF levels in children and adolescents were associated with brain neural network 
connections; (6) There was a positive correlation between motor ability and cognitive 
level. 
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Effectiveness of Cognitive Aspects 
of Exercise During School Age on Adult 
Exercise Habits 

Ryo Konno 

Abstract The purpose of this study was to verify the effectiveness of cognitive 
aspects of exercise, after examining the effect of sports club belonging and exer-
cise cognition during school age on the formation of exercise habits in adults. The 
participants were 492 adults (226 men, 262 women, average age: 50.1 ± 4.09 years 
old, age range 38–65 years old). The contents of the survey were the current exer-
cise habits, sports club belonging during school age, and the cognition of exercise 
during school age. First, the chi-square test was conducted to examine the relation-
ship between current exercise habits and the sports club belonging during school age. 
The result showed that the current exercise habits of males were related to the exer-
cise habits during middle school age but not during other school ages, and the current 
exercise habits of females were not related their exercise habits during school age. 
Next, to examine the relationship between current exercise habits and exercise cogni-
tion during school age, two-way analysis of variance, gender × exercise habits, was 
performed. The result showed that males scored significantly greater than females on 
exercise cognition, and the scores of exercise cognition of both high and low exercise 
habit groups were significantly greater than those of no exercise habit group. The 
results of this study suggested that the cognitive aspects of exercise during school 
age influenced more on forming exercise habits in adulthood than behavioral aspects 
of exercise during school age did. 

Keywords Exercise habits in adults · During school age · Cognitive aspects of 
exercise · Behavioral aspects of exercise 

1 Introduction 

Recently, people’s interest in exercise and sports has been increasing due to the 
heightened awareness of the importance of health and various policies. What are the 
factors behind the formation of exercise habits? Studies investigating the factors that
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influence exercise and sports activities identified many factors, which can be cate-
gorized as social, psychological, and physical [1]. With regard to the exercise habits 
of adults who have completed their schooling a long time ago, some studies have 
examined the relationship between current exercise habits and the types of exercise 
performed in the past, while others focused on the frequency of exercise in the past 
[25]. An overview of the findings of previous studies on factors influencing exercise 
habits shows that past exercise and sports experiences are related [1, 18, 7, 9, 13, 
20, 21, 36]. Kaneko and Otsuki [11] reported that “school club activities” accounted 
for the majority of the “sports and exercise” that junior high school students engage 
in, and that students’ sports and exercise tended to be dependent on school sports 
clubs. In addition, it is clear that in junior high schools, there are no opportunities 
for students to engage in sports and exercise in their free time beyond taking part in 
health and physical education classes and activities in the sports clubs. Yamamoto 
[37] states that the motives for participation in sports and the motives for participation 
in sports clubs overlap considerably in terms of content, as sports clubs are primarily 
organized to conduct sports activities. Tsuruyama et al. [36] mention that sports club 
activities can promote future sports activities. Many studies have concluded that 
joining an athletic club during the school years was associated with participation in 
exercise and sports at that time, and furthermore, led to the acquisition of an exercise 
habit in the future. Nakasuga et al. [20] suggest that an athlete’s satisfaction (with 
their team) was important for the future continuation of exercise among athletic club 
participants, beyond simply belonging to an athletic club, the degree to which they 
were satisfied about their experience was important. Research has shown that satis-
faction with the athletic team has an impact on overall satisfaction with school life 
[10], and that it is positively related to subsequent sports activities [2]. However, 
these studies were limited to investigating those who had joined an athletic club in 
school, and hence, the data are not applicable as factors related to the exercise habits 
of all adults. In other words, most of the studies that refer to the exercise habits of 
adults do not include data on those individuals who did not join an athletic club 
during school age. 

Do all junior and senior high school students join and continue in an athletic club 
if they want to exercise and play sports? Some students who are active in athletic 
clubs drop out or burn out for various reasons, such as injuries, disappointment 
over the loss of the special status of being a regular member, and stagnation or 
decline in their performance [19]. Alternatively, it is possible that students may have 
negative attitudes toward athletic teams or have experienced an unfortunate event 
in the past. One such factor is corporal punishment by a coach or an individual in 
charge. In 2012, this topic attracted significant attention as a social problem, when 
the captain of the boys’ basketball team of Osaka Municipal Sakuraomiya High 
School committed suicide due to corporal punishment by the team’s former coach. 
In addition, “sports harassment” [5] is now regarded as a problem among coaches, 
which further worsens the impression of sports clubs. Sports harassment [5] is the  
harassment of children in sports. It is defined as “any conduct in a child’s sport 
that causes mental or physical pain or makes the child’s sporting environment worse 
beyond what is appropriate, against a background of superiority in the sporting arena,
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including role status, level of competition, human relationships, and economic status. 
This includes sexual harassment.” In addition, the ability to adapt to strict discipline, 
which is a characteristic of athletic clubs, may be an issue. Hyodo [8] reported that a 
common reason for not wanting to join an athletic club was “there is practice every 
day, and it is intense and the discipline is strict.” It has also been reported that teams 
with a high level of competition tend to impose excessive practice in order to win 
external games, which is not conducive to development [24]. In addition, studies 
have shown that interpersonal conflicts in athletic teams is one of the distinguishing 
reasons for leaving sports clubs in Japan [1, 3]. There is a possibility that individuals 
who have left an athletic club for any reason may not join an athletic club in the 
future despite joining an athletic club in the past. However, some of them may not 
have lost their initial positive feelings toward sports. 

This suggests that a certain number of students exist who may have wanted to 
play sports or exercise during school age but did not join an athletic club because 
the instructor’s teaching methods or conflicts with friends temporarily undermined 
the essence and significance of sports or exercise. Kaneko and Otsuki [11] reported 
that nearly 30% of junior high school students who did not play sports or exercise 
answered “Yes” to the question “Do you want to play sports or exercise in the future?” 
The report shows that it is important for schools and local governments to consider 
options to support children who do not belong to clubs and want to play, but are not 
aware of how to do so. The most common answer for the preferred sports and physical 
activities that non-players would like to engage with in the future was “I want to play 
a variety of sports.” This may be due to the fact that they had few opportunities to 
engage in sports and exercise enthusiastically, which may in turn be the reason they 
were unable to choose a specific sport or exercise. In short, it is thought that how one 
perceives and understands exercise and sports is more important for the establishment 
of exercise habits among adults than membership in sports clubs in the past. Sugihara 
et al. [32] reported that the degree of exercise and sports experience, past pleasant as 
well as unpleasant experiences, and awareness and perception of exercise and sports 
have a strong influence on whether people did or did not engage in exercise and 
sports. Nishimura et al. [22] revealed that pleasant or unpleasant experiences during 
school age had a significant influence on subsequent participation in exercise and 
sports. In addition, an enthusiastic attitude toward exercise and sports has been cited 
as a factor that determines participation in exercise and sports [12, 20, 33]. Tadano 
et al. [34] reported that the factor that determines students’ sports behavior is their 
fondness for physical education. 

Considering these factors, the author has hypothesized that the cognitive aspect 
of past exercise may have a stronger influence on the formation of exercise habits 
in adults than the behavioral aspect of past exercise and sports. To date, no research 
has comprehensively examined both the behavioral aspect (past membership in an 
athletic club) and the cognitive aspect (perception of exercise) as factors in shaping 
exercise habit in adults. The present study was conducted to examine the validity of 
the cognitive aspect of exercise by comparing it with the behavioral aspect of exercise. 
In this study, the cognitive aspect of exercise focuses on pleasant experience in order 
to obtain basic data. In addition, it is possible that some of the participants have been
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active in local club teams for various reasons. Therefore, the behavioral aspect of 
past exercise in this study was defined as membership in school athletic clubs and 
local club teams (hereafter referred to as “athletic clubs”). 

Therefore, this study aims to examine the effects of past exercise club membership 
and perceptions of exercise on the formation of exercise habits in adults, and to test 
the hypotheses by investigating the influence of each of these factors. 

2 Methods 

2.1 Survey Targets, Survey Period 

The study participants were 492 adults (226 males and 266 females, mean age 50.1 
± 4.09 years, age range 38–65 years). The participants were parents of first-year 
university students enrolled in the departments of sports and health sciences or 
medicine. 

The data were collected between December 2013 and January 2014. 

2.2 Survey Contents 

2.2.1 Current Exercise Habits 

Information on the participants’ frequency of exercise, duration of exercise, and 
duration of current exercise habits were collected. The participants were classified 
into three groups: (1) habitual exercisers, defined as those who exercise for 30 min 
or more twice a week or more for at least one year; (2) irregular exercisers, defined 
as those who do not satisfy category (1) but have some exercise habit; and (3) no 
exercise habit, defined as those who do not have an exercise habit. The habitual 
exercisers (1) are considered to be those who exercise habitually by the Ministry of 
Health, Labor and Welfare (MHLW). 

2.2.2 Past Membership in Athletic Clubs 

The respondents were asked to answer “yes” or “no” to the question of whether they 
belonged to a school sports club or a local club team when they were (1) junior high 
school students, (2) high school students, or (3) university students.
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2.2.3 Perception of Past Exercise 

The past exercise awareness questions asked participants about their perception of 
exercise during school age as well as their past membership in exercise clubs. Specif-
ically, they were asked to choose one from “1. I disliked it” to “5. I liked it” for 
Question (1) “Did you like exercises?” and “1. Was bad at it” to “5. Was good at 
it” for Question (2) “Were you good at exercise?” and the responses were marked 
as scores ranging from 1 to 5 on a 5-point scale. The higher the score, the more the 
student liked exercise (Q1) and the better the student was at exercise (Q2). 

2.3 Ethical Consideration 

This survey was conducted after obtaining approval from the Research Ethics Review 
by the Juntendo University School of Medicine (Juntendo University School of 
Medicine Ethics No. 2012057, Receipt number 813). The purpose of the survey, 
the fact that participation in the survey was voluntary, and research ethics, such 
as confidentiality of personal information, were explained in writing to the survey 
participants, and only those who consented were included in the study. Participants 
were also informed that they could withdraw from the study at any time, in which 
case, all information obtained up to that point would be discarded and would not be 
used for further research, and that they would not suffer any disadvantages. 

2.4 Procedure 

First, the author distributed the questionnaire to the university students, who were 
the children of the participants of the study, for a maximum of two parents each. The 
students then handed the questionnaires to their parents and asked them to answer the 
questions. The completed questionnaires were submitted by the students on behalf 
of their parents or directly mailed to the author by the parents. The questionnaire 
included the author’s contact information, and participants were informed they could 
contact the author if they had any questions. 

2.5 Analytical Method 

Since various surveys have reported that the level of frequency of exercise and sports 
activities is higher in males than in females [4, 15, 14, 28], responses were analyzed 
by gender. First, a chi-square test was conducted to examine the association between 
current exercise habits and past exercise club membership. Next, a two-way ANOVA 
was conducted to examine the relationship between current exercise habits and
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perception of exercise in the past ((1) whether they liked exercise or (2) whether 
they were good at exercise) by gender (male or female) × exercise habit (habitual 
exerciser group, irregular exerciser group, and no exercise habit group)). The means 
and standard deviations were calculated, and multiple comparisons were made using 
Tukey’s HSD test on significant main effects as sub effect tests. 

The statistical packages IBM SPSS Statistics 22 and IBM SPSS Amos version 22 
were used for statistical analysis. 

3 Results 

3.1 Relationship Between Current Exercise Habits and Past 
Exercise Club Membership 

To examine the relationship between current exercise habits and past athletic club 
membership, Pearson’s chi-square tests were conducted separately for males and 
females. The cells with an expected frequency of less than 5 were excluded from the 
analysis because 50.0% of both males and females had an exercise habit of less than 
5 in their high school years. The relationship between current exercise habits and 
past membership in exercise clubs was significant only for men (x2(2) = 6.82, p < 
0.05), and no relationship was found for all other groups. In other words, there was 
little association between current exercise habits and past membership in exercise 
clubs. This result roughly supports the hypothesis of the present study. 

3.2 Relationship Between Current Exercise Habits and Past 
Perceptions of Exercise 

Two-way ANOVA was conducted to examine the relationship between current exer-
cise habits and perception of exercise in the past. First, equal variances were assumed 
for both liking and being good at exercise by the Levene Test as a test of equal vari-
ances. Then, analysis of variance was conducted for each cognition (Tables 1 and 2). 
A main effect of gender was found for liking exercise, which was significantly higher 
in males than in females at all three time points. A significant main effect of current 
exercise habits was found for all three time periods, and no interaction effects were 
found. Multiple comparisons revealed significantly higher scores in the irregular and 
habitual exerciser groups than in the no exercise habit group. The results indicate that 
the degree of liking of exercise in the past influences the exercise habits of adults.

An analysis of variance was conducted on whether the participants were good at 
exercise, and on whether they liked exercise. The results showed a main effect of 
gender, and the score was significantly higher in males than in females at all three 
time points. There was a significant main effect of current exercise habits at all three
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time points, and no interaction effects were found. Multiple comparisons revealed 
significantly higher scores in the irregular and habitual exerciser groups than in the 
no exercise habit group. The degree of being good at exercise in the past was shown 
to influence adult exercise habits; in terms of gender, the two exercise perceptions 
were significantly higher in males than in females, and in terms of exercise habits, 
was higher in the two groups with exercise habits than in the group without exercise 
habits. These findings supported the results of the previous studies [4, 15, 14, 28] 
and the current study hypotheses. 

4 Discussion 

To examine the association between current exercise habits and past athletic club 
membership, chi-square tests were conducted, results showed that the association 
was significant only for males’ exercise habits during middle school, but not for 
all other periods. Previous studies have reported that athletic club activities during 
school age are one of the factors that define exercise habits in middle and older ages 
[23] and promote future sports activities [36]. However, the findings of the present 
study differed from these results. The first possible reason for this is the difference 
in the target population. The participants in the previous study were high school 
and university students, and the results obtained in the previous study were used to 
predict the exercise behavior of adults. In other words, the previous studies did not 
actually examine the relationship between past membership in exercise clubs and 
current exercise habits among middle-aged people. On the other hand, the current 
study has examined this question, which has led to new results that are different from 
those of preceding studies. 

Yamamoto [37] conducted a questionnaire survey on the motives for participation 
in university athletic clubs and pointed out that “avoidance” as seen in responses 
“because I can’t quit” and “adherence” as seen in responses “because I want to 
continue without stopping until the end” were important factors for participation 
in athletic clubs. Oyama et al. [27] reported that mentally exhausting events may 
occur and belonging to a club itself becomes an objective, rather than continuing 
club activities because they are enjoyable. Nakasuga et al. [20] suggest that for 
the future continuation of exercise by participants in exercise club activities, it is 
important not only to belong to an exercise club activity but also to have a sense of 
satisfaction for the continuation of exercise, i.e., it depends on the extent to which 
an individual is satisfied with the activity. Thus, research findings so far regarding 
the behavioral aspect of athletic club affiliation have not shown that it determines 
adults’ attitudes toward exercise and sports. This can be seen from the fact that there 
are few studies on the reasons for joining an athletic club, furthermore, the reasons 
for not continuing participation in an athletic club have not been examined [33]. 
However, school sports clubs are also a place where students can further develop 
the skills acquired through physical education classes and acquire the qualities and 
abilities necessary for lifelong sports by challenging themselves with things they
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cannot experience in the classroom [29]. School sports clubs have great potential 
to contribute to mental and physical development in young people if conducted 
appropriately, instead of solely aiming to improve athletic performance. 

They also have the potential to teach students active and independent management 
and administration of sports groups and can help them experience solidarity and 
cooperation. Hence, it can be surmised that school sports clubs play a major role in 
school education [30]. Therefore, if the environment in the sports clubs during school 
age can be improved by resolving the problems related to coaches and conflicts in 
human relations, it is likely that the children will have a chance to form positive 
attitudes toward participating and continuing in sports and exercise in the future. 

A two-way ANOVA was conducted to examine the association between current 
exercise habits and the cognitive aspects of past exercise, such as liking exercise or 
being good at exercise, and it was found that the scores of men were higher than those 
of women in terms of gender, and those of the two groups with exercise habits were 
higher than those without exercise habits, with each of these results being significant. 
The results for gender supported the previous studies [4, 15, 14, 28] and those for 
exercise habits supported the hypothesis of the present study. Although some studies 
on exercise continuation have focused on how people who are concerned about their 
health in adulthood and beyond continue to exercise [18, 6, 16, 31], the results of 
this study indicate that factors such as people’s attitudes toward exercise and how 
they perceive it influence the continuation or discontinuation of exercise. The results 
of this study demonstrate that the cognitive aspect of exercise is more effective in 
forming exercise habits than the superficial behavioral aspect of exercise. 

To become a lifelong sports practitioner, it is essential for children to learn the 
joy and pleasure unique to exercise during school age [29]. Many opportunities to 
engage in sports are present in school education, and academic physical education 
from elementary school is undeniably the most important opportunity to receive 
full-scale sports instruction [36]. Thus, physical education may be considered as 
the factor related to the cognitive aspect of exercise. In junior high school, there 
are no opportunities to practice sports and exercise during one’s free time beyond 
health and physical education classes and sports club activities [11]. Therefore, it 
can be said that physical education in schools is important for lifelong engagement 
in sports. Takizawa [35] has written, “In formal physical education, children who 
dislike sports must be made to like sports. This is because it is necessary not only to 
let children experience the unique cultural world of sport, but also to develop their 
ability to solve problems rooted in reality.” Okazawa [26] points out the importance 
of physical education for the development of a love of physical activity, stating that 
it is necessary to increase the sense of athletic competence such as “awareness of 
physical competence,” “sense of control,” and “sense of acceptance” in physical 
education. The above results suggest that the experience of physical education and 
the feelings that arise while participating in physical education may influence the 
subsequent practice of exercise behavior through how children perceive exercise and 
sports, which requires further investigation.
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5 Conclusion 

5.1 Effectiveness of Cognitive Aspects of Exercise During 
School Age 

The cognitive aspects of exercise during school age, rather than the behavioral, are 
more effective in influencing adult exercise habits. 

5.2 Future Issues 

The present study was designed to examine the factors influencing the formation of 
exercise habits among adults in terms of past membership in exercise clubs and past 
perceptions of exercise. However, the study was limited to a positive approach to the 
perception of exercise, and therefore, a different angle of examination is required in 
the future. In addition, it is necessary to examine the factors that contribute to the 
formation of exercise habits based on the current characteristics of adults. Further-
more, new findings must be obtained by analyzing the relationship between these 
factors and the experiences in physical education and the emotions that arise from 
them. 
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Effects of Brain Breaks on Attitudes 
and Motivation in the Institute 
of Teacher Campuses 

Pei-Yi Ting, Garry Kuan, Ngien Siong Chin, and Yee Cheng Kueh 

Abstract Brain breaks are short mental and physical breaks incorporated period-
ically and can help to stimulate one’s health and motivation. The study aimed to 
examine the effects of brain breaks on the attitudes and motives of participation of 
trainee teachers in Sarawak, Malaysia. The brain breaks were conducted twice a day 
and five times a week for a duration of 12 weeks. The participants are comprised of 48 
trainee teachers (24 males and 24 females) aged 18 to 23 years (1.48 ± .50) randomly 
divided into intervention group (n = 24) and control group (n = 24). The Attitudes 
towards Physical Activity Scale (APAS) and Physical Activity and Leisure Motiva-
tion Scale (PALMS-M) were utilised. For APAS, the paired-samples t-test revealed 
that the mean difference score from pre-test to post-test in intervention group was 
significant for self-efficacy, MD = 0.60, t(23) = 0.32, p = 0.004, and fitness, MD = 
0.58, t(23) = 2.98, p = 0.007. However, there was no significant difference for all 
APAS variables in control group. For PALMS-M, the paired-samples t-test revealed 
that the mean score from pre-test to post-test in intervention group was significant 
for competition/ego, MD = 0.84, t(23) = 4.54, p < 0.001, appearance, MD = 0.49, 
t(23) = 2.79, p = 0.013, others’ expectations, MD = 0.63, t(23) = 2.29, p = 0.032, 
psychological condition, MD = 0.49, t(23) = 2.66, p = 0.014, and enjoyment, MD 
= 1.08, t(23) = 1.30, p < 0.001. In the control group, the mean score from pre-test to 
post-test was significant for competition/ego, MD = 0.59, t(23) = 3.01, p = 0.006, 
others’ expectations, MD = 0.75, t(23) = 3.38, p = 0.003, and enjoyment, MD = 
0.55, t(23) = 2.46, p = 0.022. The results revealed that brain breaks can be imple-
mented in the campuses in order to improve trainee teachers’ attitudes and motivation 
towards PA.
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1 Introduction 

Physical activity (PA) is defined as a bodily movement produced by the contraction of 
skeletal muscles that substantially improve overall health and fitness, cognitive devel-
opment as well as decrease the risk of various non-communicable chronic diseases 
[1]. According to the Malaysian Health Minister, Datuk Seri Dr Dzulkefly Ahmad 
[2], about 33 per cent of Malaysian citizens are at least overweight, while 19 per cent 
of the population were obese, making Malaysia as the most obese country in Asia. 
According to the fact sheets about PA by the World Health Organization [3], 1 in 4 
adults do not meet the global recommended levels of PA and more than 80% of the 
world’s adolescent population is insufficiently physically active. Many researches 
have shown that PA may improve student’s cognitive abilities, attitudes as well as 
subsequent academic performance [4]. Interventional studies are needed to fully 
understand the factors that promote PA participation among young adults. 

Poobalan et al. [5] revealed that levels of physical activity are low among adoles-
cents aged 18–25 years old, which are more likely to weight gain. This transition is 
oftentimes accompanied by unhealthy behavioural changes or sedentary behaviours, 
for example, spending time on computer, playing computer games, either for pleasure 
or work/ study, watching television or sitting in class all day. Despite being active 
in school, Pooblan et al. [5] findings also showed that many teenagers did not start 
any new sport after moving to university. Pope, Hansen, and Harvey [6] also found 
that the percentage of college students who were overweight or obese had risen from 
23 to 41% from freshman to senior year. In September 2015, the General Assembly 
adopted the 2030 Agenda for Sustainable Development that includes 17 Sustain-
able Development Goals (SDGs) and one of the main goals of the SDGs which are 
good health and well-being. A concerted shift away from what may have driven 
past gains—curative interventions in the case of NCDs—towards multi-sectoral, 
prevention-oriented policy action, and investments is required to achieve SDG goals 
for many health-related SDG indicators, on non-communicable diseases (NCDs), 
NCD-related risks, and violence-related indicators, according to current projections 
[7]. Wengreen and Moncur [8] study revealed that 23% of participants gained more 
than 5% of their body weight during their first year of college while also engaging 
in less physical activity than they had in high school. 

Most of the countries imposed lockdown, social distancing protocols, and require-
ments for self-isolation during the COVID-19 pandemic. People may become more 
sedentary and engage in less physical activity as a result of the lockdown. This is one 
of the unintended outcomes of the lockdown [9]. It has also resulted in significant 
changes to the physical activity learning process throughout the world [10]. In order 
to overcome obstacles, educators must adapt to the new learning patterns brought on 
by the epidemic [11]. Such mobility limitations may have long-term negative health 
effects because physical inactivity is one of the leading risk factors for chronic illness
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and all-cause mortality [12]. For instance, compared to the same week last year, FitBit 
users’ daily step counts were much lower during the week of 22 March 2020 [13]. 

Regarding this issue, the environment in schools and institutions of higher learning 
has integrated technology into their systems to enhance the learning and teaching 
which have also incorporated the promotion of physical activity as part of the millen-
nium culture. Teachers or lecturers who will guide the youngsters should be prepared 
with an intervention which may promote physical activity to facilitate a paradigm shift 
towards a healthier generation. The use of video tutorials during the pandemic can 
complement online learning tools used by educators as discussion material and prac-
tical material which will increase students’ understanding of the material presented 
[14]. Research studies show that providing virtual health contents (physical activity, 
physical education, and nutrition information) is a viable way to sustain school and 
family’s health in times of a pandemic. Studies have shown that short physical activity 
breaks between lessons can improve one’s cognitive and concentrations [15]. Brain 
breaks physical activity solutions by HopSports are one of the effective strategies 
which may help young adults to achieve the mentioned goals. The brain breaks 
physical activity is an exercise video that helps to promote health and wellness. The 
short videos are usually limited to three or five minutes and work best when they 
incorporate physical activities [16]. The brain breaks programme has given them a 
platform to not only be physically active but also learn new motor skills, coordina-
tion, dancing, motions of highly integrated functional muscle groups in movement 
activity, language, art, music, and diverse cultures [17]. Combination of some level of 
physical movement in brain breaks tends to be an effective way to stimulate neuro-
logical pathways and help both hemispheres of brain to work together. Previous 
research also indicated that brain breaks may also improve one’s concentration and 
help to meditate their minds. 

2 Methods 

2.1 Study Design, Recruitment, and Sampling 

This quasi-experimental design study involved pre- and post-tests. The study was 
conducted for a duration of 12 weeks to examine the effect of brain breaks inter-
vention in participation motives (using PALMS) and attitudes (using APAS) among 
the trainee teachers in Sarawak. The participants were the trainee teachers from the 
Institute of Teacher Education, Batu Lintang Campus and Institute of Teacher Educa-
tion Tun Abdul Razak Campus from Sarawak. The directors of the two Institute of 
Teacher Education campuses were approached to obtain their approval in conducting 
the study. The approval letter from the Ministry of Education was also given to the 
respective campuses as proof of approval for conducting this study. The participants 
who meet all inclusion criteria were given an informed consent form and signed the 
form before participating in the study.
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The participants were assigned randomly into two groups (intervention and control 
group) and were gender-matched. The objective and procedures of the study were 
briefed to the participants. Then, the pre-test was conducted on both groups, where all 
participants were required to complete the PALMS and APAS. Similar procedure was 
repeated during the post-test. The brain break activity which was in digital platform is 
a video-exercise (dances) comprising structured physical activities that allows partic-
ipants to follow an on-screen instructor leading an activity projected on the television 
and a large screen by a projector. The exercises that have moderate to high intensity 
were selected. The breaks were done twice per day (when trainee teachers appeared 
tired or distracted, brain breaks were employed) which was once in the morning and 
once again in mid-afternoon, five days a week, for a duration of 12 weeks. The breaks 
lasted for 3–5 min. But during this pandemic, the brain breaks activity was conducted 
through ‘Google Meet’ to avoid and decrease physical contact. Google classroom 
was created where all the intervention group’s participants were added inside. A link 
was given from time to time by the host, and the participants would need to join the 
Google Meet once in the morning and once again in mid-afternoon, five days a week 
for a duration of 12 weeks. In addition, the participants had completed their weekly 
and monthly logs showing the number of brain breaks activity being followed. All 
participants were volunteers, and no payment was offered. However, a certificate was 
given to each participant at the end of the study. 

The procedures of this study were summarised in Fig. 1. The Universiti Sains 
Malaysia (USM) Human Research Ethics Committee (USM/JEPeM/21050369) 
and from the Research Department of Ministry of Education (KPM.600–3/2/3-
eras11814) approved the study. Before the study was conducted, a research informa-
tion sheet, subject information, consent form, and the participant’s material publica-
tion consent form were given to the trainee teachers to read and signed. Their partic-
ipation was completely voluntary and free to withdraw at any stages of the study. 
Participants that had any inquiries were personally contacted. All information was 
kept confidential by the researchers and will not be made publicly available unless 
disclosure was required by law. The data presented did not identify the participants 
individually. There was no conflict of interest in the study.

2.2 Participants 

Participants included 48 trainee teachers from 2 different Institute of Teacher 
Campuses in Sarawak (24 males and 24 females). The participant’s age was 18– 
23 years old. The inclusion criteria of the study were; (1) bilingual in Bahasa Melayu 
and English; (2) must be in good health to participate in any physical activity; (3) 
agreed and signed the informed consent form. The exclusion participants were with 
medical conditions that may interfere with their physical ability to complete the 
study. 

The demographic characteristics of the participants are given in Table 1. There 
were 48 participants involved which is comprised of 24 males (50%) and 24 females
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Fig. 1 Flow chart of the study procedures

(50%). The age group categories showed that 25 (52.1%) of the participants aged 
between 17 and 23 years. In terms of ethnicity, the Malay formed the largest 
percentage with 43.8%, followed by Native and Chinese who comprised 37.5% 
and 18.8% of the population, respectively. 43.8% of them took up Malay course, 12 
(15.0%) took up physical education course, and 14 (29.2%) took up Islam course. The 
BMI revealed that a high percentage of the participants were in normal weight cate-
gory with a total of 30 (62.5%), followed by underweight category with 8 (16.7%), 
overweight category with 7 (14.6%), and obese category with 3 (6.3%). Whereas, 
in terms of the frequency of exercise, a high percentage of the participants exercise 
1–2 times (45.8%) a week averaging between 31 and 60 min (54.2%).

2.3 Research Instruments 

Physical Activity and Leisure Motivation Scale (PALMS): The PALMS [18] 
measures the participation’s motives in Physical Activity (PA). It is comprised 
of 40-items that assess participation in sports and PA. There are eight subscales
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Table 1 Demographic 
characteristics of the 
participants 

Characteristics Frequency (F) Percentage (%) M (SD)  

Gender 1.50 (0.51) 

Male 24 50.0 

Female 24 50.0 

Age group 1.48 (0.50) 

18–20 25 52.1 

21–23 23 47.9 

Ethnicity 1.94 (0.91) 

Malay 21 43.8 

Chinese 9 18.8 

Native 18 37.5 

Courses 2.83 (0.86) 

Malay 22 45.8 

Physical 
education 

12 25.0 

Islam 14 29.2 

Body mass 
index (BMI) 

2.15 (0.74) 

Underweight 
(≤18.49) 

8 16.7 

Normal 
(18.5–24.9) 

30 62.5 

Overweight 
(25.0–29.9) 

7 14.6 

Obese 
(30.0–34.9) 

3 6.3 

Frequency of 
exercise per 
week 

1.83 (0.93) 

1–2 times 22 45.8 

3–4 times 15 31.3 

5–6 times 8 16.7 

7 times 3 6.3 

Exercise per 
session 
(minutes) 

1.88 (0.84) 

1–30 min 16 33.3 

31–60 min 26 54.2 

61–90 min 2 4.2 

91–120 min 4 8.3
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comprising mastery, enjoyment, psychological condition, physical condition, appear-
ance, others’ expectations, affiliation, competition/ego which are attributes of 
intrinsic and extrinsic motivation. There are 5 items in each of the eight subscales 
rated on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). 
The PALMS has shown acceptable factor structure, internal consistency (0.78–0.82), 
test–retest reliability (0.78–0.94), and criterion validity that can be applied in the 
physical activity contexts. Though it has been validated in the Malay [19], it is only 
validated in one population study which might not strengthen its validity, consistency, 
and reliability for assessment of motives of participation in another population. 

Attitude towards Physical Activity Scale (APAS): The APAS [20] measures the 
attitudes and perceptions regarding various aspects of engagement in PA. The Cron-
bach’s alpha ranged from 0.63 to 0.84. The 35-item APAS is comprised of seven 
subscales that measures benefits (6 items), importance (3 items), self-efficacy (3 
items), learning (4 items), fun (7 items), self-confidence on physical fitness (7 items), 
and personal best (5 item). The items were rated on a 5-point Likert scale ranging 
from 1(strongly disagree) to 5(strongly agree). 

2.4 Statistical Analysis 

The data were analysed using the Statistical Product and Service Solution (SPSS) 
Version 27.0. The independent t-test or Chi-square test was used to examine whether 
there are any significant differences between the control group and the intervention 
group on the study variables. The level of the statistical significance was set as p < 
0.05. 

3 Results 

Presented in Table 2 is the mean difference of APAS variables for pre- and post-
intervention groups. The mean score of benefits was increased from pre (4.31 ± 
0.56) to post (4.55 ± 0.50), MD = 0.24, t(23) = 1.76, p = 0.09. The mean score for 
importance was increased from pre (4.11 ± 0.73) to post (4.40 ± 0.61), MD = 0.29, 
t(23) = 1.57, p = 0.13. The mean score for learning was decreased from pre (3.47 ± 
0.85) to post (3.33 ± 1.26), MD = −0.14, t(23) = −0.50, p = 0.62. The mean score 
for self-efficacy was significantly increased from pre (3.63 ± 0.74) to post (4.22 ± 
0.80), MD = 0.60, t(23) = 0.32, p = 0.004, 95% CI: 0.21, 0.98. The mean score for 
fun was increased from pre (4.09 ± 0.69) to post (4.40 ± 0.65), MD = 0.32, t(23) 
= 1.74, p = 0.10. The mean score for fitness was significantly increased from pre 
(3.70 ± 0.66) to post (4.28 ± 0.59), MD = 0.58, t(23) = 2.98, p = 0.007, 95% CI: 
0.18, 0.99. The mean score for personal best was increased from pre (4.16 ± 0.79) 
to post (4.50 ± 0.54), MD = 0.34, t(23) = 1.80, p = 0.08.
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Table 2 Mean difference of APAS variables for pre- and post-intervention groups (N = 24) 
Variables Intervention group (N = 

24) 
MD (95% CI) t-statistics (df = 23) p-value 

Pre-test Post-test 

M SD M SD 

APAS 

Benefits 4.31 0.56 4.55 0.50 0.24 (-0.04, 0.51) 1.76 0.09 

Importance 4.11 0.73 4.40 0.61 0.29 (-0.09, 0.68) 1.57 0.13 

Learning 3.47 0.85 3.33 1.26 -0.14 (-0.70, 0.43) -0.50 0.62 

Self-efficacy 3.63 0.74 4.22 0.80 0.60 (0.21, 0.98) 0.32 0.004* 

Fun 4.09 0.69 4.40 0.65 0.32 (-0.06, 0.69) 1.74 0.10 

Fitness 3.70 0.66 4.28 0.59 0.58 (0.18, 0.99) 2.98 0.007* 

Personal best 4.16 0.79 4.50 0.54 0.34 (-0.05, 0.73) 1.80 0.08 

*p < 0.05  

Table 3 gives the mean difference of APAS variables for pre- and post-control 
groups. The mean score of benefits was slightly decreased from pre (4.41 ± 0.64) to 
post (4.40 ± 0.65), MD = −0.01, t(23) = −0.03, p = 0.97. However, the mean score 
for importance was slightly increased from pre (4.19 ± 0.58) to post (4.21 ± 0.67), 
MD = 0.01, t(23) = 0.07, p = 0.95. The mean score for learning was increased from 
pre (3.27 ± 0.93) to post (3.72 ± 0.83), MD = 0.45, t(23) = 1.57, p = 0.13. The 
mean score for self-efficacy was increased from pre (3.75 ± 0.74) to post (3.97 ± 
0.77), MD = 0.22, t(23) = 0.92, p = 0.37. The mean score for fun was increased 
from pre (4.15 ± 0.80) to post (4.20 ± 0.70), MD = 0.04, t(23) = 0.17, p = 0.87. 
The mean score for fitness was increased from pre (3.96 ± 0.78) to post (4.02 ± 
0.86), MD = 0.05, t(23) = 0.19, p = 0.85. The mean score for personal best was 
decreased from pre (4.36 ± 0.75) to post (4.18 ± 0.83), MD = −0.18, t(23) = −  
0.66, p = 0.52. There was no statistically significant mean difference of all the APAS 
subscales for the pre and post in the control group with p > 0.05.

Table 4 gives the mean difference of PALMS variables for pre- and post-
intervention groups. The mean score of competition/ego was significantly increased 
from pre (3.35 ± 0.74) to post (4.19 ± 0.55), MD = 0.84, t(23) = 4.54, p < 0.001, 
95% CI: 0.46, 1.23. The mean score for appearance was significantly increased from 
pre (3.98 ± 0.63) to post (4.47 ± 0.59), MD = 0.49, t(23) = 2.79, p = 0.013, 95% 
CI: 0.11, 0.87. The mean score for others’ expectations was significantly increased 
from pre (2.64 ± 0.77) to post (3.27 ± 0.96), MD = 0.63, t(23) = 2.29, p = 0.032, 
95% CI: 0.06, 1.19. The mean score for affiliation was increased from pre (3.99 ± 
0.66) to post (4.31 ± 0.65), MD = 0.07, t(23) = 0.50, p = 0.62. The mean score 
for physical condition was slightly increased from pre (4.45 ± 0.53) to post (4.52 
± 0.49), MD = 0.07, t(23) = 0.50, p = 0.62. The mean score for psychological 
condition was significantly increased from pre (3.90 ± 0.67) to post (4.39 ± 0.54), 
MD = 0.49, t(23) = 2.66, p = 0.014, 95% CI: 0.11, 0.87. The mean score for mastery
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Table 3 Mean difference of APAS variables for pre- and post-control groups (N = 24) 
Variables Control group (N = 24) MD (95% CI) t-statistics (df = 23) p-value 

Pre-test Post-test 

M SD M SD 

APAS 

Benefits 4.41 0.64 4.40 0.65 −0.01 (−0.44, 0.42) −0.03 0.97 

Importance 4.19 0.58 4.21 0.67 0.01 (−0.40, 0.43) 0.07 0.95 

Learning 3.27 0.93 3.72 0.83 0.45 (−0.14, 1.04) 1.57 0.13 

Self-efficacy 3.75 0.74 3.97 0.77 0.22 (−0.28, 0.72) 0.92 0.37 

Fun 4.41 0.64 4.40 0.65 −0.01 (−0.44, 0.42) −0.03 0.97 

Fitness 4.19 0.58 4.21 0.67 0.01 (−0.40, 0.43) 0.07 0.95 

Personal best 3.27 0.93 3.72 0.83 0.45 (−0.14, 1.04) 1.57 0.13

was increased from pre (4.08 ± 0.54) to post (4.38 ± 0.60), MD = 0.30, t(23) = 
1.76, p = 0.09. The mean score for enjoyment was significantly increased from pre 
(3.73 ± 0.45) to post (4.81 ± 0.24), MD = 1.08, t(23) = 1.30, p < 0.001. 

Table 5 gives the mean difference of PALMS variables for pre- and post-control 
groups. The mean score of competition/ego was significantly increased from pre 
(3.38 ± 0.74) to post (3.97 ± 0.82), MD = 0.59, t(23) = 3.01, p = 0.006, 95% CI: 
0.18, 1.00. The mean score for appearance was slightly increased from pre (3.93 ± 
0.61) to post (4.05 ± 0.83), MD = 0.12, t(23) = 0.48, p = 0.64. The mean score for 
others’ expectations was significantly increased from pre (2.64 ± 0.79) to post (3.39

Table 4 Mean difference of PALMS variables for pre- and post-intervention groups (N = 24) 
Variables Intervention group (N = 24) MD (95% CI) t-statistics 

(df = 23) 
p-value 

Pre-test Post-test 

M SD M SD 

PALMS 

Competition/ego 3.35 0.74 4.19 0.55 0.84 (0.46, 1.23) 4.54 < 0.001* 

Appearance 3.98 0.63 4.47 0.59 0.49 (0.11, 0.87) 2.79 0.013* 

Others’ 
expectations 

2.64 0.77 3.27 0.96 0.63 (0.06, 1.19) 2.29 0.032* 

Affiliation 3.99 0.66 4.31 0.65 0.32 (−0.09, 0.72) 1.63 0.12 

Physical 
condition 

4.45 0.53 4.52 0.49 0.07 (−0.21, 0.34) 0.50 0.62 

Psychological 
condition 

3.90 0.67 4.39 0.54 0.49 (0.11, 0.87) 2.66 0.014* 

Mastery 4.08 0.54 4.38 0.60 0.30 (−0.05, 0.65) 1.76 0.09 

Enjoyment 3.73 0.45 4.81 0.24 1.08 (0.87, 1.30) 1.30 < 0.001* 

*p < 0.05  
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Table 5 Mean difference of PALMS variables for pre- and post-control groups (N = 24) 
Variables Control group (N = 24) MD (95% CI) t-statistics (df = 

23) 
p-value 

Pre-test Post-test 

M SD M SD 

PALMS 

Competition/ego 3.38 0.74 3.97 0.82 0.59 (0.18, 1.00) 3.01 0.006* 

Appearance 3.93 0.61 4.05 0.83 0.12 (−0.40, 0.65) 0.48 0.64 

Others’ 
expectations 

2.64 0.79 3.39 0.85 0.75 (0.29, 1.21) 3.38 0.003* 

Affiliation 3.96 0.65 4.05 0.86 0.10 (−0.41, 0.60) 0.40 0.70 

Physical 
condition 

4.43 0.53 4.30 0.73 −1.22 (−0.60, 0.36) −0.53 0.60 

Psychological 
condition 

3.85 0.64 4.28 0.75 0.43 (−0.07, 0.93) 1.77 0.09 

Mastery 4.04 0.52 4.18 0.81 0.14 (−0.30, 0.58) 0.66 0.52 

Enjoyment 3.71 0.45 4.26 0.80 0.55 (0.09, 1.01) 2.46 0.022* 

*p < 0.05  

± 0.85), MD = 0.75, t(23) = 3.38, p = 0.003, 95% CI: 0.29, 1.21. The mean score 
for affiliation was increased from pre (3.96 ± 0.65) to post (4.05 ± 0.86), MD = 
0.10, t(23) = 0.40, p = 0.70. The mean score for physical condition was decreased 
from pre (4.43 ± 0.53) to post (4.30 ± 0.73), MD = −1.22, t(23) = −0.53, p = 
0.60. The mean score for psychological condition was increased from pre (3.85 ± 
0.64) to post (4.28 ± 0.75), MD = 0.43, t(23) = 1.77, p = 0.09. The mean score for 
mastery was increased from pre (4.04 ± 0.52) to post (4.18 ± 0.81), MD = 0.14, 
t(23) = 0.66, p = 0.52. The mean score for enjoyment was significantly increased 
from pre (3.71 ± 0.45) to post (4.26 ± 0.80), MD = 0.55, t(23) = 2.46, p = 0.022. 

4 Discussion 

This study’s goal was to ascertain how brain breaks affected trainee instructors at 
the Institute of Teacher Campus attitudes and motivation. During the study, brain 
breaks video that has moderate to high intensity was utilized on the participants. 
The breaks were done twice per day which was once in the morning and once again 
in mid-afternoon, five days a week, for a duration of 12 weeks. The breaks lasted 
for 3–5 min. It was shown that the significant differences for APAS were in the 
intervention group as compared to the control group. This showed that brain breaks 
have positive effects on self-efficacy and fitness which provide a source of holistic 
and autonomous learning among the trainee teachers. The trainee teachers could 
have found an improvement in their self-esteem, confidence, and ability to strive to 
further enhance their personal performance in their level of fitness and health. Since
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brain breaks were only short interval form of activities, the effects have spurred their 
level of motivation to further engage in other physical activities of higher intensity 
and durations during their free time. The finding aligns with past studies which had 
described self-efficacy confidence as one of the dominant factors which correlates 
with active life-long engagement in physical activity [21, 22]. 

Whereas, for PALMS, the significant differences were found mainly within the 
extrinsic factors of PALMS (Competition/Ego, Appearance, Others’ Expectations, 
Psychological Conditions) and intrinsic factor of enjoyment in the intervention group 
as compared to the control group. This study’s findings diverge from Hajar et al. [23] 
study that used a brain breaks intervention with elementary school pupils and found 
that four motives—mastery, competition, affiliation, and physical condition—had an 
upward tendency. Children and teens were shown to be motivated by skill devel-
opment, fun, challenge, and achievement. In this study, trainee teachers possessed 
diverse motives in their participation according to their personal preferences. The 
extrinsic motives could be due to the trainee teachers participating in PA during the 
weekends or leisure times searching for social relatedness, appearance, health, and 
balanced body through competitive and challenging PA to satisfy their psychological 
needs. The enjoyment derived from these motivational factors had propelled the fun 
and eagerness to learn and participate in PA which fosters positive Attitudes towards 
PA through the brain breaks. Study showed that young adults are more motivated 
for PA which are related to maintaining fitness levels and overall health [24]. This 
implied that the brain breaks intervention can be just as beneficial for children as 
they are for adults. 

The study limitation was that the trainee teachers were recruited from only 
two campuses in Sarawak. Therefore, for future studies, it is recommended that 
researchers can recruit participants from the Institute of Teacher Campus from other 
states or even universities students around Malaysia to solidify our understanding 
of the application of brain breaks which can provide some significant effect on the 
motives and Attitudes towards Physical Activity. 

5 Conclusion 

The study suggests that the integration of extrinsic and intrinsic factors of motivation 
would enhance and sustain the attitudes of trainee teachers to inculcate a balanced 
and healthy lifestyle in long run. Therefore, it is of utmost importance that tailored 
interventions that combined both motivational factors are necessary to improve PA 
and its effects on the health and well-being of the trainee teachers. 
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The Effect of Brain Breaks 
on Health-Related Fitness Among 
Indigenous Primary School Children 

Ting Len Lim, Garry Kuan, Ngien Siong Chin, Mohd Rahimi Che Jusoh, 
and Yee Cheng Kueh 

Abstract The study aimed was to examine the effect of brain breaks on health-
related fitness among indigenous primary school children in Sarawak, Malaysia. The 
participants were 70 indigenous primary school children (33 male and 37 female) 
aged 10–12 years old (2.03 ± .78) from two rural schools in Sarawak, Malaysia. The 
Malaysian National Physical Fitness Standard (SEGAK) test battery was conducted 
to evaluate the students’ body mass index, muscle strength, muscular endurance, 
and flexibility. Descriptive statistics and paired-samples t-test were used to analyse 
the data. The paired-samples t-test based on gender revealed statistically significant 
difference from pre-test to post-test for both gender in the 3-min step test, push-
ups test, curl-ups test, and sit and reach test with p < 0.05 for the intervention group. 
Whereas, for the control group, results revealed significant difference in push-ups test 
and curl-ups test for female with p < 0.05. Besides, the paired-samples t-test based on 
age groups showed statistically significant difference from pre-test to post-test for the 
three age groups in the 3-min step test, push-ups test, curl-ups test, and sit and reach 
test with p < 0.05 for the intervention group. Whereas, for the control group, results 
revealed significant difference in 3-min step test for 12 years old group, p < 0.001, 
and curl-ups test for 11 years old groups with p = 0.001. The study recommends 
school-based physical activity programmes to increase the physical activity levels of 
the children in order to improve their fitness and health. 
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1 Introduction 

Physical activity plays a vital role in our daily lives. Regular physical activity is 
recommended for all people in their reproductive years since it is associated with 
reduced risk of morbidity, maintaining a healthy weight, and the promotion of precon-
ception health [1]. Despite the importance of physical activity, there is a need to 
increase physical activity among the Malaysian adolescent communities, especially 
towards indigenous children, whereby they have limited access to healthy lifestyles. 
To achieve this objective, this fundamental study, which is collaborating with the 
United Nation’s Sustainable Developmental Goals, aimed to use brain breaks (BB) 
to transform the quality of life (QoL) among the Sarawakian indigenous primary 
school children. BB is an interactive web-based structured physical activity, nutri-
tion, and hygiene (lifestyles) videos that aim to stimulate students’ interest in learning 
and promote better health [2]. 

In 2019, research was conducted to see the impact of brain breaks across 600 
Malay primary school children and implemented in three schools in the district of 
Kota Bharu, Kelantan. It is the first study conducted in Malaysia and it is important 
to initiate school-based physical activity policies to promote changes at decision-
making levels aimed at providing children with more regular access to physical 
activity in school settings. However, no study was implemented for the indigenous 
communities, whereby there are lacking internet facilities, electricity, and proper 
education facilities such as the Sarawak indigenous schools. 

The effect of physical activity on a holistic development of mental, proper nutri-
tion, hygiene, and physical wellbeing can be extrapolated in school settings. This 
not only improves health but also can further enhance learning development and 
cognitive functioning more so than just emphasising on core academic subjects. 
In addition, physical activity can reduce diseases such as diabetes, cancer, osteo-
porosis, and cardiovascular diseases [3]. However, research in policies driven to 
improve physical activity in Malaysian schools is still lacking. A growing number 
of studies show a trend of decreasing physical activity level among children [4]. 
More worryingly, physical activity has also been found to decline with age [5, 6]. 
This scenario is even harder for the rural communities such as the indigenous chil-
dren in Sarawak, whereby they are lacking access to clean hygiene, proper nutrition, 
and physical activities leading to low immune system and sometimes death due to 
diseases, improper cleanliness, and low immune system. 

Thus, the aim of this study was to investigate the effects of using brain breaks 
(physical activity videos) on health-related fitness among the indigenous primary 
school children. We hypothesise that brain breaks (with physical activity videos) will 
positively impact children on health-related fitness among the indigenous primary 
school children.
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2 Methods 

2.1 Study Design, Recruitment, and Sampling 

The research design used is descriptive quantitative research. The schools were 
selected through purposive randomisation. All indigenous schools in Sarawak were 
assigned a number and two schools were randomly selected (schools A and B). The 
headmasters were approached to obtained approval for conducting this study in their 
respective schools. They were informed about the objectives and procedures of the 
study. Letter from the education department of Sarawak was given to the respec-
tive schools as proof of approval for conducting this research. Invitation for student 
participation was conducted at class and/or hall with the aid of the teachers and head-
master. The headmaster and the teachers were the only to bring the students to the 
hall and to monitor the programme. However, the programme was conducted by the 
researcher. Thus, only the students that volunteered to participate in the study were 
included the intervention. The students were given an informed assent form to give 
their parents for approval. For any questions or uncertainty that arise, the parents 
were personally contacted to acquire verbal consent. 

2.2 Participants 

The study participants included 70 students from 2 different primary school in 
Sarawak (33 boys and 37 girls). The participants were aged between 10 and12 years 
old. The inclusion criteria of the study were: (1) Bilingual in Bahasa Melayu and 
English. (2) Those that are physically (measured by PAR-Q) and mentally healthy 
to participate in daily physical activity. (3) Agreed and signed the informed assent 
form. 

Table 1 gives the demographic characteristics of the primary school students, 33 
(47.1%) were males, and 37 (52.9%) were females. There were 35 students in the 
intervention group and 35 students in the control group. The students were classified 
into three age groups, 20 (28.6%) students were 10 years old, 28 (40.0%) students 
were 11 years old, and 22 (31.4%) students were 12 years old, respectively. Based on 
the pre-body mass index, the majority of the participants were in the normal weight 
BMI (72.9%), followed by underweight BMI (21.4%), overweight BMI (4.3%), and 
obese (1.4%). However, in the post-body mass index, 67.1% participants were in 
the normal weight BMI, 30.0% were in the underweight BMI, and 2.9% were in the 
overweight BMI, respectively.
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Table 1 Demographic 
characteristics of the 70 
participants 

Characteristics Frequency (F) Percentage (%) M (SD)  

Gender 1.53 (0.50) 

Male 33 47.1 

Female 37 52.9 

Age group 2.03 (0.78) 

10 years old 20 28.6 

11 years old 28 40.0 

12 years old 22 31.4 

Body mass 
index 

Pre 1.34 (0.63) 

Normal 
(18.50–24.99) 

51 72.9 

Underweight 
(≤18.49) 

15 21.4 

Overweight 
(25.00–29.99) 

3 4.3 

Obese 
(30.00–34.99) 

1 1.4 

Post 1.36 (0.54) 

Normal 
(18.50–24.99) 

47 67.1 

Underweight 
(≤18.49) 

21 30.0 

Overweight 
(25.00–29.99) 

2 2.9 

2.3 Research Instruments 

Health-related fitness: SEGAK test for measuring the health-related fitness of an indi-
vidual was used. The test comprised strength, flexibility, power, and cardiovascular 
endurance test (3-min step test, push-ups, curls-up, and sit and reach). 

2.4 Data Analysis 

The data were analysed using the Statistical Package for Social Science (SPSS) 
Version 27.0. The level of the statistical significance was set as p < 0.05.
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3 Results 

Table 2 gives the SEGAK tests based on gender for the intervention and control 
group. For the intervention group, the results revealed that the mean score for 3-min 
step test showed a significant decrease from pre (96.13 ± 13.01) to post (88.13 ± 
12.48) for male, t = 9.40, p < 0.001, and from pre (111.32 ± 24.98) to post (103.89 
± 23.86) for female, t = 7.09, p < 0.001. The mean score for push-ups revealed a 
statistically significant increase from pre (13.56 ± 3.05) to post (15.56 ± 3.24) for 
male, t = −8.94, p < 0.001, and from pre (14.16 ± 3.47) to post (16.68 ± 2.87) 
for female, t = −10.79, p = <0.001. The mean score for curl-ups also showed a 
significant increase from pre (16.50 ± 1.90) to post (18.75 ± 2.11) for male, t = 
15.59, p < 0.001, and from pre (15.47 ± 1.68) to post (17.74 ± 1.73) for female, 
t = 17.56, p < 0.001. Finally, the mean score for sit and reach test also revealed a 
significant increase from pre (25.56 ± 5.07) to post (28.06 ± 5.11) for male, t = 
15.81, p < 0.001, and from pre (26.37 ± 6.68) to post (28.74 ± 6.79) for female, t 
= 11.53, p < 0.001.

Whereas, for the control group, results revealed that the mean score for 3-min 
step test showed no significant increase from pre (105.82 ± 16.80) to post (109.94 ± 
19.54) for male, t = 1.68, p = 0.11, and from pre (105.67 ± 21.52) to post (111.89 
± 23.88) for female, t = 1.82, p = 0.09. The mean score for push-ups revealed no 
significant decrease from pre (11.71 ± 4.77) to post (11.65 ± 4.60) for male, t = 
0.12, p = 0.90, but a significant decrease from pre (15.89 ± 5.06) to post (14.78 
± 4.57) for female, t = 2.51, p = 0.022. The mean score for curl-ups showed no 
significant increase from pre (14.18 ± 3.52) to post (15.00 ± 2.50) for male, t = 1.55, 
p = 0.14, and from pre (13.78 ± 4.31) to post (13.83 ± 3.31) for female, t = 0.12, 
p = 0.91. Finally, the mean score for sit and reach test also revealed a significant 
increase from pre (23.79 ± 5.95) to post (24.85 ± 6.00) for male, t = 5.84, p < 
0.001, but no significant difference from pre (27.33 ± 4.99) to post (27.72 ± 4.19) 
for female, t = −17.56, p = 0.38. 

Table 3 gives the SEGAK tests based on age groups for intervention and control 
group. For the intervention group, the results revealed that the mean score for 3-min 
step test showed a significant decrease from pre (94.80 ± 9.98) to post (89.40 ± 
9.25) for 10 years old group, t = 10.82, p < 0.001, from pre (93.86 ± 9.54) to post 
(86.21 ± 8.43) for 11 years old group, t = 7.13, p = 0.001, and from pre (126.45 
± 24.22) to post (116.64 ± 25.68) for 12 years old group, t = 6.98, p < 0.001. The 
mean score for push-ups test revealed a significant increase from pre (10.80 ± 2.39) 
to post (13.20 ± 2.30) for 10 years old group, t = 4.81, p = 0.001, from pre (14.86 
± 3.28) to post (16.93 ± 2.79) for 11 years old group, t = 10.62, p < 0.001, and 
from pre (15.45 ± 1.81) to post (17.91 ± 1.97) for 12 years old group, t = 6.98, 
p < 0.001. The mean score for curl-ups tests also showed a statistically significant 
increase from pre (16.20 ± 2.30) to post (18.20 ± 2.35) for 10 years old group, t = 
13.42, p < 0.001, from pre (15.86 ± 1.70) to post (18.00 ± 1.88) for 11 years old 
group, t = 15.00, p < 0.001, and from pre (15.82 ± 1.66) to post (18.45 ± 1.81) for 
12 years old group, t = 17.33, p < 0.001. Finally, the mean score for sit and reach
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Table 3 SEGAK test based on age groups for intervention and control group 

Variables Age Intervention group (N = 35) Control group (N = 35) 
Pre Post p Pre Post p 

M (SD) M (SD) M (SD) M (SD)  

3-min 
step test 

10 94.80 (9.98) 89.40 (9.25) 0.001* 85.90 (7.55) 83.20 (8.90) 0.07 

11 93.86 (9.54) 86.21 (8.43) 0.001* 122.57 (15.88) 123.71 (15.20) 0.69 

12 126.45 (24.22) 116.64 (25.68) 0.001* 102.36 (7.53) 119.91 (11.25) 0.001* 

Push-ups 10 10.80 (2.39) 13.20 (2.30) 0.001* 17.90 (3.51) 16.80 (3.05) 0.09 

11 14.86 (3.28) 16.93 (2.79) 0.001* 11.71 (5.25) 11.79 (5.45) 0.88 

12 15.45 (1.81) 17.91 (1.97) 0.001* 12.91 (4.95) 11.91 (3.65) 0.17 

Curl-ups 10 16.20 (2.30) 18.20 (2.35) 0.001* 16.40 (2.67) 13.64 (4.14) 0.68 

11 15.86 (1.70) 18.00 (1.88) 0.001* 16.10 (2.47) 14.00 (3.09) 0.54 

12 15.82 (1.66) 18.45 (1.81) 0.001* 12.18 (3.63) 13.36 (2.77) 0.07 

Sit and 
reach 

10 25.10 (5.90) 27.40 (5.56) 0.001* 28.00 (5.29) 28.10 (4.01) 0.86 

11 24.64 (6.08) 27.00 (6.00) 0.001* 22.54 (5.89) 23.57 (5.73) 0.001* 

12 28.55 (5.43) 31.18 (5.96) 0.001* 27.36 (4.15) 28.23 (4.45) 0.09 

* p < 0.05  

test revealed a significant increase from pre (25.10 ± 5.90) to post (27.40 ± 5.56) 
for 10 years old group, t = 7.67, p < 0.001, from pre (24.64 ± 6.08) to post (27.00 
± 6.00) for 11 years old group, t = 11.84, p < 0.001 and from pre (28.55 ± 5.43) to 
post (31.18 ± 5.96) for 12 years old group, t = 12.97, p < 0.001. 

Whereas, for the control group, results revealed that the mean score for 3-min 
step test showed no significant decrease from pre (85.90 ± 7.55) to post (83.20 ± 
8.90) for 10 years old group, t = 2.05, p = 0.07, and no significant increase from 
pre (122.57 ± 15.88) to post (123.71 ± 15.20) for 11 years old group, t = 0.41, p 
= 0.69. However, there was significant increase from pre (102.36 ± 7.53) to post 
(119.91 ± 11.25) for 12 years old group, t = 4.08, p < 0.001. The mean score for 
push-ups test revealed no significant decrease from pre (17.90 ± 3.51) to post (16.80 
± 3.05) for 10 years old group, t = 1.88, p = 0.09, and from pre (12.91 ± 4.95) to 
post (11.91 ± 3.65) for 12 years old group, t = 1.48, p = 0.17. Push-ups test also 
showed no significant increase from pre (11.71 ± 5.25) to post (11.79 ± 5.45) for 
11 years old group, t = 0.15, p = 0.88. The mean score for curl-ups test showed no 
significant decrease from pre (16.40 ± 2.67) to post (16.10 ± 2.47) for 10 years old 
group, t = 0.18, p = 0.86, and also no significant increase from pre (13.64 ± 4.14) to 
post (14.00 ± 3.09) for 11 years old group, t = 0.64, p = 0.54, and from pre (12.18 
± 3.63) to post (13.36 ± 2.77) for 12 years old group, t = 2.02, p = 0.07. Lastly, 
the mean score for sit and reach test revealed no significant increase from pre (28.00 
± 5.29) to post (28.10 ± 4.01) for 10 years old group, t = 0.18, p = 0.86, whereas 
significant increase from pre (22.54 ± 5.89) to post (23.57 ± 5.73) for 11 years old 
group, t = 5.48, p = 0.001. Sit and reach test showed no significant different from 
pre (27.36 ± 4.15) to post (28.23 ± 4.45) for 12 years old group, t = 1.87, p = 0.09.
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4 Discussion 

The purpose of this study was to determine the effects of brain breaks on health-
related fitness among indigenous primary school children in Sarawak, Malaysia. The 
results revealed a significant difference for SEGAK test in the intervention group as 
compared to the control group. 

Based on Table 2, it can be seen that male students have a higher tendency of 
aerobic (cardiovascular) fitness level on how fast one’s heart rate returns to baseline 
following the workout, which revealed that male students were fitter than female 
students, as shown by the mean score differences. The male students recorded a 
higher decrease of mean score difference from pre-test and post-test, which was 
8, compared to female students, who recorded only a 7.43 decrease of mean score 
difference. This was because male students have excellent heart rate recovery with an 
estimated average of 78 bpm compared to the female students’ estimated average was 
104 bpm. A proposed explanation is a gender variation in the mechanism by which 
heart rate is regulated in the autonomic nervous system. According to Ethan Sellers, 
female blood contains 10% less haemoglobin than male blood, and the female heart 
is slightly smaller than the male heart, implying that men have lower heart rates 
than women. However, male and female heart rates do not differ significantly until 
adolescence [7]. 

Moreover, for push-ups, the students endured themselves for a minute. However, 
the format contrasted according to gender, whereby the male students did the standard 
position with the toes as the pivot point, whereas the female students underwent 
customised push-ups with the knees serving as the pivot point while for curl-ups, 
all students concentrated on abdominal endurance, which is crucial for back support 
and core stability. From the table, it was shown that, statistically, female students 
outperformed male students since their mean scores were slightly higher. Similar 
studies also supported the findings reported by Dubuc et al. [8] that their findings 
were consistent with the findings of several other studies in children and adolescents, 
which also found that female students outpaced male students, with a significant 
relationships between cardiorespiratory fitness and muscle endurance (curl-ups and 
push-ups) with regard to all four academic success indicators in female students 
because female students had significantly higher correlation coefficient values than 
male students for the following correlations, indicating that the relationship between 
cardiorespiratory fitness and academic performance is stronger in female students 
[8]. Even Duckworth and Seligman [9] proposed that female students surpass male 
students in part because they are more conscientious. 

One of the components of physical fitness is flexibility, which is the ability of a 
joint to move freely across its range of motion (ROM). The sit and reach test is a field 
test that is often used to assess trunk, hip, and hamstring flexibility [10, 11]. In the sit 
and reach test, the current study reported that the male students have more flexibility 
than the female students based on their pre- and post-mean score differences. The 
female students only experienced a minor upright change (from 28.06 to 28.74), 
whereas the male students showed a drastic shift in mean score difference (25.56 to
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26.37). The more active a person is, the more probable it is that they are moving their 
joints through their range of motion and have a higher level of flexibility. This can 
be linked to the lower strength of their bodies, whereby gender is one of the factors 
that affect flexibility and growth rate, which consequently plays an essential role too 
[10]. The growth spurt in females occurs between the ages of approximately 12 and 
13 years, but the growth spurt in boys occurs only between the ages of about 12 and 
16 years. This means that those with short legs and/or short arms have a structural 
disadvantage and so score lower than those with long legs and/or long arms who 
offer the same degree of hip flexion [11]. 

As for Table 3 related to age influence, it was found that students aged 12 
performed the best compared to the other two group ages (10 and 11 years old) and 
showed highest level of cardiovascular, muscle, and flexibility endurances as signif-
icant changes in heart and vascular structure and function related to ageing [12]. 
This is because 12-year-olds begin to show signs of puberty, including menstruation 
in girls and muscular development in boys and they become increasingly skilled 
in sports because of their physical development compared to 10- and 11-year-olds 
who are just starting to become more aware of their bodies and physical competence 
[13, 14]. 

One of the main limitations of this study is that the participants were recruited from 
only two indigenous primary schools in Sarawak. Therefore, for future studies, it is 
recommended that researchers can recruit participants from the indigenous primary 
school from other states around the Malaysia to solidify our understanding on the 
application of brain breaks which had been proven to have significant effect on the 
health-related fitness towards physical activity. 

5 Conclusion 

Physical education is taught in Malaysian primary schools twice a week for 30 min, as 
mandated by the Ministry of Education. The results of the study showed that adding 
an intervention programme to regular physical education classes helped improve 
their fitness and health. It indicated that an intervention programme within a phys-
ical education class had a positive effect towards their fitness and health. After 30 
evenly distributed sessions, the effect of brain breaks improved students’ physical 
fitness. It was proved to develop students’ physical activity attitudes and self-esteem, 
as evidenced by the mean scores in Tables 2 and 3. Students learned about health-
related fitness, such as cardiovascular endurance, muscular strength and endurance, 
flexibility, and the importance of maintaining those aspects in their lives for a healthier 
lifestyle and health, as well as mastering new motor skills that they never thought 
they could perform before, thereby unleashing their physical potential. It is strongly 
recommended that physical educators and curriculum planners incorporate interven-
tion programmes into regular physical education since it is deemed vital to increase 
the intensity level sufficient to enhance their fitness and health among Malaysian 
indigenous school children. Furthermore, the current study demonstrated that both
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boys and girls can safely participate in the brain break exercises because there was 
no harm as a result of the programme. 
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in Physical Activity Research: 
A Narrative Review 
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Abstract Human health promotion is an important research field in sports science 
and public health. Several studies have investigated the association of physical 
activity, sedentary behavior, and sleep, with various health outcomes in isolation, 
yet the timing of different behavioral activities within a limited 24-h day is depen-
dent on each other. The proposal of Isotemporal Substitution Model (ISM) research 
method finds the best time allocation method to maximize health benefits by real-
locating the time use of each activity behavior. A literature search was conducted 
using major computerized databases and library holdings for peer-reviewed articles. 
The inclusion of articles followed a three-phased approach using Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The studies 
included in this review were divided into three categories. The first category uses qual-
itative research to sort out the concepts related to ISM and PA, the second category 
uses quantitative research to review the application of ISM in PA research along the 
time line, and the third category describes current human 24-h activity measurement 
tools. Finally, the controversial points of the current ISM research and suggestions 
for future research development are discussed. Through literature review, scholars 
are suggested to improve the following research in the later research: standardize the 
definition and application of ISM; consider human 24-h activity behavior in a more 
specific manner; establish an evaluation and monitoring system for ISM research in 
human activities; develop convenient and scientific human activities. The evaluation 
tool of ISM; in-depth research and discussion on the dose–response relationship of 
ISM.

D. Weipeng (B) · G. Kuan 
Exercise and Sports Science Programme, School of Health Sciences, Universiti Sains Malaysia, 
Kubang Kerian, Kelantan, Malaysia 
e-mail: duanweipeng@student.usm.my 

D. Weipeng 
Nantong University, Nantong, China 

L. Hu · Y. C. Kueh 
Biostatistics and Research Methodology Unit, School of Medical Sciences, Universiti Sains 
Malaysia, Kubang Kerian, Kelantan, Malaysia 

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 
G. Kuan et al. (eds.), Advancing Sports and Exercise via Innovation, Lecture Notes 
in Bioengineering, https://doi.org/10.1007/978-981-19-8159-3_30 

335

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-8159-3_30&domain=pdf
http://orcid.org/0000-0003-1103-3871
http://orcid.org/0000-0003-2125-7297
mailto:duanweipeng@student.usm.my
https://doi.org/10.1007/978-981-19-8159-3_30


336 D. Weipeng et al.

Keywords Isotemporal substitution model · Physical activity · 24-h behavioral 
activity 

1 Introduction 

The promotion of human health is an important research direction in sports science 
and public health. With the development of the economy, people’s living standards 
continue to improve, and their lifestyles have undergone tremendous changes. Due 
to the increased pressure from life, work, and other aspects, people’s lifestyles tend 
to be more static and less active. At the same time, the invasion of the information 
age is more and more time facing electronic devices such as mobile phones and 
computers, and the long-term use of electronic devices threatens the physical fitness 
and health of young people. The amount of physical activity (PA) has different effects 
on the physical health and emotional state of children and adolescents. More PA 
time classes can improve physical health and emotional state [1–3]. In the research 
on the health promotion of college students’ physical activity, scholars have proved 
that there is a correlation between college students’ physical activity and anxiety. 
College students use moderate-to-vigorous-intensity physical activity (MVPA) for 
10 min or more to replace sedentary behavior (SB) which can reduce anxiety scores, 
the more the anxiety score decreases with the increase of replacement time. Replacing 
sedentary behavior with MVPA for more than 60 min in anxious college students can 
relieve anxiety [4]. In studies of adults and the elderly, researchers also confirmed 
that PA has a certain promoting effect on human health [5], and there is a dose– 
response across a wide range of activity and fitness levels [1]. Further, substantial 
data indicate that physical inactivity also contributes to disease by being a contributor 
along with excess caloric intake to weight gain and obesity [2]. Via Scholar Series 
Studies have demonstrated the importance of physical activity in promoting human 
health, and encouraged national health departments and other actors to jointly develop 
PA promotion methods, and countries to formulate corresponding physical activity 
guidelines. According to statistics from the World Health Organization (WHO), 
insufficient physical activity is one of the main risk factors for non-communicable 
diseases and death, and targeted interventions are urgently needed. WHO proposes 
the “Global Action Plan on Physical Activity” to achieve the new goal of promoting 
physical activity in youth by 2030. Previous studies have mostly regarded physical 
activity as an isolated research factor to explore the association between physical 
activity and health outcomes. In fact, as an independent individual, the total activity 
time of a person in a day is constant, and different behaviors and activities are 
interdependent. The increase or decrease of one behavior time will inevitably lead to 
a decrease or increase in the overall time of other behaviors. Focusing on the health 
effects of a certain behavioral activity time in isolation is one-sided [6]. 

The first presentation of the Isotemporal Substitution Model (ISM) paradigm 
elucidates a new approach to model and study the effects of temporal engagement 
in different and other activities on weight change. ISM research methods have made
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new breakthroughs in the field of physical activity, and more and more scholars have 
begun to study ISM. The studies included in this review were divided into three 
broad categories. The first category uses qualitative research to sort out the related 
concepts of ISM and PA, the second category uses quantitative research to review 
and develop the application of ISM in PA research along the time line, and the third 
category describes the current human 24-h activity measurement tools. Finally, the 
controversial points of the current ISM research and suggestions for future research 
development are discussed. 

2 Method  

2.1 Search Strategy 

A literature search was conducted using major computerized databases (e.g., 
PubMed, ScienceDirect, Scopus, and cnki.net) and library holdings for peer-reviewed 
articles. Includes systematic reviews, meta-analyses, randomized controlled, and 
observational studies, using the following search terms: isochronous substitution, 
component isochronous substitution model, 24-h behavioral activity (sedentary 
behavior, sleep, physical activity), etc. A manual search of the reference lists in 
the relevant studies found in the computerized search was also performed. 

2.2 Inclusion and Exclusion Criteria 

The inclusion of articles followed a three-phased approach (Fig. 1) using Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 
[7]. In the first phase, 1696 records were initially collected through extensive obtained 
from a database search. At this stage, a total of 84 copies were identified and removed. 
In the second stage, the titles of 1612 records were screened and records were deleted 
if they did not mention the following terms (or such close variants): Isotemporal 
Substitution Model (ISM), Physical Activity. This process resulted in the deletion of 
1303 records. In the third phase, the full text of the final 209 records was reviewed. 
Records that met the inclusion criteria were: (a) using ISM in research, (b) researching 
human activity behavior and health; (c) written in English or Chinese. A total of 64 
studies met the inclusion criteria and were included in the review.
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Records identified through database 
searching(n=1696) 

Duplicated removed(n=84) 

Records screened(n=1612) 
Records excluded based on title (n=1303) 
Retained records referred to variants 
of:Isotemporal Substitution Model 

ISM) ;physical activity PA . 

Full-text record assessed for inclusion(n=209) 

Studies included in this review(n=64) 

Records excluded for not meeting 
eligibility criteria(n=145) 
a. The ISM was used in the study 
b. Is in the study of human activity 
behavior and health 
c. It is written in either English or 
Chinese 

Fig. 1 Process flow diagram from identification to inclusion of studies 

2.3 Categorization of Studies 

The studies included in this review were divided into three broad categories. The first 
category uses qualitative research to sort out the related concepts of ISM and PA, 
the second category uses quantitative research to review and develop the application 
of ISM in PA research along the time line, and the third category describes the 
current human 24-h activity measurement tools. Finally, the controversial points 
of the current ISM research and suggestions for future research development are 
discussed. 

3 Conceptualization of ISM in PA Research 

Through qualitative research, the concepts and keywords encountered in ISM and 
PA related literature were sorted out and sorted out (Fig. 2). Interpret the sources, 
evaluation criteria, and common research directions of related vocabulary and 
concepts.
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Fig. 2 Keyword combing in ISM and PA research 

3.1 24-h Activity Behavior 

Scholars have not given a clear definition of 24-h activity as a concept. As people 
pay more attention to health, a large number of studies have shown the relationship 
between physical activity and physical health, and countries have developed corre-
sponding physical activity guidelines. In 2016, 24-h activity guidelines for Canadian 
children and adolescents: Integrating physical activity, sedentary behavior, and sleep, 
24-h activity behavior was first proposed in physical education [8]. It is applied as 
a fixed time as a criterion for evaluating the amount of exercise. New Zealand’s 
public health authority then followed Canada’s lead and issued recommendations 
for physical activity, sedentary behavior, and sleep for children and adults with 
24-h activity behavior. Relevant departments around the world have successively 
issued physical activity guidelines for the purpose of improving physical activity 
and promoting national health, but the amount of physical activity recommended by 
these guidelines can only ensure that individuals achieve basic health status. Phys-
ical Activity Guidelines for People” and Centers for Disease Control and Prevention 
(CDC) “Interim Report on Physical Activity Guidelines in the United States: Strate-
gies to Increase Physical Activity in Youth”, etc. Scholars summarize the evolution 
of the PA guideline as (Fig. 3) (Troiano et al. 2020).

3.2 ISM 

The ISM concept originally originated in nutritional epidemiology, studying the total 
energy intake in free-living human populations and PA, body size differences and
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Date Example 

organisation(s)or 

countries 

Focus Targets Selected features

1970s American College Increase fitness via 20min,3+times/week Balance of 

of Sports exercise,minimise endurance and 

Medicine(ACSM), risk of adverse muscle 

American Heart events strength

Association 1-2 

Mid-1990s Centres for Disease Accumulate 30min of Minimal focus on 

Control and moderate-intensity moderate-intensity muscle 

Prevention PA to reduce aerobic most days of strengthening 

(CDC)/ACSM, US non-communicable week 

Surgeon General58 diseases (NCDs) 

59 

Early 2000s US Department of Accumulate 150–300min/week Increased focus on 

Health and Human moderate-intensity moderate-intensity progress below 

Services (HHS), PA to or equivalent target levels. ‘Some 

WHO, Canada, reduce NCDs and aerobic, muscle is better than none’ 

Australia, improve quality of strengthening 

other high-income life (QoL) 2+times/week 

countries (HICs)5 

16 17 60 

2018–2020 US HHS, WHO, Accumulate 150–300min/week Increased emphasis 

other HICs11 21 moderate-intensity moderate-intensity on reducing 

PA and or equivalent sedentary 

reduce sedentary aerobic, muscle behaviour; remove 

behaviour to reduce strengthening bout 

NCDs and improve 2+times/week criterion 

QoL 

 

 

Fig. 3 Milestones in evolution of physical activity guideline (Troiano et al. 2020)

other factors, so if any of these factors are related to disease risk, then the total 
energy intake may confound associations with specific nutrients. To address such 
issues, the experimental design of controlled experiments evaluating the effects of 
a particular nutrient in nutrition usually involves substituting one nutrient for other 
energy sources, thereby keeping the total dietary energy intake equal across groups 
[9]. In the assessment of nutrient intake, the measurement error of nutrient intake is 
closely related to the measurement error of total energy intake. Therefore, control-
ling for changes in total energy intake will reduce measurement errors for specific 
nutrients to some extent. Adjusting total energy intake is not only more convenient 
but also controls external changes caused by these factors [10]. Drawing on the above 
models, scholars created an isochronous substitution model and introduced ISM into 
the field of physical activity health promotion for the first time [11].
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3.3 PA 

PA refers to any bodily activity that results in an increase in energy expenditure 
due to skeletal muscle contraction [12], including activities during work, house-
work, travel, and exercise-like physical activity during leisure time. Physical activity 
mainly includes dimensions such as frequency, duration, intensity, and activity type. 
According to different classification dimensions, there are different types of physical 
activity. Frequency refers to the number of times of participating in physical activity, 
such as “several times a week and several sessions per week”,duration refers to 
the time to participate in physical activity, expressed in “minutes”; according to the 
intensity, it can be divided into light-intensity physical activity (LPA)) (1.5–3 METs), 
moderate-intensity physical activity (MPA) (3–6 METs), vigorous-intensity physical 
activity (VPA) (>6 METs) three types of physical activity with different intensity 
use energy metabolism (METs) to express its intensity. According to the type of 
activity, it is divided into occupation, family, transportation, housework, and leisure 
[13]. There is a strong relationship between physical activity and health outcomes, 
but the dose–response relationship between physical activity and health outcomes is 
still understudied at this stage. 

3.4 SB 

Sedentary behavior (SB) is derived from the Latin “sedere”. There are two versions 
that are most commonly used in the definitions available. The main difference is 
the inclusion of the pose part. The first definition method is sedentary behavior is 
defined by intensity, which is commonly used in epidemiological studies to refer to 
any behavior or activity that consumes less than or equal to 1.5 METs of energy in 
the waking state [14]. The second definition adds posture to the first definition and 
defines it as any behavior that consumes less than or equal to 1.5 METs of energy 
while an individual is sitting, reclining, or leaning on the back of a chair while 
awake [15]. Compared with the first definition, the second definition of sedentary 
behavior is more complete and refined, including position and posture. With the in-
depth study of physical activity by scholars, the academic community has gradually 
incorporated a series of physical activity-related behaviors such as LPA and SB into 
the field of physical activity health promotion research, and pointed out that phys-
ical activity deficiency (lack of MVPA) and SB (low energy consumption) should 
be clearly distinguished [16]. The Sedentary Behavior Research Network (SBRN) 
has published a public statement on clearly distinguishing the difference between 
“SB” and “insufficient physical activity” and defining them precisely [17]. Tremblay 
et al. [8] jointly completed a series of work on the development and specification of 
terms related to sedentary behavior research, including physical inactivity, immo-
bile behavior, sedentary behavior, standing, screen time, non-screen-based sedentary 
time, sitting, lying, sedentary behavior patterns, etc. [8].
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In the research on the promotion of human health, scholars have mostly studied 
the relationship between PA and health. SB has been ignored by scholars. Therefore, 
scholars can study the synergistic effect of PA and SB on human health from the 
perspective of time allocation [18–20]. 

3.5 Sleep 

Sleep is an important physiological phenomenon of human beings. It is manifested as 
the disappearance of various conscious active behaviors for a certain period of time, 
and the ability to respond to external environmental stimuli is weakened. Problems 
such as insufficient sleep duration, sleep disorders, and poor sleep quality are consid-
ered to be related to human cardiovascular health. There are strong links between 
physical and mental health components such as metabolic health, mental health, and 
immune health [21–24]. At present, there is a common problem of insufficient sleep 
duration in the global public [21], but excessive sleep is also harmful to health [22, 
23]. As well as people’s habit of using electronic products before going to bed, there 
is a certain impact on sleep quality which will ultimately affect human health [22]. 

4 ISM Development and Application Research 

Humans are constant 24 h a day, and the effects of variable substitution on the human 
body can be observed by redistributing the time occupied by various activities in the 
day. In the original ISM, it was the first attempt to use time variable substitution as 
the main research method in a series of public health-related studies such as physical 
activity and sedentary behavior. However, it only mentions the relationship between 
PA and SB on physical health, the overall health effect of assigning different specific 
times is not clear, and the model does not include independent variables such as 
sleep. At the same time, the problems of pseudo-correlation and multicollinearity 
will also occur in the specific data analysis process [11]. 

Subsequently, scholars further studied and pointed out that people’s 24-h activity 
behavior includes sleep, SB, light-intensity physical activity (LPA), and moderate-to-
vigorous-intensity physical activity (MVPA), and the sum of the time of behavioral 
variables is 24 h (one Fixed constants), any increase or decrease in one variable 
will cause corresponding changes in other variables. Therefore, statistical methods 
(multiple linear regression, including the ISM proposed by Mekary et al.), designed 
for vector-type data (continuous data) in real space, may not be suitable for temporal 
data [25]. According to this, the activity balance model (AB model) (Fig. 4) is  
proposed, in which sleep time, SB, standing, LPA, and MVPA are used as independent 
variables, and selected health outcomes are used as dependent variables. Potential 
confounders were adjusted accordingly for different groups. From another point 
of view, in fact time data should be regarded as compositional data and should be
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Fig. 4 Activity balance 
model (AB model)—a new 
theoretical framework for 
epidemiological research 
[25] 

analyzed using isochronous substitution logic under the framework of compositional 
data, which can avoid multicollinearity and analyze the synthesis of all variables as 
a whole Influence [26]. 

The AB model is a comprehensive analysis of all behaviors in order to overcome 
the insufficient adjustment of multiple independent variables. The total time of all 
independent variables is 24 h. Therefore, all independent variables are regarded as 
component data, and the corresponding component data analysis methods are used 
for statistical analysis. Exploring the combined effects of independent variables such 
as sleep, sedentary behavior, and physical activity time on health outcomes further 
provides a corresponding theoretical basis. 

Based on his proposed AB model, Pedišić [27] innovatively proposed a new 
concept of time-use epidemiology with reference to epidemiological research ideas, 
while expounding and describing time-use epidemiology and other epidemiological 
research topics relationship (Fig. 5) [27].

He defines time use epidemiology as the study of the determinants, incidence, 
distribution, and impact of health-related time use patterns in a population, as well 
as a strategy for preventing unhealthy time use patterns and achieving optimal time 
allocation strategies for individual health. research ideas. At the same time, he also 
proposed a comprehensive research framework based on the idea of time use epidemi-
ology (framework for viable integrative research in time use epidemiology, referred 
to as “VIRTUE framework”, Fig. 6), which incorporates social ecology key elements 
of the methodology, theoretical framework for behavioral epidemiology, and activity 
balance models [23, 25].

The VIRTUE framework starts from the perspective of finding the best balance 
of time use patterns and conducts comprehensive research on 5 aspects of time 
use determinants, time use methodologies, time use components, the relationship 
between time use and health outcomes, and time use interventions. Focusing on
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Fig. 5 Relationship between time use epidemiology and previously established epidemiological 
disciplines [25]

Fig. 6 Framework for viable integrative research in time use epidemiology (VIRTUE framework) 
[27]
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individualized habit patterns of individual time use to explore the impact of time use 
on health. 

Chastin et al. [28] used a combination method based on the Isometric Logratio 
(ILR) data transformation and change prediction matrix to initially process the time 
data, and then further test it using standard regression statistical methods, and finally 
convert the results back to the original unit (time unit). According to this statistical 
analysis idea, the time spent in all four behaviors (sleep, SB, LPA, MVPA) in a 24-h 
day was used as an independent variable, and backward elimination was used to add 
confounders as covariates to the regression model (P < 0.2, confounding factors were 
retained), and finally the linear relationship between various independent variables 
and health outcomes was analyzed [29]. 

Based on the above study, Mekary et al. [11] pointed out that component analysis 
is only a derivative of ISM, and there are already mathematically similar models in 
nutritional epidemiology. Dr. Mekary and his team believe that compositional data 
analysis could lead to potentially different individuals’ potentially, highly inaccurate 
interpretations of their different free activity times, and is therefore not suitable for 
use in the epidemiology of physical activity. 

To sum up, the advantages of ISM are: 1. It can more specifically quantify the 
relationship between the replacement of different physical activity behaviors and 
health outcomes; 2. It can enable individuals to more intuitively understand the rela-
tionship between time allocation patterns of different physical activity behaviors and 
health outcomes. Specific links between different health outcomes. The isochronous 
substitution method pioneered the substitution of different types of physical activity 
behaviors, which fully laid the methodological foundation for the proposal of time 
use epidemiology [26]. However, it should be noted that: 1. In the research on the 
development of ISM, scholars have not unified the concept, use method and analysis 
method of the existing ISM. Therefore, it is necessary to further consider the scien-
tificity and feasibility of various alternative methods in the future research. 2. The 
effect of sleep behavior on health is different from that of PA and SB behavior, so it 
should be carefully considered when replacing it as a time component [26], 3. Human 
24 h activities are complex, and more specific refinement should be ensured when 
SB, sleeping, and PA are considered as constituent elements to ensure scientificity.
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5 Human 24-h Activity Measurement Tool 

At present, human activity measurement tools are mainly divided into two categories: 
subjective measurement and objective measurement [30]. Scholars summarize the 
characteristics of all measurement tools into tables (see appendix for details) [31]. 

Subjective measures mainly used physical activity questionnaires, scales, or phys-
ical activity diaries. The use of questionnaire assessment can reduce the measure-
ment cost and is convenient and quick. Questionnaire methods for assessing phys-
ical activity have remained the method of choice for epidemiological studies in 
later periods. Importantly, research is needed to continuously refine the question-
naire to provide more accurate physical activity information in order to test specific 
hypotheses about the relationship between physical activity and health [32]. 

Commonly used in objective measurements are the doubly labeled water (DLW) 
technique, indirect calorimetry, heart rate monitoring, pedometers, and accelerome-
ters. The choice of measurement methods for human activities is affected by multiple 
factors, such as the number of people to be measured, the time and content of moni-
toring, and the cost of inputs [31]. The double-labeled water method was once consid-
ered the “gold standard” for physical activity measurement but was prohibitively 
expensive. The measurement data of accelerometers is relatively accurate, but if 
more relevant research is to be carried out from the perspective of time recording 
and analysis, it is necessary to make further breakthroughs in the precise measure-
ment of sedentary behavior time and sleep time. At present, the optimal method 
of sedentary time measurement and assessment is controversial, and the academic 
community has not reached a consensus on this. At present, objective measurement 
instruments combined with questionnaires are commonly used, and more research is 
needed to examine the possibility of improving measurement accuracy by combining 
two or more techniques. At present, SB and sleep in different states cannot be accu-
rately assessed and classified, and scholars are still controversial about the critical 
value of SB for different populations [30]. More scientific instruments and more 
research are needed to examine the possibility of improving measurement accuracy 
by combining two or more techniques. 

6 Future Research Prospect of ISM in PA Application 

Based on the above summary of the literature, the following characteristics can be 
seen: 

1. At present, scholars’ definitions and research methods of ISM are not unified, 
and there are controversial points in scholars’ research; 

2. The 24-h activity of the human body is divided into three sub-items: SB, PA, and 
sleep.
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However, further research will continue to refine the sub-item classification. At the 
same time, studies have proved that different states of each sub-item have different 
effects on people. Therefore, it is necessary to further study ISM through the idea 
of time replacement, and to consider the mutual influence of human activities and 
behaviors collaboratively; 

3. Most of the current research studies on PA and human health, lack of ISM analysis 
of other behaviors such as SB and sleep on health; 

4. ISM is a virtual alternative method. Most of the current researches are cross-
sectional studies and some experiments on human health using the ISM method. 
However, the methods of use are inconsistent and controversial. Therefore, 
scholars are required to accurately determine the dose–effect relationship. Deeper 
research on sex; 

5. At present, the measurement of human activity is divided into two categories: 
supervisory measurement and observable measurement. However, each measure-
ment method has certain advantages and disadvantages. Therefore, scholars need 
to conduct in-depth research and develop more efficient, cheap and scientific 
measurement tools. 

Through literature review, scholars are advised to improve the following research 
in the later research: standardize the definition and application of ISM; consider 
human 24-h activity behavior in a more specific manner; establish an evaluation and 
monitoring system for ISM research in human activities; and develop convenient and 
scientific human activities. 

7 Appendix 

Ainslie et al. [31] (Table 1).
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PT, Chaput J-P, Fogelholm M, Hu G, Lambert EV, Maia J, Sarmiento OL, Standage M, Barreira 
TV, Broyles ST, Tudor-Locke C, Tremblay MS, Olds T (2018) Compositional data analysis for 
physical activity, sedentary time and sleep research. Stat Methods Med Res 27(12):3726–3738. 
https://doi.org/10.1177/0962280217710835 

30. Song J, Li H, Wang Z (2020) The application of time use epidemiology in the field of physical 
activity research. Sports Sci 40(1):10 

31. Ainslie PN, Reilly T, Westerterp KR (2003) Estimating human energy expenditure. Sports Med 
33(9):683–698 

32. Washburn RA, Montoye HJ (1986) The assessment of physical activity by questionnaire. Am 
J Epidemiol 123(4):563–576 

33. Centers for Disease Control and Prevention. Recommendations & Guidelines [EB/OL]. https:// 
www.cdc.gov/physicalactivity/resources/recommendations.html 

34. Aadahl M, Jørgensen T (2003) Validation of a new self-report instrument for measuring physical 
activity. Med Sci Sports Exerc 35(7):1196–1202

https://kns-cnki-net-443.webvpn.caztc.edu.cn/KCMS/detail/detail.aspx?dbname=CMFD202201&amp;filename=1020027474.nh
https://kns-cnki-net-443.webvpn.caztc.edu.cn/KCMS/detail/detail.aspx?dbname=CMFD202201&amp;filename=1020027474.nh
https://doi.org/10.1177/0962280217710835
https://www.cdc.gov/physicalactivity/resources/recommendations.html
https://www.cdc.gov/physicalactivity/resources/recommendations.html


Validating the Chinese Version 
of the Social Support for Exercise Scale 
Among Chinese High School Students: 
An Exploratory Factor Analysis 

Liying Yao, Garry Kuan , Ke Zhou, and Yee Cheng Kueh 

Abstract While the health benefits of physical activity (PA) are well established, 
low levels of PA among adolescents are becoming a growing concern. The purpose 
of the present study is to validate the Chinese version of the social support scale 
for exercise (SE) using an exploratory factor analysis (EFA) among Chinese high 
school students. A cross-sectional study was conducted on a high school students in 
central China. By using the random cluster sampling method, students were recruited 
and given their written informed consent forms. Standard procedure of forward– 
backward translation method was performed to translate the English version of the SE 
into the Chinese version. Data were analyzed using SPSS 25. A total of 322 students 
(boys = 147, girls = 175) with a mean age of 17 years (SD = 1.2) participated in 
the study. Most of the students were engaged in regular physical activity for at least 
four exercise sessions per week (M = 4.4 sessions), with an average duration 45 min 
per session. EFA results suggest that the translated SE scale may best be represented 
through a structure that consists of two factors identified as family support and friend 
support. The varimax rotation was proceeded by maintaining two factors with a total 
variance contribution of 73.6%. For family support, items were found to have factor 
loading ranging from 0.561 to 0.806. While the friend support was ranging from 
0.624 to 0.816. Cronbach’s alpha for family support and friend support was 0.96 and 
0.97, respectively, which indicated acceptable internal consistency reliability. Hence, 
the Chinese version of SE displayed a good model fit with good scale reliability and is
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suitable for examining the level of social support for physical activity among Chinese 
high school students. 

Keywords Exploratory factor analysis · Social support for exercise scale · High 
school students · Chinese version 

1 Introduction 

While the health benefits of physical activity (PA) are well established, low levels of 
PA among adolescents are becoming a growing concern [1]. According to WHO [2], 
nearly 81% of children and adolescents worldwide do not meet the recommended 
levels of physical activity, and about one in five children and adolescents (5–19 years 
old) are overweight or obese, resulting in a steady increase in adolescent health 
problems [3]. Therefore, strategies to effectively promote regular physical activity 
among adolescents are urgently needed. 

Studies have suggested that improving exercise behavior requires identifying and 
understanding the influencing factors associated with physical activity [4]. Thus, 
many behavior change theories, including the Social-Ecological Model [5], Social 
Cognitive Theory [6], the Health Belief Model [7], and the Theory of Planned 
Behavior [8], emphasize the importance of social factors, such as social support 
(SS) and social connectedness in maintaining and/or initiating behavior change. 

Social support was considered as an important mediator in changing health habits 
[9]. It has been demonstrated that exercisers with family support are more likely than 
others to continue their exercise programs [10], and social support from close friends 
may also be the leading intermediary of self-management among adolescents [11, 
12]. Moreover, family and close friends represent a significant resource of emotional 
support [13, 14]. The social support for exercise (SE) scale was first proposed by 
Sallis et al. [15] and proved to be a valid and reliable instrument for 171 college 
students with a mean age of 21.3 years (SD = 6.5). The Sallis’ original scale asked 
participants to assess the frequency of social support provided by family and friends 
over the past three months on a five-point scale, with the frequency of social support 
ranging from 1 (never) to 5 (often). The family was defined as “family members,” 
and friends were defined as “friends, acquaintances, or coworkers.” The dimensions 
of the family support scale were different from those of the friend support scale. 
The family support subscale was divided into two dimensions. The first one has 
named participation (retest reliability 0.77, alpha coefficient 0.91) and consists of 
12 items. The second one is named reward and punishment (retest reliability 0.55, 
coefficient alpha 0.91) and consists of 3 items. The friends support subscale has only 
one dimension, exercise together, and includes five items (retest reliability 0.79, 
coefficient alpha 0.84). The strengths of the original scale were: (1) it is the most 
commonly used scale in the world. (2) The dimensions of the family and friend 
support sections are different and more relevant to the actual measurement needs. 
For example, in the family support section, it is mentioned that “taking care of my
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household chores gives me more time to exercise”, while in the friend support section, 
there is no such item. The scale was then translated into Korean and confirmed as a 
valid and reliable measurement tool for assessing participants’ perceptions of social 
support for exercise [16]. The validity and reliability of these translated versions have 
been supported by other researchers [4, 17]. However, there is no widely validated 
Chinese version of the scale available. 

Given that, effective tools are critical for measuring factors associated with phys-
ical activity participation, the present study was designed to test the reliability and 
validity of the Chinese version of the SE questionnaire among high school students 
using an exploratory factor analysis approach. 

2 Methods 

2.1 Participants and Procedure 

A total of 322 high school students from Shangrao City, central China, were recruited 
for this study. Participants were aged from 15 to 19 years old (Mage = 17 yrs old, 
SD = 1.2), and the sample was comprised of 175 girls (55%) and 145 boys (45%). 

This study was a cross-sectional design with random cluster sampling. Ethics were 
approved by the Human Research Ethics Committee of Universiti Sains Malaysia 
and followed the Declaration of Helsinki and its subsequent amendments. Students 
were given written informed consent forms after acknowledging they understood the 
purpose of the study. 

2.2 Questionnaire Translation 

Standard forward–backward translation was performed to translate the English 
version of the SE into the Chinese version. Firstly, two bilingual scholars trans-
lated the original English SE questionnaire into Chinese and then back-translated it 
by two independent authorized translators from a professional translation company. 
Secondly, five researchers from physical education, sport psychology, exercise 
science, and health psychology evaluated the English translations and back-
translations for meaning, accuracy, wording, and grammar. Furthermore, ten native 
Chinese students from different backgrounds were invited to test the draft. They were 
asked for feedback on language clarity and comprehension, survey functioning, time 
burden, and appropriateness of survey length. Based on their feedback, minor modifi-
cations were made to problematic items. After that, ten more native Chinese students 
were invited, and they did not raise any new issues. Therefore, the final version was 
finalized.
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2.3 Measures 

Two measures were utilized for this study, the social support for exercise scale and 
the demographics survey. 

Social support for exercise scale. Social support is considered a valid factor in the 
incidence of the behavior. As an effective instrument for measuring social support, 
the original social support for exercise scale was proposed by Sallis et al., it consists 
of 20 items, including the family support scale (two factors, 15 items) and friends 
support scale (one factor, five items). Then, these scales were translated and revised by 
Korean scholars to consist of 24 items (12 reflecting family support and 12 reflecting 
friend support) [16]. In the present study, the Chinese version of the social support 
scale for exercise was based on the revised version by Yang et al. [16]. 

Demographics and sports activities information. The demographic survey used 
in this study included information about the participants’ gender, age, grade, height, 
weight, and sports participation. 

2.4 Analysis 

All statistical analyses were conducted using SPSS version 25. To investigate the 
factor structure of the Chinese version of the SE scale, an exploratory factor anal-
ysis (EFA) was conducted. EFA allows for a preliminary analysis of how the scale 
measures the concepts it as designed to measure, and it was used to determine the 
optimal number and nature of common factors needed to explain these patterns of 
association separately. 

Bartlett’s sphericity test and Kaiser–Meyer–Olkin (KMO) were examined to 
ensure the assumptions associated with EFA. The principal component analysis 
(PCA) approach with varimax rotation was performed on the scale to determine 
whether all items were related to the same general construct. The number of factors 
was determined using the scree test and the rule of eigenvalues greater than 1 
[18]. Since factors cannot be assumed to be independent in these types of data, 
the oblique oblivious rotation method was used to rotate the factors of EFA. Factor 
loadings≥ 0.4 were considered to be meaningful and representative of the underlying 
constructs [19]. Psychometric properties were assessed by examining item statistics 
and associations between items (i.e., Cronbach’s alpha).
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3 Results 

3.1 Demographic Characteristics of the Sample 

This sample consists of 322 high school students with a 17 ± 1.2 years old mean age. 
Most of the participants were engaged in regular physical activity for at least four 
exercise sessions per week (M = 4.4 sessions), with an average duration of 45 min per 
session. Participants also reported that the most participating sports were: jogging, 
basketball, jump rope, badminton, and table tennis. 

3.2 Exploratory Factor Analysis 

Before EFA, we performed the Kaiser–Meyer–Olkin (KMO) test and Barlett’s test 
of sphericity to assess whether the data were suitable for factor analysis. The KMO 
measure of sampling adequacy was 0.957, and the Barlett’s test of sphericity was 
statistically significant (Chi-square = 8,589.606, degrees of freedom = 276, P < 
0.001), which means that EFA can be applied to the obtained dataset. 

As a result of the initial solution, Table 1 showed the principal components analysis 
suggested a 2-factor structure of the scale. The first two eigenvalues were 14.5 and 
3.2, which explains up to 73.61% of the total variance (60.2% by Factor 1; 13.4% 
by Factor 2).

The scree diagram is a graphical presentation of the feature roots and is mainly 
used to determine the number of factors. In this study, the scree diagram (Fig. 1) also  
supports the Chinese version of the SE scale with a two-factor structure.

According to the reliability analysis results, the internal consistency coefficient 
of all subscales was excellent, and the overall Cronbach’s alphas were 0.971 (0.970 
for Factor 1; 0.962 for Factor 2), Cronbach’s value of .70 or more was considered 
acceptable [20], indicating that the Chinese version of the SE could produce reliable 
scores. This finding is comparable to the α coefficient of the original tool. Table 2 
gives the rotated factor pattern matrix and our factor interpretations.

4 Discussion 

In the present study, the researchers translated the English version of the social 
support scale into Chinese. They then used exploratory factor analysis to determine 
the validity and reliability of this scale in Chinese high school students. The results 
obtained excellent internal consistency and convergent validity of the Chinese version 
of the SE and supported the use of this questionnaire in the Chinese high school 
student population. Given that physical inactivity and sedentary living are prevalent 
in the Chinese high school student population [20], the evidence of the reliability
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Table 1 Total variance explained of the Chinese version of the SE 

Initial 
eigenvalues 

Extraction sums of squared loadings 

Component Total % of  
variance 

Cumulative % Total % of variance Cumulative % 

1 14.451 60.212 60.212 14.451 60.212 60.212 

2 3.216 13.401 73.613 3.216 13.401 73.613 

3 0.813 3.389 77.002 

4 0.534 2.225 79.227 

5 0.526 2.194 81.421 

6 0.498 2.077 83.498 

7 0.447 1.862 85.360 

8 0.364 1.517 86.877 

9 0.349 1.456 88.332 

10 0.304 1.267 89.600 

11 0.274 1.141 90.740 

12 0.260 1.083 91.823 

13 0.256 1.066 92.889 

14 0.244 1.017 93.906 

15 0.221 0.920 94.825 

16 0.209 0.873 95.698 

17 0.175 0.729 96.427 

18 0.167 0.697 97.124 

19 0.142 0.592 97.716 

20 0.135 0.563 98.279 

21 0.129 0.539 98.819 

22 0.112 0.466 99.285 

23 0.092 0.382 99.667 

24 0.080 0.333 100.000 

Extraction Method: Principal Component Analysis

and validity of the SE-C in this population provides a basis for further research on 
physical activity improvement strategies in Chinese adolescents. 

Results from exploratory analysis suggested a two-factor structure: Family 
support (12 items) and friend support (12 items). The Cronbach’s alpha values of the 
scale indicated excellent internal reliability (0.940 for family support and 0.936 for 
friend support), which seems to be consistent with previous studies(0.85 for family 
support and 0.88 for friend support) [21]. All item total correlation values were above 
0.30, and each item contributes to measuring its core factor. 

The main strengths of our study are the large sample size and the findings obtained 
in terms of psychometric properties. However, our study also has some limitations
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Fig. 1 Scree plot resulting from the exploratory analysis

that should be recognized appropriately. Firstly, our survey was conducted at a 
single high school. Therefore, the results should be generalized with caution. Further 
studies should attempt to replicate the results of this study using a more represen-
tative sample. Secondly, the self-report structure of the SE may be biased by social 
desirability as with any other self-report questionnaire. To control this intricacy, all 
participants are recommended to fill out the questionnaire independently and answer 
all items in good faith, and the confidentiality of the data is guaranteed. Neverthe-
less, few studies have been conducted in China on instruments for measuring social 
support for exercise, and the present study provides a reliable and validated tool for 
researchers. The researchers suggest that future studies may consider using more 
diverse data processing methods to further evaluate the replicability of the social 
support for exercise scale in populations of different age ranges, education levels, 
occupations, and health statuses. Also, it is crucial to study this scale in diverse 
Chinese populations. 

5 Conclusion 

Overall results demonstrate the effectiveness of using a questionnaire to assess 
perceived social factors associated with physical activity participation among high 
school students in China. The Chinese version of the social support for exercise scale
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Table 2 Factor pattern matrix results for rotated factors 

Item Factors loading 

My family: 1. Exercised with me −0.113 0.853 

2. Gave me encouragement to stick with my exercise program 0.031 0.729 

3. Changed their schedule so we could exercise together −0.066 0.908 

4. Tries to exercise with me −0.104 0.928 

5. Gave me helpful reminders to exercise (“Are you going to exercise 
tonight?”) 

0.024 0.778 

6. Planned for exercise on recreational outings 0.014 0.810 

7. Discussed exercise with me −0.047 0.905 

8. Talks about how much they like exercising to each other 0.098 0.828 

9. Helped plan activities around my exercise 0.008 0.891 

10. Talked about how much they like to exercise 0.089 0.840 

11. Doing simple tasks for me to have more time for exercise 0.072 0.798 

12. Praise me about the changes in my body that I got from exercising 0.161 0.692 

My friend: 1. Exercised with me 0.896 −0.172 

2. Gave me encouragement to stick with my exercise program 0.912 −0.026 

3. Changed their schedule so we could exercise together 0.881 0.029 

4. Tries to exercise with me 0.929 −0.128 

5. Gave me helpful reminders to exercise (“Are you going to exercise 
tonight?”) 

0.885 0.000 

6. Planned for exercise on recreational outings 0.677 0.220 

7. Discussed exercise with me 0.941 −0.078 

8. Talks about how much they like exercising to each other 0.868 0.056 

9. Helped plan activities around my exercise 0.826 0.100 

10. Talked about how much they like to exercise 0.838 0.077 

11. Doing simple tasks for me to have more time for exercise 0.751 0.180 

12. Praise me about the changes in my body that I got from exercising 0.816 0.056 

Noted Extraction Method: Principal Component Analysis 
a Rotation Method: Promax with Kaiser Normalization

is considered valid and reliable to be used among Chinese high school students. All 
items were identified as suitable for the sample data. It is hoped that the results of 
this paper will assist relevant scholars, professionals, exercise educators, and policy-
makers in assessing and implementing the necessary programs to develop and build 
awareness of the importance of participating in regular physical activity. Researchers 
can use this instrument to study and explore the relationship between social vari-
ables and other psychological variables to explain the exercise behavior of Chinese 
adolescents. 
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Research Progress on Tai Chi 
Intervention for Treating Depression 
Disorder Among the Elderly 

Shiyue Wang, Garry Kuan, Yee Cheng Kueh, Ke Zhou, Yidan Wang, 
and Mengyuan Zhao 

Abstract Depression disorder in the elderly has become one of the most prevalent 
mental disorders, affecting their physical and mental health. As a traditional form of 
physical therapy, more studies have applied Tai Chi to the prevention and treatment of 
depression among the elderly population. By searching CNKI and PubMed databases, 
the authors systematically explored literatures and data on the clinical and mechanism 
of Tai Chi intervention on depression disorders in the elderly, and found that 2 ~ 3 
times a week, 30 ~ 60 min of Tai Chi training can significantly reduce the severity 
of depressive symptoms. Tai Chi training can be utilized as an effective method 
for preventing and treating depression disorder, and it has significant benefits for 
alleviating depressive symptoms and reducing loneliness among the elderly. Regular 
Tai Chi training has a significant effects on improving the cognitive functions, such as 
memory and attention of elderly patients with depression, improving sleep functions 
such as subjective sleep quality, and improving the quality of life, such as social 
ability and social participation. Practicing Tai Chi can further enhance the physical 
and mental health of the elderly by enhancing their subjective well-being. However, 
previous studies still have shortcomings in terms of study design, methods, sample 
size, and failure to observe the dose–response model of Tai Chi in long-term follow-
up. Future studies should aim to improve the quality of evidence-based studies on 
Tai Chi interventions for depression disorders in the elderly. 
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1 Introduction 

According to the World Federation for Mental Health [1], depression is a common 
disease worldwide and will be a major contributor to the global burden of disease 
by 2030. One of the main causes of disability, comorbidity, and impairment in the 
elderly, in particular, is depression [2]. It is estimated that the overall prevalence 
of depression among the geriatric population varies between 10 and 20% [3, 4]. 
Depression disorder in the elderly is a common senile mental disease [5, 6], which 
is accompanied by obvious indifference, high recurrence rate, and poor drug effi-
cacy. More than 50% of patients show no significant remission after the first dose 
of depression [7], and about 30 to 40% of patients do not achieve complete remis-
sion after multiple doses of depression [8]. Compared with depression in youth, the 
etiology and clinical manifestations of depression in the elderly are more complex 
and varied, often accompanied by physical complications and cognitive impairment 
[9]. 

The widespread consensus is that Tai Chi is a mind–body workout that integrates 
physical exertion, breath inspiration and expiration, and overall mental management 
[10]. Due of its slow and gentle movements, Tai Chi is frequently practiced by seniors. 
Elderly people have also been found to benefit from Tai Chi’s safety [11]. Studies 
have shown that Tai Chi can relieve pressure and improve depression, and has a good 
effect on cognitive function and sleep quality, which is conducive to the prevention 
and treatment of depression disorders in the elderly [12, 13]. In this paper, Chinese 
and foreign literatures and relevant materials were retrieved from CNKI and PubMed 
databases through literature review, aiming to review the current clinical studies on 
the effect of Tai Chi intervention on depressive symptoms, cognitive function, sleep 
function, and other health issues of elderly patients with depression disorder, and 
to understand the current status and shortcomings of the research. These will lay a 
foundation for better research on Tai Chi prevention and treatment of depression in 
the elderly. 

2 Clinical Study of Tai Chi Intervention on Senile 
Depression Disorder 

The common intervention method for elderly depression is drug therapy, but antide-
pressants have some shortcomings such as drug resistance, cardiovascular hazards, 
gastrointestinal adverse reactions, and so on [14, 15]. Many scholars have proposed 
non-drug treatment, such as Tai Chi. Lavretsky et al. [16] used Tai Chi combined with 
antidepressants to conduct interventional study among elderly patients with major 
depression. The participants were randomly assigned to control group or interven-
tion group (Tai Chi with 10 mg/d of citalopram) weekly for a duration of 10 weeks 
(2 h each time). The Hamilton depression rating scale was used to assess the severity 
of depression among the study participants after the test. The results show that the
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treatment group had a significantly reduced severity of the depression, suggesting 
that Tai Chi can be used as drug therapy for a senile depressive disorder to provide 
an additional clinical curative effect [16]. 

Some scholars believe that Tai Chi alone can play a role in clinical treatment of 
depression in the elderly. For example, Yeung et al. [17] used a randomized controlled 
trial to determine the clinical efficacy of Tai Chi training for 1 h, twice a week for 
12 weeks among elderly ethnic Chinese with major depression. At the evaluation of 
the 12th week of intervention, the response rates of the waiting exercise group, health 
education group, and Tai Chi intervention group were 25%, 21%, and 56%, respec-
tively. The response rate of the Tai Chi intervention group was significantly better 
than those of the other two groups, and the efficacy of the Tai Chi intervention group 
was improved at the 24th week of follow-up. Furthermore, Chou et al. [18] conducted 
a randomized controlled trial with a sample of Hong Kong community, recruiting 14 
elderly patients with a depressive disorder and adopting the 18-style Yang’s Tai Chi 
training three times a week for 45 min each time for three months. Compared with 
the waiting exercise group, Tai Chi can effectively improve the depressive symptoms 
while at the same time, it can also improve physical symptoms, psychological symp-
toms, communication problems, and personal well-being associated with depressive 
symptoms. These two studies showed that Tai Chi alone was equally effective in 
improving depressive symptoms among elderly depressed patients. 

In addition, some scholars put forward that Tai Chi combined with music therapy 
can reduce the symptoms of elderly patients with depression. For example, Liao 
et al. [19] recruited 142 elderly people from eight communities in China and applied 
the intervention for 50 min at a time, three times a week over three months period. 
The results showed that the combination of soothing music and Yang’s 24-form Tai 
Chi training can reduce depressive symptoms in elderly patients. Rawtaer et al. [20] 
enrolled 100 elderly depressed patients. Tai chi, art therapy, mindfulness awareness 
practice, and music reminiscence therapy are a few examples of intervention groups. 
A single intervention phase and a combination intervention phase were each given 
their own portion of the program. The results showed positive improvement in the 
symptoms of the elderly depressed patients within a year [20]. These studies indicate 
that Tai Chi combined with music training can also be used as an early intervention 
for the prevention and treatment of depression in the elderly, and it is easy to promote 
and apply in the community. 

Tai Chi not only has the effect of improving senile depression during the exercise 
period, but also has the consistency of training effect. Liu et al. [21] recruited 213 
centrally obese middle-aged and elderly patients with depression in a randomized 
controlled trial. After 24 weeks of Tai Chi training, the severity of depression, anxiety, 
and stress in the Tai Chi group was significantly improved compared with the waiting 
control group, and the leg strength of the patients improved in the third month of the 
training period. Changes in mental health and leg strength were further maintained 
during a three-month follow-up. Cheng et al. [12] investigated how Tai Chi exercise 
affected older adult women’s psychological well-being and sleep quality after they 
stopped exercising. Over the course of 24 weeks, older adult women who practiced 
Tai Chi reported improvements in their energy, mood, and sleep. Even four weeks
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after ceasing Tai Chi, the impact on lowering depression and enhancing sleep quality 
persisted. Investigated the effects of Tai Chi exercise on the psychological health and 
sleep quality. The above study indicated that the training effect of Tai Chi showed 
an accumulative effect in elderly patients with depression, and it could be further 
speculated that the maintenance effect of Tai Chi might be related to the length of 
training period. 

In conclusion, Tai Chi not only has a therapeutic effect on depression in the elderly, 
but also has a certain preventive effect. Continuous Tai Chi training is positively 
correlated with the decrease of the incidence of depression disorder in the elderly 
[22]. Tai Chi training 2 ~ 3 times a week for 30 ~ 60 min each time may be an 
effective way to prevent and treat depression disorder in the elderly. Elderly patients 
can incorporate regular Tai Chi training into their daily life to prevent and decrease 
the rate of depression. 

3 Research Progress of Tai Chi Intervention on Depression 
Related Dysfunction in the Elderly 

Tai Chi cannot only prevent and cure the depressive symptoms of elderly patients 
with depressive disorder, but also improve the common concomitant disorders such 
as cognitive impairment, sleep disturbance, social ability, and reduced quality of life. 

3.1 The Study of Tai Chi Improving Sleep Function 
in Elderly Patients with Depression Disorder 

Sleep disturbance is one of the common dysfunctions of depression, which increases 
the recurrence rate of depression [23]. Studies have shown that Tai Chi training can 
improve sleep quality and mood improvement in patients with depressive disorder, 
and there is a significant correlation between subjective sleep measurement and 
improvement of depressive symptoms [24]. Studies have shown that Tai Chi improves 
sleep quality, including better subjective sleep quality, faster sleep latency, and less 
daytime dysfunction. The elderly participants spent their body energy during the Tai 
Chi training, which increased their metabolism and further promoted deep sleep. 
When practicing Tai Chi, the mind and breath regulate each other to relax, relieve 
pressure, and negative emotions. It is speculated that this is the main reason why 
practicing Tai Chi can improve the sleep quality and reduce the degree of depression 
of elderly patients with a depressive disorder [25, 26]. Tai Chi has the positive effect 
of regulating breath, heart beat and emotion, reducing depression, and other bad 
emotions, and improving sleep quality, which can positively promote the physical 
and mental health of the elderly [27].
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3.2 The Study of Tai Chi Improving Cognitive Function 
in Elderly Patients with Depression Disorder 

Cognitive impairment is often associated with depression, and there are many asso-
ciations between the two [28]. A meta-analysis showed that older adults with depres-
sive disorder had a higher risk of developing mild cognitive impairment and even 
dementia than those without [29]. Depression in old age is also strongly associated 
with dementia, and is considered a risk factor for dementia [30]. Mirza et al. [31] 
tracked the depressive symptom trajectories of depressed elderly people for 10 years, 
and found that with increasing depressive symptom trajectories, the risk of dementia 
also increases. 

A 2014 meta-analysis of 20 clinical studies involving a total of 2553 participants 
showed that Tai chi can improve cognitive function in older adults [32]. Zhao et al. 
[33] found that the volume of the left and right hippocampus of patients with depres-
sion was smaller than that of those without depression, and it was related to memory 
loss in the elderly, which was speculated to be closely related to the occurrence of 
Senile dementia. It was found that there were changes in default network in elderly 
patients with subthreshold depression, which showed that the functional connections 
between the ventral striatum increased significantly [34]. In addition, subthreshold 
depression is also associated with the impairment of the resting state functional 
connections of the cognitive control network, and the changes of these functional 
connections are relevant to depression in the elderly [35]. And after 12 weeks of Tai 
Chi training, there was improvement in the function of the related cognitive control 
network connection, and obviously found in the left frontal and left dorsal anterior 
cingulate cortex and left beak the cognitive control network of the anterior cingulate 
cortex of resting state functional connectivity, the hippocampus and the resting state 
functional connectivity of the medial prefrontal cortex, this change was significantly 
related with memory function [36]. 

3.3 The Study of Tai Chi Improving Social Skills and Quality 
of Life in Elderly Patients with Depression Disorder 

Due to the mood change of senile depressive disorder, coupled with the trouble of 
aging, the psychological activities and living conditions of the elderly will change, 
especially the persistent loneliness and social alienation of the elderly with depres-
sive disorder [37, 38]. Studies have shown that practicing Tai Chi improve mutual 
communication and important therapeutic factors of depression, Tai Chi can improve 
the old patients with depressive disorder [39]. Liao’s [40] study found that 112 elderly 
people in the Chinese community were randomly recruited, and the intervention of 
combining traditional Tai Chi with Chinese folk music, 50 min each time, 3 times a 
week, for 12 consecutive weeks, could improve the quality of life of elderly patients 
with mild to moderate depression in the Chinese community. Tai Chi can therefore
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improve physical and psychological functions of practitioners as well as the quality 
of life and social interaction connected to health and well-being of the elderly because 
it is a safe and simple traditional exercise therapy to learn. 

4 Study on the Mechanism of Tai Chi Intervention 
on Senile Depression Disorder 

From the perspective of synaptic plasticity, senile depression is often accompa-
nied by abnormalities of cognitive control network (prefrontal cortex, cingulate 
gyrus, parietal lobe, and other key regions) and affective control network (amyg-
dala, orbitofrontal cortex, limbic system, and other key regions) [41, 42]. In elderly 
patients with depression, the cognitive control network increased connectivity with 
the salience network and was closely associated with depression severity [43]. The 
study showed that after 12 weeks of Tai Chi practice, the default network connec-
tivity between the medial frontal cortex, anterior cingulate cortex, right middle frontal 
gyrus, posterior cingulate cortex, and left occipital cortex improved [44]. Another 
study showed that 33 community elders who practiced Tai Chi independently at 
home three times a week for six months further improved synaptic plasticity and 
hippocampal neuron growth in the brain compared with the health education group 
[45, 46]. Therefore, Tai Chi can further regulate emotions and alleviate depression by 
regulating the structure and function of related brain regions of cognitive/emotional 
control network (dorsolateral prefrontal lobe, cingulate gyrus, orbitofrontal cortex, 
etc.), promoting nerve repair and functional connectivity recovery. 

From the perspective of neuroendocrine, hypothalamic–pituitary–adrenal axis 
(HPA) was one of the main biological mediating systems regulating human stress. 
Its related hormones and neurotransmitters (such as glucocorticoid, cortisol, and 5-
hydroxytryptamine) participate in the regulation of mood and the occurrence and 
development of depressive disorder. Compared with healthy people, HPA activity 
was significantly increased when they had a depressive disorder [47, 48]. Studies 
have shown that Tai Chi exercise can reduce the elevated cortisol level caused by the 
abnormal HPA axis in subjects [49], and help the elderly patients with depression 
disorder to restore the functional balance of HPA axis, so as to delay the elderly 
depression disorder [50]. 

From the perspective of immune response, it has been proposed that depres-
sive disorder is also an immune inflammatory disease, characterized by elevated 
levels of inflammatory cytokines such as interleukin-1, tumor necrosis factor, and C-
reactive protein [51]. Further, research has shown that inflammatory cytokines alter 
the production and metabolism of neurotransmitters, including dopamine, glutamate, 
and serotonin, which are closely involved in the regulation of mood [52]. Inflamma-
tory factors can even affect the growth and survival of neurons. When oxidative stress 
occurs, inflammatory factors can further affect the brain regions related to emotion 
regulation, such as the prefrontal cortex and amygdala [53], and thus aggravate the
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severity of depression. Robins et al. [54] through Tai Chi exercise for eight weeks, 
the result shows that Tai Chi helps reduce inflammatory cytokines, including inter-
feron, tumor necrosis factor, and interleukin-4, and Tai Chi exercise can further affect 
inflammatory reaction markers, to enhance the health level of elderly patients with 
depressive disorder, to alleviate the severity of the senile depression. 

From the perspective of traditional Chinese medicine, Huangdi [55] believed that 
the incoordination of seven emotions was the main pathogenic factor of depression 
syndrome. Diseases caused by emotional factors that affect the circulation of qi and 
blood are collectively referred to as the narrow sense of “depression syndrome”, 
which mainly emphasizes “emotional depression” and is closely related to psycho-
logical, social, and environmental factors. In traditional Chinese medicine, “stagna-
tion syndrome” is caused by emotional discomfort and stagnation of qi. The effect 
of Tai Chi spirit adduction, concentration, and static qi can balance Yin and Yang, 
regulate the seven emotions, with body movement, stimulate Yang qi, promote qi 
operation, so as to achieve the effect of improving depression [56]. 

5 Deficiency and Solution of Tai Chi Intervention 
on Depression in the Elderly 

At present, the research on Tai Chi intervention in senile depressive disorder has 
the following deficiencies: (1) Lack of long-term effect of Tai Chi intervention on 
senile depression; (2) The sample size of existing studies is small and most of them 
are single-center studies; (3) Lack of other aerobic exercise as a positive control 
of the study, it is difficult to clarify the role of Tai Chi non-exercise components on 
depression in the elderly. In the future studies, quality control of clinical trials should 
be strengthened to obtain evidence-based evidence of high-level Tai Chi intervention 
in elderly depression disorders. For example, a double blind and triple blind studies 
should be adopted to avoid subjective bias in the study, and multi-center trials with 
large samples should be carried out to observe the long-term effects with follow-up. 
Other aerobic exercise with the same exercise dose as Tai Chi was used as positive 
control to further observe the effect of its non-exercise components. 

In summary, regular and continuous Tai Chi exercise can prevent and cure 
depression disorder in elderly patients, and improve the cognitive function, social 
communication, sleep quality, and other aspects.
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Review on the Use of Pre-Task Music 
Prior to Exercise Performance 

Hilda Anak Entering, Ngien Siong Chin, Yee Cheng Kueh , Garry Kuan , 
and Adam Abdul Malik 

Abstract Music has been scientifically used to be an excellent complement to sports 
activities. Scientific research in this field has been prolific over the past four decades, 
with over 120 peer-reviews articles examining various aspects of the relationship 
between music and sports. However, little research has been conducted on the use of 
music prior to exercise performance. A comprehensive literature search was under-
taken between January 2012 and April 2022 using online databases such as Web 
of Science, PubMed, and Google Scholar. The following keywords were used in 
combination: “pre-task music”, “pre-performance music”, “music and sport”, and 
“exercise performance”. A total of sixteen studies were selected for this review. The 
literature search was further expanded by searching for review articles on the topic, 
and the articles collected for any relevant references. The majority of studies have 
shown an ergogenic effect of pre-task music prior to exercise performance. There 
is clearly a need for more research on this topic before making recommendations 
regarding the use of pre-task music as a means of enhancing exercise performance. 

Keywords Music · Psychological · Exercise performance · Sporting events 

1 Introduction 

In recent decades, listening to music during warm-ups has been a part of the sport 
and exercise activities. The combination pair of music and exercise/sports is widely 
used as the new developments in portable technologies (MP3 players, iPods, and
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smartphones) have improved accessibility and allowed for individual music selection 
during exercise [1]. There are numerous advantages from listening to music while 
exercising, but they all come down to the fact that music makes exercise feel easier 
and more enjoyable, allowing them to work out harder than they would if exercising 
alone. Music is an external source that is used as an ergogenic aid in a wide array 
of exercise modes. Thus, the relationship between music and sports studies has been 
extensively researched, as has their potential ergogenic help to improve physical 
performance. 

Presently, pre-task music has been used successfully as a stimulant [2], and 
these advantages may contribute to the ergogenic effects as addressed in existing 
empirical studies. A chosen set of songs can have an instant and lasting effect on 
people’s moods. Scientifically, music has extensively provided conclusive evidence 
that it may boost their mood, motivation, and effort while they are working out. 
This finding is inclined with the finding by Biagini et al. [3] that combining music 
and exercise appears the most common positive outcome to increase performance 
measures, improve mood, and improve arousal. The impact of music on performance 
is well-explained from a scientific perspective. 

Apparently, listening to music before and during exercise has been shown as 
a motivation and effort booster, resulting in better performance outcomes [4, 5]. 
Moreover, music is known to be capable of reducing perceived exertion during intense 
exercise. According to Terry et al. [6], it was revealed that listening to music while 
engaging in a variety of physical activities can improve physiological efficiency, 
boost physical performance, and reduce perceived exertion. Pre-task music has been 
employed in many sports and is a popular approach among competitors. The majority 
of studies have shown an ergogenic effect of pre-task music on various physical 
activities. Despite its popularity, there is minimal scientific evidence that pre-task 
music has ergogenic benefits on exercise performance. 

Thus, this study would further explore the existing studies and investigate the 
ergogenic effects of pre-task music prior to exercise performance. Thus, it will 
provide an insight for researchers before making recommendations regarding the 
use of pre-task music as a means of enhancing exercise performance. 

2 Methods 

2.1 Procedure 

This review draws upon research in the field of pre-task music and exercises perfor-
mance. A comprehensive literature search was undertaken using three databases 
(Google Scholar, PubMed, and Web of Science) between January 2012 and April 
2022 through published articles, review papers, and meta-analysis. The search was 
limited to peer-reviewed journals written in the English language. The following 
keywords were used in combination: “pre-task music”, “pre-performance music”,
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“music and sport”, and “exercise performance”. Articles consisting of validation 
studies, dissertations, conference abstracts, monographs, and brief reports were 
excluded to narrow down the search category. The literature search was further 
expanded by searching for review articles on the topic and the articles collected 
for any relevant references. A total of sixteen studies were selected for this review. A 
manual search of the reference lists in the studies found in the computerized search 
was also conducted. After the duplicates were removed, the comprehensive search 
yielded 16 studies that matched the study criteria mentioned above. The summary 
of the reviewed studies is presented in Table 1.

3 Evidence Synthesis 

3.1 Pre-Task Music Preference 

Various categorizations of music interventions (i.e., pre-task, in-task, post-task, etc.) 
have been explored and reported to be beneficial for sport or exercise performance. 
Pre-task music is commonly used to regulate a particular mindset and is partic-
ularly effective in reducing pre-competition anxiety [7]. Following this, it is also 
has been investigated to improve a variety of exercise mode performance such as 
endurance and resistance-based workouts [8]. Even though many sports governing 
bodies prohibit personal audio devices in the competition area, pre-task music is 
often used during warm-ups and as part of a routine before an event. Therefore, it 
may be more suitable and practical to listen to music prior to exercise to improve 
one’s effort (i.e., pre-task) or during a warm-up session. However, methodological 
limitations and few systematic research in pre-task music have been highlighted and 
need sufficient evidence to support scientific literature on music effect on exercise 
performance [9]. 

Music preference is a listening response that reveals the degree to which a music 
stimulus is preferred or not preferred at a certain point in time [10]. In previous 
studies, music preference has been repeatedly selected to mediate music benefits 
[11]. According to Bishop [1], listening to music before sport or exercise can regulate 
their emotional state and control their mental preparation. In fact, with the right 
physical and mental condition, it is often beneficial to achieve optimal performance. 
For coaches and athletes, it is crucial attention in the consideration of selecting 
pre-task music to harness the power of music. In these emerging and developing 
countries, new developments in portable technology (i.e., smartphones, IPods, mp3 
players, etc.) have allowed individuals to select their music while exercising. Some 
of the playlists on most music apps (i.e., Joox, Spotify, AudioFuel, etc.) today are 
mostly made for workouts and exercises. Meanwhile, individuals may select their 
most favorable array of music choices in any genre, rhythm, etc., while engaging 
in exercise or workouts. A study conducted by Stork et al. [12] found that selecting 
preferred music (music preference) can increase athletes’ motivation, enjoyment,
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Table 1 Reviewed studies on pre-task music preference effects on exercise performance 

Study Music 
conditions 

Timing/condition Task Results/findings 

Bigliassi et al. 
[14] 

Self-selected, 
no music 

Warm-up, during 5 km cycling 
time trial 

↔ Performance, ↔ 
RPE 

Chtourou et al. 
[15] 

High tempo, no 
music 

Warm-up Wingate 
anaerobic 
test 

↑Power, ↔ RPE 

Chtourou et al. 
[8] 

High tempo, no 
music 

Warm-up Wingate 
anaerobic 
test 

↑Power, ↑performance, 
↔ RPE 

Jarraya et al. 
[16] 

High tempo, no 
music 

Warm-up Wingate 
anaerobic 
test 

↔ HR, ↔ RPE, ↑ 
power, ↑performance 

Serra de 
Queiroz [17] 

Self-selected 
asynchronous, 
no music 

Pre-task Soccer ↔ Performance, ↑ 
motivation, ↑ 
concentration 

Smirmaul 
et al. [18] 

Self-selected, 
no music 

Pre-task 200 m 
freestyle 
swimming 
timed trial 

↑Motivation, 
↑performance ↔ RPE 

Chtourou et al. 
[19] 

Music, no music Warm-up Wingate 
anaerobic 
test 

↑ RPE, ↑ power, ↑ 
performance (sprinters) 

Karageorghis 
et al. [20] 

Fast/slow 
tempo, 
loud/quiet 
tempo, no music 

Pre-task Grip strength ↑Enjoyment, 
↑performance 

Kuant et al.  
[21] 

Relaxing music, 
arousing music 

Pre-task Dart 
throwing 

↑Performance, 
↑confidence 

Belkhir et al. 
[22] 

Neutral music 
(WUNM), 
self-selected 
motivational 
(WUMM), no 
music 

Warm-up 5 m shuttle 
run 

↑Performance, 
↑enjoyment (WUNM), 
↓enjoyment (WUMM) 

Fox et al. [23] Pre-selected, 
self-selected, 
white noise 

Warm-up Wingate 
anaerobic 
test 

↔ Performance, ↔ 
RPE 

Puad et al. [24] Fast tempo, no 
music 

Warm-up Running 
anaerobic 
sprint test 
(RAST) 

↔ RPE, ↔ power, 
↑performance, ↑HR 

Karow et al. 
[4] 

Non-preferred, 
preferred, no 
music 

Warm-up Rowing ↑Motivation, ↑power, 
↔ RPE

(continued)



Review on the Use of Pre-Task Music Prior to Exercise Performance 381

Table 1 (continued)

Study Music
conditions

Timing/condition Task Results/findings

Belkhir et al. 
[25] 

Synchronous, 
motivational 

Warm-up Continuous 
jump 

↑RPE, ↑enjoyment, 
↑performance 

Meglic et al. 
[26] 

Preferred, 
non-preferred 

Warm-up Cycling, 
Wingate 
anaerobic 
test 

↔ RPE, ↑motivation, 
↑performance 

Ballman et al. 
[27] 

Self-selected, 
no music 

Pre-exercise Bench press ↑ Motivation, ↑RTF, 
↑power 
↑Performance 

** Note Music conditions (preference of music applied for intervention), task (mode of exercise), 
and the result of findings are stated above 
↑ =  Increase 
↓ =  Decrease 
↔ =  No changes 
RPE = Rate of perceived exertion, RTF = Repetitions to failure

and affective state. Although the previous study reported that pre-task music would 
improve performance has not been supported [13], in recent decades, numerous 
pieces of evidence on how pre-task music preference may optimize performance on 
exercises are shown in Table 1. 

Listening to familiar music can increase an individual’s affective valence, which 
simply triggers happiness, memories, and reminds them of their role models or 
heroes. Hence, selecting the right music can positively impact an individual’s 
emotional state and enhance self-efficacy [20]. In spite of this, musical pieces can 
facilitate recalling previous successful sporting experiences which boosts motivation 
and self-confidence [28]. As music may evoke an individual’s memories, such as 
imaging their previous performance, music is effective in stimulating crucial tactical 
or technical context. For instance, young athletes can acquire proper shot-put tech-
nique by listening to the lyrics of “Push It (130 bpm)” by Salt-N-Pepa in order to 
acquire the perfect technique for the shot-put throw [7]. This will lead students to 
“push” the shot rather than attempting to “throw” it, which is the most prevalent type 
of technical blunder. Consequently, selecting a particular music preference in which 
the lyrics may convey psychological strategies should be taken into consideration 
for future studies. In addition, the choice of musical selection should correspond to 
the athlete’s characteristics as well as the components of the exercise in order to 
determine the best musical option to improve sports and exercise performance. As 
suggested by Karageorghis et al. [7], Fig. 1 shows how music selection, athlete’s char-
acteristics, and sport/exercise components may be related to each other in optimizing 
performance.

Although pre-task music appears to have reported a higher benefit on exercise 
performance, the comprehensive studies pertaining to the role of pre-task music 
application and which selected/preferred music imposes greater benefits are still
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Fig. 1 Factors relevant to 
optimal music selection [7]

being limited. The selection of music should be done with consideration for individual 
requirements and tastes in order to improve affective states and provide a sense of 
control over their immediate surroundings [20]. 

4 The Role of Pre-Task Music in Exercise Performance 

Pre-task music has been used successfully as an ergogenic effect. The evidence 
indicates that music elicits several benefits in the context of exercise and sport-
related tasks, as shown in Table 1. Several music conditions have been conducted to 
investigate the impact on exercise performance. Five studies on the effects of high-
tempo music [8, 15, 16, 20, 24] before a task (warm-up) would improve performance 
have been reported. As recommended by Karageorghis et al. [29], high-tempo music 
is defined as 120–140 bpm. A study among 12 physical education students on the 
diurnal variations of power output during the Wingate test showed a positive effect on 
peak power and mean power with music compared with no music [15]. It shows that 
the benefits of high-tempo music during warm-up work as an additional aid to muscle 
contractions, thus increasing the performance level. However, as suggested by the 
present authors, studies on the effects of music on diurnal fluctuations should be 
further examined. Other findings on the effects of high-tempo music during warm-
up on short-term maximal performances showed positive effects on power, thus 
increasing exercise performance [8]. The Wingate test was conducted after a 10 min 
warm-up among nine young male sprinters and their rate of perceived exertion (RPE) 
was recorded at the end of the task. However, findings on the music’s effect on RPE 
scores were unaffected. 

Two studies investigating the effects of rate of perceived exertion (RPE) on anaer-
obic exercise using high-tempo music among 12 national and regional level sprinters 
[16] and 24 football players [24] also reported that RPE scores were not significant.
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Nevertheless, their performance during listening to high-tempo music was reported 
to increase significantly. This study highlights that high-tempo music could motivate 
individuals during warm-up. Those coaches and practitioners interested in short-term 
maximal performances could examine the use of arousing music on power output 
during warm-up instead of high-tempo music. There has been limited research into 
the effects of arousing music on exercise performance. 

Self-selected music conditions in six studies with different tasks; cycling [14], 
soccer skill test [17], swimming [18], running [22], Wingate anaerobic test [23], and 
bench press [27], on the other hand, were reported to have yielded diverse outcomes. 
The influence of self-selected music conditions on longer and predominantly aerobic 
tasks (5 km cycling time trial) [14], soccer skill test [17], and Wingate anaerobic 
test [23] resulted in no improvement in their performance compared to the other 
three studies [18, 22, 27]. Contradictory, Smirmaul et al. [18] reported the effects 
of self-selected music before performing the 200 m freestyle swimming trials were 
improved performance and motivation. The participants listened to the pre-task music 
for 5 min, and as a result, their swimming time was significantly improved with a 
shorter length (−1.44%) to the no music condition. The music selection selected 
by the participants was mainly electronic, rock, and pop genres. Ballman et al. [27] 
tried to understand if listening to pre-exercise music on bench press performance 
could have a different impact on power and motivation of participants. Ten of the 
participants, all male, were listening to pre-exercise music on the bench press task. 
Music was selected by the participants, and researchers set a minimum tempo of 
120 bpm. Their findings showed significant increased on motivation with better 
muscle power explosiveness, and strength-endurance when listening to music before 
a bench press exercise. However, which selected music or songs imposes greater 
benefits in these six studies in improving exercise performance remains unknown. 

Scientific evidence has shown different results on exercise performance with 
different music conditions. However, the studies on relaxing, arousing, synchronous, 
and motivational music are still limited even though they have revealed significant 
effects on exercise performance [19, 21, 25]. Therefore, further studies are strongly 
needed to support this type of music (e.g., relaxing, arousing, synchronous, and 
motivational music) as an ergogenic aid in exercise performance. 

5 Conclusion 

In summary, systematic reports on music as a sedative or stimulant aid in performing 
the exercise, particularly in pre-task music conditions are limited and infrequent 
[18]. There is still a lack of evidence to support the overall ergogenic effects of 
pre-task music on exercise performance. A comprehensive investigation pertaining 
to the effect of pre-task music should be conducted with diverse exercise intensities, 
research design and methodologies which might have influenced different outcomes. 
Furthermore, it would be interesting if other researchers could provide a variety of 
music applications and determine which selected or preferred music has the greatest



384 H. A. Entering et al.

impact on pre-task exercise. In fact, listening to music results in greater performance 
among individuals or sports practitioners. Future studies can be conducted in a more 
diverse populations (e.g., inactive individuals, primary school athletes). 
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Online Learning Readiness Scale 
for Undergraduate Students in Sports 
and Physical Education in Malaysian 
Context 

Teng Kie Yin, Chin Ngien Siong, and Lee Hou Yew 

Abstract The initial scale of Online Learning Readiness Scale (OLRS) was devel-
oped to define the readiness towards online learning among college students. The 
five subscales of OLRS (Hung et al. in Comput Educ 1080–1090, [8]) were self-
directed learning (SDL), motivation for learning (MFL), computer/Internet self-
efficacy (CIS), learner control (LC), and online communication self-efficacy (OCS). 
The study’s aim is to investigate the scale’s cross-validation and reliability testing 
among Malaysian undergraduate students studying sports and physical education. 
Exploratory factor analysis (EFA) that has been conducted, showed that OLRS 
(within Malaysian context) is a multi-dimensional scale with two factors structured, 
namely solitary learning (SL) and computer/Internet self-efficacy (CIS). Cronbach’s 
alpha reliability coefficient value was at 0.928. The findings revealed that the 13-
item-OLRS is a valid and reliable instrument for assessing online learning readiness 
among Malaysian undergraduate students studying sports and physical education. 

Keywords Online learning · Readiness · Exploratory factor analysis · Sports and 
physical education 

1 Introduction 

Around the world, educational institutions have been forced to close due to the 
COVID-19 pandemic. According to Pokhrel and Chhetri [1], more than 200 countries 
and roughly 1.6 billion pupils are affected, making up nearly 94% of the global 
student population. The traditional face-to-face learning model has been challenged, 
and online learning has taken centre stage instead [2]. Online education can be the 
answer to the COVID-19 dilemma [3]. Students had no choice but to accept and
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adjust to the crucial global incident as their classrooms were converted into online 
learning settings. 

Numerous studies have demonstrated the benefits of online learning for students 
[4–6]. The learning process would be less successful without learning readiness, 
though. The viability of online education will benefit students’ academic develop-
ment [7]. The verification had been performed on the Online Learning Readiness 
Scale (OLRS) with five factors such as motivation to learn, self-directed learning, 
computer/Internet self-efficacy, learner control, and online communication self-
efficacy [8]. The results of the confirmatory factor analysis (CFA) OLRS scale 
showed that the number of components and the loadings of measured variables on 
those components are consistent with expectations from underlying theories. 

2 Method  

The aim is to examine the ORLS measure from the Malaysian context using 
exploratory factor analysis. The ORLS consists of 18 items and five latent factors: 
computer and Internet self-efficacy, CIS (five items); self-directed learning, SDL 
(three items); learner control, LC (three items), motivation for learning (online 
context), MFL (four items); and online communication self-efficacy, OCS (three 
items). The OLRD five-point-Likert scale ranged from strongly disagree (1), some-
what disagree (2), neutral (3), somewhat agree (4), and strongly agree (5) [8]. A 
total of 210 students from four Malaysian higher education institutes volunteered to 
participate in the study, with males accounting for 51.43% and females with 48.57% 
of the total. 

2.1 Cross-Cultural Adaptation Procedure 

Researchers have completed a few necessary steps for scale cross-cultural adaption, 
which were highlighted in Bourzgui et al. [9], Silveira et al. [10], and Chae et al. 
[11], which included ethical considerations, forward and backward translation, and 
expert validation. However, subsequent paragraphs are indented. 

2.2 Construct Validation 

Determining the fundamental principles of the instrument’s adapted scale in the 
context of Malaysia was also essential. Researchers used data from 210 respondents to 
conduct exploratory factor analysis (EFA) and obtained three underlying structures of 
the adapted subscales using IBM SPSS Statistics 24 and the five-step EFA technique 
recommended by Williams et al. [12].
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2.3 Reliability Testing 

Internal consistency reliability has been developed as one of the common estimators 
of reliability for the questionnaire’s modified scales [13]. In order to determine the 
Cronbach’s alpha for each customised subscale of the instrument used in this study, 
the researchers used IBM SPSS Statistics 24. 

3 Results and Discussion 

3.1 Exploratory Factor Analysis 

A multivariate statistical technique called exploratory factor analysis (EFA) is used to 
show the underlying structure of a large collection of variables. The EFA objective 
which is a method used in factor analysis, is to discover the underlying correla-
tions between measured variables [14]. The academics utilised it to identify a set of 
latent constructs that support a battery of measurable variables while developing a 
scale, which is a collection of questions designed to evaluate a particular research 
topic [15]. The researchers looked at the primary dimensions of a sizable variety of 
latent constructs, which are typically represented by a group of items [16–19]. This 
investigation used the five-step EFA process created by Williams et al. [12]. 

Choosing if the data are appropriate for EFA is the first step. Walker and Madden 
[20] state that ordinarily distributed interval or ratio data are the main presumption 
of factor analysis. Because ordinal data with at least four response categories are 
assumed to be regularly distributed when more than 200 samples are acquired, Chua 
[21] also thinks that ordinal data with at least four response categories are sufficient 
for factor analysis. 

The factor extraction would be performed after the Bartlett’s test of sphericity and 
the Kaiser-Mayer-Olkin (KMO) measure of sampling adequacy [22, 23]. Hair et al. 
[24] and Tabachnick and Fidell [25] recommended that the KMO index of 0.50 and 
above and p-value of 0.05 for the Bartlett’s test of sphericity, are suitable for the test. 
Whereas for the EFA, it was recommended that the KMO index with a value of 0.50 
or above and a p-value of 0.05 for the Bartlett’s test of sphericity be utilised [24, 25]. 
The factor analysis was therefore allowed because the KMO index and Bartlett’s test 
of sphericity showed that there was a relationship between the items [26]. 

The scale’s KMO coefficient was determined to be 0.918 and satisfactory (Table 
1). Bartlett’s sphericity test’s p = 0.000 result, meanwhile, indicated that there was 
a significant correlation between the study’s variables. The extraction technique was 
then chosen by the researchers to carry out the EFA in the subsequent stage. The 
principal axis factoring (PAF) methodology was selected as the factor extraction 
method for this study because, throughout the factor extraction process, it applies 
communality estimations and examines the relationships among measured variables.
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Table 1 KMO and Bartlett’s 
test  for the  EFA on  
13-item-OLRS 

Kaiser–Meyer–Olkin measure of sampling 
adequacy 

0.918 

Bartlett’s test of sphericity Approx. chi-square 1683.199 

df 78 

sig 0.000 

In step three, the EFA’s quality is assessed by maintaining the proper amount of 
elements [27]. There were several guidelines and procedures to follow during factor 
extraction. For instance, the scree test, the eigenvalue, and the cumulative percent 
of variance all extracted at least 40% of the variance [28, 29]. Reckase [30] also  
advises that at least 20% of the variance in valid scales must be explained by the 
prime component. The test that need to be triangulated are the EV > 1 criterion and 
scree test with a priori hypothesis that underpins the inquiry to prevent ambiguous 
outcomes [31]. 

Table 2 displayed an eigenvalue of EV > 1 for all three components, with a 
cumulative percentage of variance of 54.2%. The eigenvalues of the three factors 
ranged from 1.204 to 7.050. The primary component explained 54.2% of the overall 
variation. In addition, the scree plot’s third point featured a visual “elbow” (Fig. 1). 
The scree test’s findings dictate that the data be examined for three factors.

Utilising the rotating approach enhances the interpretability of retrieved compo-
nents, claim Ruscio and Roche [32]. Williams et al. [12] claim that rotation maximises 
high item loadings while minimising low item loadings. The elements under the 
adapted scales were believed to be inter-correlated, so the researchers applied the 
oblique Direct Oblimin (DO) rotation approach in step four. For psychological and 
educational studies, such as those examining human behaviours, oblique rotations 
result in the linked components that were thought to yield more accurate results 
[33, 34]. 

The factors’ interpretation was the EFA’s last stage. The researchers looked into 
the variables that could be attributed to a factor. The correlation matrix and factor 
pattern matrix were examined to ascertain the relationship of a certain factor without 
impacting other variables [35]. When evaluating a factor, the factor coefficients also 
referred to as loadings are extremely important [18]. It would be regarded appropriate 
to load at least 0.32 [31]. 

A factor normally has to have at least two or three variables applied to it in order 
to be relevant and interpretable [18, 36, 37]. Munro [38] contends that extraneous 
elements should be eliminated if they do not define the construct. 

Two components were obtained via PAF extraction and DO rotation processes, 
with factor loadings surpassing 0.32, as predicted, according to the pattern matrix in 
Table 3. Five items (SDL3, LC2, OCS1, OCS2, and OCS3) that were determined to 
be inappropriate or cross-loaded were excluded from further investigation. However, 
13 items were kept after EFA.

After the initial three components of self-directed learning (SDL), learner control 
(LC), and motivation for learning were integrated, the term solitary learning (SL)
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Table 2 EFA total variance on 13-item-OLRS 

Factor Initial eigenvalues Extraction sums of squared 
loadings 

Rotation 
sums of 
squared 
loadingsa 

Total % of  
variance 

Cumulative 
% 

Total % of  
variance 

Cumulative 
% 

Total 

1 7.050 54.230 54.230 6.632 51.013 51.013 6.329 

2 1.204 9.263 63.494 0.814 6.263 57.275 4.519 

3 0.858 6.598 70.091 

4 0.670 5.152 75.243 

5 0.610 4.691 79.935 

6 0.491 3.774 83.709 

7 0.410 3.154 86.863 

8 0.385 2.962 89.825 

9 0.369 2.840 92.665 

10 0.299 2.302 94.968 

11 0.245 1.886 96.854 

12 0.222 1.707 98.561 

13 0.187 1.439 100.00 

Extraction method: Principal axis factoring 
a When factors are correlated, sums of squared loadings cannot be added to obtain a total variance 

Fig. 1 Scree test criterion for the EFA on 13-item-OLRS
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Table 3 Pattern matrix for 
the EFA on 13-item-OLRS 

Item Factor 

1 2 

CIS1 0.819 

CIS2 0.723 

CIS3 0.637 

SDL1 0.469 

SDL2 0.455 

SDL4 0.905 

SDL5 0.888 

LC1 0.822 

LC3 0.533 

MFL1 0.674 

MFL2 0.630 

MFL3 0.661 

MFL4 0.798

was formed (MFL). The second element, computer and Internet self-efficacy (CIS), 
however, was left in the original scale because it had not been deleted. SDL1, SDL2, 
SDL4, SDL5, LC1, LC3, MFL1, MFL2, MFL3, and MFL4 made up the ten items 
that made up SL. They were combined and used to gauge the pupils’ capacity for 
independent study. The second element, CIS, had three measures about the students’ 
computer and Internet skills (CIS1, CIS2, and CIS3). 

3.2 Reliability Coefficient of OLRS 

The reliability coefficient measures the number of real variance present in an arranged 
unprocessed test results [39]. The reliability coefficients, which are variance esti-
mates, show the degree of genuine score variance. To estimate test-score reliability, 
at least two observations (scores) on the same group of people are required. The 
correlation between the sets of observations can be used to compute a depend-
ability coefficient [40]. The item reliability for the finalised OLRS was assessed using 
the Cronbach’s alpha internal consistency coefficient. According to Nunnally [41], 
Cronbach’s alpha should be more than or equal to 0.70 in order to have acceptable 
reliability. 

In this study, the reliability analysis for N = 210 produced satisfactory results 
(Table 4). The 13-item-OLRS scale as a whole was determined to be 0.928 reliable. 
On the other hand, the variables SL and MI have Cronbach’s alpha values of 0.923 
and 0.817, respectively. In conclusion, it was determined that the 13-item-OLRS was 
reliable.
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Table 4 Reliability of the 
factors in the 13-item-OLRS 

Factor Number of items Cronbach’s alpha values 

SL 10 0.923 

CSI 3 0.817 

4 Conclusion 

The utility of this study hinges on its determination of the OLRS’s validity and 
reliability. This study provided proof that the 13-item-OLRS can be a valid and 
reliable scale to evaluate readiness of students for online learning in sports, exercise, 
and physical education in Malaysia. 
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Examining Cost-Value Dimensions 
Among Adolescent Field Hockey Players: 
A Demographic Study 

Kanagarajah Rarujanai, Chin Ngien Siong, and Ruebini Parama Dorai 

Abstract Cost-value has been particularly difficult to assess as evidenced by the 
historical lack of research on it. Examining cost-value dimensions as an independent 
construct in the expectancy-value model could offer significant information about 
adolescent players’ future performance and achievement, especially in field hockey. 
This study investigated the differences in all dimensions of cost-value in adoles-
cent field hockey players in terms of gender, age groups and locality. Participants 
included 250 Malaysian adolescent field hockey players, who completed the 19-
items cost scale designed by Flake et al (Contemp Educ Psychol 41:232–244, [5]) 
comprised of five different dimensions of cost-value. Results revealed that female 
players showed greater practice of cost dimension compared to male players. All 
five dimensions under cost-value showed no significant difference in term of age 
group. While, participants from northern Sarawak were more determined towards 
the practicing cost-value dimension compared to other participants from other parts 
of the state. It is suggested that incorporating cost as an important construct in 
the expectancy-value framework could capture best the relations between players’ 
motivation and their performance in sports. 

Keywords Cost-value · Expectancy-value · Field hockey · Adolescent 

1 Introduction 

Motivation science deals with numerous different theories to investigate student 
motivation in various fields [1]. This study focuses on the expectancy-value models
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theory [2] to understand student motivation in field hockey. Many researchers have 
widely employed the expectancy-value model of achievement-related choices [2] in  
educational and psychological researches [3, 4]. This theoretical outline explains that 
motivation has two different functions; expectancy belief and task value components 
[5]. 

Specifically, one element within the expectancy-value model, known as cost, 
explains the demand for a given task. Wigfield and Eccles [5] defined cost as “what 
an individual has to give up to do a task, as well as the anticipated effort one will 
need to put into task completion”. Even though cost has been identified as one of the 
main components in EVM, it is the least explored component in EVM. Cost-value 
highlights the demand of a given task. It is said to be dealing with negative features 
of performing a task which includes loss of time and energy for other choices [3]. 

Intrinsic value, utility value, and attainment value are among the components 
under subjective task values. Cost is the final and most crucial element of subjective 
task evaluations. When someone engages in any activity, cost is seen as a crucial 
factor [5, 6]. They are seen as observed effects, such as the need for valuable time to 
participate in an activity, the dread of failure, and the loss of something significant 
to another person [7]. 

The cost of an activity is impacted by the amount of effort needed to succeed, the 
time lost from engaging in other activities, and the anticipated emotional states like 
performance anxiety and fear of failure, according to Eccles and her colleagues [2, 
3]. The number of cost-value considerations that go into an activity has a significant 
impact on how interested people become. Even if it is their preferred or favourite 
activity, people are unlikely to participate in an activity if the cost is too high [6]. 

Athletes believe that in a sporting environment, they must restrict their access to 
other activities in order to participate in practices or contests. They find it difficult to 
participate in an activity because of the anticipated level of effort and the associated 
time or emotional cost [6]. For instance, a sportsperson who considers playing field 
hockey to be fascinating and valuable for a potential future job may feel unmotivated 
to participate in the scheduled training sessions due to the time and effort required 
to complete the sessions. The decision of the athlete to pursue the dream or decision 
can also be influenced by anxiety and the fear of failure [1]. 

Additionally, the psychological cost of potential failure is likely to affect this 
choice [5]. For instance, some extremely talented athletes with high accomplishment 
needs in sports are nevertheless unsure of their skills and qualities [8]. They frequently 
believe that in order to succeed in a specific sport, they will need to work incredibly 
hard. Failure has a significant cost for those athletes because failing to perform 
effectively would imply a lack of talent, which would be damaging to their perception 
of themselves [9]. 

Cost appears to be the antithesis of accomplishment, interest, and utility, which 
all share positive traits [10]. This kind of relationship suggests that cost is more 
appropriately thought of as a moderator variable of value. When there is a moderator 
relationship, understanding the level of one variable’s influence on an outcome is 
crucial. Cost-value was divided into five categories by Flake et al [5]: task effort, 
outside effort, loss of desirable alternatives, and emotional. While outside effort
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focuses on the time, effort, or quantity of work put forth for tasks other than the 
activity of interest, task effort emphasizes the time, effort, or quantity put forward 
to engage in a task. What is given up as a result of engaging in the work of interest 
is explained next by the loss of valued alternatives. The psychological condition 
that develops as a result of expending effort to complete the activity is covered by 
emotional cost as well [8]. 

Considering young athletes participating actively in field hockey for various 
reasons, this study investigates the differences in all dimensions of cost-value 
in adolescent field hockey players in terms of gender, age groups, and locality. 
Based on the current literature, to date, there is no study on Malaysian adoles-
cent field hockey players’ cost-value dimensions had been conducted involving 
any specific sports especially field hockey in Malaysia. Indirectly, this study will 
fill in the gap of the Malaysian adolescent field hockey players’ cost-value related 
dilemma by contributing to the knowledge body. By knowing the demands of the 
task for Malaysian adolescent field hockey players, better training and development 
programme can be designed to suit their needs and hopefully help to improve hockey 
performance. 

For the current study, we used the 19-item cost scale designed by Flake et al [5] as  
a medium to achieve the objective of this study. An observed subscale score mean was 
created using the cost scale, which includes each cost component (task effort cost, 
outside effort cost, loss of valued alternatives, and emotional cost). Therefore, for 
the purposes of our study and upcoming research in Malaysia, we translated these 
surveys into Malay. No study in Malaysia has used a questionnaire to thoroughly 
assess beliefs, values, and sportsmanship attitudes. It is critical to comprehend how 
these factors affect both the performance of the individual players and the team’s 
performance. 

2 Methods 

2.1 Participants 

This study used a cross-sectional study design. The participants of this study came 
from various districts of Sarawak, Malaysia. Players in their adolescent years who 
play field hockey totalled 250 for the study. Participants ranged in age from 12 to 19 
and were engaged in competitive field hockey in Sarawak at the club, school, and 
state levels. The participants for this study were 126 males (50.4%) and 124 female 
(49.6%). The age groups of participants are divided into 16–19 years (58.4%), and 
12–15 years (41.6%). The majority of the participants were predominantly from the 
southern zone of Sarawak (47.2%) followed by the central zone (33.2%) and northern 
zone (31.7%). Participants were informed of the goal and scope of the study prior to 
data collection, and their informed consent was acquired.
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2.2 Measures Demographic Characteristics 

A number of demographic traits were added based on the literature already stated. 
It was specifically requested that participants provide their gender, age, birth date, 
race, school or institution address, and level of sport participation. 

Cost-value 

The 19-item cost scale created by Kanagarajah et al [11] to measure four categories of 
cost was translated for use with the adolescents to determine the cost values associated 
with their involvement in field hockey. All items on this scale had the same response 
scale and were presented in a random order: 7-points with 1 = “completely agree”, 4 
= “neither agree nor disagree”, and 7 = “completely agree”. Task effort cost factor 
was represented by five items, and emotional cost factor was denoted by six items. 
Outside effort cost and loss of valued alternatives factors were represented by four 
items each. 

2.3 Procedures 

The participants of this study were selected using random cluster sampling from state-
level junior hockey competitions organized by state hockey associations as well as 
the state education department. Participants under the age of 18 gave written consent 
from their parents, and those above 18 signed the consent form. The study’s goals 
and the participants’ rights were explained to the participants. They were advised to 
only reply to any question if it makes them feel comfortable. Participants were made 
aware that they might leave at any time without facing any consequences. 

2.4 Statistical Analysis 

For the purpose of computing the descriptive analysis, correlation analysis, factorial 
analysis, reliability analysis, multiple comparisons (Bonferroni’s test), and regression 
analysis, SPSS version 23 and AMOS version 23.0 software were used. Independent 
t-tests were used to compare gender differences independently. To analyse the varia-
tions among the age groups, a two-way ANOVA was utilized. Alpha p 0.05 was the 
cut-off value for significance. Later, ES was calculated and classified in accordance 
with Cohen’s (1988) suggestions.



Examining Cost-Value Dimensions Among Adolescent Field Hockey … 401

Table 1 Descriptive statistic 
results of cost-value scale 
dimensions (N = 250) 

Mean (M) SD α 
Overall 4.69 0.79 0.92 

Task effort cost 5.04 0.70 0.78 

Outside effort cost 4.94 1.28 0.95 

Loss of valued alternatives 4.89 0.51 0.68 

Emotional cost 4.11 1.07 0.82 

Note SD standard deviation; α Cronbach’s alpha 

3 Results 

The descriptive statistics for the cost-value measure were presented as a whole. 
Gender, age group, and locality differences were presented accordingly. 

3.1 Descriptive Statistics for Cost-Value and Its Four 
Dimensions 

Table 1 shows the descriptive statistics of each factor included in the cost scale. Firstly, 
the reliability values (Cronbach’s alpha coefficient) of all factors were over 0.70, with 
the exception of the loss of valued alternatives factor, which had a slightly lower 
value (0.68). Next, means and standard deviations of each factor were calculated. 
The overall mean value for the cost scale was M = 4.69 ± 0.79. Looking at the four 
cost dimensions, higher values were obtained for task effort cost (M = 5.04 ± 0.70) 
followed by outside effort cost (M = 4.94 ± 1.28). Whereas emotional cost had the 
lowest mean (M = 4.11 ± 1.07). 

3.2 Gender Differences 

Table 2 showed that there was a significant gender difference in the outside effort cost 
(M = 5.17 versus 4.70; p = 0.004) and emotional cost (M = 3.81 versus 4.43; p = 
0.000) dimensions. Female adolescent field hockey players scored higher mean value 
in all dimensions (task effort cost, M = 4.97 versus 5.10; loss of valued alternatives, 
M = 4.85 versus 4.93, and emotional cost, M = 3.81 versus 4.43) except for outside 
effort cost (M = 5.17 versus 4.70). Overall, female players showed higher total scores 
for cost dimension compared to male players (M = 4.62 versus 4.77).
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Table 2 Cost scale dimension according to gender 

Subscales M SD t-test p 

Overall Male 4.62 
4.77 

0.47 
1.02 

−1.493 0.139 

Female 

Task effort cost Male 4.97 
5.10 

0.67 
0.73 

−1.569 0.118 

Female 

Outside effort cost Male 5.17 
4.70 

0.91 
1.54 

2.947 0.004* 

Female 

Loss of valued alternatives Male 4.85 
4.93 

0.36 
0.62 

−1.158 0.250 

Female 

Emotional cost Male 3.81 
4.43 

0.55 
1.34 

−4.830 0.000* 

Female 

Note M mean; SD standard deviation 
* p < 0.05  

3.3 Age Group Differences 

Table 3 showed that there was no significant age group difference in terms of overall 
cost-value as well as all the dimensions under cost-value. The p-values for all four 
variables were higher than 0.05, indicating that there were no noticeable differences 
in the participants’ ages across the age groups. Overall, men players outperformed 
female players in terms of overall scores across all three variables. All cost-value 
dimensions (task effort cost, M = 4.99 versus 5.10; outside effort cost, M = 4.83 
versus 5.08; loss of valued alternatives, M = 4.88 versus 4.91; and emotional cost, 
M = 4.11 versus 4.13) were higher on average for younger participants (12–15 years 
old). Overall, 12–15 years old field hockey players showed higher total scores for 
cost dimension compared to players aged 16–19 years old (M = 4.65 versus 4.75). 

Table 3 Cost scale dimension according to age group 

Subscales M SD t-test p 

Overall 16–19 years 
12–15 years 

4.65 
4.75 

0.97 
0.43 

−0.909 0.309 

Task effort cost 16–19 years 
12–15 years 

4.99 
5.10 

0.74 
0.62 

−1.277 0.190 

Outside effort cost 16–19 years 
12–15 years 

4.83 
5.08 

1.55 
0.74 

−1.480 0.101 

Loss of valued alternatives 16–19 years 
12–15 years 

4.88 
4.91 

0.57 
0.40 

−0.427 0.651 

Emotional cost 16–19 years 
12–15 years 

4.11 
4.13 

1.27 
0.68 

−0.129 0.887 

Note M mean; SD standard deviation
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3.4 Location Differences 

In terms of the cost aspects, a one-way analysis of variance (ANOVA) was calcu-
lated for participants in various locations (Table 4). Participation in field hockey had 
a significant main effect on cost-value: F(2, 247) = 14.49, p = 0.000. In comparison 
with individuals from the central zone (M = 4.33, SD = 0.58) and southern zone (M 
= 4.84, SD = 0.83), participants from northern Sarawak were more committed to the 
entire cost-value dimension (M = 4.95, SD = 0.83). Participants from the southern 
zone attributed the task effort cost dimension (M = 5.28, SD = 0.58) and loss of 
valued alternative dimension (M = 5.00, SD = 0.48) as more valuable than partici-
pants from other two parts of Sarawak. Meanwhile, participants from northern zone 
attributed the outside effort cost dimension (M = 5.39, SD = 1.25) and emotional 
cost dimension (M = 4.46, SD = 1.15) as more valuable when compared with other 
participants from different locations. Participants from central zone scored the least 
mean score value in all the cost-value dimensions (task effort cost, M = 4.58, SD 
= 0.64); outside effort cost, M = 4.60, SD = 1.00); loss of valued alternative, M 
= 4.70, SD = 0.48); emotional cost (M = 3.70, SD = 0.66). Significant difference 
among variables was found in all four dimensions of cost-value with all the p-values 
showing < 0.05. Further, post-hoc Bonferroni test was conducted to locate those 
specific differences among the variables [12] (Table 5).

Bonferroni post-hoc test for multiple comparisons found that the mean value of 
overall cost-value was significantly different between northern and central zones (p 
= 0.00, 95% C.I. = [0.29, 0.95]) as well as central and southern zones (p = 0.00, 
95% C.I.= [−0.77,−0.24]). There was no statistically significant difference between 
the northern and southern zones (p= 1.00). Under task effort cost dimension, northern 
and central zones (p = 0.00, 95% C.I. = [0.35, 0.89]) and central and southern zones 
(p = 0.00, 95% C.I. = [−0.91, −0.48]) showed significant differences for the mean 
value. Northern and southern zones showed no statistically significant difference 
between them (p = 1.00). 

It was found that the mean value of outside effort cost dimension was significantly 
different between northern and central zones (p = 0.00, 95% C.I. = [0.24, 1.33]). 
There was no statistically significant difference between central and southern zones 
(p = 0.17) and northern and southern zones (p = 0.11). Under the loss of valued 
alternatives dimension, northern and central zones (p = 0.02, 95% C.I.= [0.03, 0.46]) 
and central and southern zones (p = 0.00, 95% C.I. = [−0.47, −0.13]) showed 
significant differences for the mean value. Northern and southern zones showed 
no statistically significant difference between the variables (p = 1.000). For the 
emotional cost dimension, there were no statistical differences between northern and 
southern zones (p = 0.81). Meanwhile, northern and central zones (p = 0.02, 95% 
C.I = [0.31, 1.20]) and central and southern zones (p = 0.00, 95% C.I. = [−0.91, − 
0.21]) showed significant statistical differences.
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Table 4 Cost scale dimensions according to location 

Subscales M SD F p 

Overall Northern 4.95 0.83 14.49 0.000* 

Central 4.33 0.58 

Southern 4.84 0.83 

Total 4.69 0.79 

Task effort cost Northern 5.20 0.70 33.03 0.000* 

Central 4.58 0.64 

Southern 5.28 0.58 

Total 5.04 0.70 

Outside effort cost Northern 5.39 1.25 6.16 0.002* 

Central 4.60 1.00 

Southern 4.98 1.41 

Total 4.94 1.28 

Loss of valued alternatives Northern 4.94 0.53 9.68 0.000* 

Central 4.70 0.48 

Southern 5.00 0.48 

Total 4.89 0.51 

Emotional cost Northern 4.46 1.15 10.63 0.000* 

Central 3.70 0.66 

Southern 4.26 1.17 

Total 4.11 1.07 

Note M mean; SD standard deviation 
* p < 0.05

4 Discussion 

To better understand the interaction between cost dimensions in predicting 
achievement-related outcomes, the current study examined the relationship between 
four cost-value components in a sample of Malaysian adolescent field hockey players. 
Data analyses revealed that female players showed higher total scores for cost dimen-
sion compared to male players. This result was similar to a study conducted by 
Vinni-Laakso et al [10] which revealed that the psychological factors involving cost 
dimensions of female participants were deemed greater than the male participants. 
This could be because girls might be more mature and ready to face the demands of 
the sport compared to boys [10]. In contrast, Osterlie [13] found that girls perceived 
significantly less practice of costs in attending their physical education or activi-
ties. Meanwhile, in the study conducted by Grasten [14] no gender differences were 
detected regarding interest value, utility value, or cost dimensions. 

In terms of age group, this study revealed no significant difference in terms of 
overall cost-value as well as all the dimensions under cost-value. According to a
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Table 5 Post-hoc Bonferroni test of cost-value dimension between location 

Variables μ difference p 95% Confidence interval for 
difference 

Lower bound Upper bound 

Overall 

Northern versus Central 0.62* 0.00 0.29 0.95 

Northern versus Southern 0.11 1.00 −0.20 0.42 

Central versus Southern −0.51* 0.00 −0.77 −0.24 

Task effort cost 
Northern versus Central 
Northern versus Southern 
Central versus Southern 

0.62* 
−0.08 
−0.70* 

0.00 
1.00 
0.00 

0.35 
−0.33 
−0.91 

0.89 
0.18 
−0.48 

Outside effort cost 
Northern versus Central 
Northern versus Southern 
Central versus Southern 

0.79* 
0.41 
−0.38 

0.00 
0.17 
0.11 

0.24 
−0.11 
−0.81 

1.33 
0.92 
0.06 

Loss of valued alternatives 
Northern versus Central 
Northern versus Southern 
Central versus Southern 

0.25* 
−0.06 
−0.30* 

0.02 
1.00 
0.00 

0.03 
−0.26 
−0.47 

0.46 
0.14 
−0.13 

Emotional cost 
Northern versus Central 
Northern versus Southern 
Central versus Southern 

0.75* 
0.19 
−0.56* 

0.00 
0.81 
0.00 

0.31 
−0.23 
−0.91 

1.20 
0.61 
−0.21 

* p < 0.05

study by Osterlie [13] including 338 students from six different secondary and higher 
secondary schools in Norway, the mean value was consistent across all of the students 
and did not alter noticeably from lower secondary to upper secondary classes. 

Differences in regard to location were drawn to attention too in this study. The 
results showed that participants from northern Sarawak were more determined toward 
the practicing cost-value dimension compared to participants from central zone and 
southern zone. In Sarawak, only the northern region is equipped with field hockey 
stadium or turf facilities. Other regions do not have standardized field hockey playing 
turf/surface. This could be the reason for the participants from central and southern 
parts of the state to demonstrate more negative responses in form of cost-value 
dimensions. In their study with a total of 201,723 Korean participants, Lee et al [15] 
found that individuals who had easy access to sports facilities engaged in physical 
exercise more frequently than those who did not. Physical and mental preparedness 
are related to the accessibility of sports facilities [15]. Better sports facility supply 
is typically linked to greater sport participation and motivation, according to Eime 
et al [16].
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5 Conclusion 

Cost has been particularly difficult to assess as evidenced by the historical lack of 
research on it [4]. The expectancy-value model, specifically in field hockey, provided 
important information regarding adolescent players’ future performance and achieve-
ment by looking at cost dimensions as an independent construct. Based on these 
findings, we propose that in order to adequately capture the relationships between 
players’ motivation and their performance in sports, the expectancy-value framework 
must include cost as a significant component and evaluate expectancy, task value, 
and cost together. Given equal opportunity and exposure to sports, cost dimension 
will act as a good moderating platform for adolescent players regardless of gender 
or geographical differences. Knowing the weaknesses and strengthening the values 
through cost dimensions will surely leave a greater psychological impact on players’ 
future participation and achievement in sports. 
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Abstract Sport-determination theory and sport commitment theory have been used 
to understand the motivation and commitment of athletes for the past three decades. 
However, no attempt has been carried to evaluate and compare these important latent 
variables on badminton. This study aims to evaluate the profile of sport motiva-
tion and sport commitment in elite badminton athletes. Secondly to compare gender 
and levels of participation on sport motivation and sport commitment profile. One 
hundred seventy-three elite badminton players age M = 19.66, SD = 5.02 years 
were recruited from entire Malaysia. The Sport Motivation Survey-II (SMS-II) and 
Sport Commitment Questionnaire were used for data collection. Nonparametric test 
was computed due to data non-normality. Analysis on level of participation (state vs. 
national athletes) did not showed significant difference for sport motivation except 
integrated regulation H(1) = 5.756, p = .016 while only sport enjoyment H(1) 
= 6.638, p = .010 was significantly different for sport commitment. Analysis on 
gender showed no significant different on all sport motivation constructs, while for 
sport commitment only desire to excel social H(1) = 4.982, p = .026 is signifi-
cantly different. At elite level, the source of motivation for elite athletes is no longer 
intrinsic oriented but shift toward extrinsic motivated. However, the factor that push 
elite badminton players to continue play and trained is highly influenced by sport 
enjoyment (sport commitment). 
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1 Introduction 

Self-determination theory (SDT) [1–3] is one of the popular theory used to explain 
sport motivation. In order to evaluate sport motivation, Brière et al [4] developed 
Échelle de Motivation dans les, in the same year Pelletier et al [5] translated the 
French version to English and named it Sport Motivation Scale (SMS). Initially, 
SMS consists of seven-subscale (i.e., intrinsic motivation to know, intrinsic moti-
vation to accomplish and intrinsic motivation to experience, identified regulation, 
introjected regulation, extrinsic motivation, and amotivation). In 2013, Pelletier et al 
[6] proposed a revised six-subscale SMS-2; three intrinsic motivation subscales (from 
earlier version SMS) (i.e., to know, to accomplish and to experience) were collated to 
formed intrinsic regulation while the other subscales are integrated regulation, iden-
tified regulation, introjected regulation, external regulation, and amotivation. Based 
on the new revision, athlete who participates due to fun, enjoyment, and the love 
of sports is considered to be intrinsically motivated. This is followed by integrated 
regulation stage that is the assimilation of athlete’s value and needs to participate. 
Identified regulation stage sport participation is related to the degree of importance 
a sport activity is to one’s career for example one trained daily to qualify for the 
Olympics. While at introjected regulation stage, sport participation is due to feeling 
of guilt for instance if an individual did not play sports or go to the gym daily, there 
is a feel of guilt. In external regulation stage, external incentives become the main 
source of motivation such as rewards, money, trophy, and prestige become the source 
of motivation, and at the end of the continuum is amotivation, is a situation where 
there is lack of motivation to continue participating in any sports activities. 

A closely related framework to SDT is sport commitment theory (SCT). Although 
both theories are commonly used to improve the understanding of sport participation 
but both theories look into different stages of participation. In general, SDT evaluates 
the reasons leading to sport participation and dropout while SCT evaluates the desire 
to continuously participate in sports [7]. Based on sport commitment model, Scanlan 
et al [7] developed Sport Commitment Questionnaire (SCQ). SCQ consists of five 
constructs/sources (i.e., sport enjoyment, involvement opportunities, involvement 
alternatives, personal investments, and social constraints). Later, Scanlan et al [8] 
expanded the original model to create Sport Commitment Questionnaire-2 (SCQ-2). 
The SCQ-2 consists of ten different sources or constructs of commitment [i.e., sport 
enjoyment, valuable opportunities, other priorities, personal investments (loss and 
quantity), social constraints, social support (emotional and informational), desire to 
excel (mastery achievement, and desire to excel social achievement)].
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Current new SCT framework proposed to are divided sport commitment into 
enthusiastic commitment (functionally component or want to) and constrained 
commitment (obligatory component or have to). While the two newly added 
constructs are social support and desire to excel. According to Scanlan et al [8], 
social construct is posit to be the predictor of enthusiastic commitment, while desire 
to excel is predictor of constrained commitment. Sport enjoyment is defined as posi-
tive emotions derived through continuous sport participation; valuable opportunities 
can be derived through continuous participation; other opportunities refers to other 
non-sport activities that might derailed sport participation. Social constraint is related 
to “social expectations or norms which create feelings of obligation to remain in the 
sport activity” [8]. Sport commitment model had been used to understand competi-
tive youth sport contexts such as softball, baseball, football, volleyball, cricket, and 
tennis [7, 9–11]. Beside youth, adult participants were also recruited in various sports 
such as exercise and fitness, tennis, windsurfing, triathlon, and swimming [12–15]. 

However, from our extensive literature review, no study explores sport motivation 
and sport commitment in badminton players especially elite players. Hence, the 
objective of this study is to evaluate the characteristics of sport motivation and sport 
commitment in elite badminton players in terms of gender and level of participation 
differences. 

2 Subjects/Materials 

2.1 Subjects 

A total of 173 elite badminton players (103 males and 70 females) from 12 different 
states in Malaysia were recruited. Age of badminton players ranges from 13 to 39 
(M = 19.66, SD = 5.02). The majority of subjects are Malaysian-Chinese (79.2%). 
Other Malaysian ethnic groups represented were Malay (11%), Bumiputera Sabah 
and Sarawak (6.9%), and Malaysian-Indian (2.9%). The main demographics of the 
sample are presented in Table 1.

Inclusion Criteria 

The elite player in this study is defined as follows: (1) a person whose highest level of 
participation is at least at state level competition or (2) a player whose highest level 
of participation is national level tournaments or played at international tournaments 
representing the country. Based on Swann et al [16], the participants in this study 
can be defined as semi-elite or competitive-elite players.
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Table 1 Demographics of 
the sample (N = 173) Mean SD 

Age 19.66 5.02 

Weight (kg) 59.20 9.67 

Height (m) 1.68 0.085 

Experience in playing badminton 10.18 4.51 

Frequency Percentage (%) 

Gender 

Male 103 59.5 

Female 70 40.5 

Ethnicity 

Malay 19 11.0 

Chinese 137 79.2 

Indian 5 2.9 

Bumiputera Sabah and Sarawak 12 6.9 

Training period 
Less than 11 years 
11–20 years 
Over 20 years 

114 
55 
4 

65.9 
31.8 
2.3 

Highest level of sport participation 

State 144 83.2 

National 29 16.8 

Note Indian and Chinese is this study refers to Malaysian of 
Chinese or Indian origin that were born in Malaysia

2.2 Materials 

The Sport Commitment Questionnaire-2 (SCQ-2) [8]. The original Sport Commit-
ment Questionnaire (SCQ) was developed by Scanlan et al [7]. However, the original 
SCQ and revised the Sport Commitment Questionnaire-2 (SCQ-2) [8]. The current 
study used the SCQ-2. The SCQ-2 consists of ten different sources of commitment 
[i.e., sport enjoyment, valuable opportunities, other priorities, personal investments 
(loss and quantity), social constraints, social support (emotional and informational), 
desire to excel (mastery achievement and social achievement]. These ten sources 
predicted two sport commitment types (i.e., enthusiastic commitment, constrained 
commitment) with a total of 58 items. Each item is answered on a five-point Likert 
type scale ranging from 1 = strongly disagree to 5 = strongly agree. Scanlan et al 
[8] reported that the constructs were internally reliable and the sources explained 
the variance in both enthusiastic commitment (81.8%) and constrained commitment 
(63.9%). Spanish version of the SCQ-2 was also reported to be internally consistent 
and valid to assess the level of sport commitment in young athletes [17].
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Sport Motivation Scale-2 (SMS-2) [6]. The original version of the Sport Moti-
vation Scale (SMS) was developed in both French [4] and translated to English by 
Pelletier et al [5]. Pelletier et al [5] revised the original SMS and developed SMS-2 
included the integrated subscale as suggested by SDT. The responses are based on a 
seven-point Likert scale, ranging from 1 (does not correspond at all) to 7 (corresponds 
completely). SMS-2 consisted of 18 items measuring six-subscales (i.e., intrinsic, 
integrated, identified, introjected, external, and amotivated regulation). The internal 
consistency (Cronbach’s alpha) for individual subscale ranged from 0.73 to 0.86, 
and the discriminant and the convergent validity were supported using the average 
variance extracted (AVE) with 0.50 or greater. 

2.3 Procedures 

After gaining approval from Research Ethics Committee (UM.TNC2/UMREC-525), 
participants were recruited through the Badminton Association of Malaysia (BAM), 
state training centers, and private training center. The research assistants visited the 
selected centers in Peninsular Malaysia (pre-COVID-19) while the participants from 
the state of Sabah and Sarawak were collected through online survey via Google 
Form application with the assistance of the respective state badminton coaches. 
Before conducting the survey, players read the consent form regarding the purpose 
of the research and sign if they are interested to participate. Players were informed 
that there is no obligation to participate. Anonymity is guaranteed, and their data 
are fully confidential. On average around 30–40 min is needed to complete both 
questionnaires. We debriefed participants about the survey and thanked them for 
their involvement. For the online survey Google Form, consent statement on were 
indicated clearly. For example, if the player agreed to participate, he/she will check 
the AGREE option, likewise if he/she disagrees, the player can DECLINE or choose 
to close the Google Form link. 

3 Data Analysis and Results 

4 Discussion 

Based on Table  2, sport motivation factor that scored the highest is identified regu-
lation (M = 4.72 ± 0.87), followed by integrated regulation (M = 4.64 ± 0.92), 
amotivation (M = 3.95 ± 1.06) while intrinsic motivation is at (M = 3.85 ± 0.95). 
This results revealed that at elite level, badminton players are more motivated by
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Table 2 Descriptive statistics 
for sport motivation and sport 
commitment 

Mean SD 

Sport motivation 

Intrinsic motivation 3.85 0.95 

Integrated regulation 4.64 0.92 

Identified regulation 4.72 0.87 

Introjected regulation 3.80 0.99 

External regulation 3.49 1.29 

Amotivation 3.95 1.06 

Sport commitment 

Enthusiastic commitment 3.97 0.88 

Constraint commitment 3.18 0.80 

Enjoyment 4.16 0.92 

Valuable opportunities 4.00 0.92 

Other priority 3.06 0.87 

Personal investment loss 3.82 0.81 

Personal investment quantity 4.04 0.89 

Social constraint 3.31 0.94 

Social support emotion 3.69 0.89 

Social support information 3.86 0.86 

Desire to excel mastery 3.85 0.89 

Desire to excel social achievement 3.95 0.87 

extrinsic motivation perhaps “degree of importance a sport activity is to one’s career” 
or future, hence intrinsic motivation (e.g., fun) is no longer as important as compared 
to younger players at grassroots or beginner level. 

Amotivation scored higher than intrinsic motivation, this result may be due to a 
group of badminton players (n = 14) who are older (over 25 years old), retiring from 
sport or at certain stage of life whereby sport might take a back seat to concentrate 
on their career. A more worrisome revelation if younger players are considering to 
quit (amotivation) badminton, hence coaches and sport administrators should look 
into this matter. 

For sport commitment, the highest factor is enjoyment (M = 4.16 ± 0.92), our 
finding is similar to Gómez et al [18] and Gdonteli et al [19]. Followed by personal 
investment quantity (M = 4.04 ± 0.89), and lowest factor is other priorities (M = 3.06 
± 0.87). And the lowest is other priorities (M = 3.06 ± 0.87). For badminton players 
to continue to be committed, certain degree of enjoyment is needed. As explained 
earlier sport motivation (based on sport determination theory) evaluates the moti-
vation leading to sport participation while sport commitment (sport commitment
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Table 3 Sport motivation based on level of participation test statisticsa, b 

Intrinsic 
motivation 

Integrated 
regulation 

Identified 
regulation 

Introjected 
regulation 

External 
regulation 

Amotivation 

Kruskal–Wallis 
H 

1.319 5.756 0.318 0.059 0.291 0.007 

df 1 1 1 1 1 1 

Asymp. Sig 0.251 0.016 0.573 0.808 0.590 0.932 

a Kruskal–Wallis test 
b Grouping variable: highest level of participation 
There is no significant difference for sport motivation in terms of level of sport participation except 
integrated regulation (0.02) 

theory) evaluates the desire to continuously participate in sports. Hence, the concept 
of intrinsic motivation (SMS) and concept of enjoyment (SCQ) are slightly different 
but with some overlapping similarities. Personal investment quantity scored high 
which explained the concept of personal investment may it be on badminton equip-
ment invested or time put into badminton that “encouraged” players to continue to 
be committed. Other priorities refer to other alternatives activities that are in conflict 
to deter continuation of sport. Hence, it can be deducted that alternatives activities 
were the least important factor that enticed them away from badminton. 

Due to the non-normality of data, hence nonparametric test was conducted for 
the remaining data analysis (i.e., Kruskal–Wallis-H and Spearman’s correlation). 
Level of participations between state versus national players (different abilities) were 
conducted, overall there is no significant difference for sport motivation except in 
integrated regulation (0.02) refer to Table 3. Integrated regulation is defined as exer-
cise or participate in sport for its value, in our samples probably state athletes and 
national athletes differ in how badminton is valued. 

In Table 4, there is no significant difference for sport commitment in terms of 
levels of sport participation (state versus national players) except enjoyment (0.01). 
One explanation might be certainly the component of enjoyment will be different 
for players at different level of expertise. National players are more mission bound 
during competition as they represent the honor of the country especially competing 
against another country, hence the element of enjoyment play less importance.

Further, analyses were conducted to evaluate gender differences in terms of sport 
motivation and sport commitment. In Table 5, we found no significant difference 
between gender for sport motivation in all factors similar to the results [20, 21] 
studies. While Table 6 showed no significant difference between gender for most 
factors in sport commitment except desire to excel social achievement (0.026). Our 
result differs from previous studies [22–24], for example Ling et al [23] reported 
significant gender difference in enthusiastic commitment for badminton, table tennis 
and tennis but not for squash. Desire to excel social achievement is related to the



416 T. E. Wah et al.

Ta
bl
e 
4 

Sp
or
t c
om

m
itm

en
t b

as
ed
 o
n 
le
ve
l o

f 
pa
rt
ic
ip
at
io
n 
te
st
 s
ta
tis
tic

sa
, b
 

E
nt
hu
si
as
tic
 

co
m
m
itm

en
t 

C
on
st
ra
in
t 

co
m
m
itm

en
t 

E
nj
oy
m
en
t 

V
al
ua
bl
e 

op
po
rt
un
iti
es
 
O
th
er
 

pr
io
ri
tie
s 

Pe
rs
on

al
 

in
ve
st
m
en
t 

lo
ss
 

Pe
rs
on

al
 

in
ve
st
 

qu
an
tit
y 

So
ci
al
 

co
ns
tr
ai
nt
s 

So
ci
al
 

su
pp
or
t 

em
ot
io
na
l 

So
ci
al
 

su
pp
or
t 

in
fo
rm

at
io
n 

D
es
ir
e 

to
 e
xc
el
 

m
as
te
ry
 

D
es
ir
e 

to
 

ex
ce
l 

so
ci
al
 

K
ru
sk
al
–W

al
lis
 

H
 

1.
23
5

0.
02
9

6.
63
8

0.
04
1

0.
84
0

0.
10
5

0.
37
0

0.
06
6

0.
83
3

0.
07
8

1.
05
6

0.
31
0 

df
1

1
1

1
1

1
1

1
1

1
1

1 

A
sy
m
p.
 S
ig

0.
26
6

0.
86
6

0.
01
0

0.
83
9

0.
35
9

0.
74
6

0.
54
3

0.
79
7

0.
36
1

0.
78
0

0.
30
4

0.
57
7 

a 
K
ru
sk
al
–W

al
li
s 
te
st
 

b 
G
ro
up
in
g 
va
ri
ab
le
: 
hi
gh
es
t l
ev
el
 o
f p

ar
ti
ci
pa
ti
on
 

T
he
re
 is
 n
o 
si
gn
ifi
ca
nt
 d
if
fe
re
nc
e 
fo
r 
sp
or
t c
om

m
itm

en
t i
n 
te
rm

s 
of
 le
ve
ls
 o
f 
sp
or
t p

ar
tic
ip
at
io
n 
ex
ce
pt
 e
nj
oy
m
en
t (
0.
01
)



Profile of Sport Motivation and Sport Commitment in Malaysian Elite … 417

Table 5 Sport motivation between gender test statisticsa,b 

Intrinsic 
motivation 

Integrated 
regulation 

Identified 
regulation 

Introjected 
regulation 

External 
regulation 

Amotivation 

Kruskal–Wallis 
H 

2.115 0.423 0.002 2.306 0.117 3.231 

df 1 1 1 1 1 1 

Asymp. Sig 0.146 0.515 0.964 0.129 0.732 0.072 

a Kruskal–Wallis test 
b Grouping variable: gender 
There is no significant difference between gender for sport motivation in terms for all factors

show of superiority against opponent, probably male athletes would have higher 
desire (higher commitment toward competitiveness) than females [25]. 

5 Conclusion 

Our study showed that the highest source of motivation is derived from identified 
regulation and not intrinsic motivation among elite Malaysian badminton players. 
However, sport enjoyment is the preferred source of commitment, i.e., to continue 
to be committed to either training or to compete in tournaments. The comparison 
between level of participation (state versus national athletes) showed that most 
constructs in sport motivation did not show significant different except in integrated 
regulation. Similarly, only sport enjoyment was significantly different among all sport 
commitment constructs. There is no significant gender difference among all sport 
motivation constructs, while only desire to excel social achievement is significantly 
different among all sport commitment constructs.
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Perceived Social Support, Life 
Enjoyment, and Satisfaction Among 
Polytechnic Students During COVID-19 
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Abstract The study examined polytechnic students’ social support, life enjoyment, 
and satisfaction among 327 polytechnic students with a mean age of 18.65 ± 0.95. 
The social support scale for exercise (SSSE), physical environment scale for physical 
activity (PESPA) and quality of life enjoyment, and satisfaction questionnaires (Q-
LES-Q-M) were utilized and self-administered. Descriptive analysis, independent-
samples t-test, one-way ANOVA, and two-way ANOVA were conducted. The 
independent-samples t-test revealed significant difference between gender in friend 
support, p = 0.014, quality, p = 0.011, physical health, p = 0.007, and leisure time 
activities, p = 0.002. The one-way ANOVA revealed significant difference between 
age groups in family support, p = 0.02. The one-way ANOVA also revealed signifi-
cant difference between ethnicities in physical health, p = 0.013, feelings, p < 0.001, 
and homework, p = 0.02. Two-way ANOVA revealed the main effect of gender was 
significant for friend support, quality, physical health, and leisure time activities, and 
the main effect of age was significant for family support with p < 0.05. There was a 
significant interaction between gender × age for friend support, p = 0.004. Two-way 
ANOVA also revealed the main effect of gender was significant for friend support, 
availability, quality, physical health, feelings, and leisure time activities, and the main 
effect of ethnicity was significant for physical health, feelings, and homework with 
p < 0.05. The findings indicate the importance of significant integration of family 
and social supports such as peer-groups and students community and teachers in 
adapting to the continuous evolving learning environment. 
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1 Introduction 

According to the social-ecological framework, social support, and physical environ-
ment constructs play a dominant role in influencing one’s engagement towards phys-
ical activity (PA) [1]. Social support comprised of family support and friend support 
[2] which may synergistically function to help individuals maintain current patterns, 
heighten self-efficacy, and performance in executing physical activity efficiently [3]. 
Reference [4] study showed that social support helps professional athletes compre-
hend challenging issues and achieve positive outcomes through their participation in 
fitness cultures. Furthermore, research indicated that adolescents and women with 
higher perceived social support from significant others were positively associated 
with higher levels of PA [5, 6]. Hence, social support was a significant predictor 
of one’s attitude towards physical activity and sport [7]. For example, perceived 
positive social support was found to be conducive in sports engagement which 
would lead to individuals achieving the recommended amounts of exercise [8]. Thus, 
understanding how social support can encourage students to participate in physical 
activity frequently is essential to prevent them from practicing sedentary lifestyles. 
Social support regardless of relationship and proximity is on the determinants of life 
satisfaction deemed important in the forms of positive therapy and happiness [9]. 

The physical environment included playgrounds, gymnasiums, fitness centres, 
parks, and schools are vital settings for PA which would likely to produce health and 
well-being benefits. Reference [10] found physical environment influenced the under-
graduate students’ participation in PA which has psychological health outcomes. 
Previous research has shown that these facilities available for carrying out physical 
activity nowadays remain grossly insufficient and inaccessible [11]. Besides, the 
perception of lack of serenity, safety, and security in the physical environment is an 
essential predictor of involvement in various physical activities as people are more 
reluctant to carry out physical activity like jogging and walking in environments that 
are considered hazardous, which may lead to decline in PA [12]. Therefore, attention 
should be given to the physical environment with emphasis on the availability and 
quality of facility infrastructure, safety, weather conditions, and community design 
aspects [13]. Consequently, people are able to enjoy the activities completely and 
become more physically active which can enhance one’s quality of life and mental 
well-being [14]. The study aimed to examine the perceived social support, physical 
environment, and life enjoyment and satisfaction among polytechnic students during 
COVID-19 pandemic.
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2 Methods 

2.1 Participants 

The participants were 327 polytechnic students, comprised of 183 (56.0%) males and 
144 (44.0%) females aged between 18 and 20 years old (18.65 ± 0.95). In terms of 
ethnicity, the Native formed the largest percentage with 54.1%, followed by Malay 
and Chinese who comprised 37.3% and 8.6% of the population, respectively. Based 
on the body mass index (BMI), the majority of the participants were in normal 
weight category with a total of 172 (52.6%), followed by underweight category 
with 65 (19.9%), overweight category with 47 (14.4%), and obese category with 43 
(13.1%). Participants’ mean for frequency of exercise per week were 1.20 (SD = 
0.40) averaging between 31 and 60 min per session. The study was carried out in 
one polytechnic in Kuching after the ethical approval from the Ethics Committee of 
the institution. 

2.2 Measures 

The social support scale for exercise (SSSE) was adapted and utilized to measure 
individual’s perceived social support towards physical activity [2]. The question-
naire consists of 24 items, two subscales with 12 items each, which are as follows: 
family support (e.g. “discussed exercise with me”) and friend support (e.g. “exercise 
with me”). Items are rated on a five-point Likert scale, ranging from 1 (never) to 
5 (very often). All subscales and overall social support for exercise demonstrated 
high internal consistency with alpha reliability coefficients of 0.96, 0.95, and 0.97, 
respectively. 

The physical environment scale for physical activity (PESPA) was adapted and 
used to measure the availability and quality of physical activity facilities [2]. The 
questionnaire consists of five items with two subscales, which are as follows: avail-
ability (three items; e.g. “My residential are offers enough facilities for me to be 
physically active”) and quality (two items). Items are rated on a five-point Likert 
scale, ranging from 1 (not true at all) to 5 (definitely true). All subscales and overall 
social support for exercise showed high internal consistency with alpha reliability 
coefficients of 0.91, 0.84, and 0.84, respectively. 

The quality of life enjoyment and satisfaction questionnaire (Q-LES-Q-M) was 
adapted to assess the degree of enjoyment and satisfaction experienced during the 
past week [15]. The Q-LES-Q-M consists of 43 items that comprises of four factors 
which are as follows: physical health (13 items; e.g. “…felt energetic?), feelings (14 
items; e.g. “…felt relaxed?), homework (10 items; e.g. “…enjoyed your homework?), 
and leisure time activities (6 items; e.g. “How often did the leisure activities sustain 
your interest?). Items are rated on a five-point Likert scale, ranging from 1 (not at
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all) to 5 (all the time). The Q-LES-Q-M and four subscales showed high internal 
consistency with alpha value of 0.97, 0.93, 0.93, 0.92, and 0.90, respectively. 

2.3 Statistical Analysis 

The statistical package for the social science (SPSS) version 27 was utilized to analyse 
the data. The descriptive statistics, internal consistency, independent-samples t-test, 
one-way ANOVA, and two-way ANOVA were used to examine the gender, age 
groups, and ethnicity of social support scale for exercise, physical environment scale 
for physical activity, and Q-LES-Q constructs. 

3 Results 

Table 1 shows the demographic characteristics of the participants. A total of 327 
participants were involved in this study, comprising of 183 (56.0%) males and 144 
(44.0%) females. The age groups categories showed that 128 (37.3%) were 18 years 
old, 104 (31.8%) were 19 years old, and 95 (29.1%) were 20 years old. In terms of 
ethnicity, the Native formed the largest percentage with 54.1%, followed by Malay 
and Chinese who comprised 37.3% and 8.6% of the population, respectively. Based 
on the body mass index (BMI), the majority of the participants were in normal weight 
category with a total of 172 (52.6%), followed by underweight category with 65 
(19.9%), overweight category with 47 (14.4%), and obese category with 43 (13.1%). 
Whereas, in terms of the frequency of exercise, a high prevalence of the participants 
exercises 1–3 times (80.4%) a week averaging between 31 and 0 min (41.3%).

Table 2 shows the mean, standard deviation, and reliability of SSSE, PESPA, 
and Q-LES-Q. For SSSE, friend support (3.27 ± 1.09) was the most crucial factor 
that influence students’ participation towards physical activity, followed by family 
support (2.86 ± 0.96). The overall SSSE showed a good internal consistency of 
0.96 while subscales alpha coefficients for family support and friend support were 
0.95 and 0.97, respectively. For PESPA, availability (3.40 ± 1.04) was the most 
essential construct that influence students’ engagement in physical activity, followed 
by quality (3.37 ± 1.10). The overall PESPA showed a good internal consistency of 
0.91, while subscales alpha coefficients for availability and quality were 0.84. For Q-
LES-Q, physical health (3.77 ± 0.70) was the most crucial construct that influenced 
the students’ degree of enjoyment and satisfaction during the past week, followed 
by feelings (3.77 ± 0.69), leisure time activities (3.71 ± 0.71) and homework (3.48 
± 0.70). The overall Q-LES-Q showed a good internal consistency of 0.97 while 
subscales alpha coefficients for physical health, feelings, homework, and leisure time 
activities demonstrated high reliability of 0.93, 0.93, 0.92, and 0.90, respectively.

Table 3 shows the independent sample t-test of SSSE, PESPA, and Q-LES-Q 
based on gender. For SSSE, results revealed no significant difference in family
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Table 1 Demographic 
characteristics of 327 
participants 

Characteristics Frequency (F) Percentage (%) 

Gender 

Male 183 56.0 

Female 144 44.0 

Age 

18 128 39.1 

19 104 31.8 

20 95 29.1 

Ethnicity 

Malay 122 37.3 

Chinese 28 8.6 

Native 177 54.1 

Body mass index (BMI) 

Underweight (≤ 18.49) 65 19.9 

Normal (18.5–24.9) 172 52.6 

Overweight (25.0–29.9) 47 14.4 

Obese (30.0–34.9) 43 13.1 

Frequency of exercise per week 

1–3 times 263 80.4 

4–6 times 64 19.6 

Minutes per session 

0–30 min 90 27.5 

31–60 min 135 41.3 

61–90 min 49 15.0 

91–120 min 53 16.2

Table 2 Mean, standard 
deviation, and reliability for 
SSSE, PESPA, and Q-LES-Q 

Variables M SD A 

Overall SSSE 0.96 

Family support 2.86 0.96 0.95 

Friend support 3.27 1.09 0.97 

Overall PESPA 0.91 

Availability 3.40 1.04 0.84 

Quality 3.37 1.10 0.84 

Overall Q-LES-Q 0.97 

Physical health 3.77 0.70 0.93 

Feelings 3.77 0.69 0.93 

Homework 3.48 0.70 0.92 

Leisure time activities 3.71 0.71 0.90
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Table 3 Independent t-test of SSSE, PESPA, and Q-LES-Q based on gender 

Variables Male Female t-test p 

M SD M SD 

SSSE 

Family support 2.84 0.99 2.87 0.91 −0.30 0.76 

Friend support 3.40 1.05 3.10 1.11 2.47 0.014* 

PESPA 

Availability 3.49 1.04 3.29 1.02 1.69 0.09 

Quality 3.50 1.10 3.19 1.08 2.56 0.011* 

Q-LES-Q 

Physical health 3.86 0.70 3.65 0.69 2.73 0.007* 

Feelings 3.81 0.71 3.72 0.67 1.16 0.25 

Homework 3.48 0.71 3.48 0.69 0.02 0.99 

Leisure time activities 3.81 0.75 3.57 0.63 3.16 0.002* 

* p < 0.05  

support scores between gender, p = 0.76. Conversely, friend support was significant 
difference between gender, whereby males rated 0.30 point higher than female, p 
= 0.014. For PESPA, results revealed no significant difference in availability scores 
between gender, p = 0.09. However, quality was significant difference between 
gender, whereby males rated 0.31 point higher than females, p = 0.011. For Q-
LES-Q, results revealed statistically significant difference in physical health scores 
between gender, whereby males rated 0.21 point higher than females, p = 0.007. 
However, there were no significant difference between gender in feelings, p = 0.25, 
and homework, p = 0.99. Furthermore, leisure time activities were significant differ-
ence between gender, whereby males rated 0.24 point higher than females, p = 
0.002. 

Table 4 shows the one-way ANOVA of SSSE, PESPA, and Q-LES-Q based on age 
groups. For SSSE, results revealed that there was a statistically significant difference 
between the three age groups for family support, p = 0.02. Post-hoc Tukey HSD 
adjusted comparisons for family support indicated that the mean score for 18 years 
old was significantly lower than the 19 years old, µ =−0.35, p =0.02. However, there 
was no significant difference between the three age groups for friend support, p = 
0.52. For PESPA, results revealed that there was no statistically significant difference 
between the three age groups for availability, p = 0.28, and quality, p = 0.11. For Q-
LES-Q, results revealed that there was no statistically significant difference between 
the three age groups for physical health, p = 0.67, feelings, p = 0.90, homework, p 
= 0.97, and leisure time activities, p = 0.41.

Table 5 shows the one-way ANOVA of SSSE, PESPA, and Q-LES-Q based on 
ethnicity. For SSSE, results revealed there was no statistically significant difference 
between the three ethnicities for family support, p = 0.06, and friend support, p = 
0.13. For PESPA, results revealed there was no statistically significant difference



Perceived Social Support, Life Enjoyment, and Satisfaction Among … 427

Table 4 One-way ANOVA of SSSE, PESPA, and Q-LES-Q based on age groups 

Variables 18 19 20 F(2, 324) p 

M SD M SD M SD 

SSSE 

Family support 2.70 0.87 3.05 1.05 2.84 0.92 3.94 0.02* 

Friend support 3.22 1.06 3.37 1.19 3.23 1.00 0.66 0.52 

PESPA 

Availability 3.33 1.07 3.54 1.08 3.35 0.94 1.26 0.28 

Quality 3.21 1.15 3.51 1.09 3.41 1.04 2.19 0.11 

Q-LES-Q 

Physical health 3.75 0.70 3.82 0.73 3.74 0.69 0.41 0.67 

Feelings 3.75 0.66 3.78 0.76 3.79 0.67 0.10 0.90 

Homework 3.47 0.65 3.50 0.78 3.49 0.69 0.04 0.97 

Leisure time activities 3.71 0.73 3.77 0.71 3.64 0.68 0.89 0.41 

* p < 0.05

between the three ethnicities for availability, p = 0.44, and quality, p = 0.27. For Q-
LES-Q, results revealed that there was a statistically significant difference between 
the three ethnicities for physical health, p = 0.013. Post-hoc Tukey HSD adjusted 
comparisons for physical health indicated that the mean score for Malay was signif-
icantly lower than Chinese, µ = -0.43, p = 0.009. Besides, there was significant 
different between the three ethnicities for feelings, p < 0.001. Post-hoc Tukey HSD 
adjusted comparisons for feelings indicated that the mean score for Malay was signif-
icantly lower than the Chinese, µ = −0.60, p < 0.001. Post-hoc Tukey HSD also 
adjusted comparisons for feelings indicated that the mean score for Chinese was 
significantly higher than the Native, µ = 0.45, p = 0.003. Moreover, there was also 
significant different between the three ethnicities for homework, p = 0.02. Post-hoc 
Tukey HSD adjusted comparisons for homework indicated that the mean score for 
Malay was significantly lower than the Chinese, µ = −0.36, p = 0.04, but signifi-
cantly higher than the Native, µ = 0.40, p = 0.014. However, there was no significant 
difference between the three ethnicities for leisure time activities, p = 0.23.

Table 6 shows the two-way ANOVA for gender (male versus female) and age 
groups (18 years old versus 19 years old versus 20 years old) on SSSE, PESPA, and 
Q-LES-Q. For SSSE, the between-subjects ANOVA for family support showed that 
there was no significant main effect of gender, p = 0.67, but significant main effect on 
age groups, p = 0.029. Besides, there was no significant interaction between gender 
× age on family support, p = 0.72. Post-hoc Bonferroni adjusted comparisons for 
family support indicated that 18 years old rated 0.34 point lower than 19 years old, 
p = 0.008. The between-subjects ANOVA for friend support revealed that the main 
effect of gender, p = 0.006 was significant, whereas no significant main effect of 
age groups, p = 0.87. Besides, there was a significant interaction between gender 
× age on friend support, p = 0.004. Post-hoc Bonferroni adjusted comparisons for
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Table 5 One-way ANOVA of SSSE, PESPA, and Q-LES-Q based on ethnicity 

Variables Malay Chinese Native F(2, 324) p 

M SD M SD M SD 

SSSE 

Family support 2.80 1.00 3.27 1.10 2.83 0.89 2.92 0.06 

Friend support 3.12 1.11 3.22 1.17 3.38 1.05 2.08 0.13 

PESPA 

Availability 3.39 0.94 3.64 0.98 3.38 1.11 0.82 0.44 

Quality 3.37 1.01 3.68 1.02 3.31 1.17 1.33 0.27 

Q-LES-Q 

Physical health 3.68 0.72 4.11 0.57 3.78 0.70 4.43 0.013* 

Feelings 3.64 0.72 4.24 0.55 3.79 0.67 9.07 < 0.001* 

Homework 3.48 0.69 3.83 0.70 3.43 0.70 3.97 0.02* 

Leisure time activities 3.63 0.74 3.86 0.64 3.74 0.70 1.46 0.23 

* p < 0.05

quality indicated that male rated 0.31 point higher than female, p = 0.013. Post-hoc 
Bonferroni adjusted comparisons for friend support indicated that male rated 0.33 
point higher than female, p = 0.006. Post-hoc Bonferroni adjusted comparisons for 
quality indicated that male rated 0.31 point higher than female, p = 0.013. Pair-
wise comparison between gender and age group revealed that post-hoc Bonferroni 
adjusted comparisons for friend support indicated that 18 years old male rated 0.53 
point lower than 19 years old male, p = 0.005. For PESPA, the between-subjects 
ANOVA for availability revealed that there was no significant main effect of gender, 
p = 0.11, and age groups, p = 0.48. Besides, there was also no significant interaction 
between gender × age on availability, p = 0.46. The between-subjects ANOVA for 
quality revealed that there was significant main effect of gender, p = 0.013, whereas 
no significant main effect of age groups, p = 0.23. Moreover, there was no significant 
interaction between gender × age on quality, p = 0.24. For Q-LES-Q, the between-
subjects ANOVA for physical health revealed that there was significant main effect 
of gender, p = 0.006, whereas no significant main effect of age groups, p = 0.92. 
Post-hoc Bonferroni adjusted comparisons for physical health indicated that male 
rated 0.22 point higher than female, p= 0.006. Besides, there was no significant inter-
action between gender × age on physical health, p = 0.25. The between-subjects 
ANOVA for feelings revealed that there was no significant main effect of gender, 
p = 0.22, and age groups, p = 0.91. Likewise, there was no significant interaction 
between gender × age on feelings, p = 0.61. The between-subjects ANOVA for 
homework revealed that there was no significant main effect of gender, p = 0.95, 
and age groups, p = 0.98. Similarly, there was no significant interaction between 
gender × age on homework, p = 0.15. The between-subjects ANOVA for leisure 
time activities revealed that there was significant main effect of gender, p = 0.002, 
whereas no significant main effect of age groups, p = 0.59. Moreover, there was
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Table 6 Main-effect of gender versus age groups for SSSE, PESPA, and Q-LES-Q 

Variables Gender (G) Age groups (AG) G versus AG 

M F F p 18 19 20 F p F p 

SSSE 

Family 
support 

2.84 2.89 0.18 0.67 2.71 3.05 2.85 3.58 0.029* 0.33 0.72 

Friend 
support 

3.41 3.07 7.75 0.006* 3.22 3.28 3.21 0.14 0.87 5.57 0.004* 

PESPA 

Availability 3.48 3.30 2.58 0.11 3.33 3.49 3.35 0.75 0.48 0.77 0.46 

Quality 3.50 3.20 6.18 0.013* 3.21 3.44 3.40 1.48 0.23 1.45 0.24 

Q-LES-Q 

Physical 
health 

3.86 3.64 7.51 0.006* 3.75 3.77 3.73 0.08 0.92 1.40 0.25 

Feelings 3.81 3.72 1.52 0.22 3.75 3.75 3.79 0.10 0.91 0.50 0.61 

Homework 3.48 3.48 0.0004 0.95 3.47 3.47 3.49 0.03 0.98 1.93 0.15 

Leisure 
time 
activities 

3.81 3.57 9.55 0.002* 3.71 3.73 3.63 0.52 0.59 0.88 0.42 

* p < 0.05  

no significant interaction between gender × age on leisure time activities, p = 42. 
Post-hoc Bonferroni adjusted comparisons for leisure time activities indicated that 
male rated 0.24 point higher than female, p = 0.002. 

Table 7 shows the two-way ANOVA for gender (male versus female) and ethnicity 
(Malay versus Chinese versus Native) on SSSE, PESPA, and Q-LES-Q. For SSSE, the 
between-subjects ANOVA for family support showed that there was no significant 
main effect of gender, p = 0.99, and ethnicity, p = 0.06. Besides, there also was 
no significant interaction between gender × ethnicity on family support, p = 0.90. 
The between-subjects ANOVA for friend support revealed that there was significant 
main effect of gender, p = 0.017, whereas no significant main effect of ethnicity, p = 
0.06. Furthermore, no significant interaction between gender × ethnicity on friend 
support, p = 0.18. Post-hoc Bonferroni adjusted comparisons for friend support 
indicated that male rated 0.38 point higher than female, p = 0.017. For PESPA, the 
between-subjects ANOVA for availability revealed that there was significant main 
effect of gender, p = 0.021, but no significant main effect of ethnicity, p = 0.34. 
There was no significant interaction between gender × ethnicity on availability, p = 
0.32. Post-hoc Bonferroni adjusted comparisons for availability indicated that male 
rated 0.36 point higher than female, p = 0.021. The between-subjects ANOVA for 
quality revealed that there was significant main effect of gender, p = 0.032, yet no 
significant main effect of ethnicity, p = 0.20. Results also revealed no significant 
interaction between gender × ethnicity on quality, p = 0.84. Post-hoc Bonferroni 
adjusted comparisons for quality indicated that male rated 0.35 point higher than
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female, p = 0.032. For Q-LES-Q, the between-subjects ANOVA for physical health 
revealed that there was significant main effect of gender, p = 0.005, and ethnicity, p 
= 0.006. However, there was no significant interaction between gender × ethnicity 
on physical health, p = 0.68. Post-hoc Bonferroni adjusted comparisons for physical 
health indicated that male rated 0.29 point higher than female, p = 0.005. Post-hoc 
Bonferroni adjusted comparisons for physical health indicated that Malay rated 0.47 
point lower than the Chinese, p = 0.001, and Chinese rated 0.36 point higher than the 
Native, p = 0.011. The between-subjects ANOVA for feelings revealed that there was 
significant main effect of gender, p = 0.047, and ethnicity, p < 0.001. Conversely, 
there was no significant interaction between gender × ethnicity on feelings, p = 
0.38. Post-hoc Bonferroni adjusted comparisons for feelings indicated that male 
rated 0.20 point higher than female, p = 0.047, 95% CI [0.003, 0.40]. Post-hoc 
Bonferroni adjusted comparisons for feelings indicated that Malay rated 0.62 point 
lower than the Chinese, p < 0.001, and Chinese rated 0.48 point higher than the Native, 
p = 0.001. The between-subjects ANOVA for homework revealed that there was no 
significant main effect of gender, p = 0.30, but significant main effect of ethnicity, 
p = 0.017. Besides, there was no significant interaction between gender × ethnicity 
on homework, p = 0.38. Post-hoc Bonferroni adjusted comparisons for homework 
indicated that Malay rated 0.37 point lower than the Chinese, p = 0.012, and Chinese 
rated 0.41 point higher than the Native, p = 0.004. The between-subjects ANOVA 
for leisure time activities revealed that there was significant main effect of gender, p 
= 0.001, but no significant main effect of ethnicity, p = 0.11. Moreover, there was 
no significant interaction between gender × ethnicity on leisure time activities, p = 
0.22. Post-hoc Bonferroni adjusted comparisons for leisure time activities indicated 
that male rated 0.36 point higher than female, p = 0.001.

4 Discussion 

The male displayed higher social support in order to manage and handle academic and 
social stressors as they are displaying some form of difficulties in their adaptation and 
transitional process from adolescence to early adulthood in search of their identity 
and shaping of their characteristics socially [16]. Therefore, the social support will 
lower the rates of stressors and improve physical health and well-being of the students 
in polytechnic. Indirectly, the quality of life enjoyment and satisfaction will more 
likely be stable from the emotional support from friends as the degree of social 
support will affect the quality of life. The Chinese who have higher quality of life 
enjoyment could have derived support from their parents and friends though they 
tended to hold a competitive-learning environment whereby they are expected to 
perform well academically. This revealed that life satisfaction was associated with 
mental well-being which contributed to greater forms of enjoyment and gratification 
[17]. 

The study enriches further literature on the relevance of social support in relation 
to physical environment to quality of life in polytechnic schools. It is of importance
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to initiate relevant programmes according to their potential and make adjustment 
psychologically to help the students to enhance their satisfaction in engaging in 
exercise and PA. The programmes need to be implemented during the early years 
of their polytechnic life which would lead to the desired life satisfaction. The limi-
tation was that the participants were only obtained from one polytechnic due to the 
challenges in recruiting participants since it was conducted during the COVID-19 
pandemic period. Therefore, the findings could only describe the students from one 
state instead of the majority of the states in Malaysia. Future studies could include 
different institution of higher education covering a broader number of populations in 
order to generate a more convincing finding. The finding highlighted the importance 
of different social supports attuned with better physical environment that can help 
satisfy and advocate the students’ well-being. 

5 Conclusion 

The study showed that the environment does not necessarily support an increase in 
the psychological well-being of students. The findings recommend interventions that 
can enhance the environment for the well-being of the students. The study would 
recommend relevant and practical awareness of social support and interventions for 
the students that would support their psychological well-being. 
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Secondary School Students in Physical 
Education 
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Jeswenny Fresshila John, and Charissa Ann Ho Xin Hui 

Abstract The purpose of the study was to examine the perceived motivational 
climate and mental well-being of secondary school students in physical education 
(PE). The participants were 230 secondary school students (127 male, 103 female) 
aged 15 to 17 years old (2.03 ± 0.80) in Kuching, Sarawak. The Teacher-Initiated 
Motivational Climate in Physical Education Questionnaire (TIMCPEQ; Papaioannou 
in Res Q Exerc Sport 69:267–275, [25]) and Warwick Edinburgh Mental Well-Being 
Scale (WEMWBS; Tennant et al. in Health Qual Life Outcomes 5(63):1–13, [26]) 
were used. Descriptive analysis, independent-samples t-test, one-way ANOVA, and 
two-way ANOVA were utilized. The independent-samples t-test revealed significant 
difference between gender for teacher-initiated performance orientation, p = 0.009. 
The one-way ANOVA revealed no significant difference between age groups and 
ethnicities for all variables in TIMCPEQ and WEMWBS with p > 0.05. The between 
subject’s ANOVA between gender and age revealed the main effect of gender was 
significant for teacher-initiated performance orientation, F = 5.98, p = 0.015. The 
between subject’s ANOVA between gender and ethnicity revealed the main effect 
of gender was significant for eudaimonic, F = 4.12, p = 0.043, and the main effect 
of age was significant for teacher-initiated mastery orientation, F = 3.26, p = 0.04. 
The findings suggest schools create mastery motivational climate intervention that 
can facilitate the mental well-being of students in and beyond PE.
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1 Introduction 

Research in motivation has been addressed in numerous disciplines which are related 
to physical activity, sports, and physical education [1–3]. Hence, motivation is one 
of the fundamental processes in influencing one’s participation or engagement to 
accomplish a goal which is deemed important. The type of motivation is stimulated 
by the motivational climate that is embedded within the Achievement Goal Theory 
(AGT; [4]) contemplating on psychological environment which is associated with 
individual’s ability to demonstrate competence towards physical activity [4, 5]. The 
PE educators can revolve on either mastery-oriented or performance-oriented climate 
in demonstrating one’s competence during the PE classes [6–9]. Mastery-oriented 
climate emphasizes on individual progress, skill improvement, prioritizing effort, 
and encourages social relations with others in the team. Conversely, performance-
oriented climate capitalized on normative-based evaluation, competition, and social 
comparison [10, 11]. Understanding factors that motivate the individuals is important 
for the schools’ PE teachers to adapt their teaching methodologies and pedagogies 
to create an environment that can lead to positive effects towards learning PE [7, 12, 
13]. Therefore, PE teachers are encouraged to envisage a heartening motivational 
climate efficiently to motivate the students to have better engagement and sustain 
their learning process in PE. 

Consistency engagement in PE is fundamental as it leads to positive physical 
and psychological health, such as evaluating one’s overall health and mental well-
being [14–16]. Mental well-being comprises hedonic which are pertain to life satis-
faction and happiness and eudaimonic which are related to positive functioning, 
self-acceptance, and endeavour [17]. Research have shown lower risk of depres-
sion, anxiety, and stress in individuals who were involved in higher PA as compared 
with lower levels of PA [18–20]. These findings highlight the significance of being 
involved in physical activity actively to have better mental well-being and prevent 
signs of mental health disorder among the adolescents [21]. Studies [22, 23] had 
shown that university students’ mental well-being, and health had grown for the past 
decades and expected to continue in future as they transit from adolescence to young 
adulthood. The phase of life requires greater maturity, responsibility, autonomous, 
and independence which cause additional stress along a continuum form normal to 
severe problems with sustaining of mental well-being [24]. 

Thus, with the changing climate of COVID-19 towards the traditional delivery of 
PE whereby PE is considered to be a more practical approach have resulted in shifting 
of PE pedagogy to more student-centred technological-based learning strategies. In 
addition, the mental well-being of the students need to be prioritized due to the rise 
in mental health challenges in which the study aimed to investigate the motivational 
climate and mental well-being of secondary school students in PE.
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2 Methods 

2.1 Participants 

The number of secondary school students involved in the study was 230 (Form 3, 
4, and 5) that comprised of 127 males (55.2%) and 103 females (44.8%) aged 15 
to 17 years old (2.03 ± 0.80). In terms of ethnicity, a higher proportion of partici-
pants were Native (47.0%), followed by Malay (36.1%) and Chinese (17.0%). The 
BMI categories showed that the majority of the participants were in normal BMI 
(57.0%) followed by underweight (26.1%), overweight (12.2%), and obese (4.8%). 
Participants’ mean for frequency of exercise per week were 1.72 (SD = 0.86) aver-
aging between 1 and 30 min per session. All participants voluntarily completed the 
questionnaire via Google Forms and submitted their parental consent with assurance 
of their anonymity. The inclusion criteria included participants who participated 
in physical activities, whereas exclusion criteria included participants who had not 
acquired parental consent. The administering institution’s ethics committee approved 
the study. 

2.2 Measures 

The Teacher-Initiated Motivational Climate in Physical Education Questionnaire 
(TIMCPEQ; [25]) was used to measure the students’ perceptions of the motivational 
climate in PE. The TIMCPEQ was formed by 12 items, 2 subscales with 6 items 
each, which were as follows: Teacher-initiated Mastery Orientation (TIMO) (e.g. 
“The PE teacher paid special attention to whether my skills were improving”) and 
Teacher-initiated Performance Orientation (TIPO) (e.g. “The PE teacher encouraged 
competition between classmate”). The 5-point Likert scale for all the items ranged 
from 1 (Strongly disagree) to 5 (Strongly agree). The TIMCPEQ and two subscales 
demonstrated high internal consistency of 0.74, 0.80, and 0.76, respectively. 

Whereas, the Warwick Edinburgh Mental Well-Being Scale (WEMWBS; [26]) 
was used to evaluate the students’ mental well-being in physical education. The 
WEMWBS consists of 14 items that comprises 2 subscales which are eudaimonic 
(10 items; e.g. “I’ve been feeling relaxed”) and hedonic (4 items; e.g. “I’ve had 
energy to spare”). The 5-point Likert scale for all items ranged from 1 (None of the 
time) to 5 (All of the time). The WEMWBS and two subscales showed high internal 
consistency with alpha reliability coefficients of 0.93, 0.89, and 0.82, respectively.
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2.3 Statistical Analysis/Data Analyses 

The Statistical Package for the Social Science (SPSS) version 27 was conducted to 
analyse the data. The descriptive statistics, internal consistency, independent-samples 
t-test, one-way ANOVA, and two-way ANOVA were utilized. 

3 Results 

Table 1 shows the demographic characteristics of the participants. A total of 230 
participants were involved in the study, comprising of 127 (55.2%) males and 103 
(44.8%) females. The age groups categories showed that 69 (30.0%) of the partici-
pants aged 15 years old, 85 (37.0%) aged 16 years old, and 76 (33.0%) aged 17 years 
old. In terms of ethnicity, Native formed the largest percentage with 47.0%, followed 
by Malay and Chinese who comprised of 36.1% and 17.0% of the population, respec-
tively. Based on the Body Mass Index, the majority of the participants were in normal 
weight category with a total of 131 (57.0%), followed by underweight category with 
60 (26.1%), overweight category with 28 (12.2%), and overweight category with 
11 (4.8%). Whereas, in terms of the frequency of exercise, a high percentage of the 
participants exercise 1–2 times (49.6%) a week averaging between 1 and 30 min 
(57.8%).

Table 2 shows the mean, standard deviation, and reliability of TIMCPEQ and 
WEMWBS. For TIMCPEQ, teacher-initiated mastery orientation (3.97 ± 0.66) was 
the most essential factor that influenced the students’ perceptions of the motiva-
tional climate in PE, followed by teacher-initiated performance orientation (2.84 ± 
0.71). The overall TIMCPEQ showed a good internal consistency of 0.74, while 
subscales alpha coefficients for teacher-initiated mastery orientation and teacher-
initiated performance orientation demonstrated high reliability of 0.70, and 0.76, 
respectively. For WEMWBS, hedonic (3.54 ± 0.84) is the most vital factor that 
influence the students’ mental well-being, followed by eudaimonic (3.53 ± 0.73). 
The overall WEMWBS and two subscales showed good internal consistency with 
alpha coefficient of 0.93, 0.89, and 0.82, respectively.

Table 3 shows the independent-samples t-test of TIMCPEQ and WEMWBS based 
on gender. For TIMCPEQ, the results revealed no statistically significant difference 
between gender for teacher-initiated mastery orientation scores, p = 0.89. However, 
there was significant difference between gender for teacher-initiated performance 
orientation scores, p = 0.009. The males (2.95 ± 0.68) rated 0.25 point higher 
than the females (2.70 ± 0.73). For WEMWBS, the results revealed no significant 
difference between gender for eudaimonic, p = 0.11, and hedonic, p = 0.10.

Table 4 shows the one-way ANOVA of TIMCPEQ and WEMWBS based on age 
groups. For TIMCPEQ, the results revealed that there was no statistically significant 
difference between the three age groups for teacher-initiated mastery orientation, p 
= 0.47, and teacher-initiated performance orientation, p = 0.08. For WEMWBS,
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Table 1 Socio-demographic 
characteristics of the 230 
participants 

Characteristics Frequency (F) Percentage (%) M (SD)  

Gender 1.45 (0.50) 

Male 127 55.2 

Female 103 44.8 

Age groups 2.03 (0.80) 

15 69 30.0 

16 85 37.0 

17 76 33.0 

Ethnicity 2.58 (1.38) 

Malay 83 36.1 

Chinese 39 17.0 

Native 108 47.0 

BMI 1.96 (0.76) 

Normal 
(18.50–24.99) 

131 57.0 

Underweight 
(≤ 18.49) 

60 26.1 

Overweight 
(25.00–29.99) 

28 12.2 

Obese 
(30.00–34.99) 

11 4.8 

Times doing 
exercise (week) 

1.72 (0.86) 

1–2 times 114 49.6 

3–4 times 78 33.9 

5–6 times 26 11.3 

7 times 12 5.2 

Exercise per 
session 
(average) 

1.60 (0.81) 

1–30 min 133 57.8 

31–60 min 64 27.8 

61–90 min 26 11.3 

91–120 min 7 3.0

the results revealed that there was no statistically significant difference between the 
three age groups for eudaimonic, p = 0.49, and hedonic, p = 0.54.

Table 5 shows the one-way ANOVA of TIMCPEQ and WEMWBS based on age 
groups. For TIMCPEQ, the results revealed that there was no statistically significant 
difference between the three age groups for teacher-initiated mastery orientation, p 
= 0.14, and teacher-initiated performance orientation, p = 0.38. For WEMWBS,
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Table 2 Mean, standard deviation, and reliability for TIMCPEQ and WEMWBS 

Variables M SD α 
TIMCPEQ 0.74 

TIMO 3.97 0.66 0.80 

TIPO 2.84 0.71 0.76 

WEMWBS 0.93 

Eudaimonic 3.53 0.73 0.89 

Hedonic 3.54 0.84 0.82

Table 3 Independent-samples t-test of TIMCPEQ and WEMWBS based on gender 

Variables Male Female t-test p 

M SD M SD t statistics (df = 228) 
TIMCPEQ 

TIMO 3.97 0.06 0.68 0.07 -0.14 0.89 

TIPO 2.95 0.68 2.70 0.73 2.64 0.009* 

WEMWBS 

Eudaimonic 3.60 0.75 3.44 0.69 1.60 0.11 

Hedonic 3.63 0.84 3.44 0.83 1.63 0.10 

* p < 0.05

Table 4 One-way ANOVA of TIMCPEQ and WEMWBS based on age groups 

Variables Age Groups F(2, 227) p 

15 16 17 

TIMCPEQ 

TIMO 3.94 (0.64) 3.93 (0.64) 4.05 (0.71) 0.76 0.47 

TIPO 2.79 (0.59) 2.74 (0.70) 2.98 (0.81) 2.58 0.08 

WEMWBS 

Eudaimonic 3.44 (0.66) 3.58 (0.74) 3.55 (0.77) 0.72 0.49 

Hedonic 3.45 (0.85) 3.57 (0.83) 3.60 (0.85) 0.61 0.54 

* p < 0.05

the results revealed that there was no statistically significant difference between the 
three age groups for eudaimonic, p = 0.85, and hedonic, p = 0.91.

Table 6 shows the two-way ANOVA for TIMCPEQ and WEMWBS based on 
gender and age groups. For TIMCPEQ, the between-subjects ANOVA for teacher-
initiated mastery orientation revealed that there was no significant main effect of 
gender, F(1, 224) = 0.12, p = 0.73, ηp 

2 = 0.001, and age groups, F(2, 224) = 0.91, 
p = 0.40, ηp 

2 = 0.008. Besides, there was no significant interaction between Gender 
× Age on teacher-initiated mastery orientation, F(2, 224) = 0.46, p = 0.63, ηp 

2=
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Table 5 One-way ANOVA of TIMCPEQ and WEMWBS based on ethnicity 

Variables Ethnicity F p 

Malay Chinese Native 

TIMCPEQ 

TIMO 3.96 (0.60) 3.76 (0.61) 4.04 (0.72) 1.98 0.14 

TIPO 2.76 (0.67) 2.98 (0.67) 2.85 (0.78) 0.96 0.38 

WEMWBS 

Eudaimonic 3.54 (0.76) 3.54 (0.64) 3.48 (0.75) 0.16 0.85 

Hedonic 3.49 (0.80) 3.57 (0.63) 3.52 (0.91) 0.09 0.91 

* p < 0.05

0.004. The between-subjects ANOVA for teacher-initiated performance orientation 
revealed that there was significant main effect of gender, F(1, 224) = 5.98, p = 
0.015, ηp 

2 = 0.026, but no significant of age groups, F(2, 224) = 2.02, p = 0.14, 
ηp 

2 = 0.018. Moreover, there was no significant interaction between Gender × Age 
on teacher-initiated performance orientation, F(2, 224) = 0.57, p = 0.57, ηp 

2 = 
0.005. For WEMWBS, the between-subjects ANOVA for eudaimonic revealed that 
there was no significant main effect of gender, F(1, 224) = 1.52, p = 0.22, ηp 

2 = 
0.007, and age groups, F(2, 224) = 0.53, p = 0.59, ηp 

2 = 0.005. Furthermore, there 
was no significant interaction between Gender × Age on eudaimonic, F(2, 224) = 
2.70, p = 0.07, ηp 

2 = 0.024. The between-subjects ANOVA for hedonic revealed 
that there was no significant main effect of gender, F(1, 224) = 1.59, p = 0.21, ηp 

2 

= 0.007, and age groups, F(2, 224) = 0.59, p = 0.55, ηp 
2 = 0.005. Similarly, there 

was no significant interaction between Gender × Age on hedonic, F(2, 224) = 2.75, 
p = 0.07, ηp 

2 = 0.024. 
Results (Table 7) revealed that post-hoc Bonferroni adjusted comparisons for 

teacher-initiated performance orientation indicated that the males rated 0.23 point 
higher than the females, p = 0.015, 95% CI [0.05, 0.42].

Table 6 Main effect of gender and age for TIMCPEQ and WEMWBS 

Variables Gender (G) Age Groups (AG) G versus AG 

M F p 15 16 17 p p 

TIMCPEQ 

TIMO 3.96 3.99 0.73 3.93 3.93 4.06 0.40 0.63 

TIPO 2.94 2.70 0.015* 2.80 2.71 2.94 0.14 0.57 

WEMWBS 

Eudaimonic 3.57 3.45 0.22 3.44 3.54 3.56 0.59 0.07 

Hedonic 3.60 3.45 0.21 3.45 3.52 3.60 0.55 0.07 

* p < 0.05  
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Table 7 Pairwise comparisons of gender for TIMCPEQ and WEMWBS 

Variables μ p 95% CI 

LB UB 

TIMCPEQ 

TIMO 

Male versus Female −0.03 0.73 −0.21 0.15 

TIPO 

Male versus Female 0.23 0.015* 0.05 0.42 

WEMWBS 

Eudaimonic 

Male versus Female 0.12 0.22 −0.07 0.31 

Hedonic 

Male versus Female 0.14 0.21 −0.08 0.37 

* p < 0.05  

Table 8 shows the two-way ANOVA for TIMCPEQ and WEMWBS based on 
gender and ethnicity. For TIMCPEQ, the between-subjects ANOVA for teacher-
initiated mastery orientation revealed that there was no significant main effect of 
gender, F(1, 224) = 0.07, p = 0.79, ηp 

2 < 0.001, but significant main effect of age 
groups, F(2, 224) = 3.26, p = 0.04, ηp 

2 = 0.028. Besides, there was no significant 
interaction between Gender × Age on teacher-initiated mastery orientation, F(2, 
224) = 0.64, p = 0.53, ηp 

2 = 0.006. The between-subjects ANOVA for teacher-
initiated performance orientation revealed that there was no significant main effect 
of gender, F(1, 224) = 3.00, p = 0.09, ηp 

2 = 0.013, and age groups, F(2, 224) = 
0.96, p = 0.39, ηp 

2 = 0.008. Moreover, there was no significant interaction between 
Gender × Age on teacher-initiated performance orientation, F(2, 224) = 1.68, p = 
0.19, ηp 

2 = 0.015. For WEMWBS, the between-subjects ANOVA for eudaimonic 
revealed that there was significant main effect of gender, F(1, 224) = 4.12, p = 0.043, 
ηp 

2 = 0.018, but no significant main effect of age groups, F(2, 224) = 0.10, p = 0.91, 
ηp 

2 = 0.001. Furthermore, there was no significant interaction between Gender × 
Age on eudaimonic, F(2, 224) = 3.04, p = 0.05, ηp 

2 = 0.026. The between-subjects 
ANOVA for hedonic revealed that there was no significant main effect of gender, 
F(1, 224) = 3.32, p = 0.07, ηp 

2 = 0.015, and age groups, F(2, 224) = 0.12, p = 
0.89, ηp 

2 = 0.001. Likewise, there was no significant interaction between Gender 
× Age on hedonic, F(2, 224) = 2.80, p = 0.06, ηp 

2 = 0.024.
Results (Table 9) revealed that post-hoc Bonferroni adjusted comparisons for 

eudaimonic indicated that the males rated 0.21 point higher than the females, p = 
0.043, 95% CI [0.01, 0.42].

Results (Table 10) revealed that post-hoc Bonferroni adjusted comparisons for 
teacher-initiated mastery orientation indicated that the Chinese rated 0.32 point lower 
than the Native, p = 0.011, 95% CI [−0.56, −0.07].
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Table 8 Main effect of gender and ethnicity for TIMCPEQ and WEMWBS 

Variables Gender (G) Ethnicity (E) G versus E  

M F p Malay Chinese Native p p 

TIMCPEQ 

TIMO 3.92 3.94 0.79 3.97 3.75 4.07 0.04* 0.53 

TIPO 2.93 2.76 0.09 2.75 2.94 2.84 0.39 0.19 

WEMWBS 

Eudaimonic 3.63 3.42 0.043* 3.56 3.51 3.51 0.91 0.05 

Hedonic 3.65 3.43 0.07 3.51 3.54 3.57 0.89 0.06 

* p < 0.05

Table 9 Pairwise comparisons of gender for TIMCPEQ and WEMWBS 

Variables μ p 95% CI 

LB UB 

TIMCPEQ 

TIMO 

Male versus Female −0.03 0.79 −0.21 0.16 

TIPO 

Male versus Female 0.18 0.09 −0.02 0.38 

WEMWBS 

Eudaimonic 

Male versus Female 0.21 0.043* 0.01 0.42 

Hedonic 

Male versus Female 0.22 0.07 −0.02 0.46 

* p < 0.05

4 Discussion 

The study examined the secondary school students’ perceptions of motivational 
climate and mental well-being in PE whether the PE school environment would 
provide a specific climate that is perceived as conducive to learning PE. The results 
revealed male have higher perceived performance orientation than female implied 
that male have the tendency to strive for positive competency. This implied that 
the male basic needs and support of autonomy, competence, and relatedness needs 
related to their lessons were lower which could also slightly lower their level of moti-
vation. The male also tends to compare in terms of performance or socially and the 
teachers might not plan sufficiently in developing the PE activities independently. 

The non-significant difference between age groups revealed that all age groups of 
students were experiencing a higher degree and feeling of autonomy and freedom in 
schools which lead them adopting and adapting a more mastery orientation in learning
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Table 10 Pairwise comparisons of ethnicity for TIMCPEQ and WEMWBS 

Variables μ p 95% CI 

LB UB 

TIMCPEQ 

TIMO 

Malay versus Chinese 0.22 0.09 −0.04 0.47 

Malay versus Native −0.10 0.31 −0.29 0.09 

Chinese versus Native −0.32 0.011* −0.56 −0.07 

TIPO 

Malay versus Chinese −0.19 0.18 −0.46 0.08 

Malay versus Native −0.08 0.43 −0.29 0.12 

Chinese versus Native 0.10 0.43 −0.16 0.36 

WEMWBS 

Eudaimonic 

Malay versus Chinese 0.05 0.75 −0.23 0.32 

Malay versus Native 0.04 0.68 −0.17 0.25 

Chinese versus Native −0.002 0.99 −0.27 0.27 

Hedonic 

Malay versus Chinese −0.03 0.85 −0.35 0.29 

Malay versus Native −0.06 0.62 −0.30 0.18 

Chinese versus Native −0.03 0.85 −0.34 0.28 

* p < 0.05

PE. The PE educators could have provided more choices in learning resources for the 
students in learning their tasks without any forms of competing with each other. The 
active and strategic engagement of students through equal opportunities in learning 
through practising and doing and reflection on their experience on PE activities 
empowers them to improve their attitudes towards PE. 

The importance of students’ mental health and lessen any negative mental well-
being need to be emphasised due to the current pandemic environment which is 
necessary for better quality of life and well-being of the students. The students who 
perceived teacher-initiated mastery motivational climate mediates personal satisfac-
tion and enjoyment and mental well-being that facilitate future vigour. It is recom-
mended that PE teachers would design interesting and meaningful activities and tasks 
that can energise the learning processes.
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5 Conclusion 

The study expanded the current review on perceptions of motivational climate 
and mental well-being of secondary school students which has practical value 
for PE teachers and educational organizations. Therefore, a climate that facilitates 
supportive attributes for students to experience psychological satisfaction and needs 
for volition, relatedness, and competence would lead to long-term sustainability of 
students’ mental well-being in PE. 
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Comparing the Category of Rating Scale 
of the CVIS Instrument of Knowledge, 
Attitude, and Practices of School Heads 
and Teachers Towards COVID-19 
Pandemic 

Mui Yee Voon and Ngien Siong Chin 

Abstract The COVID-19 pandemic has had a profound impact on the education 
systems and poses unprecedented challenges to the schools in terms of the health 
and well-being of the students, which is a crucial concern globally. The aim of this 
study was to develop the Coronavirus in School (CVIS) Instrument to measure the 
level of knowledge, attitude, and practices of primary school heads and teachers 
towards the COVID-19 pandemic. The instrument is comprised of three constructs: 
knowledge, which consists of 14 items; attitudes, with 9 items; and practice, with 8 
items, respectively. The instrument was rated on a 4-point Likert scale, ranging from 
strongly disagree to strongly agree. The Rasch Measurement Model was utilized 
to verify the validity and reliability of the instrument items. The Four Building 
Blocks model was applied in the construction of the items, and three pilot tests were 
conducted through the modification and improvement of the items. The result of 
rating scale analysis of the tests met the assumption of the Rasch rating scale. The 
results revealed a significant difference between the three categories of rating scale 
and the four categories of rating scale, especially those involving the middle category 
of rating scale, the neutral category. The findings demonstrated the instrument with 
four categories of rating scale managed to meet all the important assumptions of the 
Rasch Measurement Model, especially for the rating scale analysis. This indicates 
that the four categories of rating scale performed better than the three categories of 
rating scale. Moreover, this finding also proves that a rating scale without a middle 
category (neutral) functions better than a rating scale with a middle category. 
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1 Introduction 

The coronavirus, which first appeared in Wuhan, China, affected the entire world at 
the end of 2019. The virus has been widely spread in Malaysia since the first case 
was detected on 25 January 2020 by three visitors from China [1]. According to 
the World Health Organization [1], there are two ways of COVID-19 transmission: 
direct or indirect contact of infected people. Direct contact happens when individ-
uals have close contact with an infected person when the person coughs, sneezes, 
or speaks. While indirect contact transmission happens when individuals touch their 
eyes, nose, or mouth after touching contaminated objects or surfaces, all the trans-
mission of viruses involves droplets from the respiratory system: saliva or secretion 
droplets. There are 176 million confirmed cases of COVID-19 and 3.81 million deaths 
reported globally, updated on 14 June 2021 [1]. On the other hand, in Malaysia, there 
are a reported 658 thousand confirmed cases of COVID-19 with 3908 deaths from 3 
January 2020 until 12 June 2021 [1]. Concerns have arisen since the first. The Move-
ment Control Order (MCO) was announced by the Prime Minister on 16 March 
2020, due to the drastic increase in the number of cases from 190 to 553 (“14-day 
Movement Control Order”, 2020) [2]. In 2020, there were a total of four phases of 
movement control orders (MCO) from 18 March 2020 to 31 March 2020. Besides 
that, the Movement Control Order continued with the Conditional Movement Control 
Order, which consists of two phases from 4 May 2020 to 9 June 2020. On account 
of decreasing infected cases nationwide, our government implemented the Recovery 
Movement Control Order, which involved three phases from 10 June 2020 to 31 
March 2021. At the same time, a Movement Control Order was implemented in 
certain districts in Selangor that have high cases of COVID-19 from 11 January to 
31 March 2021. On 10 May 2021, Prime Minister Muhyiddin Yassin declared a 
nationwide Movement Control Order from 12 May to 7 June 2021. Furthermore, the 
Prime Minister announced a total lockdown called “FMCO” since the infected cases 
and deaths reported are increasing drastically within the period of MCO; the period 
of FMCO is from 1 to 28 June 2021. 

During the period of Movement Control Order (MCO), the Ministry of Education 
came up with a plan to overcome students’ learning process obstacles. Therefore, 
on 27 March 2020, the Ministry of Education implemented e-learning for all the 
students in our country, and teachers have to work from home. Online learning, or 
e-learning, involved all the primary school students and secondary school students 
through Google Classroom, which was organized by the teachers. Students from 
rural schools fail to access online learning compared to urban and suburban students 
because, in Malaysia, different states have different access to the Internet, such as 
Sarawak, Sabah, and Pahang, which do not have sufficient Internet access [3]. As 
COVID-19 cases began to decline, the Ministry of Education announced the actual 
date of school reopening was on 3 October 2021. To ensure students’ safety and 
health after the reopening of schools, the Ministry of Education and the Ministry of 
Health, along with the National Security Council, have started establishing guidelines 
for Standard Operating Procedures (SOPs) for schools [4]. This guideline includes
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all MOE schools as well as private MOE-registered educational institutions. School 
heads and decision-makers have to ensure the existence of productive safety measures 
in schools such as physical distancing, hand hygiene, and sterilizing school buildings 
[5]. Besides that, school principals are responsible for giving orders and instructing 
all the staff members to produce a safe, highly preventable infection of coronavirus 
[6]. According to the European Agency for Safety and Health at Work (EU-OSHA), 
[7], school heads play the role as employers and are responsible for producing a safe 
and healthy environment in schools by following all the safety guidance documents 
to prevent transmission of COVID-19. 

Concerns have arisen over the impact of many COVID-19 cases which involved 
primary school students as they are still young, and it is difficult for them to compre-
hend the concept of each SOP implemented in school. Therefore, school educators 
play the utmost role in educating students on precautions and prevention from getting 
infected. Teachers are responsible for ensuring students’ safety and well-being in 
school [8]. School educators have to share exact information, control measures, and 
science facts about COVID-19 with different ages of students to enhance their ability 
to cope with this pandemic [9]. Thus, the very first step in educating students is to 
make sure school educators acquire sufficient knowledge of COVID-19, present 
positive attitudes and behaviour, and practice the preventive measures in schools 
for students to observe and imitate. Teachers are dynamic role models for students 
who can affect them in a way to be a better person [10]. The interaction between a 
teacher and students can influence a student’s attitudes and behaviour [11]. Addi-
tionally, many studies emphasized the importance of KAP survey in finding the 
level of knowledge, believed, and what had practiced by a particular population 
[12] because untrustworthy information and negative attitude can cause panic and 
stress in a community [13]. As a result, the KAP survey is an extremely important 
survey that should be conducted to determine the community’s level of awareness of 
knowledge, attitude, and practice regarding the COVID-19 among the community 
[14]. It is important to develop an instrument, specifically the KAP survey that can 
be used to measure knowledge, attitudes, and practices of individuals towards the 
COVID-19 pandemic, especially in the school community, which mainly involved 
educators. This is to make sure they are qualified to guide and protect students in 
the school compound. People’s constancy in control measures of COVID-19 was 
influenced by their knowledge, attitudes, and practices [14, 15]. Lessons from the 
previous SARS outbreak in 2003 and the Ebola outbreak in 2013 demonstrated that 
a lack of knowledge about the diseases and a lack of perception can cause panic 
emotion, making infectious disease prevention more difficult [16] and will make the 
prevention of infectious disease more complicated [17, 18]. 

This study has succeeded in developing an instrument, the CVIS instrument, 
to measure the knowledge, attitude, and practice of school heads and teachers at 
school. The researcher utilized the Rasch Measurement Model as the fundamental 
measurement model in the study to ensure the validity, reliability, and good quality 
of instrument items. All the instrument items have been tested to ensure the item fit, 
item dimensionality, rating scale analysis, item reliability, item difficulty level, item
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separation, and differential item functioning (DIF) have fulfilled the assumptions of 
the Rasch model. 

2 Methods 

2.1 Instrumentation 

The Coronavirus in School (CVIS) Instrument is an instrument that designed to 
measure the level of knowledge, attitudes, and practices of primary school educators 
towards the COVID-19. This instrument consists of three fundamental constructs 
as mentioned which utilized to measure primary school educators’ knowledge, atti-
tudes, and practices towards the COVID-19. In details, the instrument consists of 
nine themes related to the pandemic: transmission of COVID-19, general knowledge 
of COVID-19, misconception of COVID-19, symptoms of COVID-19, face mask, 
hand hygiene, preventive measures, physical distancing and Standard Operating 
Procedures (SOPs). 

Consequently, the two sets of instruments consist of 53 items but with different 
categories of rating scales being tested in order to test the effectiveness of 
rating scales. As mentioned, the first set of instrument consists of three rating 
scales (1-Disagree/2-Neutral/3-Agree), while the second set of instrument consists 
of four rating scales (1-Strongly Disagree/2-Disagree/3-Agree/4-Strongly Agree). 
According to the Rasch Measurement Model, it is important to meet the require-
ments of rating scales in order to verify the validity of data [19]. It is also able 
to prove whether respondents can distinguish each of the rating scales utilized in a 
survey. The Rasch model can determine the zero setting and calibrate the rating scale. 
The range of acceptable rating scale index is between 1.4 and 5.0 [20]. As a conse-
quence, this study has been carried out to identify the effectiveness and precision of 
the rating scale in the instrument, either the 3 rating scale or the 4 rating scale. 

2.2 Respondents 

The respondents involved in this study were primary school educators from 
Malaysian government primary schools, and the age range of respondents was 
between 24 and 65 years old. The respondents from 11 districts in Sarawak have 
been invited to participate in the study by getting permission from the Department 
of Education Sarawak initially. Next, the researcher proceeded with getting permis-
sion from the particular district education office. The instrument (questionnaire) 
distributed through Google Form to all the schools from each of the districts. Conve-
nience sampling method implemented in the study by only involved respondents who 
are willing to contribute in the study. As result, there were 52 respondents involved
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in the Instrument 1 with 3 rating scales, while 71 respondents involved in the Instru-
ment 2 with 4 rating scales. The respondents involved in both sets of instruments 
were mainly from urban and suburban areas. All the respondents were required to 
answer all the items in the instrument which can be divided into two fundamental 
sections: demographics and the items measuring the level of knowledge, attitudes, 
and practice towards the COVID-19. The respondents needed to rate each statement 
of an item based on their degree of agreement. This study has been conducted in 
Sarawak because this state has all types of school, with regard to urban and rural, 
as well as a high variation of public school qualities. Sarawak is also an excellent 
example of Malaysian unity, as many researchers prefer to study on the Peninsula. 

2.3 Measurement Model 

The Item Response Theory and the Rasch model were utilized in this research. The 
Rasch Measurement Model is the chosen measurement model rather than Classical 
Test Theory or other mathematical models due to its specific advantages. The Rasch 
Measurement Model enables interchangeability between item and respondent due 
to both having the same interval scale [21]. The equal interval scale called logit is 
utilized to connect the relationship between the capability of the test taker and the 
severity level of the item [22]. These properties of Rasch directly allow researchers 
to use the difficulty level of an item to represent or figure out the actual ability level 
of the respondent. Moreover, the Rasch Measurement Model fulfilled all the five 
measurement principles of human sciences [23] which allowed researchers to obtain 
more precise and meaningful inferences from the data collected [22]. The Rasch 
Measurement Model can detect any outliers or misfit data that may occur in the 
research. The Rasch model software called Winsteps is used to detect the outliers 
and misfit data through these three psychometric attributes: (1) outfit mean square 
value in between 0.5 and 1.5, (2) Z-standard outfit value in between −2.0 and + 2.0, 
and (3) value of point measure correlation value in between 0.4 and 0.85 [22]. Any 
items that are not in the range of these three psychometric attributes are considered 
misfit items. The process of reconsidering or re-test has to be done for misfit items 
before getting rid of them. Moreover, the Rasch Measurement Model can detect 
any occurrences of item bias, which is important for this research as it involved 
respondents with different demographic backgrounds. The issue of bias can occur 
when there are items in the research instrument that are beneficial to a certain group 
of respondents. 

The Andrich Rasch Rating Scale model is implemented in the study due to its 
ability to be conveyed as a linear logistic model [24]. Comprehensively, it involved 
the process of calibration, which involves converting the raw scores of polytomous 
data acquired from Likert scales to a logit scale (log odds unit). The logit scale of the 
Rasch model enables it to accomplish all five concepts of measurement for human 
sciences, which consist of an equal interval on its linear ruler, solving the problem 
of missing data, estimation of preciseness, detecting misfits or outliers, and allowing



452 M. Y. Voon and N. S. Chin

repeatability [22, 23]. The Rasch analyses focus on the calibration of respondent 
ability, item difficulty, item fit, item discrimination, and reliability for both item and 
respondent [19, 25]. 

In contrast, the traditional measurement model (Classical Test Theory) has some 
limitations when analysing ordinal scales, such as the fact that the obtained scores 
are test- and sample-dependent, and total scores can affect item difficulty level, 
test reliability, and item discrimination [26–28]. Further, there is no equal interval 
between scores and no absolute zero as an origin. This indicates that the scores from 
the Likert scales are only able to supply incomprehensible scores in ordinal form 
[29]. Therefore, it is pointless to analyse the total score of the rating scale when 
counting the frequencies of raw data is easy and effortless. Indeed, misconstruing of 
the analysis results is able to mislead the result of a study. 

As highlighted earlier, the Rasch Measurement Model enables interchangeability 
between item and respondent due to both having the same interval scale [21]. The 
equal interval scale called logit is utilized to connect the relationship between the 
capability of the respondents and the severity level of the item [22]. These properties 
of Rasch directly allow researchers to use the difficulty level of an item to represent 
or figure out the actual ability level of the respondent. 

This paper will illustrate how the researcher selects the most appropriate and 
effective number of rating scale category by utilizing the Rasch analysis. First, the 
value of “Observed Average” is used to show the pattern of response and if the 
values are increasing from negative to positive, it shows the normal pattern. Second, 
the value of “Sample Expected” should approximately the same as the value of the 
“Observed Average”. Third, the values of “Infit and Outfit Mean Squares” supposed 
to be equal to 1.0 logit. The most important assumption of the Rasch model, which 
must be fulfilled to ensure that respondents can distinguish the categories of rating 
scales, is the range of difference between rating each scale. In the Rasch model, 
the acceptable range of the difference between the scale should be between 1.4 and 
5.0 logit [20, 30]. The difference between the scale which is less than 1.4 will be 
collapsed, while the difference between the scale which is bigger than 5.0 will form 
a new  scale [30]. Additionally, another way of detecting the practicability of the 
rating scale is by referring to the probability curves [31]. Each curve of the graph 
represented a category of the rating scale, and the intersection of the points between 
adjacent curves represented the Andrich Threshold. 

2.4 Findings (Validity of the CVIS Instrument) 

The face and content validity of this study was determined by the process of expert 
judgement through the application of the Many Facets Measurement Model. Corre-
spondingly, the construct validity of this study was verified by the unidimensionality 
of the instrument. The Many-Facet Rasch Measurement is an extension measurement 
model of the basic Rasch model by including more aspects (facets), for instance, 
raters and tasks [32, 33]. This measurement model is used to demonstrate how to
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measure the severity and leniency of raters and to determine raters’ consistency [32]. 
There are two essential dimensions emphasized in this research: the severity of raters 
and raters’ internal consistency. The higher the logit value of the measure, the more 
severe the expert judges; the lower the logit value of the measure, the more lenient the 
expert is [34]. Furthermore, the Many-Facet analysis also provided rater fit statistics 
which were used to indicate the internally self-consistent across raters [20, 23]. 

The Many-Facet Rasch Measurement analysis also comes up with an analysis for 
the quality of instrument items. The quality of items is determined by two aspects, 
which are item logits and item fit statistics. Item logit values are measured according 
to the total experts rating based on the content of the items. The fit statistics value for 
the items is useful for the validity purpose of the instrument [20]. The Many-Facet 
Rasch Measurement analysis indicates the good quality items which are suitable for 
the instrument and determines the low-quality items which have to be eliminated from 
the instrument. Besides that, the suggestions and comments from the expert judges 
are essential for the face validity of the instrument. There were a few instrument 
items were modified based on the suggestions of expert. 

In Rasch, unidimensionality is the essential criteria that must be fulfilled by any 
instrument as an indication of construct validity. A unidimensionality instrument has 
a minimum of 40% of “raw variance explained by measures” and better at 60%, and 
the “unexplained variance in the first contrast” is below 15% [30]. Table 1 shows 
the “Raw Variance Explained by Measures” for both instruments are Instrument 
1 = 61.0%; Instrument 2 = 41.0%, which is more than 40% and approximately 
matches the expected model, which is 61.7% and 40.8% separately. Besides that, 
the “Unexplained Variance in 1st Contrast” for Instrument 1 is at 3.0% and Instru-
ment 2 is at 6.7%, which is below 15%. The minimum ratio of “Raw Variance 
Explained by Measures” and “Unexplained Variance in 1st Contrast” must be at 
least 3:1. Table 1 shows the ratio of “Raw Variance Explained by Measures” and the 
“Unexplained Variance in 1st Contrast” for both set instruments are 20.3: 1 (Instru-
ment 1) and 6.1: 1 (Instrument 2), respectively, so both the ratios are larger than the 
minimum ratio of 3:1. Thus, the instrument items managed to fulfil both the criteria 
for unidimensionality and construct validity.

2.5 Reliability of the CVIS Instrument 

The good item reliability is between 0.80 and 0.90, and the ideal reliability is greater 
than 0.94 [21]. Table 1 shows the item reliability for Instrument 1 is 0.91, while 
Instrument 2 is 0.97. Item separation is used to verify the item hierarchy. The greater 
value of item separation indicated the instrument has good quality in differentiating 
items into a few different difficulty levels [21]. The acceptable item separation is at 
least 3, able to distinguish 3 groups of difficulty levels of items [30]. Table 1 shows 
the value of item separation for Instrument 1 = 4.37 and Instrument 2 = 5.45. Both 
indices manifested the Instrument 2 (4 rating scale) had better item reliability and 
item separation than the Instrument 1 (3 rating scale).
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Table 1 Item dimensionality and item reliability analysis of Instrument 1 and Instrument 2 

Acceptable range Observed 

Instrument 1 Instrument 2 

Raw variance explained by 
measures 

> 40% 61.0% 
Expected = 61.7% 

41.0% 
Expected = 40.8% 

Unexplained variance in 1st 
contrast 

< 15% 3.0% 6.7% 

Ratio between raw variance 
explained by measures and 
unexplained variance in 1st 
contrast 

3:1 20.3:1 6.1:1 

Item reliability 0.91 0.97 

Item separation 4.37 5.45

2.6 Rating Scale Analysis 

Table 2 shows that the value of the “Observed Average” for Instrument 1 and Instru-
ment 2 is an increase from a negative value to a positive value, proving that both 
instruments have normal patterns. Besides that, the value of “Sample Expected” for 
both instruments are nearly the same as the value of “Observed Average”. The values 
of “Infit and Outfit Mean Square” for these two instruments are approximately equal 
to 1.0 logit and within the acceptable range of the Rasch model (Refer Table 2). As 
highlighted, the most important assumption of the Rasch rating scale is the difference 
of each rating scale must between 1.4 and 5.0 logit. Table 2 shows the difference 
between each rating scales for Instrument 1 is not in the acceptable range (Scale 1 & 
2 = 0.07; Scale 2 & 3 = 0.14 logit). This indicates that the respondents involved in 
the instrument failed to distinguish the three rating scales that utilized in the survey. 
Conversely, the difference between each rating scale for Instrument 2 are Scale 1 & 
2 = 3.31; Scale 2 & 3 = 2.49; and Scale 3 & 4 = 4.96. These values clarified that 
each of the rating scales is functioning well, and respondents are able to differentiate 
them and choose the best rating scale to describe their degree of agreement towards 
the items.

Moreover, Figs. 1 and 2 show the graphics of the rating scales analysis for Instru-
ment 1 and Instrument 2, which are called category probability curve graphs. Figure 1 
shows there are two distinct peaks in the graph which represent the rating scale 1 
(Disagree category) and rating scale 3 (Agree category). There is no distinct peak for 
rating scale 2 (neutral category). This indicates that the respondents were confused 
with the three categories of rating scales and especially failed to differentiate the 
differences between the neutral category and the other two rating scales.

On the contrary, Fig. 2 shows there are four distinct peaks on the graph which 
represent each of the rating scale categories utilized in the survey (1 = “Strongly 
Disagree”; 2 = “Disagree”; 3 = “Agree”; and 4 = “Strongly Agree”). The distinct 
peaks indicate that the four categories of the rating scale were understood by the
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Table 2 Rating scale analysis of Instrument 1 and Instrument 2 

Condition Category Observed 
average 

Sample 
expected 

Infit 
MNSQ 

Outfit 
MNSQ 

Structure 
calibration 

Difference 
between 
categories 

Instrument 
1 

1 −1.26 −1.24 1.02 0.96 NONE 1 & 2  = 
0.07 

2 0.49 0.94 0.94 85 0.07 2 & 3  = 
0.143 1.96 1.06 1.06 1.07 −0.07 

Instrument 
2 

1 −1.96 −2.00 1.05 1.16 NONE 1 & 2  = 
3.31 

2 −0.81 −0.75 0.94 0.92 −3.31 2 & 3  = 
2.49 

3 1.19 1.16 0.96 0.96 −0.82 3 & 4  = 
4.96 

4 2.23 2.34 1.07 1.07 4.14

Fig. 1 Category probability curve graph of Instrument 1

respondents. As a result, the respondents were able to distinguish the differences 
among the four categories of the rating scales and managed to choose the most 
probable responses for each instrument item. 

3 Discussion 

In Rasch analysis, researchers managed to make a meaningful comparison on the 
variable intended to be measured by referring to the rating scale selected by respon-
dents. The concept of linearity of the Rasch rating scale allowed researchers to figure
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Fig. 2 Category probability curve graph of Instrument 2

out the level of agreement of the targeted population’s knowledge, attitude, and prac-
tices towards the COVID-19 pandemic. The Rasch model succeeded in overcoming 
the shortcomings of Classical Test Theory, which utilized the raw data scores in 
measuring the ability level and agreeability of respondents. Moreover, utilization of 
impropriate rating scales can affect item fit statistics [31]. 

By detecting and improving the impropriate rating scale, a researcher can avoid 
eliminating some misfit items that might be “fit” items with the suitable rating scale. 
For instance, the findings of this study showed that both instruments contained the 
same instrument items but had different results in item fit statistics. Instrument 2, 
which utilized 3 rating scales, exhibited 8 outliers (misfit items), while Instrument 2, 
with 4 rating scales, verified all the instrument items were fit. As mentioned above, 
all the important assumptions in the Rasch Measurement Model have to be fulfilled 
to ensure the functionality of the rating scale before the researcher conducts the real 
survey on a particular group of samples. 
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Abstract One’s sense of achievement and well-being can be dependent on emotions, 
enjoyment, and satisfaction in life. The study aimed to examine achievement 
emotions, life enjoyment, satisfaction, and enjoyment processes of undergradu-
ates in physical education (PE). The participants were 260 undergraduate students 
(133 male, 127 female) aged 18 to 23 years old (2.00 ± 0.83) from the universi-
ties. The Achievement Emotions Questionnaire-Physical Education (AEQ-PE-M; 
Ibrahim et al. in BMC Public Health 21(1):1–8 [9]), Quality of Life Enjoyment and 
Satisfaction Questionnaire (Q-LES-Q-M; Ibrahim et al. in Int J Environ Res Public 
Health 18:1–10, [10]), and Physical Education Enjoyment Processes Questionnaire 
(PEEPQ; Hashim et al. in Res Q Exerc Sport 79(2):183–194, [8]) were used. Descrip-
tive analysis, one-way ANOVA, and two-way ANOVA were conducted. The one-
way ANOVA revealed significant difference between age groups for pride, boredom, 
physical health, feelings, homework, leisure time activities, self-referent compe-
tency, activity-generated excitement, teacher-generated excitement, and PE enjoy-
ment. Results also revealed significant difference between ethnicities for boredom, 
physical health, and all PEEPQ subscales. The between-subjects ANOVA between 
gender and age revealed the main effect of age was significant for pride, boredom, 
physical health, feelings, homework, leisure time activities, self-referent compe-
tency, activity-generated excitement, teacher-generated excitement, peer interac-
tion, parental encouragement, and PE enjoyment. There was significant interac-
tion between gender × age for pride, enjoyment, and all PEEPQ subscales. The 
between subject’s ANOVA between gender and ethnicity revealed the main effect 
of gender was significant for anxiety, whereas ethnicity was significant for physical 
health and all PEEPQ subscales. There was significant interaction between gender × 
ethnicity for self-referent competency. The findings concluded that well-functional 
environments would improve the students’ emotions, life enjoyment, satisfaction, 
and processes in universities.
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1 Introduction 

One of the factors which can influence achievement, engagement, academic interest, 
motivation, and well-being among the undergraduates are achievement emotions 
and feelings during their time in the universities [1]. Achievement emotions are 
always involved in student learning because they are biological and psycholog-
ical conditions associated with learning activities. Therefore, their performance is 
bounded by emotional states and be motivated to learn, discover, and overcome 
challenges to acquire a sense of achievement. The emotional factor is related to 
life satisfaction which is one’s self-assessment on account of the criteria he/her the 
criteria being determined [2]. As one’s ages, life satisfaction tends to heighten at a 
certain age and decreases which tend to affect learning and achievement outcomes. 
Achievement emotions are one’s experienced emotions in relation to any achieve-
ment outcomes and activities [3]. Though there are educational literature on emotions, 
studies on achievement emotions on physical education (PE) are still sparse. Predom-
inantly, positive emotions such as interest, contentment, happiness, and enjoyment 
are related with attention and engagement with increased motivation, effort, and 
achievement. Conversely, emotions that are deactivating such as anxiety can be detri-
mental for learning and achievement as it exhilarates disengagement from learning 
and challenging tasks and achievements [4]. 

The interactions of emotions with other attributes such as intellectual, physical 
social needs, and spiritual needs can also lead to a higher level of self-regulation. The 
elements of self-regulation could be accomplished by participation through physical 
activity, exercise, and games in PE. The enhancement of interpersonal skills with 
regards to teamwork, sharing as well as the enjoyment and satisfaction in learning 
and exploring can stimulate and inspire creativity in PE. In addition, the play and 
games forms in PE enable students to develop their transversal skills (emotional, 
communicative, methodological processes and social competence and solve cogni-
tive, motor and social issues) which can aid in developing their intellectual capabili-
ties. As regular engagement in physical activities through PE can help in improving 
the mental well-being and prevention of non-communicable diseases, the students 
would be able to enjoy and value a healthy life [5]. Positive emotions such as enjoy-
ment and negative emotions such as frustration and anxiety are based on the degree 
of activation and valence in response to the PE environment [6]. Among the funda-
mental objectives of PE is to present an opportunity for the students to enjoy them-
selves providing fun, liking, and pleasure [7] in the forms of regular recreational and 
physical activities which can initiate active-related behaviour [8]. 

Though PE is a central mechanism for enjoyment, it is mandatory to examine 
achievement emotions, life enjoyment, satisfaction, and processes that can promote 
the enjoyment of students in PE which can affect the learning of PE in universities.
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2 Methods 

2.1 Participants 

A total of two hundred and sixty participants from several institutions of higher 
learning were selected randomly to participate in the study. There were one hundred 
and twenty-seven males and one hundred and thirty females aged between 18 and 23 
(1.90 + 0.87) years old. The self-administrated online Google Form questionnaires 
were utilized upon obtaining the participants’ consent, whereby their confidentiality 
and anonymity were also assured. Ethics approval was obtained from the Institute of 
Teacher Education Campus’ research committed prior to the study. 

2.2 Data Analysis 

The IBM Statistical Package for the Social Science (SPSS) version 27 was used 
to analyse the data. The descriptive statistics, independent-samples t-test, one-way 
ANOVA, and two-way ANOVA were conducted to examine the gender, age groups, 
and ethnicity among undergraduate students. 

2.3 Measures 

The Achievement Emotions Questionnaire-Physical Education (AEQ-PE-M) was 
adapted and validated by Ibrahim et al. [9] was utilized to measure achievement 
emotions experienced by undergraduate students. The AEQ-PE-M is formed by 24 
items, 6 subscales with 4 items each, which are as follows: pride (e.g. “I am proud 
to be able to keep up with the physical education class”), enjoyment (e.g. “I am 
motivated to go to the physical education class because it is exciting”), anger (e.g. 
“I feel anger welling up in me during the physical education class”), anxiety (e.g. 
“I feel nervous in the physical education class”), hopelessness (e.g. “I have lost all 
hope of doing physical education activities effectively”), and boredom (e.g. “I get 
bored during the physical education class”). Participants responded to all measures 
on a 5-point Likert scale ranging from 1 (Strongly disagree) to 5 (Strongly agree). 
All subscales and overall AEQ-PE-M demonstrated adequate internal consistency 
with alpha reliability coefficients ranging from 0.56 to 0.72. 

The Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q-M) was 
adapted and validated by Ibrahim et al. [10]. The questionnaire is designed to help 
assess the degree of enjoyment and satisfaction experienced during the past week. 
The Q-LES-Q consists of 43 items that comprises four factors which are as follows: 
physical health/activities (13 items; e.g. “…felt rested?), feelings (14 items; e.g. 
“…felt good about your appearance?), school/course work (10 items; e.g. “…been
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interested in your course/class work?), leisure time activities (6 items; e.g. “How 
often did you enjoy the leisure activities?). Participants responded to all measures 
on a 5-point Likert scale ranging from 1 (not at all) to 5 (all the time). The Q-LES-Q 
and four subscales showed high internal consistency with alpha value ranging from 
0.90 to 0.96. 

The Physical Education Enjoyment Processes Questionnaire (PEEPQ) [8] was  
used to measure the self-referent competency (SRC) (4 items; e.g. “My sport skills 
have improved from doing PE”), other-referent competency (ORC) (4 items; e.g. 
“Other students think I am good at PE”), activity-generated excitement (AGE) (5 
items; e.g. “I am enthusiastic about PE activities”), teacher-generated excitement 
(TGE) (3 items; e.g. “My PE teachers make PE class interesting experience for 
me”), peer interaction (PI) (2 items; e.g. “PE gives me a chance to socialize with 
my classmates”), parental encouragement (PE) (2 items; e.g. “My parents are inter-
ested in the PE activities I do at school”), and PE enjoyment (2 items; e.g. “PE is 
fun”). Participants responded to all measures on a 5-point Likert scale ranging from 
1 (Strongly disagree) to 5 (Strongly agree). All subscales and overall PEEPQ demon-
strated high internal consistency with alpha reliability coefficients ranging from 0.62 
to 0.95. 

3 Results 

Table 1 shows the demographic characteristics of the participants. A total of 260 
participants were involved in this study, 133 (51.2%) males and 127 (48.8%) females. 
The age groups categories showed that 90 (34.6%) of the participants were 18– 
19 years old and 22–23 years old, and 80 (30.8%) were 20–21 years old. In terms of 
ethnicity, the Malay formed the largest percentage with 43.5%, followed by Native 
and Chinese who comprised of 33.5% and 23.1% of the population, respectively. 
Totally, 146 participants (56.2%) took up physical education while 114 (43.8%) of 
them took up sports science. Most of them came from UiTM (43.8%), followed by 
IPGK Ilmu Khas (23.1%), IPGK Batu Lintang (16.9%), and IPGK Tun Abdul Razak 
(16.2%), respectively. Based on the body mass index (BMI), the majority of the 
participants were in normal weight category with a total of 196 (75.4%), followed 
by underweight category with 36 (13.8%), overweight category with 26 (10.0%), 
and obese category with 2 (0.8%). Whereas, in terms of the frequency of exercise, a 
high percentage of the participants exercise 1 to 3 times (56.5%) a week averaging 
between 31 and 60 min (46.2%).

Table 2 shows the mean, standard deviation, and reliability of AEQ-PE, Q-LES-
Q, and PEEPQ. For AEQ-PE, pride (4.24 ± 0.63) was the most essential factor that 
influenced the achievement emotions experienced by trainee teachers, followed by 
enjoyment (4.05± 0.63), anxiety (2.91± 0.80), boredom (2.23± 0.46), hopelessness 
(1.96 ± 0.69), and anger (1.94 ± 0.67). The overall AEQ-PE showed adequate 
internal consistency of 0.56 while subscales alpha coefficients for pride, enjoyment, 
anger, anxiety, hopelessness, and boredom demonstrated good reliability of 0.72,
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Table 1 Demographic 
characteristics of the 
participants (N = 260) 

Characteristics Frequency (F) Percentage (%) M (SD) 

Gender 1.49 (0.50) 

Male 133 512 

Female 127 48.8 

Age 2.00 (0.83) 

18–19 90 34.6 

20–21 80 30.8 

22–23 90 34.6 

Ethnicity 1.90 (0.87) 

Malay 113 43.5 

Chinese 60 23.1 

Native 87 33.5 

Education 1.44 (0.50) 

Physical 
education 

146 56.2 

Sport science 114 43.8 

University 2.87 (1.16) 

UiTM 114 43.8 

IPGK Ilmu 
Khas 

60 23.1 

IPGK Batu 
Lintang 

44 16.9 

IPGK Tun 
Abdul Razak 

42 16.2 

Body mass 
index (BMI) 

1.98 (0.52) 

Normal 
(18.5–24.9) 

196 75.4 

Underweight 
(≤ 18.49) 

36 13.8 

Overweight 
(25.0–29.9) 

26 10.0 

Obese 
(30.0–34.9) 

2 0.8 

Frequency of 
exercise per 
week 

1.43 (0.50) 

1–3 times 147 56.5 

4–6 times 113 43.5 

Minutes 
exercise 

2.25 (0.85)

(continued)
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Table 1 (continued) Characteristics Frequency (F) Percentage (%) M (SD)

0–30 min 48 18.5 

31–60 min 120 46.2 

61–90 min 71 27.3 

91–120 min 21 8.1

0.71, 0.63, 0.64, 0.66, and 0.66, respectively. For Q-LES-Q, leisure time activities 
(3.88 ± 0.66) were the most crucial construct that influenced the trainee teachers’ 
degree of enjoyment and satisfaction, followed by feelings (3.87 ± 0.65), physical 
health (3.84 ± 0.69), and homework (3.62 ± 0.69). The overall Q-LES-Q revealed 
a good internal consistency of 0.96, while subscales alpha coefficients for physical 
health, feelings, homework, and leisure time activities demonstrated high reliability 
of 0.93, 0.92, 0.92, and 0.90, respectively. For PEEPQ, peer interaction (4.22 ± 0.75) 
is the most vital factor that influences the students’ enjoyment towards physical 
activity, followed by PE enjoyment (4.20 ± 0.77), activity-generated excitement 
(4.09 ± 0.76), teacher-generated excitement (3.99 ± 0.79), parental encouragement 
(3.96± 0.87), self-referent competency (3.79 ±0.82), and other-referent competency 
(3.26 ± 0.90). The overall PEEPQ and seven subscales demonstrated high reliability 
which ranged from 0.62 to 0.95.

Table 3 shows the independent sample t-test of AEQ-PE, Q-LES-Q, and PEEPQ 
based on gender. For AEQ-PE, the results revealed no significant difference for pride, 
p= 0.22, enjoyment, p= 0.28, anger, p= 0.13, hopelessness, p= 0.53, and boredom, 
p = 63. However, there was a statistically significant difference for anxiety, p = 0.04. 
The male (3.01 ± 0.76) rated 0.20 point higher than the female (2.81 ± 0.84). For Q-
LES-Q, the results revealed there was no statistically significant for physical health, p 
= 0.68, feelings, p = 0.12, homework, p = 0.65, and leisure time activities, p = 0.14, 
respectively. For PEEPQ, the results also showed no significant difference between 
gender for self-referent competency, p = 0.94, other-referent competency, p = 0.36, 
activity-generated excitement, p = 0.71, teacher-generated excitement, p = 0.07, 
peer interaction, p = 0.50, and parental encouragement, p = 0.76, PE enjoyment, p 
= 0.20, respectively.

Table 4 shows the one-way ANOVA of AEQ-PE, Q-LES-Q, and PEEPQ based 
on age groups. For AEQ-PE, the results revealed that there was significant differ-
ence between the three age groups for pride, p = 0.019. Post-hoc Tukey adjusted 
comparisons for pride indicated that the mean score for age group of 18–19 (4.36 ± 
0.63) was significantly higher that age group of 22–23 (4.09 ± 0.69), μ = 0.26, p 
= 0.015. However, there was no significant difference between the three age groups 
for enjoyment, p = 0.20, anger, p = 0.17, anxiety, p = 0.15, and hopelessness, p 
= 0.16. Moreover, there was significant difference between the three age groups 
for boredom, p = 0.029, whereby the mean score for age group of 18–19 (2.14 ± 
0.43) was significantly lower that age group of 22–23 (2.31 ± 0.47), μ = −0.18, 
p = 0.024. For Q-LES-Q, the results revealed that there was significant difference 
between the three age groups for physical health, p < 0.001. Post-hoc Tukey adjusted
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Table 2 Mean, standard 
deviation, and reliability for 
AEQ-PE, Q-LES-Q, and 
PEEPQ 

Variables M SD α 
Overall AEQ-PE 0.56 

Pride 4.24 0.63 0.72 

Enjoyment 4.05 0.63 0.71 

Anger 1.94 0.67 0.63 

Anxiety 2.91 0.80 0.64 

Hopelessness 1.96 0.69 0.66 

Boredom 2.23 0.46 0.66 

Overall Q-LES-Q 0.96 

Physical health 3.84 0.69 0.93 

Feelings 3.87 0.65 0.92 

Homework 3.62 0.69 0.92 

Leisure time activities 3.88 0.66 0.90 

Overall PEEPQ 0.95 

Self-referent competency 3.79 0.82 0.88 

Other-referent competency 3.26 0.90 0.86 

Activity-generated excitement 4.09 0.76 0.91 

Teacher-generated excitement 3.99 0.79 0.82 

Peer interaction 4.22 0.75 0.78 

Parental encouragement 3.96 0.87 0.62 

PE enjoyment 4.20 0.77 0.70

comparisons for physical health indicated that the mean score for age group of 18– 
19 (4.05 ± 0.62) was significantly higher that age group of 22–23 (3.28 ± 0.90), μ 
= 0.41, p < 0.001. Besides, feelings were significant difference between the three 
age groups, p = 0.001, whereby the mean score for age groups of 18–19 (4.03 ± 
0.59) was significantly higher that age group of 22–23 (3.66 ± 0.64), μ = 0.37, p 
< 0.001. Furthermore, there was significant difference between the three age groups 
for homework, p = 0.026, whereby the mean score for age group of 18–19 (3.76 ± 
0.72) was significantly higher that age group of 22–23 (3.48 ± 0.67), μ = 0.28, p = 
0.019. Lastly, leisure time activities were significant between the three age groups, p 
= 0.014, whereby the mean score for age group of 18–19 (4.03 ± 0.67) was signifi-
cantly higher that age group of 22–23 (3.88± 0.66), μ = 0.28, p= 0.013. For PEEPQ, 
the results revealed that there was significant difference between the three age groups 
for self-referent competency, p = 0.002, whereby the mean score for age group of 
18–19 (3.87 ± 0.88) was significantly higher that age group of 22–23 (3.55 ± 0.78), 
μ = 0.32, p = 0.023, and age group of 22–23 (3.55 ± 0.78) was significant lower 
than age group of 20–21 (3.97 ± 0.73), μ = 0.41, p = 0.003. Besides, there was no 
significant difference between the three age groups for other-referent competency, 
p = 0.57, but significant difference for activity-generated excitement, p = 0.002, 
whereby the mean score for age group of 20–21 (4.32 ± 0.67) was significantly
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Table 3 Independent t-test of AEQ-PE, Q-LES-Q, and PEEPQ based on gender 

Variables Male Female t-test 

M SD M SD t-statistics (df) p 

AEQ-PE 

Pride 4.19 0.62 4.29 0.64 −1.22 (258) 0.22 

Enjoyment 4.01 0.65 4.09 0.60 −1.09 (258) 0.28 

Anger 2.00 0.68 1.88 0.66 1.52 (258) 0.13 

Anxiety 3.01 0.76 2.81 0.84 2.07 (258) 0.04* 

Hopelessness 1.99 0.65 1.93 0.72 0.63 (258) 0.53 

Boredom 2.25 0.50 2.22 0.40 0.49 (250.77) 0.63 

Q-LES-Q 

Physical health 3.83 0.71 3.86 0.67 −0.41 (258) 0.68 

Feelings 3.80 0.70 3.93 0.59 −1.56 (254.51) 0.12 

Homework 3.60 0.74 3.64 0.63 −0.45 (255.46) 0.65 

Leisure time activities 3.93 0.71 3.81 0.61 1.47 (258) 0.14 

PEEPQ 

Self-referent competency 3.79 0.90 3.79 0.73 0.08 (251.39) 0.94 

Other-referent competency 3.21 1.02 3.31 0.75 −0.93 (242.92) 0.36 

Activity-generated excitement 4.11 0.79 4.07 0.73 0.38 (258) 0.71 

Teacher-generated excitement 4.08 0.79 3.90 0.79 1.83 (258) 0.07 

Peer interaction 4.25 0.74 4.19 0.78 0.67 (258) 0.50 

Parental encouragement 3.94 0.91 3.97 0.83 −0.30 (258) 0.76 

PE enjoyment 4.26 0.78 4.14 0.76 1.27 (258) 0.20 

* p < 0.05

higher that age group of 22–23 (3.91 ± 0.76), μ = 0.41, p = 0.001. Furthermore, 
there was a significant between the three age groups for teacher-generated excite-
ment, p = 0.007, whereby the mean score for age group of 20–21 (4.23 ± 0.73) was 
significantly higher that age group of 18–19 (3.89 ± 0.88), μ = 0.34, p = 0.014, 
and age group of 22–23 (3.90 ± 0.73), μ = 0.33, p = 0.02. However, there was no 
significant difference between the three age groups for peer interaction, p = 0.10, 
and parental encouragement, p = 0.07. In addition, PE enjoyment was significant 
difference between the three age groups, p = 0.005, whereby the mean score for age 
groups of 20–21 (4.43 ± 0.66) was significantly higher that age group of 18–19 (4.07 
± 0.82), μ = 0.36, p = 0.005, and age group of 22–23 (4.14 ± 0.77), μ = 0.29, p 
= 0.033.

Table 5 shows the one-way ANOVA of AEQ-PE, Q-LES-Q, and PEEPQ based 
on ethnicity. For AEQ-PE, results revealed that there was no statistically significant 
difference between the three ethnicities for pride, p = 0.12, enjoyment, p = 0.18, 
anger, p = 0.89, anxiety, p = 0.32, and hopelessness, p = 0.54. Conversely, there was 
a statistically significant difference between the three ethnicities for boredom, p =
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Table 4 One-way ANOVA of AEQ-PE and Q-LES-Q based on age groups 

Variables Age groups F (2, 257) p 

18–19 20–21 22–23 

AEQ-PE 

Pride 4.36 (0.63) 4.27 (0.53) 4.09 (0.69) 4.05 0.019* 

Enjoyment 4.14 (0.63) 4.03 (0.58) 3.97 (0.67) 1.64 0.20 

Anger 1.84 (0.67) 2.03 (0.65) 1.97 (0.68) 1.79 0.17 

Anxiety 2.81 (0.94) 3.04 (0.76) 2.90 (0.67) 1.90 0.15 

Hopelessness 1.85 (0.69) 2.03 (0.69) 2.01 (0.68) 1.85 0.16 

Boredom 2.14 (0.43) 2.25 (0.45) 2.31 (0.47) 3.58 0.029* 

Q-LES-Q 

Physical health 4.05 (0.62) 3.83 (0.79) 3.65 (0.59) 8.26 < 0.001* 

Feelings 4.03 (0.59) 3.91 (0.68) 3.66 (0.64) 7.76 0.001* 

Homework 3.76 (0.72) 3.61 (0.65) 3.48 (0.67) 3.70 0.026* 

Leisure time activities 4.03 (0.67) 3.83 (0.69) 3.88 (0.66) 4.33 0.014* 

PEEPQ 

Self-referent competency 3.87 (0.88) 3.97 (0.73) 3.55 (0.78) 6.32 0.002* 

Other-referent competency 3.32 (0.92) 3.28 (0.93) 3.18 (0.83) 0.57 0.57 

Activity-generated excitement 4.07 (0.79) 4.32 (0.67) 3.91 (0.76) 6.58 0.002* 

Teacher-generated excitement 3.89 (0.88) 4.23 (0.73) 3.90 (0.73) 5.00 0.007* 

Peer interaction 4.28 (0.72) 4.31 (0.84) 4.08 (0.70) 2.36 0.10 

Parental encouragement 3.90 (0.90) 4.14 (0.82) 3.85 (0.86) 2.63 0.07 

PE enjoyment 4.07 (0.82) 4.43 (0.66) 4.14 (0.77) 5.43 0.005*

0.046. Post-hoc Tukey adjusted comparisons for boredom indicated that Malay (2.17 
± 0.43) was significantly lower than the Chinese (2.35 ± 0.49), μ = −0.18, p = 
0.036. For Q-LES-Q, there was significant difference between the three ethnicities for 
physical health, p = 0.043. Post-hoc Tukey adjusted comparisons for physical health 
indicated that Malay (3.95 ± 0.64) was significantly higher that the Native (3.70 
± 0.72), μ = 0.25, p = 0.033. Results also revealed that there was no statistically 
significant difference between the three ethnicities for feelings, p = 0.51, homework, 
p = 0.35, and leisure time activities, p = 0.58. For PEEPQ, the results revealed that 
there was significant difference between the three ethnicities for self-referent compe-
tency, p < 0.001. Post-hoc Tukey adjusted comparisons for self-referent competency 
indicated that the mean score for Chinese (3.35 ± 0.79) was significantly lower that 
Malay (3.79 ± 0.79), μ = 0.45, p = 0.001, and Native (4.09 ± 0.73), μ = 0.74, 
p < 0.001. The mean score for Native (4.09 ± 0.73) was significantly higher than 
Malay, μ = 0.29, p = 0.022. Besides, there was significant difference between the 
three ethnicities for other-referent competency, p < 0.001. Post-hoc Tukey adjusted 
comparisons for other-referent competency indicated that the mean score for Chinese 
(2.86 ± 0.83) was significantly lower that Malay (3.42 ± 0.87), μ = 0.58, p < 0.001,
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and Native (3.32 ± 0.90), μ = 0.46, p = 0.005. Furthermore, there was significant 
difference between the three ethnicities for activity-generated excitement, p < 0.001. 
Post-hoc Tukey adjusted comparisons for activity-generated excitement indicated 
that the mean score for Native (4.43 ± 0.63) was significantly higher that Malay 
(3.99 ± 0.77), μ = 0.44, p < 0.001, and Chinese (3.78 ± 0.74), μ = 0.66, p < 0.001. 
Moreover, there was a significant between the three ethnicities for teacher-generated 
excitement, p < 0.001. Post-hoc Tukey adjusted comparisons for teacher-generated 
excitement indicated that the mean score for Native (4.30 ± 0.67) was significantly 
higher that Malay (3.89 ± 0.85), μ = 0.41, p = 0.001, and Chinese (3.77 ± 0.73), 
μ = 0.53, p < 0.001. Similarly, there was significant difference between the three 
ethnicities for peer interaction, p = 0.008. Post-hoc Tukey adjusted comparisons for 
peer interaction indicated that the mean score for Native (4.40 ± 0.69) was signifi-
cantly higher that Chinese (4.20 ± 0.79), μ = 0.39, p = 0.006. Likewise, there was 
a significant between the three ethnicities for parental encouragement, p < 0.001. 
Post-hoc Tukey adjusted comparisons for parental encouragement indicated that the 
mean score for Native (4.25 ± 0.77) was significantly higher that Malay (3.91 ± 
0.90), μ = 0.34, p = 0.013, and Chinese (3.61 ± 0.82), μ = 0.64, p < 0.001. Lastly, 
there was a significant between the three ethnicities for PE enjoyment, p < 0.001. 
Post-hoc Tukey adjusted comparisons for PE enjoyment indicated that the mean 
score for Native (4.48 ± 0.61) was significantly higher that Malay (4.07 ± 0.83), μ 
= 0.42, p < 0.001, and Chinese (4.06 ± 0.75), μ = 0.42, p = 0.002.

Table 6 shows the two-way ANOVA for AEQ-PE, Q-LES-Q, and PEEPQ based 
on gender and age groups. For AEQ-PE, the between-subjects ANOVA for pride 
revealed that there was no significant main effect of gender, F(1, 254) = 1.76, p = 
0.19, ηp 

2 = 0.007, but significant main effect of age groups, F(2, 254) = 4.57, p 
= 0.011, ηp 

2 = 0.035. Besides, there was significant interaction between Gender 
× Age on pride, F(2, 254) = 3.76, p = 0.025, ηp 

2 = 0.029. The between-subjects 
ANOVA for enjoyment revealed that there was no significant main effect of gender, 
F(1, 254) = 1.28, p = 0.26, ηp 

2 = 0.005, and age groups, F(2, 254) = 1.78, p = 
0.17, ηp 

2 = 0.014. However, there was significant interaction between Gender × 
Age on enjoyment, F(2, 254) = 3.66, p = 0.027, ηp 

2 = 0.028. The between-subjects 
ANOVA for anger revealed that there was no significant main effect of gender, F(1, 
254) = 1.67, p = 0.20, ηp 

2 = 0.007, and age groups, F(2, 254) = 1.71, p = 0.18, 
ηp 

2 = 0.013. Moreover, there was no significant interaction between Gender × Age 
on anger, F(2, 254) = 2.18, p = 0.12, ηp 

2 = 0.017. The between-subjects ANOVA 
for anxiety revealed that there was no significant main effect of gender, F(1, 254) = 
3.27, p = 0.07, ηp 

2 = 0.013, and age groups, F(2, 254) = 1.45, p = 0.24, ηp 
2 = 

0.011. Furthermore, there was no significant interaction between Gender × Age on 
anxiety, F(2, 254) = 0.07, p = 0.94, ηp 

2 = 0.001. The between-subjects ANOVA 
for hopelessness revealed that there was no significant main effect of gender, F(1, 
254) = 0.18, p = 0.67, ηp 

2 = 0.001, and age groups, F(2, 254) = 1.71, p = 0.18, 
ηp 

2 = 0.013. Besides, there was no significant interaction between Gender × Age 
on hopelessness, F(2, 254) = 0.12, p = 0.89, ηp 

2 = 0.001. The between-subjects 
ANOVA for boredom revealed that there was no significant main effect of gender 
F(1, 254) = 0.12, p = 0.74, ηp 

2 < 0.001, but significant main effect on age groups,
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Table 5 One-way ANOVA of AEQ-PE, Q-LES-Q, and PEEPQ based on ethnicity 

Variables Ethnicity F (2, 257) p 

Malay Chinese Native 

AEQ-PE 

Pride 4.31 (0.58) 4.10 (0.68) 4.25 (0.65) 2.18 0.12 

Enjoyment 4.11 (0.60) 3.93 (0.68) 4.05 (0.63) 1.76 0.18 

Anger 1.95 (0.62) 1.97 (0.71) 1.92 (0.70) 0.12 0.89 

Anxiety 2.98 (0.84) 2.79 (0.66) 2.91 (0.83) 1.13 0.32 

Hopelessness 1.91 (0.69) 2.02 (0.73) 1.98 (0.66) 0.62 0.54 

Boredom 2.17 (0.43) 2.35 (0.49) 2.22 (0.45) 3.11 0.046* 

Q-LES-Q 

Physical health 3.95 (0.64) 3.85 (0.72) 3.70 (0.72) 3.18 0.043* 

Feelings 3.91 (0.58) 3.79 (0.75) 3.86 (0.68) 0.67 0.51 

Homework 3.66 (0.71) 3.51 (0.65) 3.64 (0.68) 1.07 0.35 

Leisure time activities 3.92 (0.64) 3.87 (0.72) 3.82 (0.07) 0.55 0.58 

PEEPQ 

Self-referent competency 3.79 (0.79) 3.35 (0.79) 4.09 (0.73) 16.45 < 0.001* 

Other-referent competency 3.42 (0.87) 2.86 (0.83) 3.32 (0.90) 8.38 < 0.001* 

Activity-generated excitement 3.99 (0.77) 3.78 (0.74) 4.43 (0.63) 16.77 < 0.001* 

Teacher-generated excitement 3.89 (0.85) 3.77 (0.73) 4.30 (0.67) 10.48 < 0.001* 

Peer interaction 4.20 (0.79) 4.01 (0.72) 4.40 (0.69) 4.93 0.008* 

Parental encouragement 3.91 (0.90) 3.61 (0.82) 4.25 (0.77) 10.78 < 0.001* 

PE enjoyment 4.07 (0.83) 4.06 (0.75) 4.48 (0.61) 9.14 < 0.001* 

* p < 0.05

F(2, 254) = 3.81, p = 0.023, ηp 
2 = 0.029. In addition, there was no significant 

interaction between Gender × Age on boredom, F(2, 254) = 1.71, p = 0.18, ηp 
2 

= 0.013. For Q-LES-Q, the between-subjects ANOVA for physical health revealed 
that there no was significant main effect of gender, F(1, 254) = 0.05, p = 0.82, ηp 

2 

< 0.001, whereas significant main effect of age groups, F(2, 254) = 8.40, p < 0.001, 
ηp 

2 = 0.062. Besides, there was no significant interaction between Gender × Age 
on physical health, F(2, 254) = 1.02, p = 0.36, ηp 

2 = 0.008. The between-subjects 
ANOVA for feelings revealed that there was no significant main effect of gender, F(1, 
254) = 2.32, p = 0.13, ηp 

2 = 0.009, but significant main effect of age groups, F(2, 
254) = 8.06, p < 0.001, ηp 

2 = 0.060. In addition, there was no significant interaction 
between Gender × Age on feelings, F(2, 254) = 1.31, p = 0.27, ηp 

2 = 0.010. The 
between-subjects ANOVA for homework revealed that there was no significant main 
effect of gender, F(1, 254) = 0.12, p = 0.73, ηp 

2 < 0.001, yet significant main effect 
of age groups, F(2, 254) = 3.75, p = 0.025, ηp 

2 = 0.029. Furthermore, there was no 
significant interaction between Gender × Age on homework, F(2, 254) = 0.68, p = 
0.51, ηp 

2 = 0.005. The between-subjects ANOVA for leisure time activities revealed
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that there was no significant main effect of gender, F(1, 254) = 3.23, p = 0.07, ηp 
2 

= 0.013, whereas significant main effect of age groups, F(2, 254) = 4.99, p = 0.007, 
ηp 

2 = 0.038. Moreover, there was no significant interaction between Gender × Age 
on leisure time activities, F(2, 254) = 0.52, p = 0.60, ηp 

2 = 0.004. For PEEPQ, 
the between-subjects ANOVA for self-referent competency revealed that there was 
no significant main effect of gender, F(1, 254) = 0.08, p = 0.77, ηp 

2 < 0.001, but 
significant main effect of age group, F(2, 254) = 8.10, p < 0.001, ηp 

2 = 0.060. 
Besides, there was significant interaction between Gender × Age on self-referent 
competency, F(2, 254) = 6.72, p = 0.001, ηp 

2 = 0.050. The between-subjects 
ANOVA for other-referent competency revealed that there was no significant main 
effect of gender, F(1, 254)= 1.66, p= 0.20, ηp 

2 = 0.006, and age group, F(2, 254) = 
1.23, p = 0.30, ηp 

2 = 0.010. Conversely, there was significant interaction between 
Gender × Age on other-referent competency, F(2, 254) = 13.07, p < 0.001, ηp 

2 

= 0.093. The between-subjects ANOVA for activity-generated excitement revealed 
that there was no significant main effect of gender, F(1, 254) = 0.04, p = 0.85, ηp 

2 

< 0.001, whereas significant main effect of age group, F(2, 254) = 8.89, p < 0.001, 
ηp 

2 = 0.065. Moreover, there was significant interaction between Gender × Age 
on activity-generated excitement, F(2, 254) = 8.88, p < 0.001, ηp 

2 = 0.065. The 
between-subjects ANOVA for teacher-generated excitement revealed that there was 
no significant main effect of gender, F(1, 254) = 1.54, p = 0.22, ηp 

2 = 0.006, but 
significant main effect of age group, F(2, 254) = 6.25, p = 0.002, ηp 

2 = 0.047. There 
was significant interaction between Gender × Age on teacher-generated excitement, 
F(2, 254) = 10.02, p < 0.001, ηp 

2 = 0.073. The between-subjects ANOVA for peer 
interaction revealed that there was no significant main effect of gender, F(1, 254) 
= 0.14, p = 0.71, ηp 

2 = 0.001, yet significant main effect of age group, F(2, 254) 
= 3.49, p = 0.032, ηp 

2 = 0.027. Besides, there was significant interaction between 
Gender × Age on peer interaction, F(2, 254) = 7.89, p < 0.001, ηp 

2 = 0.058. The 
between-subjects ANOVA for parental encouragement revealed that there was no 
significant main effect of gender, F(1, 254) = 0.71, p = 0.40, ηp 

2 = 0.003, whereas 
significant main effect of age group, F(2, 254) = 4.13, p = 0.017, ηp 

2 = 0.031. 
In addition, there was significant interaction between Gender × Age on parental 
encouragement, F(2, 254) = 8.78, p < 0.001, ηp 

2 = 0.065. The between-subjects 
ANOVA for PE enjoyment revealed that there was no significant main effect of 
gender, F(1, 254) = 0.43, p = 0.51, ηp 

2 = 0.002, yet significant main effect of 
age group, F(2, 254) = 8.24, p = 0.002, ηp 

2 = 0.047. Lastly, there was significant 
interaction between Gender × Age on PE enjoyment, F(2, 254) = 7.71, p = 0.001, 
ηp 

2 = 0.057.
Table 7 shows the two-way ANOVA for AEQ-PE, Q-LES-Q, and PEEPQ based on 

gender and ethnicity. For AEQ-PE, the between-subjects ANOVA for pride revealed 
that there was no significant main effect of gender, F(1, 254) = 0.68, p = 0.41, ηp 

2 

= 0.003, and ethnicity, F(2, 254) = 1.82, p = 0.17, ηp 
2 = 0.014. Besides, there was 

no significant interaction between Gender × Ethnicity on pride, F(2, 254) = 0.21, 
p = 0.82, ηp 

2 = 0.002. The between-subjects ANOVA for enjoyment revealed that 
there was no significant main effect of gender, F(1, 254) = 0.62, p = 0.43, ηp 

2 = 
0.002, and ethnicity, F(2, 254) = 1.71, p = 0.18, ηp 

2 = 0.013. Furthermore, there
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Table 6 Main effect of gender versus age groups for AEQ-PE, Q-LES-Q, and PEEPQ 

Variables Gender Age Gender versus 
Age 

M F p 18 – 19 20 – 21 22 – 23 p p 

AEQ-PE 

Pride 4.20 4.31 0.19 4.36 4.31 4.09 0.011* 0.025* 

Enjoyment 4.02 4.11 0.26 4.15 4.07 3.97 0.17 0.027* 

Anger 1.99 1.88 0.20 1.83 2.01 1.97 0.18 0.12 

Anxiety 3.00 2.82 0.07 2.82 3.03 2.90 0.24 0.94 

Hopelessness 1.98 1.94 0.67 1.85 2.02 2.01 0.18 0.89 

Boredom 0.04 2.22 0.74 2.13 2.24 2.31 0.023* 0.18 

Q-LES-Q 

Physical 
health 

3.84 3.86 0.82 4.06 3.84 3.65 < 0.001* 0.36 

Feelings 3.82 3.94 0.13 4.03 3.94 3.66 < 0.001* 0.27 

Homework 3.61 3.64 0.73 3.76 3.63 3.48 0.025* 0.51 

Leisure time 
activities 

3.95 3.80 0.07 4.05 3.81 3.76 0.007* 0.60 

PEEPQ 

SRC 3.81 3.83 0.77 3.89 4.02 3.55 < 0.001* 0.001* 

ORC 3.22 3.36 0.20 3.33 3.37 3.18 0.30 < 0.001* 

AGE 4.12 4.13 0.85 4.09 4.38 3.90 < 0.001* < 0.001* 

TGE 4.09 3.97 0.22 3.92 4.27 3.90 0.002* < 0.001* 

PI 4.26 4.23 0.71 4.30 4.36 4.08 0.032* < 0.001* 

PE 3.95 4.04 0.40 3.92 4.21 3.85 0.017* < 0.001* 

PE enjoyment 4.27 4.21 0.51 4.10 4.47 4.14 0.002* 0.001* 

* p < 0.05

was no significant interaction between Gender × Ethnicity on enjoyment, F(2, 254) 
= 1.84, p = 0.16, ηp 

2 = 0.014. The between-subjects ANOVA for anger revealed 
that there was no significant main effect of gender, F(1, 254) = 2.93, p = 0.09, ηp 

2 

= 0.011, and ethnicity, F(2, 254) = 0.08, p = 0.92, ηp 
2 = 0.001. Moreover, there 

was no significant interaction between Gender × Ethnicity on anger, F(2, 254) = 
0.53, p = 0.59, ηp 

2 = 0.004. The between-subjects ANOVA for anxiety revealed 
that there was significant main effect of gender, F(1, 254) = 5.38, p = 0.021, ηp 

2 = 
0.021, but no significant main effect of ethnicity, F(2, 254) = 2.29, p = 0.10, ηp 

2 = 
0.018. In addition, there was no significant interaction between Gender × Ethnicity 
on anxiety, F(2, 254) = 2.14, p = 0.12, ηp 

2 = 0.017. The between-subjects ANOVA 
for hopelessness revealed that there was no significant main effect of gender, F(1, 
254) = 0.59, p = 0.44, ηp 

2 = 0.002, and ethnicity, F(2, 254) = 0.38, p = 0.69, ηp 
2 

= 0.003. At the same time, there was no significant interaction between Gender ×



472 T. B. Sian et al.

Ethnicity on hopelessness, F(2, 254) = 0.70, p = 0.50, ηp 
2 = 0.005. The between-

subjects ANOVA for boredom revealed that there was no significant main effect of 
gender F(1, 254) = 0.01, p = 0.93, ηp 

2 < 0.001, and ethnicity, F(2, 254) = 2.82, p = 
0.06, ηp 

2 = 0.022. Furthermore, there was no significant interaction between Gender 
× Ethnicity on boredom, F(2, 254) = 0.07, p = 0.93, ηp 

2 = 0.001. For Q-LES-Q, the 
between-subjects ANOVA for physical health revealed that there was no significant 
main effect of gender, F(1, 254) = 0.23, p = 0.63, ηp 

2 = 0.001, but significant main 
effect of ethnicity, F(2, 254) = 3.15, p = 0.044, ηp 

2 = 0.024. Besides, there was no 
significant interaction between Gender × Ethnicity on physical health, F(2, 254) = 
2.48, p = 0.09, ηp 

2 = 0.019. The between-subjects ANOVA for feelings revealed 
that there was no significant main effect of gender, F(1, 254) = 2.57, p = 0.11, ηp 

2 

= 0.010, and ethnicity, F(2, 254) = 0.19, p = 0.83, ηp 
2 = 0.002. Moreover, there 

was no significant interaction between Gender × Ethnicity on feelings, F(2, 254) = 
1.17, p = 0.31, ηp 

2 = 0.009. The between-subjects ANOVA for homework revealed 
that there was no significant main effect of gender, F(1, 254) = 0.30, p = 0.59, 
ηp 

2 = 0.001, and ethnicity, F(2, 254) = 0.56, p = 0.57, ηp 
2 = 0.004. Furthermore, 

there was no significant interaction between Gender × Ethnicity on homework, F(2, 
254) = 0.81, p = 0.45, ηp 

2 = 0.006. The between-subjects ANOVA for leisure 
time activities revealed that there was significant main effect of gender, F(1, 254) 
= 1.28, p = 0.26, ηp 

2 = 0.005, and ethnicity, F(2, 254) = 0.68, p = 0.51, ηp 
2 = 

0.005. Result also revealed that there was no significant interaction between Gender 
× Ethnicity on leisure time activities, F(2, 254) = 1.25, p = 0.29, ηp 

2 = 0.010. For 
PEEPQ, the between-subjects ANOVA for self-referent competency revealed that 
there was no significant main effect of gender, F(1, 254) = 0.11, p = 0.75, ηp 

2 < 
0.001, but significant main effect of ethnicity, F(2, 254) = 13.44, p < 0.001, ηp 

2 

= 0.096. Besides, there was significant interaction between Gender × Ethnicity on 
self-referent competency, F(2, 254) = 4.33, p = 0.014, ηp 

2 = 0.033. The between-
subjects ANOVA for other-referent competency revealed that there was no significant 
main effect of gender, F(1, 254) = 0.54, p = 0.46, ηp 

2 = 0.002, yet significant main 
effect of ethnicity, F(2, 254) = 5.83, p = 0.003, ηp 

2 = 0.044. Furthermore, there was 
no significant interaction between Gender ×Ethnicity on other-referent competency, 
F(2, 254) = 1.88, p = 0.15, ηp 

2 = 0.015. The between-subjects ANOVA for activity-
generated excitement revealed that there was no significant main effect of gender, F(1, 
254) = 0.24, p = 0.63, ηp 

2 = 0.001, whereas significant main effect of ethnicity, 
F(2, 254) = 15.13, p < 0.001, ηp 

2 = 0.106. Moreover, there was no significant 
interaction between Gender × Ethnicity on activity-generated excitement, F(2, 254) 
= 1.83, p = 0.16, ηp 

2 = 0.014. The between-subjects ANOVA for teacher-generated 
excitement revealed that there was no significant main effect of gender, F(1, 254) 
= 3.80, p = 0.05, ηp 

2 = 0.001, but significant main effect of ethnicity, F(2, 254) 
= 10.30, p < 0.001, ηp 

2 = 0.075. Additionally, there was no significant interaction 
between Gender × Ethnicity on teacher-generated excitement, F(2, 254) = 0.42, p 
= 0.66, ηp 

2 = 0.003. The between-subjects ANOVA for peer interaction revealed 
that there was no significant main effect of gender, F(1, 254) = 0.62, p = 0.43, ηp 

2 

= 0.002, yet significant main effect of ethnicity, F(2, 254) = 4.36, p = 0.014, ηp 
2 

= 0.033. Besides, there was no significant interaction between Gender × Ethnicity
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on peer interaction, F(2, 254) = 0.69, p = 0.50, ηp 
2 = 0.005. The between-subjects 

ANOVA for parental encouragement revealed that there was no significant main 
effect of gender, F(1, 254) = 0.04, p = 0.83, ηp 

2 < 0.001, whereas significant 
main effect of ethnicity, F(2, 254) = 9.01, p < 0.001, ηp 

2 = 0.066. Next, there was 
no significant interaction between Gender × Ethnicity on parental encouragement, 
F(2, 254) = 0.90, p = 0.41, ηp 

2 = 0.007. The between-subjects ANOVA for PE 
enjoyment revealed that there was no significant main effect of gender, F(1, 254) 
= 0.73, p = 0.39, ηp 

2 = 0.003, yet significant main effect of ethnicity, F(2, 254) 
= 8.24, p < 0.001, ηp 

2 = 0.061. Furthermore, there was no significant interaction 
between Gender × Ethnicity on PE enjoyment, F(2, 254) = 2.08, p = 0.13, ηp 

2 = 
0.016. 

Table 7 Main effect of gender versus ethnicity for AEQ-PE, Q-LES-Q, and PEEPQ 

Variables Gender (G) Ethnicity (E) G versus E  

M F p Malay Chinese Native p p 

AEQ-PE 

Pride 4.19 4.25 0.41 4.30 4.10 4.25 0.17 0.82 

Enjoyment 4.00 4.06 0.43 4.12 3.93 4.05 0.18 0.16 

Anger 2.01 1.85 0.09 1.95 1.92 1.92 0.92 0.59 

Anxiety 3.00 2.76 0.021* 3.01 2.73 2.91 0.10 0.12 

Hopelessness 1.99 1.92 0.44 1.91 1.98 1.98 0.69 0.50 

Boredom 2.25 2.25 0.93 2.17 2.35 2.22 0.06 0.93 

Q-LES-Q 

Physical 
health 

3.82 3.87 0.63 3.94 3.89 3.70 0.044* 0.09 

Feelings 3.80 3.94 0.11 3.90 3.85 3.86 0.83 0.31 

Homework 3.59 3.64 0.59 3.67 3.55 3.64 0.57 0.45 

Leisure time 
activities 

3.93 3.83 0.26 3.93 3.89 3.82 0.51 0.29 

PEEPQ 

SRC 3.78 3.74 0.75 3.79 3.40 4.09 < 0.001* 0.014* 

ORC 3.19 3.27 0.46 3.42 2.93 3.32 0.003* 0.15 

AGE 4.10 4.05 0.63 3.99 3.81 4.43 < 0.001* 0.16 

TGE 4.08 3.88 0.05 3.90 3.75 4.29 < 0.001* 0.66 

PI 4.25 4.17 0.43 4.20 4.02 4.40 0.014* 0.50 

PE 3.93 3.95 0.83 3.92 3.65 4.25 < 0.001* 0.41 

PE enjoyment 4.26 4.18 0.39 4.08 4.09 4.48 < 0.001* 0.13 

* p < 0.05
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4 Discussion 

The study showed that anxiety remains as the predominant variables which showed 
males had higher anxiety-related emotions unlike the females would tend to perceive 
PE as progressively challenging have higher confidence in their self-abilities and 
mastery-oriented. The younger age group perceived to high quality of life and satis-
faction implied that social and emotional support were more positive in terms of 
invaluable social support that can enhance better participation and well-being towards 
PE. Thus, the younger age groups were in their first years before transitioned to their 
second or third year in which they would need to make the necessary adjustment and 
well-being during the duration as students. Adversely, the older age groups were more 
self-referent in their competence as they possessed more experience and knowledge 
in acquiring more challenging tasks and skills as they transit from first year to second 
and third year during their study duration period. The intrinsic achievement derived 
from their self-referent were related with enjoyment in PE according to their level 
of competence and ability in which the activities were systemically structure excite-
ment, stimulation, and involvement. The natives were found to have higher level 
of enjoyment and satisfaction in which competence provide the aim in providing 
enjoyment in PE. The enjoyment and social relatedness enable some forms of satis-
faction and autonomy, whereby the natives are generally more self-reliant and active 
in PA which have been embedded in PE. Thus, the practices of teaching PE needs 
to provide equality without discrimination as well as plan according to the creativity 
and inclusivity that would lead to better development of PE among the students. 
The limitations of the study were the utilization of convenience sampling who do 
not represent the total distribution of diversities of the races. It is recommended that 
longitudinal study incorporating more schools from different regions in Malaysia 
would serve a better understanding of the students’ enjoyment and satisfaction in 
PE. 

5 Conclusion 

In order to cater for the multicultural Malaysian societies, the PE teachers would 
need to stimulate better interactive and creative approaches in the development of 
PE. In addition, there should be distancing from stereotyping and discrimination in 
order to communicate the values of practices, activities, and exercises in PE in order 
to develop awareness of the importance of PE.
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Cross-Cultural Validation 
and Psychometric’ Evaluation 
of the Athletic Mental Energy Scale 
(AMES) 

Chatkamon Singnoy, Naruepon Vongjaturapat, Tanida Julvanichpong, 
Li-Chin Yeh, Cen-Yi Lin, Tsung-Kuo Tien-Liu, and Frank J. H. Lu 

Abstract Athletic mental energy influences athletes’ cognition, emotion, and 
performance. It is essential to have a valid and reliable psychological measure to 
start the research. Thus, this study aimed to validate Athletic Mental Energy Scale 
(AMES) into Thai and examine its psychometric properties. We examined content 
validity by inviting 15 participants (sport/language experts = 5; athletes = 10) to 
examine the appropriateness of the content of a translated AMES-Thai. Moreover, we 
examined the factorial structure and reliability of the AMES-Thai by item analysis 
(IA), confirmatory factor analysis (CFA), composite reliability (CR) analysis, and 
average variance extracted (AVE). We suggest Thai scholars and sports professionals 
may use AMES-Thai for further research and practice in future. 

Keywords Optimal state of mind · Psychology of sport excellence ·
Cross-cultural validation · Peak performance 

1 Introduction 

In order to explore athletes’ optimal psychological states in sports, Lu and his 
colleagues [1] developed a new concept termed “athletic mental energy (AME)”

C. Singnoy (B) · N. Vongjaturapat · T. Julvanichpong 
Burapha University, Saen Suk, Thailand 
e-mail: chatkamon@gmail.com 

L.-C. Yeh 
Chungyu University of Film and Arts, Keelung, Taiwan 

C.-Y. Lin 
National Taiwan Sport University, Taoyuan, Taiwan 

T.-K. Tien-Liu 
Fu Jen Catholic University, New Taipei, Taiwan 

F. J. H. Lu 
Chinese Culture University, New Taipei, Taiwan 

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 
G. Kuan et al. (eds.), Advancing Sports and Exercise via Innovation, Lecture Notes 
in Bioengineering, https://doi.org/10.1007/978-981-19-8159-3_41 

477

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-8159-3_41&domain=pdf
mailto:chatkamon@gmail.com
https://doi.org/10.1007/978-981-19-8159-3_41


478 C. Singnoy et al.

and defined AME as “an athlete’s perceived existing state of energy which is char-
acterized by its intensity in motivation, confidence, concentration, and mood [1].” 
Under this initial work, Lu and colleagues [1] contended that athletic mental energy 
comprises both cognitive and affective components including vigor, calmness, tired-
ness, concentration, confidence, and motivation. Lu and colleagues [1] used six  
studies and developed a six-factor, 18-item Athletic Mental Energy Scale (AMES) 
which had adequate and reliability. 

Athletic mental energy is an important psychological construct because it influ-
ences athletes’ emotions, cognition, and behavior. Past research in mental energy 
is dominated by nutrition scientists [2, 3]. The reasons that nutrition scientists and 
other researchers dedicated themselves to studying mental energy are because mental 
energy is “an individual’s ability to continue long hours of thinking, concentrating 
attention, and blocking distractions to achieve a given task [4].” According to [4] 
many astonishing scientific works and advanced technology can be done by scientists 
are because they had strong mental energy. Further, [4] argued that if anyone wants 
to be successful in his/her works, he or she needs extraordinary mental energy. 

In the athletic domain, many sport psychologists are also interested in this athletic 
mental energy. For example, [5] developed a special psychological skill termed “cen-
tering” and claimed that when athletes apply this skill in competition/training it can 
make him/her in a state of being calm, energetic, and confident. Similarly, a well-
known psychologist, [6] also developed a psychological skill termed “Visual Motor 
Behaviour Rehearsal (VMBR)” to teach Olympic athletes. Suinn [6] contended that 
after athletes master this skill they can become concentrated and confident when 
entering competitions. Furthermore, another sport psychologist, Loehr [7], proposed 
a pyramid model of energy to depict how different types of energy contributing 
to athletes’ peak performance. In this model, the base is physical energy. Then, 
emotional energy is at the second level. At the third level, it is athletes’ mental 
energy. Finally, and at the top is spiritual energy. Among all types of energy, [7] 
considered mental energy is very important because it relates to athletes’ higher-order 
functioning such as abstract thinking, awareness, and self- regulation. 

In line with the research into elite athletes and their optimal state of mind, Lu and 
colleagues [1] proposed that athletic mental energy comprised of two major emotional 
and cognitive components which are frequently mentioned in sport psychology liter-
ature. In terms of the emotional component, Lu and colleagues’ [1] AMES includes 
tirelessness, vigor, and calmness as major emotional components of athletic mental 
energy. These components echo past research on athletes’ optimal psychological 
states in peak performance. For example, Morgan’s [8, 9] iceberg profile model 
suggested that successful US Olympic candidates had high scores on vigor but low 
scores on fatigue, anger, confusion, and anxiety compared to less successful athletes. 
Thus, the vigor and tirelessness in AMES echoed Morgan’s [8, 9] research. In addi-
tion to vigor and tirelessness, calm is also very important in elite sport. For example, 
[7, 10] reported that when performing at their best, elite athletes reported they felt 
low anxiety, relaxed, and experienced no fear of loss. Recently, in their investigation 
into the resilience of Olympic gold medalists, Anderson and colleagues [11] reported 
that Australian Olympic champions were more emotionally stable, less anxious, and
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optimistic compared to less successful athletes. Thus, the emotional factors of vigor, 
tirelessness, and calmness in AMES seem very meaningful for elite athletes. 

Since the AMES has been developed, researchers use it to examine its’ prediction 
on athletic success. For example, in Lu and colleagues’ [1] study 5, the researchers 
administered the AMES to 78 Malaysian martial artists one day before a national 
tournament. Then, they collected the martial artists’ wins and losses from the tour-
nament. Using a logistic regression statistical analysis, Lu and colleagues’ [1] found 
the subscales of AMES (i.e., confidence, motivation, tirelessness, and calmness) 
predicted competition outcomes. 

Recently, Chiu and colleagues [12] sampled two groups of college student-athletes 
(Study 1 = 230; Study 2 = 159) to examine the moderating effects of athletic 
mental energy on the stress–burnout relationship. Participants were measured by 
life stress, athletic mental energy (i.e., AMES), and burnout. Both studies found 
that the emotional and cognitive components of athletic mental energy moderated 
the athletes’ life stress–burnout relationship. Chiu and colleagues [12] concluded 
that athletic mental energy is an important psychological variable that can reduce 
athletes’ stress–burnout relationship. 

Thus, we intended to translate Lu and colleagues’ [1] AMES into Thai and 
examine its psychometric properties. We followed Cohen and Swerdlik’s [13] sugges-
tions in validating a psychological test. We used back translation to make an AMES 
draft and examine its’ content validity. Moreover, we examined the factor structure 
and basic indices of the reliability. 

2 Methods and Results 

2.1 Phase 1 

The objective of Phase 1 was to translate Lu and colleagues’ [1] AMES into Thai 
and examine its content validity. 

Participants. Participants were 4 experts in Thai, English, and sports psychology; 
and 1 native English speaker. Also, we invited 10 student-athletes to read the final 
version of the translated AMES. 

Procedures. We adopted Birslin’s [14] suggestions to translate all 18 items of AMES 
into Thai by following steps. In step 1, two bilingual translators who are experts 
in Thai, English, and sport psychology were invited to translate AMES into Thai. 
Then, two translators compared each translated version and discussed the differences. 
Next, they revised several parts until they agreed upon one tentative version called 
“AMES-Thai.” In step 2, two experts who are proficient in Thai, English, and sport 
psychology were invited to translate AMES-Thai into English. In step 3, one native 
English speaker compared the original AMES and translated English AMES-Thai
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Step 3 

Compare of AMES 
(Original and Thai version) 

Step 
Translation Thai to Eng- 

lish 

AMES-Thai 
(T2) 

AMES (Original) 

) 

Step 1 
Translation Eng- 

lish to Thai 

Expert 4 Expert 3 

AMES-Thai 
(T1) 

Expert 2 Expert 1 

Fig. 1 Back translation procedures 

to see whether there was any difference between the two. In addition, two Thai co-
authors and this native English speaker discussed the semantic meanings of translated 
English AMES-Thai and AMES-Thai, and then they made a final version of AMES-
Thai. After these three steps, we invited 10 Thai student-athletes to read the contents 
of AMES-Thai, and asked them to comment about the contents of the AMES-Thai. 
Finally, we made the last minor revision after 10 student-athletes’ feedback. All back 
translation procedures are illustrated in Figure 1. 

Results. After three phases of translation, the final version of the AMES-Thai 
reflected the original meaning of the AMES. Especially, in the last step of back 
translation, the native English speaker gave us much valuable feedback about the 
original AMES and translated English AMES-Thai. We accepted his suggestions 
by revising several places to make it clear and understandable. Besides, we adopted 
[15] suggestions to examine the cultural equivalence, functional equivalence, item 
equivalence, and scalar equivalence of the AMES-Thai. Furthermore, the 10 student-
athletes reported that they had no difficulty reading and understanding the content of 
the final version of AMES-Thai in terms of fluency, clarity, and understandability. 
Thus, we prepared AMES-Thai for the next field testing. 

Conclusion. The objective of Study 1 was to translate an English version of AMES 
into Thai and examine its content validity. By using a back translation, we made an 
AMES-Thai draft with appropriate content validity. Thus, we gained a basic tool for 
assessing athletic mental energy scale for field testing in Thailand. However, we still 
need other reliability and validity indices to confirm the psychometric properties of 
the AMES-Thai. Therefore, we conducted Study 2.
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2.2 Phase 2 

Objective. The objective of Study 2 was to examine the factor validity and reliability 
of the AMES-Thai. We used item analysis (IA), confirmatory factor analysis (CFA), 
average variance extracted (AVE), and composite reliability (CR) to achieve our 
objective. 

2.3 Methods 

Participants. We sampled 572 Thai student-athletes (males = 359, females = 213) 
from 12 Universities with a mean age of 20.12 ± 1.58 years and 6 years’ average 
experience in sports. They participated in different team sports (including football, 
basketball, volleyball, futsal, hockey, beach volleyball, handball, sepak takraw, rugby, 
cricket, and softball) and individual sports (including taekwondo, track and field, 
wrestling, boxing, Thai boxing, shooting, tennis, swimming, petanque, badminton, 
pencak silat, and e-sport). The number of days spent training was 4.8 days per 
week with 3.2 h of training per day. We adopted [16] suggestions to recruit enough 
participants. According to [16], a sample size of 500 cases is excellent for the CFA. 

Measurements and Procedures. Before collecting data, we gained ethical approval 
from the Burapha University Human Research Ethics Committee (HU 138/2563). 
We contacted targeted teams’ head coaches through emails and phone calls. We 
informed them that this is research to examine athletes’ responses about an English 
psychological test. After their permission, we visited the team at an appointed date 
to collect data. Before field testing, we informed participants of the general purpose 
of the study, the procedure to complete the survey packet, the right of the participa-
tion, the confidentiality, and the anonymity of all data. If participants interested in 
this research and agreed to participate, they signed informed consent forms, then a 
demographic questionnaire, and AMES-Thai as follows. 

Demographic questionnaire. The demographic questionnaire included participants’ 
general information such as gender, age, sports, training load (i.e., frequency, duration 
per day/week), and years of sports experience. 

Athletic Mental Energy Scale-Thai (AMES-Thai): The AMES-Thai assess partic-
ipants’ perception of their existing energy state. The AMES-Thai includes six factors 
motivation, confidence, concentration, vigor, tirelessness, and calmness. Each factor 
included three items. The sample question for each factor as follows: (a) vigor (e.g., 
I feel there is an endless energy coming from my body), (b) confidence (e.g., I can 
control all sports movements and skills), (c) motivation (e.g., I feel excited in future 
competitions), (d) tirelessness (e.g., Even the training is over I still feel I have endless 
energy to use), (e) concentration (e.g., I am free of distraction during competition 
and training), and (f) calmness (e.g., Even facing to a tough opponent I don’t feel
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anxious). Participants read each item and identify their perceptions on a 6-point 
Likert scale that ranges from 1 (not at all) to 6 (completely so). 

Statistical Analyses. Before formal statistical analyses, we examined descriptive 
information about data including means, standard deviations, skewness, kurtosis, and 
outliers to check whether there is an abnormal data. Next, a Pearson product-moment 
correlation analysis was used to examine the relationships of all items. Further, an 
item analysis was used to examine participants’ responses on all items between 
high and low scores. Moreover, we used AMOS version 22 statistical software to 
perform a CFA analysis by the following criteria suggested by [17]: (1) the χ2/DF 
ratio (between 1 and 3); (2) the Goodness of Fit Index (GFI, greater than 0.90); (3) 
the Comparative Fit Index (CFI, greater than 0.90); (4) the root mean square error 
of approximation (RMSEA, less than 0.08); (5) the standardized root mean square 
residual (SRMR, less than 0.05). 

Results. It was found no outliers and the mean of all items was between 4.05 and 
4.89 (SD = 0.93–1.24); the skewness was around − 1.12–0.25 (kurtosis = 0.11– 
1.09). Thus, the preliminary analyses indicated that the raw data fit the statistical 
assumptions. Further, we used Mardia’s normalized estimate to examine multivariate 
normality. Results found the estimate was less than 3 which met the assumption of 
multivariate normality [18]. In addition, the results form Pearson product-moment 
correlation analysis found all items were correlated (r = 0.31–0.79) which exceeded 
the minimum requirement of 0.30 [19]. 

Moreover, if was found that all items had significant differences between those 
scored higher than 75% and lower than 25% as Table 1 illustrated. Thus, it demon-
strated that all of AMES-Thai’s items can differentiate those who scored high and 
low [20]. Moreover, as Figure 1 illustrated, the measurement model of AMES-Thai 
indicated that a six-factor, 18-item was satisfactory (χ2/DF = 149.76, CFI = 0.99, 
GFI = 0.97, RMSEA= 0.004, SRMR = 0.003). The composite reliability for each 
subscale was calculated as follows: vigor (0.71), confidence (0.80), motivation (0.63), 
concentration (0.57), tirelessness (78), and calmness (0.79). The average variance 
extracted was also calculated as follows: vigor (0.58), confidence (0.66), motivation 
(0.52), concentration (48), tirelessness (0.64), and calmness (0.65), which were all 
above the acceptable standard (0.25) as [21] suggested.

In phase 2, we examined the factor structure of the AMES-Thai and its related reli-
abilities. We sampled 572 University athletes and administering them with AMES-
Thai. The preliminary data examination showed that the raw data fits the statistical 
assumptions. Also, item analysis found that there is a significant difference between 
high vs. low scores among participants. The item analysis showed that the overall 
quality of the items of the AMES-Thai was appropriate. Moreover, CFA results 
illustrated that AMES-Thai matches the factor structure of the original AMES. Also, 
the indices of composite reliability and average variance extracted illustrated that 
AMES-Thai has appropriate reliability. According to Netemeyer and colleagues [22], 
composite reliability (CR) is referred to construct reliability. Like Cronbach’s alpha, 
it represents a measure’s internal consistency. On the other hand, average variance 
extracted (AVE) is a measure of the amount of variance due to measurement error
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Table 1 Item analysis of the 18-item AMES-Thai 

High versus low N M SD t-value 

AMES1 1 167 3.23 1.288 − 14.05* 
2 155 4.94 0.865 

AMES2 1 167 3.71 0.958 − 16.28* 
2 155 5.18 0.639 

AMES3 1 167 3.41 1.048 − 18.71* 
2 155 5.17 0.583 

AMES4 1 167 3.86 1.199 − 12.38* 
2 155 5.25 0.784 

AMES5 1 167 3.72 0.931 − 17.57* 
2 155 5.28 0.652 

AMES6 1 167 4.19 1.283 − 6.53* 
2 155 5.07 1.111 

AMES7 1 167 4.07 1.309 − 11.59* 
2 155 5.43 0.738 

AMES8 1 167 3.31 1.040 − 17.27* 
2 155 5.05 0.763 

AMES9 1 167 3.27 0.915 − 20.63* 
2 155 5.10 0.662 

AMES10 1 167 4.03 1.337 − 12.93* 
2 155 5.51 0.607 

AMES11 1 167 3.29 0.919 − 18.91* 
2 155 5.01 0.712 

AMES12 1 167 3.01 0.997 − 21.09* 
2 155 5.01 0.693 

AMES13 1 167 3.53 0.870 − 20.00* 
2 155 5.15 0.556 

AMES14 1 167 3.41 1.082 − 16.70* 
2 155 5.09 0.658 

AMES15 1 167 3.71 0.872 − 19.06* 
2 155 5.26 0.556 

AMES16 1 167 3.81 1.225 − 13.32* 
2 155 5.25 0.641 

AMES17 1 167 3.46 1.016 − 15.13* 
2 155 4.99 0.794 

AMES18 1 167 3.60 1.086 − 12.29* 
2 155 4.97 0.90 

Note #1. *p < 0.01  
#2. 1 = low score group; 2 = high score group
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of a psychological construct. Thus, the illustration of CR and AVE indicated that 
AMES-Thai had appropriate reliability. 

Despite this initial psychometric evidence, we still need the nomological validity 
of the six-factor, 18-item AMES-Thai. By doing so, we hope to provide more 
psychometric evidence of the six-factor, 18-item AMES-Thai. 

3 Discussion 

Theoretical contributions/implications 

The objective of the present study was to introduce a reliable and valid measure of 
athletic mental energy into Thailand. By conducting three studies, we found a six-
factor 18-item AMES-Thai had appropriate factor structure, composite reliability, 
internal consistency, convergent validity, and discriminant validity. We believe our 
work offers Thai researchers a useful tool for the study of athletic mental energy. 
Future researchers may use this six-factor, 18-item AMES-Thai to examine its’ 
predictivity in athletic performance. Also, practitioners may use it for counseling 
or diagnosing Thai athletes’ mental energy. 

Generally, the six-factor, 18-item AMES-Thai maintained the same six-factor 
structure of the original AMES [1]. In particular, the results from convergent validity 
and discriminant validity echo the theoretical explanation and empirical studies in 
sport psychology [1, 12]. The results of the convergent validity analysis found athletic 
mental energy positively correlated with student-athletes’ positive state of mind; this 
is a meaningful in theory. According to [23], a positive state of mind is having a 
positive mood, productive, creative, and free of worry, depression, and hostility. Thus, 
the convergent validity provides a significant finding that athletes who experience 
high mental energy also have a high positive state of mind. 

The results of the discriminant validity analysis also supported past research that 
athletes high in athletic mental energy would be low in life stress [1] and burnout 
[12]. Specifically, Chiu and colleagues’ [12] found that athletes high in athletic 
mental energy decreased the relationship between athletes’ stress–burnout. Thus, 
sports professionals need to boost athletes’ mental energy, not only to enhance their 
performance but also to promote their overall well-being. 

The other implication for this study is the cross-cultural validation. Sun and 
colleagues [24] contended that culture influences one’s values and attitudes, which in 
turn, affect one’s emotional responses and behavior. Markus and Kitayama [25] also  
contended that culture has a strong influence in perceptions about self and others. 
Thus, it needs careful procedures to introduce an existing psychological measure 
to another culture. In addition, research suggested [26, 27], when transferring an 
existing concept and measure to another culture, much adaptation and validation are 
needed. This includes appropriate translation and field testing. Our study adopted [14] 
suggestion to translate all 18 items of AMES into Thai to establish content validity. 
Also, we performed two studies to gain solid indices of reliability and validity. All
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of these efforts are to make sure that we gain a valid and reliable psychological 
measure to use in Thailand. We believe that the validated AMES-Thai is suitable for 
Thai researchers and practitioners to use in future. 

4 Limitations and Future Suggestions 

Several limitations must be addressed. First, although the AMES-Thai gains its initial 
psychometric indices, it still needs more work in future. It is suggested that any devel-
opment of a psychological measure is an ever-lasting procedure [13]. A psychological 
measure always needs more work to confirm its validity and reliability. For example, 
because we did not examine the AIMS-Thai’s measurement invariance, we suggest 
that future study may examine measurement invariance of the AMES-Thai across 
gender or sports. Further, our study sampled college student-athletes as participants. 
Thus, whether our results can be generalized to adolescent athletes or professional 
athletes need to be further examined. Moreover, because the athletic mental energy 
is a “state-like” experience, it may change from day to day under certain physical 
conditions (e.g., fatigue). Thus, we did not examine test-retest reliability. We suggest 
future studies may examine other reliability indices such as inter-method reliability 
and half-split reliability [28]. 

For the future investigation, we suggest Thai researchers may use the six-factor, 
18-item AMES-Thai to examine whether there is an association between athletic 
mental energy and other psychological variables such as psychological skills [29], 
mental toughness [30], injury [31], and burnout [32, 33]. In addition, we suggest Thai 
researchers may use AMES-Thai to examine its’ prediction on athletic performance 
in different sports. 

In terms of application, we suggest Thai coaches, sports administrators, or sport 
psychology consultants may use AMES-Thai to assess Thai athletes’ mental energy 
states before a competition. Also, they can use AMES-Thai to diagnose Thai athletes’ 
mental energy after heavy training. By doing so, they can offer appropriate sugges-
tions for coaches. To enhance athletic mental energy, Lu and colleagues [1] suggested 
that adequate life management, proper sports training, and psychological skills 
training can enhance athletes’ athletic mental energy. 

5 Conclusion 

The objective of the present study was to obtain a reliable and valid measure of athletic 
mental energy for Thai researchers. To achieve this objective, we conducted three 
studies to validate AMES-Thai. We believe that this six-factor, 16-item AMES-Thai 
is just the beginning of the athletic mental energy research in Thailand. We hope more 
Thai researchers engage in athletic mental energy research, not only to enhance Thai 
athletes’ performance but also to promote Thai athletes’ psychological well-being.
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The Effect of a Marathon Course 
on Motivation and Running Behaviour 

Zhou Yali and Garry Kuan 

Abstract In China, there are few colleges and universities offering Marathon course 
as an elective. Therefore, it is imperative to conduct research on this course from 
various aspects, including timetable scheduling, teaching effectiveness and student 
feedback. The purpose of this study is to examine the effectiveness of Marathon 
course on running behaviours and to provide theoretical basis for the promotion and 
development of the course. A total of 511 students (boys= 319, girls= 192), who had 
completed this course volunteered to answer the questionnaires. The questionnaires 
included students’ motivation, self-assessment of participation, and fitness levels. 
The results revealed that 70.6% of the students continued to run after participating 
in the course, of which 56.4% started running after enrolling in the course, 14.2% 
of the students were running prior to taking the course. It is found that time spent 
exercising is disproportionate to fun effect (p = −  0.23), and exercise persistence 
is disproportionate to ability effect (p = −  0.17). Significant differences present 
between individuals with different fatness with regard to appearance motivation (p 
= 0.0001) and institutional motivation (p = 0.004), while it has a significant dispro-
portionate relationship with institutional motivation (r = −  0.114*) and a significant 
proportional relationship with appearance motivation (r = 0.189**). Many students 
were concerned about their fitness and appearance, and it has an impact on their 
motivation to enrol in this course. Therefore, considerable emphasis can be placed 
on the course’s content, design and promotion, to increase enrolment in the marathon 
course. From the results, it was concluded that introducing marathon as an elective 
course could increase the number of students to start running and engage in physical 
activity. 
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1 Introduction 

In order to actively promote the deepening of educational reform and strengthen the 
spirit of physical education and extracurricular exercise proposed in Opinions on 
Strengthening Physical Education in Schools to Promote All-round Development of 
Students’ Physical and Mental Health [1], Chongqing University added marathon 
course as an elective. Based on the perspective of event-group theory, Marathon is an 
endurance sport dominated by physical capacity, and endurance quality has an impor-
tant impact on people’s living ability and their sports ability [2]. A number of studies 
have shown that aerobic exercise has a significant effect on promoting people’s phys-
ical and mental health, comprehensively enhancing physical fitness, improving body 
shape, controlling cardiovascular diseases and enhancing cardiopulmonary function 
[3–6]. What is worth mentioning, cardiopulmonary endurance is an objective phys-
iological index of physical activity levels and is highly correlated with the all-cause 
mortality rates for all groups, and it is the core element of each component of physical 
health [7]. Therefore, the promotion of marathon in colleges and universities will 
help to strengthen the physique of students and to provide strong guarantee for their 
physical health. Because there are few colleges and universities offering marathon as 
an elective course in China, it is imperative to conduct research on this course from 
various aspects, including timetable scheduling, teaching effectiveness and student 
feedback. Through correlation analysis and variance analysis on students’ partici-
pation motivation, self-assessment of participation, exercise behaviour and fitness 
levels, this paper preliminarily discusses the relationship among these factors and 
provides a theoretical basis for the further promotion and development of marathon 
course. 

2 Research Object and Method 

2.1 Research Object 

The research object was undergraduate students who have chosen marathon as an 
elective course in Chongqing University. The total number of the samples was 511, 
including 319 boys (62.4%) and 192 girls (37.6%), and their ages ranged from 17 to 
24 (19.49 ± 1.132), and their BMI was between 16.2 and 31.79 (20.75 ± 2.54). 

2.2 Measurement Instrument 

Students’ participation motivation for marathon course was investigated with the 
Motivation for Physical Activities Measure (reversed edition) (MPAM-R) [8] and 
this was internal motivation, including ability motivation, fun motivation, healthy
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motivation, social motivation and appearance motivation, with 3 questions each. 
External motivation was investigated with the External Motivation for Physical Activ-
ities Measure by Chen Shanping [9], and this included institutional motivation of 
students to pursue academic achievement and their obedience motivation to comply 
with the expectations of other important people, with 3 questions each. Likert 5-point 
scale has been used in all these questions, with motivational intensity ranging from 
“very strong motivation” to “no motivation”. The Cronbach α reliability coefficient of 
each sub-scale was from 0.756 to 0.841, and the overall Cronbach α coefficients were 
0.923 (internal motivation) and 0.798 (external motivation), respectively, indicating 
that the scale had good internal consistency. 

Self-assessment of participation adopted the Exercise Effect Inventory (EEI) [10], 
which measured the positive effects of physical exercise on students’ ability, fun, 
health, social interaction and appearance, with 2 questions each. Likert 5-point scale 
has been used in all these questions, with effect ranging from “very obvious effect” 
to “no effect”. The Cronbach α reliability coefficient of each sub-scale was from 
0.773 to 0.909, and the overall Cronbach α coefficient was 0.924, indicating that the 
scale had good internal consistency. 

To test the relationship between different participation motivation and exercise 
behaviour and the relationship between self-assessment of participation and exercise 
behaviour, the scale used 3 indicators (exercise time, exercise frequency and exer-
cise intensity) for measuring the sports population [11]. And it used indicators for 
measuring exercise adherence, which was complied according to the weeks of having 
marathon course and the characteristics of the project at the moment of issuing the 
questionnaires. The question was based on the definition of regular running. Regular 
running referred to physical activity that you continued to run 3 or more than 3 times 
a week and run for at least 20 min in a time and after that you would sweat. Based 
on this definition, the following six answers were listed. First, no, I am not going to 
start running. Second, no, I have started running but I run irregularly. Third, no, I 
have started running and I plan to run regularly in a month. Fourth, yes, I have started 
running regularly but it lasts for less than 2 months. Fifth, yes, I have started running 
regularly but it lasts for less than 6 months. Sixth, yes, I have been running regularly 
for more than 6 months. 

In order to figure out the relationship between students with different fatness with 
regard to participation motivation and self-assessment of participation, students’ 
fitness levels were based on Body Mass Index (BMI) which was used internationally 
as a standard of measuring body shape. According to Chinese standards, BMI less 
than 18.5 meant slightly thin; BMI greater than or equal to 18.5 and less than 24.0 
meant normal; BMI greater than or equal to 24.0 and less than 28.0 meant slightly 
fat; and BMI greater than or equal to 28.0 meant fat [12].
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2.3 Research Process 

The research data were collected by sending questionnaires to those classes with 
marathon course. A total of 600 questionnaires were sent out before class and the 
questionnaires were filled out and collected on the spot. 600 pieces were received 
with the recovery rate of 100%. 89 blank and invalid questionnaires were removed, 
and 511 questionnaires were used for statistical analysis. 

2.4 Data Analysis 

Excel software was used to summarize the data, and SPSS27.0 was used for 
descriptive statistical analysis, correlation analysis and one-way analysis of variance 
[13]. 

3 Result and Analysis 

3.1 Exercise Adherence Descriptive Statistics 

Exercise adherence refers to the duration of an individual’s long-term persistence to 
running, that is, the duration of an individual’s continuous running for 3 or more than 
3 times per week. Table 1 showed students’ exercise adherence after participating 
in marathon course. Classification 2 indicated that 14.9% of students have started 
running but they didn’t continue it. Classification 3 indicated that 14.5% of students 
have started running and they planned to keep running in the next month. Classifi-
cation 4 indicated that 56.4% of students have started running regularly but it lasted 
for less than 2 months. Classification 5 indicated that 11.7% of students have started 
running regularly but it lasted for less than 6 months. Classification 6 indicated that 
2.5% of students have started running regularly and it lasted for more than 6 months. 

Table 1 Exercise adherence descriptive statistics 

Classification 2 3 4 5 6 Total 

N 76 74 288 60 13 511 

% 14.9 14.5 56.4 11.7 2.5 100%
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Table 2 Correlation analysis of participation motivation and exercise behaviour. (Pearson corre-
lation) 

Healthy 
motivation 

Appearance 
motivation 

Fun 
motivation 

Ability 
motivation 

Social 
motivation 

Institutional 
motivation 

Obedience 
motivation 

Exercise 
time 

0.023 0.156** 0.046 − 0.001 − 0.001 − 0.042 0.043 

Exercise 
frequency 

0.091* 0.117** 0.143** 0.109* 0.066 0.006 − 0.033 

Exercise 
intensity 

− 0.056 0.052 − 0.046 − 0.040 − 0.040 0.046 0.020 

Exercise 
persistence 

0.199** 0.175** 0.203** 0.209** 0.103* 0.019 − 0.028 

**p < 0.01, *p < 0.05  

3.2 Correlation Analysis of Participation Motivation 
and Exercise Behaviour 

Participation motivation is the psychological motivation to participate in exercise, 
so participation motivation should have a proportional relationship with exercise 
behaviour [9]. Table 2 showed the relationship between participation motivation and 
exercise behaviour. Internal motivation almost had a significant proportional relation-
ship with exercise behaviour. But exercise time had a disproportionate relationship 
with ability motivation and social motivation. Besides, exercise intensity had a dispro-
portionate relationship with healthy motivation, fun motivation, ability motivation 
and social motivation. External motivation was the motivation produced by the action 
of external forces. Based on the characteristics of college students, their external 
motivation included institutional motivation to pursue academic achievement and 
obedience motivation to comply with the expectations of other important people [9]. 
According to Table 2, there was no significant correlation between external motiva-
tion and exercise behaviour. Exercise time had a disproportionate relationship with 
institutional motivation. Obedience motivation had a disproportionate relationship 
with both exercise frequency and exercise persistence. 

3.3 Correlation Analysis of Self-Assessment of Participation 
and Exercise Behaviour 

Self-assessment of participation refers to the positive effects that individuals expe-
rience or recognize through physical exercise [10]. Self-assessment of participation 
should have a proportional relationship with exercise behaviour. According to Table 
3, exercise frequency had a significant proportional relationship with healthy effect. 
Exercise intensity had a significant proportional relationship with appearance effect.
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Table 3 Correlation analysis of self-assessment of participation and exercise behaviour. (Pearson 
Correlation) 

Healthy effect Appearance effect Fun effect Ability effect Social effect 

Exercise 
time 

0.051 0.029 − 0.023 0.022 0.032 

Exercise 
frequency 

0.094* 0.018 0.074 0.019 0.001 

Exercise 
intensity 

0.086 0.092* 0.005 0.039 0.045 

Exercise 
persistence 

0.008 0.002 0.048 − 0.017 0.038 

*p < 0.05  

Exercise time had a disproportionate relationship with fun effect. Exercise persistence 
had a disproportionate relationship with ability effect. 

3.4 Comparison and Correlation Analysis of Participation 
Motivation Between Different Fatness 

According to Table 4, correlation analysis and one-way analysis of variance showed 
that among five internal motivation, the intensity of appearance motivation and the 
intensity of institutional motivation had critical differences in fitness levels. Appear-
ance motivation of slightly fat students was stronger than that of slightly thin students 
(P = 0.000) and normal students (P = 0.024). Appearance motivation of slightly 
thin students was weaker than that of normal students (P = 0.000) and slightly fat 
students (P = 0.000). Institutional motivation of slightly thin students was stronger 
than that of normal students (P = 0.000). Obedience motivation of fat students was 
slightly stronger than that of slightly thin students (P = 0.029) and normal students 
(P = 0.037). Besides, appearance motivation had a proportional relationship with 
fitness levels, while institutional motivation had a disproportionate relationship with 
fitness levels.

3.5 Comparison and Correlation Analysis of Participation 
Effect Between Different Fatness 

According to Table 5, self-assessment of participation effect between students of 
different fatness had critical differences in appearance effect and fun effect. As for 
appearance effect, slightly thin students were more obvious than that of slightly fat 
students (p = 0.024) and fat students (p = 0.029). And normal students were more
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Table 5 Comparison of participation effect between different fatness 

N Healthy 
effect 

Appearance 
effect 

Fun effect Ability 
effect 

Social 
effect 

BMI < 18.5 84 3.68 ± 0.83 3.10 ± 0.98 3.55 ± 0.86 3.34 ± 0.94 2.83 ± 1.07 
18.5 ≤ BMI < 24.0 378 3.67 ± 0.82 3.02 ± 1.04 3.57 ± 0.96 3.26 ± 0.97 2.77 ± 1.10 
24.0 ≤ BMI < 28.0 41 3.49 ± 0.85 2.65 ± 1.15 3.26 ± 1.14 3.09 ± 0.99 2.59 ± 1.15 
BMI ≥ 28 8 3.13 ± 0.64 2.25 ± 1.00 2.75 ± 0.71 2.75 ± 0.85 2.19 ± 0.92 
总计 511 3.65 ± 0.82 2.99 ± 1.05 3.53 ± 0.96 3.25 ± 0.97 2.76 ± 1.10 
F 1.73 3.25 3.08 1.38 1.21 

Sig. 0.159 0.022 0.027 0.249 0.307 

R − 0.076 − 0.117** − 0.093* − 0.081 − 0.073 

obvious than that of slightly fat students (p = 0.028) and fat students (p = 0.038). As 
for fun effect, slightly thin students were more obvious than that of fat students (p = 
0.025). And normal students were more obvious than that of slightly fat students (p = 
0.049) and fat students (p = 0.017). What’s more, different fatness had a significant 
disproportionate relationship with both appearance effect and fun effect. 

4 Discussion 

4.1 Characteristics of Students’ Exercise Adherence 
in the Marathon Course 

Research results showed that all students would run after participating in the marathon 
course, but their exercise adherence was different. 29.4% of students didn’t continue 
to run, while 70.6% of students continued to run after participating in the course. 
Among 70.6% of students, 11.7% of students continued to run for less than 6 months 
and 2.5% of students continued to run for more than 6 months. The questionnaires 
were handed out to students after starting the marathon course for 1.5 months. 56.4% 
of students continued to run for less than 2 months, which revealed that these students 
started running after enrolling in the course, while 14.2% of students were running 
prior to taking the course. The reason why 70.6% of students continued to run after 
participating in the course may be related to the content of the course. Chongqing 
University required that students should run 100 kms in 3 months, including running 
3 kms for 25 times and running 5 kms for 5 times, so that they can take an examination. 
In addition, 14.2% of students may regard running as their personal hobbies or 
exercise habits.
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4.2 The Relationship Between Participation Motivation 
and Exercise Behaviour 

In this research, more than 50% of internal motivation had a significant proportional 
relationship with exercise behaviour, which was consistent with the research results of 
Chen [14] on the behaviour and exercise motivation of fat people. But part of internal 
motivation had a disproportionate relationship with both exercise time and exercise 
intensity, which may be related to running time and running volume. In running, 
longer distance per unit time was considered as a higher level of exercise, so ability 
motivation had a disproportionate relationship with exercise time. Exercise intensity 
was to assess the physical change of students after they ran every time according 
to their own conditions. And the evaluation standard was their degree of sweating. 
64% of students were above moderate degree of sweating. The stronger healthy 
motivation, appearance motivation, fun motivation and social motivation, the more 
likely it may be to control exercise intensity. Besides, excessive exercise intensity 
may also inhibit exercise motivation. 

4.3 The Relationship Between Self-Assessment 
of Participation and Exercise Behaviour 

Marathon, as an endurance sport dominated by physical capacity [2], can greatly 
cultivate students’ will and quality and it requires students to have higher endurance 
and willpower. Even though it can improve students’ health, it will not achieve the 
significant results if exercise adherence is not enough. Those students, who had 
long-term exercise adherence, had certain knowledge for physical exercise, so their 
ability effect may not be improved. Because running was less fun than other sports, 
the longer exercise time, the less obvious fun effect may be. 

4.4 The Relationship Between Students with Different 
Fatness and Participation Motivation 

Appearance motivation means that people participate in physical exercise in order to 
improve their body shape, control their weight and make their body more attractive 
[15]. Slightly fat students obviously had stronger appearance motivation than others. 
However, the need for slightly thin students to control weight was not as strong as that 
of other students, so their appearance motivation was obviously weaker than others. 
Obedience motivation of fat students was slightly stronger than other students. The 
statistical results were mainly affected by the expectations of other important people 
to students, so the analysis was that students paid more attention to others’ views on 
themselves.
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4.5 The Relationship Between Students with Different 
Fatness and Participation Effect 

The marathon course had certain requirements on running duration and running 
distance and it may be more difficult for slightly fat students and fat students to 
complete the course than students of other fitness levels, so their fun effect was 
significantly lower than other students. Long-term exercise adherence can help people 
get obvious and satisfactory effect in weight loss and improvement of body shape. 
Appearance effect of slightly fat students and fat students was also lower than other 
students, perhaps because they did not continue to run for a long time. 

5 Conclusion 

70.6% of the students continued to run after participating in marathon course, of 
which 56.4% started running after enrolling in the course. It showed that introducing 
marathon as an elective course could increase the number of students to start running 
and could have a positive influence on universities’ physical education to achieve the 
goal of strengthening students’ physique. 

The relationship between participation motivation and exercise behaviour and the 
relationship between self-assessment of participation and exercise behaviour were 
different from other scholars’ research results. Part of participation motivation had 
a disproportionate relationship with exercise time and exercise intensity. Exercise 
time had a disproportionate relationship with fun effect. Exercise persistence had a 
disproportionate relationship with ability effect. Students who continued to run for 
a long time had certain knowledge for physical exercise, so their ability effect may 
not be improved. Since running was less fun than other sports, fun effect would be 
less obvious if students exercised longer and longer. 

Students of different fatness had significant differences in appearance motivation 
and institutional motivation. Fitness levels had a critical disproportionate relationship 
with institutional motivation, while it had a significant proportional relationship with 
appearance motivation. Self-assessment of participation effect between students of 
different fatness had critical differences in appearance effect and fun effect. Different 
fatness had a significant disproportionate relationship with both appearance effect 
and fun effect. As for appearance motivation, slightly fat students were more moti-
vated than others to control their weight and improve their body shape. Therefore, 
considerable emphasis can be placed on the course’s content, design and promotion 
to increase students’ enrolment and enthusiasm in the marathon course.
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Examining Body Mass Index 
and Strength Endurance Abilities 
of Adolescent Students 

Victor P. L. Salanggang, Chin Ngien Siong, and Teo Boon Sian 

Abstract The rate of obesity among adolescents has been of public health concern 
which is linked to the increasing prevalence of health-related non-communicable 
diseases. The health of adolescents are often overlooked which has implication to 
their health and mental well-being during adulthood. The study examined the preva-
lence of weight status and strength endurance among adolescent students aged 18 to 
20 years old (1.36 ± 0.60). The Body Mass Index (BMI) and Burpee Test Battery 
were utilized to measure the body composition and strength endurance of the adoles-
cent students. The BMI test revealed that there were more females as compared to 
males in the normal weight, underweight, overweight, obese, and extreme obese BMI. 
In addition, the burpee test revealed that females performed better level of strength 
endurance than males. Compulsory school-based physical activity (PA) interventions 
need to be prioritized for the prevention of obesity and promotion of PA in schools 
in order to instill a better and healthier educational environment. 

Keywords Body mass index · Strength endurance · Adolescents 

1 Introduction 

Adolescence is a critical period in one’s life whereby everyone acquires the skills 
needed for a productive, healthy, and satisfying life throughout this time [1]. Adoles-
cents require access to physical and health education in order to make a healthy tran-
sition into adulthood. Every adolescent would need to adapt to the new environment 
and situation as they transit from one institution of learning to another such as high 
school to universities that represent a substantial life adjustment [2]. Many students 
find the move to any institution of higher learning to be stressful and demanding due
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to academic performance, workload, and tests [3]. The impact of this transition on 
university students has a significant impact on their level of physical activity (PA) 
during their time at university. According to a study conducted by Bray and Born 
[2], one-third of high school active students turned inactive after entering university. 
Furthermore, a meta-analysis of previous studies conducted by Keating et al. [4] 
revealed that university students are sedentary, resulting in a decrease in PA. Addi-
tional research in Romania [5] and Saudi Arabia [3] indicated that 60% of Romanian 
university students were not involved in sports and that PA activity decreased after 
entering college or university. Problems such as poor health outcomes experienced by 
the secondary school students since the bulk of them are physically sedentary while 
being close to PA facilities [4] were linked to low grades, concentration, anxiety, and 
school failure [4, 6]. 

According to Zi and Cardinal [7], Asian students, who make up the largest interna-
tional student population in American institutions and colleges, participated in PA at 
a low level, which negatively impacted their physical and mental wellness. Further-
more, 28.1% of Asian female foreign university students and 11.7% of Asian male 
international university students were physically inactive, according to the study. 
Furthermore, Mincey [8] discovered in an urban state university study that Black 
male college students were at a higher risk than their peers due to their unhealthy 
lives. Asian female foreign students are the least active group in PA, averaging 1.3 h 
of PA weekly [9] and less than 2.5 h of moderate-to-vigorous PA, meaning that they 
are the least active group in PA [10]. In terms of gender, Asian female university 
students were the least active in PA, averaging only 1.3 h per week [9]. Furthermore, 
Asian female students have been shown to be physically inactive, averaging 1.3 h of 
PA per week and less than the recommended 2.5 h of moderate-to-vigorous exercise 
per week. 

Malaysia has been a trailblazer in terms of high adult obesity rates, with an increase 
from 4.4 to 17.7% between 1996 and 2015 [11]. According to the 2019 National 
Health and Morbidity Survey (NHMS), the current obesity rate among Malaysian 
adults is 19.7% [11]. As a result, these findings do not bode well with the existing 
participation of PA among Malaysian students as they progress from secondary 
school to university. Malaysia is one of the top ten most physically inactive countries, 
with an average of 61.4% of people aged 15 and up being physically inactive [12]. 
In general, PA is reduced to compensate for high workloads and a lack of spare time 
among Malaysian university students, with males being marginally more engaged 
in PA than females [13, 14]. Obesity has always been a serious health concern in 
Malaysia, and it is especially prevalent among Malaysian university students, having 
a negative impact on their psychological and physical health. Obesity has a negative 
impact on students’ social, emotional, and mental health by lowering their overall 
quality of life [3, 15]. Adolescent and juvenile obesity may be a precursor to adult 
obesity, affecting morbidity and death [16]. As a result, it is critical to manage obesity 
early in childhood in order to reduce the impact of major health consequences later in 
life. Due to limited studies which show the effects of COVID-19 pandemic on BMI 
and fitness level among adolescent students, the purpose of this study is to determine 
the BMI and strength endurance of adolescent students in Sarawak.
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2 Materials and Methods 

2.1 Participants 

The participants comprised of 446 adolescent students (106 males, 340 females) 
aged 18–20 years old. The selection of the participants was based on a convenience 
sampling method. The study approval was obtained by the Institution Ethics Board 
and informed consent was also obtained from the participants and relevant authorities 
as well as assured of their confidentiality prior to the study. 

2.2 Measures 

The self-reported BMI was utilized to measure the anthropometric measurements 
which is the body composition in terms of the body height and weight. The values 
of the weight and height were recorded to the nearest kilograms and centimeter. The 
measurement for BMI test is weight (kg) divided by height (m2). The BMI test was 
abide by the WHO guidelines according to the WHO norms [17]. BMI ≤ 18.49 is 
defined as underweight, 18.50 ≤ BMI ≤ 24.99 is classified as normal weight, 25.00 
≤ BMI ≤ 29.99 as overweight, 30.00 ≤ BMI ≤ 34.99 as obese and BMI ≥ 35.00 
is considered as extremely obese. Whereas, the 1-min burpee test was utilized to 
test strength endurance of the participants. Procedures on performing the burpee test 
were provided to ensure that it was perform accurately. It is based on the number of 
burpee cycles that the participants can perform in 1 min [18, 19]. The norms of the 
burpee test was based on the Manual Pelaksanaan & Penilaian Video Kecergasan 
Fizikal [20]. 

2.3 Statistical Analyses 

Data collection was performed and computed through Statistical Package for Social 
Science (SPSS) version 28. Descriptive statistical analysis was conducted to analyze 
frequency, percentage, mean, and standard deviation. Statistical significance was set 
at p < 0.01. 

3 Results 

Table 1 shows the demographic characteristics of the participants. A total of 446 
participants involved in this study, comprising of 106 (23.8%) males and 340 (76.2%) 
females. The majority of the participants were from Sabah with a total of 254 (57.0%),
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followed by Sarawak at 192 (43.0%) participants. Based on the Body Mass Index 
(BMI), 265 (59.4%) were in the normal BMI, 102 (22.9%) were in the underweight 
BMI, 53 (11.9%) were in the overweight BMI, 19 (4.3%) were in the obese BMI, 
and only 7 (1.6%) were in the extreme obese BMI.

Table 2 shows the BMI test based on gender. Results revealed that there were 
more females (43.5%) than males (15.9%) in the normal BMI level. Besides, more 
females (20.9%) were in the underweight BMI level as compared to males (2.0%). 
Furthermore, there were slightly more females (7.4%) than males (4.5%) in the 
overweight BMI level. Moreover, slightly more females (3.4%) were in the obese 
BMI level as compared to males (0.9%). Lastly, only 5 (1.1%) females and 2 (0.5%) 
males were in the extreme obese BMI level.

Table 3 shows the burpee test based on gender. Results revealed that there were 
slightly more females (1.8%) than males (0.9%) in the excellent level of strength 
endurance in the burpee test. Besides, there were more females (15.7) than males 
(6.1%) in the good level of strength endurance in the burpee test. Furthermore, more 
females (36.5%) were in the average level of strength endurance as compared to 
males (9.4%) in the burpee test. Moreover, there were slightly more females (14.3%) 
than males (5.8%) were in the poor level of strength endurance in the burpee test. 
Lastly, a total of 35 (7.8%) females and 7 (1.6%) males were in the very poor level 
of strength endurance in the burpee test.

4 Discussion 

The study examined the Body Mass Index and strength endurance abilities of adoles-
cent students based on gender. In this study, the overall BMI test revealed that 59.4% 
of the adolescent students were in the normal weight BMI level. Both intrinsic and 
extrinsic motivation may contribute to the predominance of normal weight BMI. For 
instance, females were driven by external factors such as ill-health avoidance, weight 
control, and attractiveness, whereas males were driven by internal factors such as 
social affiliation, competition with others, and challenges [21]. The overall 1-min 
burpee test showed that slightly over 70% of the students were under excellent, good 
and average level, whereas the remaining percentage of the students were under the 
poor and very poor level of strength endurance. Results revealed that females had 
greater levels of physical fitness scores in burpee test as compared to males in terms 
of strength endurance. This could be due to females are more reliant on interpersonal 
reasons from community or social support such as family support and friend support 
as compared to males in engaging in PA. 

On the other hand, more females than males were in the underweight category. 
One of the reasons why adolescent females were underweight was a diet deficient in 
calories. This is corroborated by the findings of Hakim et al. [22], who discovered that 
low calorie consumption may lead to insufficient energy intake which would result 
in poor intake of vital nutrients such as fat, calcium, iron, and protein. According 
to Hakim et al. [22], there were more females (90.5%) as compared to the males
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Table 1 Demographic 
characteristics of the 
participants (N = 446) 

Characteristics Frequency (F) Percentage (%) Mean (SD) 

Gender 1.76 (0.43) 

Male 106 23.8 

Female 340 76.2 

State 1.57 (0.50) 

Sarawak 192 43.0 

Sabah 254 57.0 

BMI test 1.66 (0.95) 

Normal 
(18.50–24.99) 

265 59.4 

Underweight 
(≤ 18.49) 

102 22.9 

Overweight 
(25.00–29.99) 

53 11.9 

Obese 
(30.00–34.99) 

19 4.3 

Extreme 
obese (≥ 35.0) 

7 1.6 

Burpee test 
(1 min) 

Male 3.05 (0.96) 

Excellent (≥ 
27) 

4 3.8 

Good 
(21–26) 

27 25.5 

Average 
(14–20) 

42 39.6 

Poor (8–13) 26 24.5 

Very poor (≤ 
7) 

7 6.6 

Female 3.14 (0.94) 

Excellent (≥ 
22) 

8 2.4 

Good 
(17–21) 

70 20.6 

Average 
(11–16) 

163 47.9 

Poor (6–10) 64 18.8 

Very poor (≤ 
5) 

35 10.3
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Table 2 BMI test based on gender 

Gender Level
Σ

n 

Normal Underweight Overweight Obese Extreme 
Obese 

n % n % n % n % n % 

Male 71 15.9 9 2.0 20 4.5 4 0.9 2 0.5 106 

Female 194 43.5 93 20.9 33 7.4 15 3.4 5 1.1 340 

Total 265 59.4 102 22.9 53 11.9 19 4.3 7 1.6 446

Table 3 Burpee test based on gender 

Gender Level
Σ

n 

excellent Good Average Poor Very Poor 

n % n % n % n % n % 

Male 4 0.9 27 6.1 42 9.4 26 5.8 7 1.6 106 

Female 8 1.8 70 15.7 163 36.5 64 14.3 35 7.8 340 

Total 12 2.7 97 21.8 205 45.9 90 20.1 42 9.4 446

(30.3%) among university students failed to fulfill RNI recommendations for iron 
consumption. Moreover, breakfast is an essential meal that aids in refueling the body 
and maintaining a healthy weight, as well as boosting concentration and mood [23]. 
Several studies found that the habit of skipping breakfast regularly will result in a 
lowered intake of nutrients and calories [22]. This is supported by Liyanage et al. 
[24] and Vishnukumar et al. [25] revealed that the most prevalent reason why the 
students were more likely to skip breakfast in the morning was primarily due to lack 
of time because they typically stayed up late into the night to owe their assignments 
and studying. Similarly, Ahmad et al. [26] also stated that the university students’ 
lack of time to have breakfast was most likely attributable to the rigorous academic 
curriculum load. As a result, the proportion of students who consume breakfast 
rapidly declines as they have demanding class and work schedules, homesickness, 
and peer group pressure which can lead to an irregular eating pattern [25]. According 
to Taha and Rashed [27], the most common reasons why majority of the students 
who skipped breakfast was due to insufficient time (37%), followed by feeling less 
appetite (33%), not having breakfast cooked at home (15%), preventing excessive 
weight gain (7%), and disliking for the food cooked at home (5%). 

Apart from that, there were slightly more females as compared to males in 
the overweight, obese, and extreme obese BMI. The prevalence of overweight, 
obese, and extreme obese BMI showed that they were physical inactive as most 
of them embraced sedentary behavior as they spent most of the time lying 
down which accounted for 33% and sitting accounted for 41% during their 
daily routine, which may ultimately result in a sedentary lifestyle [28]. These find-
ings were supported by the previous research by Jia et al. [29] which indicated that
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physical inactivity was significantly related to being overweight. For example, the 
adolescent students maximized their free time by watching television, playing online 
games, and surfing the web in addition to their typical daily study schedules [30]. In 
addition, adolescent students were physically inactive both during and after their time 
in schools due to time constraints, which prohibited them from engaging in PA that 
was not prioritized in comparison with their academic work [31]. Previous research 
among university students in Kuwait and Muscat revealed that not having sufficient 
time is one of the major barriers to not participating in PA [32, 33]. Similarly, 35.5% 
of the adolescent students did not take part in PA due to time constraints [34]. Conse-
quently, they are susceptible to significant non-communicable diseases such as high 
blood pressure, hypertension, coronary heart disease, and type-2 diabetes [35]. 

5 Conclusion 

Without more compulsory and adaptive school-based obesity prevention programs, 
existing trends in adolescents being overweight, and obesity are unlikely to be 
reversed in Malaysia. It is due to the substantial amount of time students spend in 
school, research suggests focusing obesity prevention efforts on modifiable elements 
of school environments that put students at risk. The current study’s findings imply 
that it may be prudent to direct obesity prevention efforts toward schools that do not 
provide students with access to leisure facilities during school hours or that do not 
encourage active participation for adolescents. 

It is critical to understand the school features that may influence behavior because 
if a school program or policy can be altered to have even a minor impact on changing 
or normalizing the distribution of a risk factor across all schools, the effect on all 
students could be significant. 
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18. Podstawski R, Żurek P, Clark CC, Laukkanen JA, Markowski P, Gronek P (2019) A multi-
factorial assessment of the 3-minute burpee test. J Phys Educ Sport 19(2):1083–1109 

19. Manual Pelaksanaan & Penilaian Video Kecergasan Fizikal (2022) Institut Pendidikan Guru 
Malaysia 

20. Egli T, Bland HW, Melton BF, Czech DR (2011) Influence of age, sex, and race on college 
students’ exercise motivation of physical activity. J Am Coll Health 59(5):399–406. https:// 
doi.org/10.1080/07448481.2010.513074 

21. Hakim NA, Muniandy ND, Danish A (2012) Nutritional status and eating practices among 
university students in selected universities in Selangor, Malaysia. Asian J Clin Nutr 4(3):77–87. 
https://doi.org/10.3923/ajcn.2012.77.87 

22. Sofar SM, El HNA (2019) Relations between skipping breakfast, academic performance and 
body index mass undergraduate university nursing students. IOSR J Nurs Health Sci 8(4):32–42 

23. Liyanage G, Siriwardana HD, Wettasinghe CA, Kumarasiri MKHN, Niwanthika TKI (2017) 
Breakfast habits and it’s relationship to body mass index, cognitive function among final year 
medical students. J GP 5(3):1–4. https://doi.org/10.4172/2329-9126.1000311 

24. Vishnukumar S, Sujirtha N, Ramesh R (2017) The effect of breakfast on academic performance 
and behaviour in schoolchildren from Batticaloa district. J Nutr 110:159–165 

25. Ahmad S, Damit NA, Rahman HA (2019) Breakfast intake habits among Universiti 
Brunei Darussalam students. Pakistan J Nutr 18(9):817–823. https://doi.org/10.3923/pjn.2019. 
817.823 

26. Ahmad S, Damit NA, Rahman HA (2019) Breakfast intake habits among Universiti 
Brunei Darussalam students. Pakistan J Nutri 18(9):817–823. https://doi.org/10.3923/pjn.2019. 
817.823

https://doi.org/10.5772/intechopen.76431
http://www.questia.com/library/jp-college-student-journal.jsp?
https://doi.org/10.3390/ijerph1803086
https://doi.org/10.1056/NEJMp048008
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.1080/07448481.2010.513074
https://doi.org/10.1080/07448481.2010.513074
https://doi.org/10.3923/ajcn.2012.77.87
https://doi.org/10.4172/2329-9126.1000311
https://doi.org/10.3923/pjn.2019.817.823
https://doi.org/10.3923/pjn.2019.817.823
https://doi.org/10.3923/pjn.2019.817.823
https://doi.org/10.3923/pjn.2019.817.823


Examining Body Mass Index and Strength Endurance Abilities … 509

27. Emerald SH, Thomas M, Raju A, Tomy T, Frank R, Leena KC (2019) Body mass index and 
eating habits among the university students. Int J Health Sci Res 9(3):164–167 

28. Taha Z, Rashed AS (2017) The effect of breakfast on academic performance among high school 
students in Abu Dhabi. Arab J Nutr Exerc (AJNE) 2(1):40–49. https://doi.org/10.18502/ajne. 
v2i1.1243 

29. Poh BK, Safiah MY, Tahir A, Siti Haslinda MD, Siti Norazlin N, Norimah AK, Wan Manan 
WM, Mirnalini K, Zalilah MS, Azmi MY, Fatimah S (2010) Physical activity pattern and 
energy expenditure of Malaysian adults: findings from the Malaysian Adult Nutrition Survey 
(MANS). Malaysian J Nutr 16(1):13–37 

30. Jia H, Zack MM, Gottesman II, Thompson WW (2018) Associations of smoking, physical 
inactivity, heavy drinking, and obesity with quality-adjusted life expectancy among US adults 
with depression. Value Health 21(3):364–371. https://doi.org/10.1016/j.jval.2017.08.002 

31. Moulin MS, Irwin JD (2017) An assessment of sedentary time among undergraduate students 
at a Canadian University. Int J Exerc Sci 10(8):1116–1129 

32. Alkhateeb SA, Alkhameesi NF, Lamfon GN, Khawandang SZ, Kurdi LK, Faran MY, Khoja 
AA, Bukhari LM, Aljahdali HR, Ashour NA, Bagasi HT, Delli LM, Khoja OA, Safdar OY 
(2019) Pattern of physical exercise practice among university students in the Kingdom of 
Saudi Arabia (before beginning and during college): a cross-sectional study. BMC Publ Health 
19(1):1–7. https://doi.org/10.1186/s12889-019-8093-2 

33. Musaiger AO, Al-Kandari FI, Al-Mannai M, Al-Faraj AM, Bouriki FA, Shehab FS, Al-Dabous 
LA, Al-Qalaf WB (2014) Perceived barriers to weight maintenance among university students 
in Kuwait: the role of gender and obesity. Environ Health Pre Med 19(3):207–214 

34. Youssef RM, Al Shafie K, Al-Mukhaini M, Al-Balushi H (2013) Physical activity and perceived 
barriers among high-school students in Muscat, Oman. East Mediterr Health J 19(9):759–768. 
https://doi.org/10.26719/2013.19.9.759 

35. El-Gilany AH, Badawi K, El-Khawaga G, Awadalla N (2011) Physical activity profile of 
students in Mansoura University, Egypt. East Mediterr Health J 17(8):694–702

https://doi.org/10.18502/ajne.v2i1.1243
https://doi.org/10.18502/ajne.v2i1.1243
https://doi.org/10.1016/j.jval.2017.08.002
https://doi.org/10.1186/s12889-019-8093-2
https://doi.org/10.26719/2013.19.9.759


Attributes Contributing to the Travel 
Behaviour of Trail Runners 

Mohamad Nizam Nazarudin, Sabariah Bte Sharif, 
Mohd Khairuddin Jerry Abdullah, Soon Singh Bikar Singh, 
Tini Maizura Mohtar, and Bamini Kpd Balakrishnan 

Abstract Sabah was a renowned trail running destination before the COVID-19 
outbreak halted all tourism activity. The primary goal of this research was to deter-
mine which trail areas and trail qualities influence trail runners’ travel behaviour 
following the COVID-19 pandemic. The research was exploratory in character, with 
a quantitative methodology. Surveys were conducted in twelve distinct trail running 
locations in Kundasang, Sabah, where 232 questionnaires were collected from trail 
runners and analysed. The top five event, location, and trail qualities that people look 
for when selecting an event are a trail that makes them feel good, a well-planned 
event, a path that goes through a variety of landscapes and natural features, a trail 
that gives them something to remember, and a well-marked trail, according to the 
findings. The most essential trail aspects that runners look for when selecting a trail 
running event are, in order of priority, how the trail is managed, how much the event 
costs, how simple it is to get to, what the route is like, what the destination is like, 
and how the event is conducted. The findings of this study aided both trail running 
events and host destination marketers by highlighting the features that should be used 
in their events and host destination marketing to meet the needs of trail runners and 
encourage the growth of sustainable trail running events in Kundasang, Sabah. This 
study also discovered that trail qualities are distinct features that trail runners want. 
This means that the organisers and marketers of trail running events, as well as the 
organisers and marketers of the host destination, should incorporate these features 
into their marketing and event planning. 
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1 Introduction 

Trail running is an outdoor activity characterised by the authenticity of the terrain and 
the simplicity of appreciating nature while also testing one’s mind and body [1]. Trail 
running is a pedestrian race in a natural setting with as little concrete or asphalt road 
as feasible, and the route must be well-marked. Track running, for the sake of this 
study, refers to routes in natural areas that may consist of a muddy path or a trail of 
loose rocks and gravel. Furthermore, trail running takes place in a range of settings, 
including along the beach, desert, and savannah. As the number of trail running events 
in Sabah grows each year, it is critical to understand the features trail runners want 
when choosing an event. An attribute is a quality of anything that is thought to be 
appealing to visitors and might influence their decision-making in either a positive 
or negative way [2]. People perceive their journey as a decision-making process 
influenced by psychological elements such as stress [3]. People travel because they 
want to address unmet needs. Travel behaviour refers to how visitors behave around 
a specific product or service and how they react when using that product or service. 
Travel behaviour is the study of why travellers buy specific items and how they arrive 
at those decisions [3]. Based on the foregoing and how it relates to the current study, 
travel behaviour can be defined as a tourist’s movement and actions outside of their 
permanent location, such as the distance travelled, the number of times they’ve been 
there before, the length of their stay, the size of their group, the number of years 
they’ve been going, the number of events they attend each year, and the total amount 
they spend, all of which are attempts to satisfy various motivations and desires. 

Trail running events have various characteristics that distinguish them and attract 
certain racers. There are, for example several beginning sites and distances for 
everyone from beginners to advanced runners. There are additional unique aspects to 
the destination and the trail itself [4]. Trail running events differ from other endurance 
sports in that they are more dynamic and involve more obstacles, such as running up 
and down hills [4]. Another advantage of trail running events is that they are attended 
by smaller numbers of people at a time. According to what has been discussed thus 
far, trail running competitions are distinct from other endurance sports. This makes 
them the ideal sport endurance group to research. It is critical to understand what 
motivates a participant to attend an event since these factors can be used to influence 
a participant’s travel behaviour [5]. Travel behaviour refers to how visitors behave 
prior to, during, and after a journey based on their attitudes [5]. Travel behaviour in 
the context of this study can be defined as a tourist’s movement and acts outside of 
their permanent place. They do this in an attempt to address a wide range of wants 
and motives, any of which may be the most essential at any particular time. 

The purpose of this study is to contribute to the literature on endurance sport 
tourism by learning more about the factors that influence how trail runners travel, 
specifically which event, location, and trail factors have the greatest impact. Trail 
runners, their travel habits, and the things that matter to them are all ideal research 
topics. If event and destination marketers collaborate to learn more about the people 
who participate in trail running events, specialised marketing tactics can be developed
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and implemented [6, 7]. The information in this study can be used by marketing and 
management teams for trail running events and host destinations to create effective 
marketing plans and management strategies that meet the needs of trail runners 
while also promoting and running the event and host destination as a whole [8]. 
Furthermore, trail running events can provide runners with memorable experiences, 
causing them to become loyal to the host place and return to participate in the event 
again [9]. Finally, travel behaviour can be beneficial to the event host destination 
because, as previously said, if the event has a positive impact on how people travel, 
they may stay longer and spend more money in order to train and prepare for the trail 
running event at the event host destination. 

1.1 Models and Theories of Vacationing Behaviour 

A person’s behaviour is the result of several factors, any one of which may be the 
most significant at any one time [10]. Attendees’ actions are motivated by the pursuit 
of a satisfying, memorable experience that allows them to get personal value from 
the sporting or event [11]. Prior research has led to the development of theories and 
models based on these categorisations of visitors and their journeys. Relevant theories 
and models include the Theory of Planned Behaviour (TPB), the Schmoll model, the 
five-stage model of travel purchase behaviour developed by Mathieson and Wall, and 
the multi-level model of outbound trip behaviour. It has been theorised and modelled 
that people’s method of transportation selection is a series of choices. Theories and 
models of travel behaviour have revealed that factors such as the nature of a given 
location, one’s level of comfort with spending, and the state of one’s demographics 
can all influence a person’s propensity to travel [12, 13]. 

1.1.1 The Theory of Planned Behaviour (TPB) 

TPB estimates whether a person will do an action at a given time and location 
[14]. The TPB examines three aspects of tourists’ behaviour when they travel: their 
psychological and social characteristics, as well as their perceptions of their own 
capacities to carry out the behaviour [15]. 

1.1.2 Schmoll Model 

This theory holds that travellers’ individual and collective backgrounds influence 
their decisions and actions while away [16]. The model aids in understanding the 
decision-making and information-processing processes of humans. Factors both 
internal and external to the potential traveller, as well as the qualities of the potential 
vacation destination, all play a role in the ultimate decision-making process [16].
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1.1.3 Mathieson and Wall’s 5-Phase Model of Travel Buying Behaviour 

This model outlines the five considerations travellers make before making any plans 
for their vacation. There are five distinct phases of a tourist’s experience, beginning 
with (1) the realisation that they want to travel to a particular place, (2) gathering 
information from official and unofficial sources, (3) settling on a course of action, 
(4) preparing for the trip, (5) evaluating the quality of their trip. Four factors—the 
tourist’s profile, the measures taken during the trip, the destination’s characteristics 
and resources, and the nature of the trip itself—influence these five stages [17]. 
Multi-Level Model of Outbound Travel Behaviour is the last model. Its goal was to 
learn whether and how the economy has influenced the vacation habits of travellers. 

The model predicted that vacationers’ actions would be influenced by both local 
and global economic conditions. Changes in the economy were also predicted to 
have an impact on tourists’ preferences in where they choose to go and how they 
spend their money. It is obvious from the many ideas and models that a variety of 
factors can influence the choices and behaviours of tourists. Therefore, it is essential 
to investigate the elements that influence people’s travel habits. These five steps are 
influenced by four factors: the nature of the tourists, the features of the place, and 
the available tools [17]. 

1.1.4 Multi-Level Outbound Travel Behaviour Model 

This model was developed to investigate the interplay between demographic and 
economic shifts and their impact on vacationers. The model predicted that vaca-
tioners’ spending habits would be influenced by both personal and national economic 
conditions. The model also predicted that the economy would have an impact on 
vacationers’ inclinations and spending patterns. It is obvious from the many ideas 
and models that a variety of factors can influence the decisions and behaviours of 
tourists. This highlights the significance of researching the elements that influence 
people’s travel choices. 

1.2 Factors that Might Affect Sport Participants Travel 
Choices 

Attributes are typically either helpful or harmful in influencing a choice [2]. Location, 
climate, demographics, circumstances, lifestyle, culture, motivations, and advertising 
are also significant [18]. Participants’ and viewers’ decision-making processes can 
benefit from these factors, leading them to wish to travel [13].
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2 Methods 

The empirical data was collected in Kundasang, Sabah, at the 12 trails area. 
Kundasang is a town in Sabah, Malaysia. It is in the Ranau district and is near the 
Kundasang Valley. Kinabalu National Park is about 6 km away, and Ranau is about 
12 km away. It is the closest settlement to Mount Kinabalu and has the best view of 
it. The hikers were given a structured questionnaire to fill out. About 250 question-
naires were sent out, and 232 valid questionnaires were sent back. This means that the 
response rate was about 93%. The questionnaires [19] have 35 questions about the 
event, its location, and the features of the trail that make trail runners decide whether 
to go and how they will get there. On a five-point Likert scale of importance, 1 meant 
the item wasn’t important at all, 2 meant it was a little important, 3 meant it wasn’t 
important either way, 4 meant it was important, and 5 meant it was very important. 
The Statistical Process for Social Sciences (SPSS) version 28 was used to look at 
the data. Initial data analyses (descriptive statistics) were used to look at the charac-
teristics of the event, the destination, and the trail. Two exploratory factor analyses 
were used to look at the event, destination, and trail attributes that trail runners think 
are important when choosing an event, as well as how trail runners’ travel. 

3 Result 

3.1 The Qualities of the Event, the Setting, and the Route 
that Participants Value Most 

Table 1 shows what trail runners think are the most important things about an event, 
its location, and the trail itself when choosing to take part in one.

3.2 The Effect of Event Participation on Trail Running 
Participants’ Vacation Behaviour 

This section presents the results of the initial exploratory factor analysis conducted 
to determine the elements (event, destination, and trail qualities) that participants 
consider when selecting a trail running event. The pattern matrix of the principal 
component factor analysis utilising a Varimax rotation with Kaiser Normalisation 
revealed five attribute components labelled in accordance with similar qualities 
(Table 2). About 70% of the variance was accounted for by these factors. All the 
attribute components have relatively high reliability coefficients (Cronbach’s Alpha), 
ranging from 0.78 (the lowest) to 0.95 (the highest). The attribute component inter-
item correlation coefficients ranged between 0.49 and 0.65. All the reliability factors
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Table 1 Event, destination, and trail attributes participants seek 

Factors that participants in an event look for include the 
event’s popularity, the location of the event, and the quality of 
the trail. Five-point Likert scale of importance (1 = not at all 
important; 2 = slightly important; 3 = neutral; 4 = important 
and 5 = extremely important) 

Mean value Std. deviation 

1 A path that makes you feel good 4.44 0.89 

2 An event that is well-planned 4.41 0.88 

3 A path that goes through a variety of landscapes and natural 
features 

4.38 0.82 

4 A trail that gives you something to remember (beautiful views 
or wildlife) 

4.21 0.79 

5 A trail with clear signs 4.20 0.81 

6 A trail with a lot of security and safety 3.99 0.92 

7 The length of the trail’s route (km) 3.94 0.90 

8 A trail that is well-kept 3.90 0.89 

9 How cheap it is to sign up for an event 3.90 0.92 

10 A hard path to walk 3.90 0.85 

11 How well the registration process works 3.89 0.95 

12 An event that is well-organised 3.89 1.03 

13 A place for an event that doesn’t cost a lot 3.89 0.94 

14 The planning of the event (the date on which the event takes 
place) 

3.87 0.99 

15 A place for an event that gives me the chance to go to a new 
place 

3.84 1.00 

16 Costs of getting to the event 3.82 0.92 

17 A path with sections that go uphill and downhill 3.81 0.96 

18 A place for events with friendly locals and great service 3.80 0.99 

19 A successful event 3.78 1.08 

20 The fact that the event has a good name (most difficult trail in 
the state) 

3.75 1.00 

21 A place for an event that has enough places to stay 3.75 1.03 

22 A place for an event with lots to do and see 3.70 1.03 

23 A trail with rocks, roots, and other obstacles at different points 3.67 1.00 

24 A place for an event that is perfect in terms of weather and 
height 

3.60 0.98 

25 A place for an event that has a city government that supports 
the hosting of sports events 

3.59 1.16 

26 A trail with a complicated layout 3.55 1.08 

27 A trail with a lot of single-track parts 3.53 1.03 

28 A place for an event that is easy to get to and from 3.53 1.10

(continued)
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Table 1 (continued)

Factors that participants in an event look for include the
event’s popularity, the location of the event, and the quality of
the trail. Five-point Likert scale of importance (1 = not at all
important; 2 = slightly important; 3 = neutral; 4 = important
and 5 = extremely important)

Mean value Std. deviation

29 An event that can be put into different groups I can participate 
in (professional, amateur, charity) 

3.47 1.18 

30 Because the event was close to where I live 3.43 1.13 

31 A place for events that has many high-quality entertainment 
options 

3.42 1.16 

32 A place for events with several tourist attractions 3.32 1.15 

33 An event that helps with making travel plans 3.30 1.28 

34 A competition that helps me get into other competitions 3.28 1.22 

35 A place for events that has good sports and training facilities 3.20 1.30

fell within the recommended range. In consideration of the factorability of the 
data, the Kaiser–Meyer–Olkin measure of sampling adequacy evaluated 0.93 for 
the attribute factors, exceeding the suggested threshold of 0.60 [20]. Bartlett’s test of 
sphericity likewise obtained statistical significance (p < 0.001) with 187, confirming 
the factorability of the correlation matrix [21]. The subsequent section describes each 
of the five characteristic factors independently, following the presentation of Table 
2.

4 Discussion and Conclusion 

First, with a mean score of 4.44, participants rated the event’s trail’s ability to make 
them feel good as one of the most essential aspects to consider when selecting an 
event to participate in. A desire to have a good time is a major factor in selecting an 
endurance sport event to participate in, according to several studies [6, 7]. Whether a 
participant returns to a certain activity depends on factors like how entertaining the 
trail itself is. Thus, it can influence whether a trail runner returns to an annual race 
they have previously enjoyed. Second, the most significant quality of a successful 
event is meticulous preparation (4.41). For trail runners, a well-organised event has 
to do with the way the trail is set up, which is consistent with the findings of several 
research on endurance sport events [8, 22] and a trail running study [7]. According 
to prior studies on trail running [7, 23], thirdly, a route that passes through a diversity 
of landscapes and natural elements is valued (4.38). 

The event’s trail should also provide trail runners with an experience they won’t 
forget, which brings us to our next point (4.21). Previous studies have shown that 
good memories and/or past events can lead to enjoyable trails and events in future 
[22, 24]. Researchers found that an endurance sport event or trail running event that
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Table 2 Results of the exploratory factor analysis: event, destination, and trail characteristics that 
participants deem crucial while selecting a trail running event 

Important 
event, 
destination and 
trail attributes 
endurance trail 
running 
participants 
seek when 
choosing an 
event 

Factor 1: 
destination 
attributes 

Factor 2: trail 
management 

Factor 3: trail 
attributes 

Factor 4: 
event 
expenses and 
accessibility 

Factor 5: 
event 
management 

A place for an 
event with lots 
to do and see 
options 

0.824 

A place for 
events with 
several tourist 
attractions 

0.816 

A place for 
events that has 
good sports and 
training 
facilities 

0.781 

A place for an 
event that has  
enough places 
to stay 

0.762 

A place for 
events that has 
many 
high-quality 
entertainment 

0.755 

A place for an 
event that is  
easy to get to 
and from 

0.753 

A place for 
events with 
friendly locals 
and great 
service 

0.731 

A place for an 
event that gives  
me the chance 
to go to a new 
place 

0.712

(continued)
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Table 2 (continued)

Important
event,
destination and
trail attributes
endurance trail
running
participants
seek when
choosing an
event

Factor 1:
destination
attributes

Factor 2: trail
management

Factor 3: trail
attributes

Factor 4:
event
expenses and
accessibility

Factor 5:
event
management

A place for an 
event that has  a  
city 
government 
that supports 
the hosting of 
sports events 

0.659 

A place for an 
event that is  
perfect in terms 
of weather and 
height 

0.647 

A place for an 
event that 
doesn’t cost a 
lot 

0.588 

A trail  that  
gives you 
something to 
remember 
(beautiful 
views or 
wildlife) 

0.763 

A trail with 
clear signs 

0.734 

A path that  
makes you feel 
good 

0.656 

A trail with a 
lot of security 
and safety 

0.601 

A path that  
goes through a 
variety of 
landscapes and 
natural features 

0.590

(continued)
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Table 2 (continued)

Important
event,
destination and
trail attributes
endurance trail
running
participants
seek when
choosing an
event

Factor 1:
destination
attributes

Factor 2: trail
management

Factor 3: trail
attributes

Factor 4:
event
expenses and
accessibility

Factor 5:
event
management

An  event that is  
well-planned 

0.570 

A trail that is 
well-kept 

0.521 

A trail with 
rocks, roots, 
and other 
obstacles at 
different points 

0.801 

A trail that is 
very difficult to 
follow 

0.798 

A trail  that  has  
a lot of 
single-track 
parts 

0.743 

A hard path to 
walk 

0.712 

A path with 
sections that go 
uphill and 
downhill 

0.689 

The length of 
the trail’s route 
(km) 

0.597 

The 
affordability of 
event 
registration 

0.832 

The travel costs 
associated with 
participating in 
the event 

0.799

(continued)
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Table 2 (continued)

Important
event,
destination and
trail attributes
endurance trail
running
participants
seek when
choosing an
event

Factor 1:
destination
attributes

Factor 2: trail
management

Factor 3: trail
attributes

Factor 4:
event
expenses and
accessibility

Factor 5:
event
management

The proximity 
of the event to 
my home city 
or town 

0.604 

The 
effectiveness of 
the registration 
process 

0.598 

An event with 
excellent 
logistics 

0.750 

A 
well-marketed 
event 

0.689 

An event that 
assists with 
travel 
arrangements 

0.566 

An event that 
helps me 
qualify for 
other events 

0.552 

Total variance 
explained 
(Eigen value > 
1 

70% 

Average 
inter-item 
correlation 

0.65 0.53 0.51 0.52 0.49 

Reliability 
coefficient 
(Cronbach’s 
alpha) 

0.95 0.85 0.85 0.78 0.78 

Mean value 3.70 4.31 0.80 3.83 3.63
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offers a memorable experience (such as beautiful views or wildlife) was seen as an 
important factor. Thus, a positive recollection of a positive experience or a positive 
experience in the past can aid a participant in deciding about an event in future [18]. 
Finally, having a clearly designated trail is crucial, with an average value of (4.20). 
There haven’t been many investigations done along a well-defined path. But similar 
research by found that hikers value having a well-marked trail [25]. 

Five qualities of events, venues, and courses that trail runners consider unimpor-
tant or neutral while deciding whether to participate are also listed in Table 1. The  
average score for an event venue that provides multiple, high-quality entertainment 
options for trail runners was 3.42. Mountain bikers and trail runners were found 
to place moderate importance on the availability of a wide variety of high-quality 
entertainment options at the event venue [26]. The presence of multiple tourist attrac-
tions at the event venue is the second feature that is not given much weight (3.32). In 
contrast to the findings of this study, trail runners only gave moderate weight to a host 
destination’s variety of tourist attractions. There is a third occasion that facilitates 
my trip planning. The ability to make travel plans easier (3.30) is also considered 
to be of low importance. Both trail runners and mountain bikers found an event that 
helps with journey planning to be slightly significant [26]. 

A mountain biking event has a lower mean value of 3.31 because “it helps me 
prepare for more big events,” as was found in a study by [26]. Lastly, participants 
rated first-rate sporting and training facilities as the least crucial feature of an event’s 
location (mean score: 3.20). Although participants in trail running rated the quality 
of sport and training facilities as the least important factor in this study, it is a very 
important predictor of the intention to return to the endurance sport event [18]. High-
quality sporting and training facilities may not have been as crucial to trail runners 
as they were to participants in other endurance sports because trail runners train on 
the trails themselves [27]. 

Attributes of the destination scored the second-lowest average. In contrast to the 
results of this study, very little prior research has demonstrated that exploration of 
a potential destination serves as a significant predictor of the intention to return to 
an endurance activity [28]. Similarly, to the current study, previous research [26] 
on mountain biking and trail running indicated that these activities are so reliant on 
hard terrain that the idea of destination qualities is only minimally important, and the 
route aspects have higher relevance. Participants in endurance sports care more about 
the difficulty and prestige of the event than they do about the weather and setting 
[6]. Participants’ top priority when picking a trail running race was the quality of 
the trail management. Trail runners place a high value on features like well-marked 
paths, opportunities to see interesting things along the way (such scenery or wildlife), 
and a good time overall. Trail quality [including trail design and maintenance, the 
trail’s naturalness, and the trail’s memorable scenery [including lakes and birdlife], 
amongst other factors, has been shown by previous researchers to be an extremely 
important motivator that can influence a participant’s choice of sport event [1]. 

The mean of trail characteristics was third highest. Researchers have found only 
a small number of studies that have attempted to quantitatively characterise trail
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features [23, 29]. However, prior research supports this notion, showing that “trail-
related attributes/motivations” (a tough path) are crucial for endurance sport partic-
ipants [22]. The trail itself is one of the attribute variables that drive trail runners to 
participate in the event; hence, trail-related features are crucial, according to studies 
focussed on trail running [23]. The median value for event costs and convenience 
was second highest. This is consistent with findings from a study [30] showing event 
prices are a key element to consider when picking an endurance cycle sport event. 
Accessibility and cost have been determined to be particularly important attribute 
factors that influence the choices of endurance sport participants to take part in 
a certain endurance sport event [22, 28]. Further, contrary to the findings of this 
research, participants in trail running and mountain biking cite ease of access to 
information about the event (event attributes) as a more crucial attribute element 
[26]. 

Due to the recent reopening of trail operators, this study suffers from a low 
sample size. To improve these results of this study, an interviewer session should 
be organised. This study’s results helped event organisers and destination promoters 
in Kundasang, Sabah, by illuminating the elements that should be incorporated into 
trail running events and host destination marketing to cater to the needs of trail runners 
and foster the long-term success of trail running events in the area. It was also found 
in this research that path attributes are an important factor for trail runners. Trail 
running event organisers and promoters, as well as those responsible for promoting 
the host location, would do well to keep these considerations in mind when designing 
and promoting their respective events. 
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The Influence of Physical Activity 
Motivations Upon Different Stages 
of Change Among Malaysian Type 2 
Diabetes Patients 
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and Syed Sharizman Syed Abdul Rahim 

Abstract Motivation has been reported to play a significant effect in physical activity 
(PA) or exercise engagement on numerous occasions. Different stages of behaviour 
change (SOC) (i.e., pre-contemplation, contemplation, preparation, action, mainte-
nance, and relapse) may attribute to different levels of motivation among type-2 
diabetes mellitus (T2DM) patients. Thus, this study aimed to explore the different 
motivations toward PA across each SOC among Malaysian T2DM patients. A combi-
nation of cross-sectional study design and purposive sampling method was adopted 
in recruiting the participants from Hospital Universiti Sains Malaysia (HUMS). A 
total of 331 participants (172 males and 159 females) with a mean (SD) age of 62.64 
(10.29) completed the study questionnaires, which comprised the 40-item Physical 
Activity and Leisure Motivation Scale (PALMS) and the 6-item SOC Scale. Multi-
variate analysis of variance (MANOVA) was used to analyse the data. The results 
showed a significant difference in the mean score of eight motives between the six 
stages of change [F(df) = 3.805 (40, 1610), p < 0.001]. Mean scores for the competi-
tion (15.78), affiliation (17.11), mastery (17.89), and enjoyment were found highest 
at the maintenance stage. However others’ expectation (16.50), physical condition 
(22.50), and psychological conditions (21.00) were found highest at the stage of 
action. The motive of appearance (18.43) alone was found highest at the relapse
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stage. Hence, we conclude that different stages of change in exercise would have 
different motives for physical activity for T2DM patients. The motives of PA may 
influence an individual with T2DM to either maintain their new active lifestyle or 
revert to their previous sedentary behaviours. 

Keywords Motivation · Stages of change · Physical activity · Type-2 diabetes ·
MANOVA 

1 Introduction 

The ability of physical activity (PA) and exercise to improve the health status of 
patients with any disease, including diabetes, has been empirically recognised by 
physicians and academics for many years. PA can achieve the following objec-
tives for diabetic patients: improved glycaemic control, decreased insulin resis-
tance, improved lipid profiles, decreased blood pressure (BP), and maintenance of 
weight loss. [1, 2]. Moreover, significant decreased morbidity and death are linked 
to moderate to vigorous levels of PA and cardiorespiratory fitness in diabetics [3]. 
Through a systematic review and meta-analysis of the therapeutic effect of exercise 
on glycaemic control, Shah et al. [4] concluded that exercise is crucial for T2DM 
patients’ glycaemic control optimization as well as for enhancing their quality of life 
(QoL), BMI, and waist circumference [4]. In addition, PA intervention was found to 
influence other psychological constructs such as exercise self-efficacy and decisional 
balance towards a healthy active lifestyle among T2DM patients [5, 6]. 

Motivation has frequently been cited as playing a key influence in physical/sports 
involvement [7]. It is a crucial component of the psychological process by which 
individuals decide whether or not to participate in physical activities. The same 
is true for exercise and physical activity, where motivation plays a significant role 
in both increasing and maintaining participation [8, 9]. It has been demonstrated 
that different sorts of motivation influence people’s efforts during exercise sessions 
and their intentions to continue exercising [10]. The correlation between PA and 
motivation was also proven as Hidrus et al. [11] found that fun and flexible PA 
intervention could improve T2DM patients’ motivation towards active habits [11]. 

The Physical Activity and Leisure Motivations Scale (PALMS) was developed 
by Rogers and Morris [12] to measure an individual’s motivation for PA [12]. Origi-
nally comprised of 73 questions and known as the Recreational Exercise Motivation 
Measure (REMM), it was reduced to 40 elements and renamed the PALMS. In the 
version designed for adults, these 40 things are divided into eight distinct aspects or 
motivations: enjoyment, mastery, competition/ego, attractiveness, affiliation, others’ 
expectations, psychological condition, and physical condition. The adult version of 
the PALMS was translated into Malay and validated by confirmatory factor analysis 
(CFA), resulting in the creation of the PALMS-M [13]. 

Stages of change (SOC) is an integrated model of cognitive, affective, and 
behavioural mechanisms articulated in other well-established theories of deliberate
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change [14]. It is also the organising structure of the transtheoretical model (TTM) 
and the theory of cyclical development and recession [15]. From a different perspec-
tive, it is an accepted and implemented component of the TTM that provides a frame-
work for the relationships between specific cognitive and motivational mechanisms 
and health behaviours, including smoking cessation [16]. Marcus et al. [17] created 
the initial version of the SOC scale, which consists of five stages: pre-contemplation, 
contemplation, preparation, action, and maintenance. Dishman et al. [18] are one of 
the study groups that have applied the SOC scale. 

In addition, another version of the SOC scale is reconstructed with six distinct 
stages, with the sixth stage being either relapse [15] or termination [19, 20]. Termi-
nation is the stage at which individuals with 100% self-efficacy have no desire to 
return to an inactive lifestyle [21] and have been routinely active for more than five 
years [20]. While relapse is the stage in which individuals may revert to their previous 
sedentary lifestyle [15]. According to Prochaska and Prochaska [22], the termination 
stage is deemed unattainable for the majority of persons. Consequently, Middelkamp 
[15] identified the sixth stage of SOC as relapse with the description that individuals 
may retain their active behaviour but may also revert to their former behaviour and 
return to the earlier stage of SOC [15]. 

Changing an unhealthy lifestyle into a healthy lifestyle is not an easy task for 
patients [23]. Only motivated patients may benefit from behaviour therapy, and sex 
and age differences in desire for diets and exercise may affect treatment outcomes 
as the key factor in behaviour change is the personal motivation for change [24]. 
Motivation and SOC are correlated with each other especially when it comes to a 
healthier lifestyle. To support the change in all domains of the lifestyle intervention, 
motivation should be maintained throughout all lifestyle interventions [25]. Recent 
research on type 2 diabetes patients found that the phases of change were required 
to modify behaviours toward a balanced diet and regular physical activity, and that 
patients had difficulty identifying the need to enhance physical activity rather than 
eating patterns. For a high proportion of individuals, motivation to change remained 
a challenge [25, 26]. Furthermore, the substantial variability of response to lifestyle 
intervention emphasises the need of investigating patterns of change in PA and healthy 
nutrition [27]. Hence, this study aimed to explore the different motivations towards 
PA across each SOC among Malaysian T2DM patients. Output yielded from this 
study could be beneficial for future intervention-based studies as a guide to devel-
oping a new intervention programme that is specific for different SOC with different 
motivations. 

2 Methods 

2.1 Study Design and Recruitment 

Through the dissemination of a questionnaire to type 2 diabetes mellitus (T2DM) 
patients at Hospital Universiti Sains Malaysia, a combination of cross-sectional
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study design and purposive sampling was implemented (HUSM). Patients that were 
approached were screened for eligibility. Those who were eligible were invited to 
voluntarily participate in the study. The study process was explained to the partici-
pants, and written consent was obtained. Outpatients’ clinics and inpatients’ wards 
were selected in order to collect a study sample of T2DM patients from various age 
groups, genders, jobs, other sociodemographic characteristics, and disease severity 
levels. 

2.2 Eligible Participants 

This study comprised Malaysians (18 years and older) who were clinically diagnosed 
with T2DM, could read and comprehend Bahasa Malaysia, and could comprehend 
the material presented by the researcher. However, those who were found diagnosed 
with any mental disorders were excluded. At the end of recruitment, a total of 331 
T2DM patients voluntarily participated in this study. 

2.3 Data Collection and Analysis 

Data collection was carried out by a self-administered questionnaire answered by 
the recruited participants. The questionnaire of this study consisted of three sections: 
Section A: Socio-demographic with twelve questions, Section B: SOC with one ques-
tion (six stages), and Section C: PALM scale with forty questions. The questionnaire 
was all in the Malay language. 

There were two strategies to approach the T2DM patients. The first was to imme-
diately approach the individuals who were waiting for their health review number 
to be called by the doctor. They were briefed on the current study and asked if they 
were interested in participating. Posters affixed to the signboards of T2DM clinics 
and wards constituted the second method. On the poster was a brief explanation of 
the study and the contact information for the researcher. Those who were interested, 
willing, and eligible to participate were then briefed on the study and needed to 
sign an informed consent letter before completing the questionnaire. Ten to fifteen 
minutes are required to complete the questions. 

Collected data were entered into Microsoft Excel and then transferred into IBM 
SPSS version 26.0. At first, data cleaning and preparation were performed to check 
for any missing data before preliminary analysis was done. Descriptive analyses were 
then carried out for the data normality test and to obtain data descriptive output. Multi-
variate analysis of variance (MANOVA) was chosen to be the inferential statistical 
analysis for this study and performed to determine any differences in motivations for 
PA in each stage of behaviour change among T2DM patients.
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2.4 Measurement Tools 

2.4.1 Stages of Change (SOC) Scale 

According to Marcus et al. [28], SOC is a questionnaire with a single question and 
six levels of response. On the basis of the most recent stage of exercise behaviour, a 
dichotomous scale (yes/no) was used to evaluate it. Individuals are grouped according 
to the ordinal level of SOC behaviour change (pre-contemplation, contemplation, 
preparation, action, maintenance, and relapse). The SOC has been translated into 
Malay, and its content-based validity is satisfactory [28]. 

2.4.2 Physical Activity and Leisure Motivation Scale (PALMS) 

The PALMS measures motives for participating in PA and leisure [12]. The PALMS 
questionnaire used in this study consisted of 40 items measuring the aspects of compe-
tition, appearance, others’ expectations, affiliation, physical condition, psychological 
condition, mastery, and enjoyment. Each factor consisted of 5 items, all scored on a 5-
point Likert scale rated from 1 (strongly disagree) to 5 (strongly agree). The PALMS 
has shown good reliability with 4-week test–retest correlations ranging from 0.78 to 
0.94 [29]. Internal consistency measured by Cronbach’s alpha for all eight factors 
was good, ranging from 0.78 to 0.82. Molanorouzi et al. [29] examined the validity 
of PALMS using CFA and reported that the eight factors in the 40-item scale had 
acceptable goodness of fit [29]. The Malay version of PALMS (PALMS-M) was used 
in this study. 

The validity and reliability of the PALMS-M were found satisfactory when tested 
among 634 Malaysian undergraduate students [13]. The validation was based on 
CFA and the majority of the fit indices achieved the threshold fit values: RMSEA = 
0.041 (90% CI: 0.038, 0.044), CI fit RMSEA = > 0.950, CFI = 0.911, TLI = 0.901, 
SRMR = 0.052). The reliability based on composite reliability ranged from 0.648 
to 0.846. 

2.5 Ethical Consideration 

Prior to the commencement of this investigation, the Human Research Ethics 
Committee USM (HRECU) was applied for approval. The HRECU got ethical 
approval on July 5, 2018 (USM/JEPeM/18040201) and conducted the research in 
accordance with the Declaration of Helsinki. After receiving ethical approval, we 
requested authorization from the Director of HUSM to gather data. After receiving 
approval from HRECU and the Director of HUSM, we commenced data gathering.
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3 Results 

A total of 331 participants were involved in this study and most of them were male (n 
= 172: 52%) with a mean (SD) age of 62.64 (10.29). Most of the participants were 
Malay (n = 296: 89.4%), with secondary school education background (n = 158: 
47.7%) being the highest frequency and 139 (42%) were pensioners among them. 
Details of participants’ demographic data are displayed in Table 1.

For the inferential analysis, MANOVA was performed to determine the differ-
ences in PA motives for each stage of behaviour change. From the analysis output, the 
overall MANOVA shows a significant difference in means of motives for PA (compe-
tition, appearance, others’ expectations, affiliation, physical condition, psychological 
condition, mastery, and enjoyment), Pillai’s Trace= 0.432, F(df) = 3.805 (40, 1610), 
p < 0.001. 

The univariate ANOVA shows that there is a significant difference in the mean 
for all motives for PA (competition, appearance, others’ expectations, affiliation, 
physical condition, psychological condition, mastery, and enjoyment) between the six 
SOC. More details of univariate ANOVA results and pairwise comparisons between 
the six SOC are displayed in Tables 2 and 3.

4 Discussion 

Based on the results, it was noticed that both multivariate and univariate analyses 
presented significant differences in motives for PA across different SOC. At the main-
tenance stage, the mean score for competition (15.78), affiliation (17.11), mastery 
(17.89), and enjoyment were found highest. However others’ expectation (16.50), 
physical condition (22.50), and psychological conditions (21.00) were found highest 
at the stage of action. The motive of appearance (18.43) alone was found highest at 
the relapse stage. The results indicate that each level of SOC has different motives 
for PA depending on the condition and state of the T2DM patients. 

In this study, the majority of T2DM patients were in the planning stage of SOC, 
with 39.9% wanting to become more physically active. This result was nearly equiv-
alent to the findings of Holmen et al. [30], who examined the level of SOC about PA 
performance and dietary intake habits among T2DM patients in Norway. Holmen 
et al. [30] discovered that the majority of study participants (58%) were in the pre-
action phase of conducting PA. In addition, the results of a study conducted on a 
Malaysian population with health issues revealed that 82.9% of participants were 
in the pre-action phase for weight loss [31]. Thus, the results of this study on SOC 
among Malaysians with T2DM are consistent with prior research focusing on PA 
performance and health issues. 

Comparing this study’s results with a study done by Centis et al. [24], there is 
a slight difference. Centis et al. [24] aimed to determine the stage of change and 
associated psychological factors as a prerequisite to refining strategies to implement
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Table 1 Demographic characteristics of T2DM patients in HUSM (n = 331) 
Characteristics Frequencies Percentage (%) Mean (SD) 

Gender 

Male 172 52.0 

Female 159 48.0 

Age 62.64 (10.29) 

Age group 

21–40 years old 9 2.7 

41–60 years old 124 37.5 

61–80 years old 189 57.1 

81–100 years old 9 2.7 

Ethnicity 

Malay 296 89.4 

Chinese 25 7.6 

Indian 6 1.8 

Others 4 1.2 

Education background 

Primary 87 26.3 

Secondary 158 47.7 

Diploma 60 18.1 

Bachelor’s degree 26 7.9 

Occupation 

Working/business 92 27.9 

Pensioners 139 42.0 

Not working/housewife 100 30.1 

Diabetic period 

Less than 5 years 38 11.5 

≥ 5 years 32 9.7 

≥ 10 years 83 25.1 

≥ 20 years 178 53.8 

BMI 27.48 (4.33) 

BMI group 

Underweight 8 2.4 

Healthy weight 88 26.6 

Overweight 143 43.2 

Obese 92 27.8 

Stages of change 

Precontemplation 100 30.2

(continued)
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Table 1 (continued)

Characteristics Frequencies Percentage (%) Mean (SD)

Contemplation 72 21.8 

Preparation 132 39.9 

Action 2 0.6 

Maintenance 18 5.4 

Relapse 7 2.1

behaviour changes among non-alcoholic fatty liver patients. In contrast with this 
study, Centri et al. [24] found that most of the participants were in between the pre-
contemplation and contemplation stages (over 50%) for habitual physical activity. 
Moreover, the mean score for habitual PA of the participants was highest between 
the contemplation and preparation stages, which is in contrast to this study where 
the mean score for most of the motivation for PA was found highest in the action and 
maintenance stages. 

We anticipated that with the right and well-organised intervention, the highest 
percentage will be changed from preparation to action or maintenance among those 
participants as has been proven by Buratta et al. [25]. The study done by Buratta et al. 
[25] was among the participants of 100 overweight/obese outpatients who were found 
to show changes in their SOC before and after the intervention. Following the inter-
vention, patients remained committed but intensified their action towards change, 
demonstrating a better degree of maintenance and habit acquisition, particularly in 
the physical domain of the new lifestyle [25]. 

Results also showed that there is no significant difference between action 
compared to maintenance and relapse stages for all eight motives for PA. Similar 
goes to the comparison of maintenance and relapse stages. This could be due to the 
possibility of where participants in the action and maintenance stages are having the 
same motivation level as in both stages they are performing PA regularly. While for 
relapse, this could be that participants in this stage are still motivated to perform PA 
regularly, but some constraints and hindrances such as time issues, logistics problems, 
and other morbidity complications change them into the relapse stage. 

As for the MANOVA results of this study, they display an almost identical multi-
variate result to the study done by Wininger [32]. One of Wininger’s [32] study 
objectives were to assess the differentiation among groups by employing the Stages 
of Change for engaging in regular exercise and using the subscales from the exercise 
motivation scale (EMS). The multivariate test result of the study showed there is a 
significant difference [F(32, 484.70) = 3.31, p < 0.001] in motivations across SOC. 
Upon ANOVA test checking, similar to this study, most of the motivations from EMF 
showed significant differences (p < 0.001) between each SOC except for the external 
subscale (p = 0.274). 

Another study was done in Mexico displayed the same MANOVA result as this 
study. Zamarripa et al. [33] were to analyse variations in behavioural/motivational 
regulations using the SOC model with the adoption of Behavioural Regulation in
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Table 2 Univariate ANOVA of motives for PA between the six SOC 

Variables Adjusted mean (95% CI) F statistics (df) p-value* 

Competition 17.016 (5, 325) < 0.001* 

Pre-contemplation 10.510 (9.904, 11.116) 

Contemplation 12.431 (11.717, 13.144) 

Preparation 13.606 (13.079, 14.133) 

Action 14.500 (10.217, 18.783) 

Maintenance 15.778 (14.350, 17.205) 

Relapse 15.143 (12.854, 17.432) 

Appearance 14.253 (5, 325) < 0.001* 

Pre-contemplation 11.590 (10.835, 12.345) 

Contemplation 14.208 (13.318, 15.098) 

Preparation 14.803 (14.146, 15.460) 

Action 17.500 (12.160, 22.840) 

Maintenance 17.500 (15.720, 19.280) 

Relapse 18.429 (15.574, 21.283) 

Others’ expectation 7.411 (5, 325) < 0.001* 

Pre-contemplation 12.040 (11.610, 12.470) 

Contemplation 12.361 (11.854, 12.868) 

Preparation 12.705 (12.330, 13.079) 

Action 16.500 (13.460, 19.540) 

Maintenance 14.833 (13.820, 15.847) 

Relapse 14.286 (12.661, 15.911) 

Affiliation 10.766 (5, 325) < 0.001* 

Pre-contemplation 11.850 (11.160, 12.540) 

Contemplation 14.208 (13.396, 15.021) 

Preparation 14.371 (13.771, 14.972) 

Action 13.500 (8.623, 18.377) 

Maintenance 17.111 (15.485, 18.737) 

Relapse 15.857 (13.250, 18.464) 

Physical condition 11.538 (5, 325) < 0.001* 

Pre-contemplation 15.540 (14.843, 16.237) 

Contemplation 16.597 (15.775, 17.419) 

Preparation 17.621 (17.014, 18.228) 

Action 22.500 (17.568, 27.432) 

Maintenance 21.333 (19.689, 22.977) 

Relapse 19.714 (17.078, 22.351) 

Psychological condition 15.770 (5, 325) < 0.001*

(continued)
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Table 2 (continued)

Variables Adjusted mean (95% CI) F statistics (df) p-value*

Pre-contemplation 12.920 (12.217, 13.623) 

Contemplation 14.153 (13.324, 14.981) 

Preparation 14.909 (14.297, 15.521) 

Action 21.000 (16.030, 25.970) 

Maintenance 19.722 (18.066, 21.379) 

Relapse 19.143 (16.486, 21.799) 

Mastery 18.377 (5, 325) < 0.001* 

Pre-contemplation 11.670 (11.017, 12.323) 

Contemplation 14.236 (13.467, 15.005) 

Preparation 14.909 (14.341, 15.477) 

Action 14.500 (9.886, 19.114) 

Maintenance 17.889 (16.351, 19.427) 

Relapse 17.429 (14.962, 19.895) 

Enjoyment 17.770 (5, 325) < 0.001* 

Pre-contemplation 12.400 (11.723, 13.077) 

Contemplation 13.931 (13.133, 14.728) 

Preparation 15.015 (14.426, 15.604) 

Action 18.000 (13.215, 22.785) 

Maintenance 19.556 (17.960, 21.151) 

Relapse 17.857 (15.299, 20.415) 

One-way MANOVA: Pillai’s Trace = 0.432, F(df) = 3.805 (40, 1610), p < 0.001 
*One-way ANOVA was performed indicating there is at least one significant mean difference 
between SOC

Exercise Questionnaire-3 (BREQ-3) after the validation of it was carried out. The 
MANOVA multivariate test result indicated that there is a significant difference (F = 
13.47, p < 0.001) in behavioural/motivational regulations across SOC [33]. In addi-
tion, most of the behavioural/motivational regulations of BREQ-3 found significant 
differences between each SOC except for the introjected regulation after the ANOVA 
test checking was performed. 

5 Conclusion 

Descriptive analysis and MANOVA results yielded from this study present a signif-
icant p-values as an indication of the existence of differences in motives for PA for 
each level of SOC. In comparison with the previous studies, there are slight differ-
ences in frequencies and percentages of descriptive results. Yet, there are previous
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studies that showed identical results of MANOVA for inferential analysis. Hence, we 
conclude that different stages of change in exercise would have different motives for 
physical activity for T2DM patients. The motives of PA may influence an individual 
with T2DM to either maintain their new active lifestyle or revert to their previous 
sedentary behaviours. 
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Tennis Player’s Coping Strategies 
at Duta International Tennis Academy 
During Their Different Career Phases: 
A Narrative Review 

Yidan Wang, Le Ting Tan, and Garry Kuan 

Abstract Sport athletes are confronted with demanding situations that necessitate 
specific coping skills to ensure success and high performance in their careers. This 
study aimed to identify the coping strategies utilised by tennis players from Duta 
International Tennis Academy during their different career phases. Literature was 
conducted using databases from Scopus, PubMed, ResearchGate, Science Direct, 
and ITF. Google Scholar was used as the primary search engine to gain a deeper 
understanding of the topic. The published articles used were from January, 1984 
to April, 2022. A total of twenty-four studies were identified for this study. They 
revealed that tennis players employed physical, psychological, emotional, cognitive, 
social, and planning as their coping strategies, in different phases of their careers. 
Future studies should investigate additional studies on tennis especially amongst the 
Malaysian players and their coping strategies. In addition, different strategies such 
as how the tennis players cope with injury, health issues, and their mental toughness 
in sports should be considered. 

Keywords Tennis players · Coping strategies · Athlete · Sport ·Malaysia 

1 Introduction 

Research has shown that athletes are becoming conscious of their performances, so 
there is an increased need to administer coping strategies that will help to lower their 
stress and arousal levels before and during the game. Coping is a critical process that 
entails self-regulation and the volition of thoughts and actions to manage psycholog-
ically and physically demanding situations. It involves successful adaptation to the 
sports setting through emotional, cognitive, and behavioural skills [1]. This study
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explores documented literature from various sources that helps conceptualise coping 
in sports and the tennis game. The study uses quantitative, qualitative, and combined 
literature from past studies, which will be reviewed as per the PRISMA guideline. 
The literature will take a thematic direction on players’ identity, their aggression, 
and how they cope in a demanding sport like tennis. The literature will examine 
tennis players’ psychological, physical, emotional, and social aspects and the corre-
sponding coping strategies. According to Crocker et al. [1], there are many coping 
strategies in sport, including avoidance, social support, increased effort, changing 
tactics, confrontation, arousal control, relaxation, planning, and wishful thinking. 
This study will discuss the findings and provide recommendations and suggestions 
for future studies. 

1.1 Tennis as a Sport 

Tennis is a game that involves two or four players as a single or double opponent. 
The players use a tennis racket to strike the hollow rubber ball over a stretched net 
across the court. When a player strikes the ball over the net into the opponent’s and 
the opponent fails to return the ball, a point is won. The scores are classified as 
15, 30, and 40, and the winner must win four points with a margin of two points. 
The game was invented many years ago, as early as 1873, and the English people 
first played it as a crude parlour pastime game. Previously called lawn tennis, the 
game was invented by Major Walter Wingfield [2]. Later, the Englishman invented a 
celluloid ball and pebbled rubber cloth, which surfaced the racket blade. The game 
became popular after World War I attracting players globally, which led to the forma-
tion of an international governing body, Table Tennis Federation (TTF), to oversee 
the worldwide competitions. TTF adopted uniform rules and developed specifica-
tions for standardised equipment, and tennis became more popular [3]. Ever since, 
many countries have adopted tennis. Millions play the game, it is broadcasted on 
television and other media, and it has gone through tremendous transformations. It 
is currently governed by the International Tennis Federation (ITF), which oversees 
tennis administration, development, structure, regulations, competitions, and promo-
tions. The rules of the game require the players not to touch the post and nets, not to 
cross to the opponent’s side, not to hit the ball twice, not to carry the ball with the 
ratchet or touch it, and to wait until the ball passes the net before they return it [4]. 
Tennis is the only trailing soccer, and it has become the second most popular sport 
after football, attracting eighty-seven million fans from 19 countries [5]. 

2 Tennis Players in Malaysia 

The Lawn Tennis Association of Malaysia (LTAM) commonly referred to as tennis 
Malaysia governs tennis in Malaysia. It is a member of ITF, which Mirzan Bin
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Mahathir leads. The association develops and promotes nationwide tennis, and it 
works closely with the Ministry of Education’s State Sports Officer. Its mission 
is to maintain a world-class tennis platform through the comprehensive develop-
ment of youth and professional athletes. LTAM regulates fourteen affiliated state 
tennis associations. It functions as a whole sports association that ensures that neces-
sary activities and programs for high performance and talent development are main-
tained. LTAM adopts strategies for talent identification, financial support, training 
and requirements, and competitive structure [6]. Malaysian tennis players are cate-
gorised into male and female players. Malaysia has several tennis academies in, such 
as DUTA, JJ academy in Kuala Lampur, Ace in Petaling Jaya, NSTE, PJ Union, and 
Tennis Town Academy. Tennis classes are also offered in PG sports club and star 
elite table tennis centre at an average duration of one month. Mohd Assri Merzuki is 
the best Malaysian tennis player, with 1333 single rankings and 795 double rankings 
from the Association of Tennis Professionals (ATP). 

2.1 Duta International Tennis Academy 

DUTA was established in 1999, the academy has proudly inspired over 1586 players, 
and it has had 12,848 proud coaching moments. It provides kids trial and adult 
classes, kids’ tennis, junior tennis, elite’s tennis, and high-performance programs. 
DUTA aims at building a robust and exciting tennis community that is open to all. 
The management team of DUTA includes the director of coaching, head coach, two 
assistant coaches, and the manager. The current Director is V. Selvam, a highly-
ranked Malaysian tennis player with over thirty years of experience. Selvam has 
guided many junior players in his career to achieve their highest game potential. The 
head coach and his assistants are qualified coaches on the ITF circuit. They all bring 
their coaching skills in preparing the players to perform highly and cultivate new 
and high potentials of the junior players. The manager oversees the organisation’s 
administration, operations, and customer relations. DUTA recognises tennis as a fun 
sport that brings discipline, teamwork, commitment, learning, and develop healthy 
lifestyles. The team is instilled life values that enable them to respect and belief 
in themselves with positive thinking in their daily lives. DUTA believes in playing 
smarter, and they have adopted Nick Bollettieri’s mind-set of “Train to win” and 
aligned themselves with the Bounex system to develop their players. DUTA has a 
training system that provides verified coach ratings to optimise players’ development 
through level-based play. Through ladders, tournaments, match play, and structured 
leagues, a player is matched against others at the same levels, which helps the player 
aim to become better. The Bounx system enables online booking through a mobile 
app where players can register for classes, book a coach, or other players to compete 
with [7].
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3 Method  

3.1 Search Strategy 

The literature will be sourced from different computerised databases. The study 
will use literature from relevant websites such as Scopus, PubMed, ResearchGate, 
ScienceDirect, and ITF. Peer-reviewed scholarly articles on tennis sport and coping 
strategies will form the basis of this review. Online articles that bring a more profound 
understanding of the topic will also be used. Google Scholar will be used as the 
primary search engine for scholarly articles and journals. Keywords to be used in 
the study are tennis, Malaysia, DUTA, sport, athlete, players, strategies, and coping. 
The literature will take a thematic direction on tennis players’ identity, aggression, 
and how they cope in a demanding sport, their psychological, physical, emotional, 
and social aspects. The study will perform manual search of referenced studies from 
the databases. 

3.2 Filtering Criteria (Inclusion and Exclusion) 

The study’s objective is to identify coping strategies used by tennis players. The study 
will first analyse studies on coping strategies in sport and then evaluate whether 
the strategies correlate with tennis sports performance according to the moderate 
variables. The study will use PRISMA guidelines to search, select, and adopt the 
relevant studies. A total of 35 studies were reviewed; six of them did not meet the 
study criteria, so they were removed. Literatures from five sources had been included 
to help with understanding of tennis as a sport and its operational model in Malaysia 
in general but they were found not specific to the topic, so they were also removed. 
The remaining 24 literature materials cited in the reference list were found relevant 
to identify coping strategies undertaken by players and athletes in tennis and so they 
were used in this study. 

4 Literature Review 

4.1 Coping Strategies Conceptualization 

The coping concept was introduced as early as 1984 by Lazarus and Folkman [8] in  
the transactional theories of stress and coping. However, by 1926 Freud had intro-
duced the defense mechanism as a state-oriented method of coping in the earliest 
macro-analytic. The earliest studies on coping originated from physics and not
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psychology and physiology in the nineteenth century’s beginnings of the psycho-
analytic movement. Other theorists who introduced the coping concept are Pearlin 
and Schooler in 1978, Kobas in 1979, and Billings and Moss in 1984. They developed 
different approaches and identified ways that showed that coping was related to given 
outcomes [9]. The first studies focused chiefly on stress as the theme, the famous 
study being Psychological Stress and the Coping Process by Lazarus in 1966. In 
1984, coping was defined as a constant changing behavioural and cognitive efforts to 
manage specific demands appraised to be exceeding a person’s resources. They intro-
duced avoidance, tolerance, acceptance, and stressor minimisation as coping strate-
gies. Their coping conceptualisation had it that coping was a transaction between 
the person and the environment, a dynamic process that changes over time due to 
objective and subjective demands. That appraisal was a feature in the coping process 
[8]. According to Frydenberg [9], stress and coping are the most highly researched 
areas in psychology and between 1980s and 2014, the study has yielded 881,436 
peer-reviewed journal articles today. 

4.2 Studies that Used Quantitative Methods 

Physical and Psychological Coping Strategies. Physical activity (PA) positively 
impacts sustained attention, especially in aerobic exercises with moderate to high 
intensity. Hajar et al. [10] conducted a systematic review of thirteen studies on 
the effects of physical activity on sustained attention using documented literature 
from Scopus, PubMed, Research Gate, ScienceDirect, and Google Scholar (Fig. 1). 
The results indicated that physical activity increases physical fitness by decreasing 
reaction time and impulsivity and increasing surveillance and cognitive functioning 
(Fig. 2). Sustained attention is significant in sport because it sustains performance 
over a prolonged or extended period. According to Sarter et al. [11], sustained atten-
tion enables people to maintain persistent response, vigilance, selective and focused 
attention, and continuous effort. It is a cognitive function that is crucial in gathering 
information and instructions.

Tennis is a game with high attention demand, and physical activity becomes a 
coping strategy that players use to ensure they can respond to their targets accord-
ingly. Usually, humans cannot maintain optimal attention for long without becoming 
fatigued. Mental fatigue decreases the ability to suppress irrelevant information and 
irrelevant stimuli, and as a result, it increases reaction time and the number of incor-
rect responses [12]. Mental fatigue can also bring disorganisation, fidgetiness, or 
deficit hyperactivity disorder. Tennis players should therefore use physical activity 
to overcome mental fatigue and improve sustained attention [13]. PA also promotes 
cardiovascular and musculoskeletal system development, and it enhances learning 
and memory, improving people mentally, improving individuals’ quality of life, and 
improving academic achievement. 

A quantitative study involving 36 athletes from volleyball and handball was 
conducted by Cosma et al. [14] to ascertain the impact of coping strategies on sports
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Fig. 1 Summary of study data extracted from previous sustained attention studies

performance. The study revealed that freedom from worry and coachability was the 
strongly represented coaching strategies while peaking under pressure and coping 
with adversity were presented least (Table 1). The study also identified males with 
more ability to accomplish tasks, higher confidence levels, higher motivation of 
dealing with stressful situations, and more mentally prepared for difficulties than 
their female counterparts (Table 2).

4.3 Studies that Used Qualitative Methods 

Physical Coping Strategies. Tennis is an athletic sport that requires players to speed 
up the racket’s movement, so a tennis player should be robust and fast. Tennis players 
run around 1000 m in every match, so their body morphology is significant. The 
players should also be people with resistance which is achieved through training by 
weight lifts, throwing and catching the ball, and applying other specific movements 
in the court. Physical exercises that can help to improve composite flexibility, such 
as static positions that lengthen muscles, are crucial for a tennis player. According to
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Physical activity Intervention: 

Frequency: 2-3 times/week (longitudinal) 

Intensity: moderate-to-vigorous intensity 

Type:Aerobie exercise 

Duration: 30-60 minutes per session 

Complexity: More complexed physical activities 
combining cardiovascular fitness, sports expertise & 

exercise environment 

Ssutaines Attention Assesment: 

Psyehomotor Vigilance Test (PVT) 

Continuous Performance Test (CPT) 

Digit Vigilance Test (DVT) 

Visual Pursuit Test (VPT) 

Picture Deletion Test for Pre-schoolers (PDTP) 

Cambridge Neuropsychological Test Automated 
Battery (CANTAB) 

Outcomes: 

Most stuudies showed positive relationship between 
physical activity and sustained attention more so for 

fitter individuals as compared to less fit. These 
inclued: 

1.Shorter reaction time, 
2.Increasing surveillance, 
3.Decreasing impulsivity, 
4.Overall cognitive functioning. 

Fig. 2 Positive outcomes from physical activity and sustained attention relationship

Table 1 Impact of coping strategies on sport performance 

Means, standard deviations, skewness, and kurtosis for ACSI 

Min Max M SD Skewness Kurtosis 

Coping with adversity 3 11 7.61 2.33 − 0.599 − 0.279 
Peaking under pressure 0 11 6.28 2.43 − 0.494 0.107 

Goal setting, mental preparation 2 12 8.25 2.73 − 0.707 0.064 

Concentration 4 11 7.81 2.23 − 0.086 − 1.278 
Freedom from worry 5 16 11.17 2.81 − 0.425 − 0.243 
Confidence and achievement motivation 4 12 8.64 2.03 − 0.148 − 0.378 
Coachability 5 14 11.06 2.47 − 0.716 0.170

Xiao et al. [15], health and skill-related physical fitness strongly relate to the compet-
itive ability of athletes. The study on the physical fitness of young tennis players 
identified speed, agility, power, strength, and flexibility as essential performance 
characteristics of the players. 

According to Fernandez-Fernandez et al. [16], tennis players must possess agility, 
speed, aerobic capacity, endurance, and other physical fitness components that allow 
the execution of advanced shots to compete successfully against opponents. Physical 
fitness determines the player who wins and who loses, so ITF recommends all players
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Table 2 Gender-based coping strategies 

Mean ranks for coping strategies depending on gender 

Gender N Mean rank Sum of ranks 

Coping with adversity Males 
Females 
Total 

19 
17 
36 

19.82 
17.03 

376.50 
289.50 

Peaking under pressure Males 
Females 
Total 

19 
17 
36 

20.79 
15.94 

395.00 
271.00 

Goal setting, mental preparation Males 
Females 
Total 

19 
17 
36 

22.53 
14.00 

428.00 
238.00 

Concentration Males 
Females 

19 
17 

16.55 
20.68 

314.50 
351.50

undergo a physical fitness examination. The ITF testing evaluates the physical condi-
tion of the player to allow the setting of training programs and performance goals. 
The testing criteria are aerobic and anaerobic endurance tests, upper and lower body 
power tests, strength, speed, agility, and flexibility tests [17]. 

Exercise training has beneficial effects on physical fitness because tennis players 
require running skills to win. On average, athletes run 3 m every time they strike a 
ball, and they must run 8–12 m to earn a ball score. Agility enables the players to 
make a quick shift in the direction of their movement, either forward, backward, or 
sideways. They should also be flexible to enhance muscle strength and movement 
range [18]. Physical exercises help the body release endorphins, a chemical from the 
brain that helps relieve pain and stress. Exercise also minimises the production and 
release of cortisol and adrenaline hormones associated with stress. A daily exercise 
of thirty minutes has been proven to help people feel calmer, and therefore, it is 
encouraged [19]. 

Psychological Coping Strategies. According to Carrasco et al. [20], the envi-
ronmental demands of professional sports affect athletes’ psychological well-being. 
In their study involving 155 male professional tennis players aged 14.6 years on 
average from South American Tennis Federation tournaments, Carrasco et al. [20] 
found that the utilised preferred coping strategies determined the autonomy of the 
young athletes. The players utilised cognitive restructuring, emotional calmness, 
active planning, and social support as their coping strategies. 

Social Support Coping Strategy. Social support is a significant factor in phys-
ical and psychological health maintenance. The social support received from family, 
friends, teammates, staff, and coaches positively affect athletes’ behavioural, cogni-
tive, and emotional aspects. The support can be emotional, tangible, or informa-
tional, coming from various people. Katagami and Tsuchiya [21] argue that receiving 
support is a predictor of the psychological well-being of athletes in and out of the 
sport. On the other hand, perceived support was found to correlate positively with 
self-schema. According to McCormack et al. [22], despite the high level of work
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engagement, sports cause burnout in the players. Social support has been identified 
as a critical resource that can preserve resources that are valued and enhance the 
performance and well-being of these players. Athletes are therefore encouraged to 
form peer support groups to prevent isolation. Social support has also been beneficial 
to athletes during injury rehabilitation and recovery as it gives them assurance and a 
sense of belonging [23]. 

Emotional Calmness Coping Strategy. Emotions dictate how a player performs 
during competition. Sports can bring mixed emotions such as fear, panic, anger, 
inspiration, frustrations, and exhilaration, so how players manage emotions affects 
their consistency and performance [20]. The biological instinct of fear and internal 
pressure can cause athletes to tense during training and competition. To maintain 
emotional calmness, players should try to remain focused, keep a healthy perspective, 
reflect, be compassionate to themselves, understand triggers, and remember. 

Planning and Cognitive Restructuring Coping Strategy. Planning enables 
proper coordination amongst the players. It increases the efficiency of players and 
coaches, enhances sport performance, and help to control activities [20]. Cognitive 
restructuring helps players change how they think and embrace positive thinking with 
self-belief. It is a technique used to manage the stress of the sport. It helps athletes 
identify their stress triggers, understand how to respond to the stress emotionally, 
and empower them to apply constructive responses [20]. 

4.4 Studies that Applied a Mixed Method Approach 

Athletes and players should ensure that they focus on what they are doing to achieve 
optimum performance. They should learn to avoid and ignore distractors that may 
come in the form of noise, weather, and movements because any distraction can have 
serious consequences. They should train themselves to focus by practising certain 
activities like listening to music and creating routines. Application of psychological 
coping strategies can be made through mental rehearsal, visualisation, and imagery 
which will help to heighten arousal and concentration levels. They can also practice 
relaxation through yoga, massage, meditation, and controlled breathing and employ 
goal setting for objective focussing. 

Liew et al. [24] argue that mental toughness is one of the highest-ranked psycho-
logical characteristics that determine successful performance because athletes’ 
mental ability contributes significantly to their success against their opponents. 
Mental toughness can be defined as an athlete’s ability to cope with training and 
competitions and maintain concentration and resilience. Applied sports psycholo-
gists, coaches, and athletes consistently refer to mental toughness with success and 
positive outcomes in elite sports. Mental toughness enables athletes to attain high 
performance despite the underlying pressures, maintain emotional calmness, and 
bounce back in case of any mistake and obstacles. Mental toughness personality traits 
include; stress tolerance, level-headedness, resiliency, self-structure, thoroughness, 
and persistence. It can be used as a hook that attracts athletes to open dialogue on
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mental health importance and improve knowledge of critical issues such as stigma 
and symptoms [25]. 

The systemic review of fourteen studies by Liew et al. [24] revealed that there 
are common themes and shared strategies and experiences in developing mental 
toughness. Also that mentally tough athletes develop two specific skills. One is 
the ability to increase the flow of positive energy when faced with a crisis and the 
ability to think in ways that promote the right attitudes when solving problems, 
facing pressure, or during competition. These studies by Lewis used qualitative and 
quantitative methods, and Psychological Performance Inventory (PPI) was broadly 
used to measure mental toughness. This review noted that the PPI contains 42 items 
that measure mental toughness in seven dimensions including, attention and imagery 
control, motivation, self-confidence, visualisation, negative, and positive energy [24]. 
However, this approach is faced with criticism because psychometric evidence of 
PPI’s hypothesised measurement model is not encouraging future use. The review 
focused on psychological variables such as hardiness, coping skills, resilience, and 
optimism. The result showed that a higher level of mental toughness determines 
the performance of both motor and cognitive skills. Players need to have a mental 
toughness because it provides unshakable self-belief and persistence, helping them 
cope effectively with pressure and retain concentration. 

5 Studies on Coping Strategies and Career Variables 

A study involving 83 university students in the Polish University Championship in 
tennis (n = 32) and alpine skiing (n = 51) consisting of 44 men and 39 women 
indicated that tennis players use coping actions more than alpine skiers in all actions. 
The study sought to identify coping strategies with stress caused by sport in both 
games. The participants were requested to fill questionnaire after finishing their 
match and describe the measures they had applied before and during the compe-
tition. Tennis players displayed their coping strategies as seeking support, logical 
analysis, distancing, mental distraction, venting unpleasant emotions, and resigna-
tions (Table 3). Participants who performed lowest tend to use mental distraction 
and resignation strategies. Tennis players have to continuously analyse situations 
and adjust tactics to adapt to their opponents on the tennis court. The logical anal-
ysis, therefore, becomes their domain-coping strategy. They also need to quickly 
forget unpleasant and unsuccessful actions and divert their attention to furthering 
successful actions. Their mental distraction against stressors helps to control their 
excitation. Tennis players also need to seek social support during break time from 
their coaches when they can relax and relax their muscles before continuing with 
the game. The study indicates that tennis players should avoid resigning, venting 
unpleasant emotions, and mental distraction instead of using task-focused strategies 
to achieve higher results [26].
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6 The Career Development of Tennis Players in Malaysia 

ITF requires tennis Malaysia to send national teams to six events every year and 
field teams in multi-sport events such as SEA games. A squad of the best players is 
chosen to compete in Cup events, namely Federation and Junior Federation, Davis 
and Junior Davis, and boys and girls World Junior Tennis Championship. The asso-
ciation also heavily engages in junior development to develop young tennis players 
into technical and competitive players. Andersen et al. [27] argue that developing 
elite athletes is a multifaceted and multi-layered process. Malaysian players must be 
willing to learn how to play the game better and become more competitive. The junior 
development process facilitates the transition of the players from regional to national 
and international competitions hence becoming senior players. According to Rahim 
et al. [6], the junior players are provided with beginner’s level coaching regularly 
and more competitions that help gauge each player’s progress. Tournaments are used 
as the primary performance gauge of players in Malaysia. During tournaments, the 
players are provided with an opportunity to compete in each category nationally. The 
players gain more life experience and become more competitive, and their perfor-
mance is gauged through a ranking system. The players test their skills against their 
opponents, identify strengths and weaknesses, and provide drills and exercises for 
improvement through the help of a coach. Tennis officials also benefit from more 
skills to lead the players better. The players are coached by certified and recognised 
coaches who are consistent and with a high degree of experience and knowledge. As 
of 2019, there were 232 certified coaches, 95 in level 1, 127 in level 2, 10 in level 3, 
and 55 certified tennis officials [6]. 

6.1 Study Characteristics 

The studies included in this review covered a period of 38 years (1984–2022). The 
studies included participants who were juniors and adults, such as college and profes-
sional athletes. Most of the studies were from the English tennis setting. The sports 
distribution included tennis and skiing. Initial interest was in understanding the 
coping concept and its application in sports. The study took a deductive approach 
from coping strategies in sport to specific strategies in tennis. 

7 Conclusion, Discussion and Recommendations for Future 
Research 

Players apply many coping strategies in sport, depending on the specific situation. 
The players apply physical, psychological, emotional, cognitive, social, and plan-
ning coping strategies. Physical activities and exercises were a strong coping strategy
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against mental fatigue. It ensures sustained attention and cardiovascular and muscu-
loskeletal system development and enhances learning and memory. It improves an 
individual’s quality of life and academic achievement, enhances muscle strength, 
and enhances the release of stress-relieving hormones. DUTA academy players have 
adopted physical activity as a coping strategy where they perform aerobics and 
running during practices. PA has helped the DUTA team to possess agility, speed, 
aerobic capacity, endurance, and other physical fitness components, which are crucial 
for the game. They have also adopted coachability and training through the help of the 
Director of coaching, head coach, and two assistant coaches. The coaches guide many 
junior players to achieve their highest game potential and instil life values that enable 
them to respect and believe in themselves with positive thinking. The players have 
also adopted planning as a coping strategy through which they can book coaches, 
competitors, and competitions. The strategy enables the players to save time and 
get enough time to engage in work and other assignments and achieve their goals 
because they are strategically positioned. The emotional coping strategy enables the 
DUTA team not to worry and achieve mental toughness. The players learn to tolerate 
stress and become level-headed, resilient, thorough, and persistent. Their cognitive 
and motor skills are enhanced, which helps the players to cope with pressure and 
retain concentration effectively. DUTA players have also adopted logical analysis 
and distancing strategies that enable them to avoid conflict and logical reasoning on 
how to solve their problems. The players understand the need for social support as per 
the recommendation of ITF. DUTA academy encourages its players to have a social 
life besides the sport. Friends, teammates, coaches, and family support are highly 
encouraged at the academy. During classes, tennis players have time to socialise 
with each other and offer peer support. During competitions, the players enjoy the 
company of their fans which encourage them to attain higher performance. DUTA 
academy has embraced equality by providing both male and female tennis classes. 
The studies have indicated that male players have higher coping abilities than females, 
so training and coaching are done separately to ensure that each player’s abilities are 
maximally utilised. Players at DUTA academy have adopted different coping strate-
gies, positively impacting their consistency and performance. They train and learn 
to overcome fear, panic, anger, inspiration, frustrations, and exhilarations. DUTA 
players enhance performance through these coping strategies, and their well-being is 
maintained, thus making the academy one of the best tennis academies in Malaysia. 

The reviewed literatures reveals that most of the coping studies done in the sports 
discipline have concentrated much on stress and the psychological dimension of the 
athletes. Few studies concentrate on other aspects, such as coping with injury and 
other health challenges. The evidence also reveals that PPI’s hypothesised measure-
ment model is not encouraging future use, and also, there are limited studies on tennis 
coping strategies, especially in Malaysia. The study, therefore, recommends further 
studies that will explore how players can cope with injury and health issues. It also 
recommends further research on new models of mental toughness and more studies 
on tennis in Malaysia and the coping strategies applied by the players.
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Design of the Physical Fitness Detection 
System of Young Children Based 
on Cloud Computing 

Haiyan Zhang, Yee Cheng Kueh , and Garry Kuan 

Abstract As the flowers of the motherland, children’s health status is directly related 
to their growth and improvement, and even affects the future improvement of the 
country. Early childhood education is an indispensable link in their growth process, 
and children’s sports are a very important part of early childhood education, which 
requires the attention of the whole society. The purpose of this paper is to design 
a physical fitness detection system for young children based on cloud computing. 
In the study, the independent samples t-test was used to assign the children in the 
experimental group and the control group to compare the improvement level of 
physical fitness, so as to realize the physical fitness detection system of children. The 
experimental results show that the children in the experimental group that passed the 
skills and physical fitness were significantly better than the children in the control 
group using the physical fitness test, and their movements were more coherent and 
coordinated. Further, various physical qualities show significant improvement. 

Keywords Cloud computing · Physical fitness of young children · Physical fitness 
detection · System design 

1 Introduction 

Physical fitness pays attention to the cultivation of the comprehensive health quality 
of the human body, and focuses on the excavation of human sports potential, which 
can better reflect the human body’s ability to adapt to the environment [1]. The
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enthusiasm for participating in sports plays an important role [1]. Society and parents 
pay too much attention to the improvement of children’s intelligence and professional 
quality, but there is no research on children’s physical fitness. The choice of children’s 
health improvement and exercise methods is worthy of attention. 

Nowadays, when the national fitness movement is in full swing, many people 
ignore the special group of young children. The age of 3–6 years is the link between 
the improvements of preschool children, relatively speaking, their cognition and 
behavior already have a certain degree of subjectivity. Kryst’s [2] study found that 
overweight individuals tend to have a stronger bone and more muscle mass than 
lean individuals. The aim of this study was to examine the immune system, bone 
and muscle mass, and body weight of obese and non-obese polish children and 
adolescents. The research participants consisted of girls and boys. Height, weight, 
triceps skin, humerus, femur, hip, mid-thigh, and upper arm circumferences were 
measured to estimate BMI, body frame index, bone, and muscle mass. Results were 
obtained for grip strength, standing long jump, sitting, and vehicle handling tests. The 
participants were classified as normal weight or overweight/obese according to Cole’s 
cutoff value. Statistical differences were assessed using two-way ANOVA. Vargas 
AC conducted the study and reported that the people with intellectual disabilities 
have lower levels of physical fitness compared to their peers without intellectual 
disabilities because of higher levels of sedentary behaviors in this population. To 
understand the relationship between quality of life and physical health in adults with 
intellectual disabilities, ninety-six adults with intellectual disabilities were given 
quality of life questionnaires and physical fitness tests, including balance, muscle 
strength, flexibility, and aerobic condition. Adults with higher self-reported levels 
of quality of life had higher levels of physical fitness in terms of balance, muscle 
strength, and flexibility. In contrast, under aerobic conditions, there was no significant 
association with self-reported quality. These findings support the hypothesis that 
people with intellectual disabilities and low levels of physical fitness affect their 
quality of life. This knowledge is useful for improving treatment that promote the 
physical health of the population [3]. It also cultivate children’s sense of movement 
and interest in movement, so as to improve children’s participation in sports activities, 
which is conducive to children’s overall physical and mental improvement. 

The present study identifies the related research on physical fitness, the definition 
of core concepts of physical fitness, and the overview of cloud computing, including 
cloud computing improvement, cloud computing service types, and important char-
acteristics of cloud computing. In the experiment, a physical fitness detection system 
for children aged 4–6 years was designed, and 60 children aged 4–6 years in a 
kindergarten in M city were selected as the experimental subjects. Logistic regres-
sion algorithm and independent sample t-test were used to analyze and compare the 
physical fitness improvement level of children in the experimental group and children 
in the control group.
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2 Design and Research on the Physical Fitness Detection 
System of Young Children Based on Cloud Computing 

2.1 Physical Fitness Related Research 

In the early childhood, with the increase of age, the results tested according to the 
standard of physical fitness also improved to a certain extent, and it was proposed that 
the amount and intensity of physical activity have beneficial effects to the human body 
[4]. The more proficient the students’ operational skills, the higher the cardiovascular 
endurance, upper-body muscle strength and endurance level, and the higher the level 
of physical fitness. Mastering proficient operational skills and maintaining a healthy 
level of physical fitness are the expected outcomes of teaching at the elementary 
level. 

The cultivation of healthy physical fitness can be divided into five stages: first is 
a happy exercise experience; the second is to obtain the correct exercise method; the 
third is to try different sports to form your own habits; the fourth is to master your own 
state; the fifth is own training plan and can be adjusted in time. The complete model 
of school health and fitness education is divided into three parts: the bottom layer, 
activities of daily life; the middle layer with intensive aerobic, flexibility, muscle 
strength, and other exercises; and the top layer of static cultivation activities, reading, 
etc. Creating an environment for students to stimulate interest in sports requires the 
attention of parents and schools [5]. Physical activity, fitness, and athletic ability 
improve in concert during childhood and complement each other. Physical fitness is 
the mediating factor between the two, and the degree of correlation increases with 
age. Physical activity can promote the improvement of motor skills and physical 
fitness. Early learning and accumulation of various exploratory sports experiences 
can promote the formation and improvement of basic movement patterns in children. 

The level of physical fitness is of great significance to the health of the human 
body. It is well reported that to physical fitness promote physical health and sports 
performance [6]. Certain concepts related to physical fitness should be injected into 
the training of young children and adolescents to ensure that training pays more 
attention to health and students’ feelings [6]. 

2.2 Definition of Core Concepts of Physical Fitness 

Physical fitness refers to a certain amount of energy to cope with emergencies after 
completing various tasks in daily life, combined with comprehensive investigation 
and judgement in terms of skill improvement and metabolic index [7]. Physical fitness 
is the top priority of physical exercise research, including cardiorespiratory fitness, 
physical fitness, flexibility, muscle strength, and muscle endurance. Focusing on the 
cultivation of lifestyle and study habits at early childhood will improve good physical 
fitness in early childhood, so that young children can grow up healthily and promote
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the health of their bodies. Physical fitness is now more in line with the view that 
the body is always full of energy and willing to do physical exercise after dealing 
with daily life. This means that good physical condition is the key to getting people 
to participate in social exercise and improve their physical condition and healthy 
lifestyle. 

What is physical fitness: Promoting physical fitness through a range of phys-
ical activities ensures that the body can successfully perform a variety of tasks as 
it adapts to the environment. The physical fitness of young children has two parts: 
physical health and mental health. Through a scientific and reasonable physical exer-
cise, it is helpful to improve children’s physical quality and comprehensive ability 
and lay a good foundation for their future improvement. Curriculum mode refers 
to the structure and basic framework of the curriculum system, as well as educa-
tional activities established under the guidance of certain educational concepts or 
educational theories. Under normal circumstances, it can be called a model, that is, 
a model that foresees other educational activities [8]. A very general and instructive 
lesson plan with some level of advancement. Physical fitness is the embodiment of 
human’s physical and mental adaptability in today’s life. Physical fitness means that 
everyone should choose the most suitable exercise method and amount of exercise, 
which can achieve the effect of improving physical fitness in different situations. 
Physical fitness of young children is a subdivision proposed by kindergartens and 
children’s health management organizations in various regions, aiming to improve 
children’s physical strength, self-protection ability, environmental adaptability and 
psychological ability through scientific and reasonable physical training. It provides 
self-regulation and a good physical foundation for future study, life, and work. Only 
good physical health from childhood can ensure the healthy growth of young children 
and promote healthy physical improvement. 

2.3 Overview of Cloud Computing 

(1) Improvement of cloud computing 

Cloud computing is an emerging Internet-based service computing model improved 
on the basis of traditional virtualization technology, parallel technology, and grid 
technology in recent years [9]. Through cloud computing, computing resources, and 
storage resources connected to the Internet can be shared, and cloud users can be 
given access rights flexibly and on demand. The resources in the cloud resource 
pool can be flexibly allocated and released, so cloud computing is an ideal resource 
service. As an on-demand computing, Internet-based service model that can provide 
shared computing resources and data, the cloud can be accessed and expanded on a 
pervasive and on-demand basis. The Internet era is an era of exponential expansion of 
users. With the comprehensive expansion of business, the current information era has 
entered an era of “cloud computing and big data”. The explosive growth of data makes 
users not satisfied with the computing processing of a single device, and instead
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entrust data processing to the cloud. For cloud resource providers, one of the advan-
tages of cloud computing is dynamic scalability. By dynamically adding and deleting 
nodes, the operation of the cloud center can still maintain a normal state on-demand 
service. Because cloud providers need to spend a certain amount of manpower and 
material resources to maintain the normal operation of their cloud centers, the current 
mainstream cloud providers have adopted a method of charging services. Taking the 
website business as an example, users and enterprises can purchase a certain number 
of virtual machines or virtual machine services to host their websites and only need 
to pay the running cost of the virtual machines when the website is running. Of 
course, if you need to configure a higher virtual machine, you can purchase the 
corresponding high-quality package. This rapid resource purchase and deployment 
can meet the needs of various users in a timely and effective manner and low cost. 
With the reduction of the cost of hardware production, the prices of various physical 
devices supporting the cloud center are also accepted by various cloud manufac-
turers. The high degree of perfection and integration of the underlying software of 
cloud services, on the one hand, makes the management of the cloud more and more 
user-friendly, and on the other hand, it also reduces the management cost of the 
cloud. Cloud computing has improved recently, and its main architecture has under-
gone many adjustments. Overall, cloud computing is a need for service-oriented 
architecture. 

(2) Regarding the types of cloud computing services, they can generally be divided 
into the following three types 

Basic settings as a service: By providing basic equipment on demand, it usually 
refers to the service mode of virtual machines with certain configurations. Those who 
provide this kind of service are called IaaS providers. Well-known IaaS providers 
are Amazon EC2, Flexiscale, OpenStack, CloudStack, etc. 

Platform as a Service: A service model that provides platform-level resources, 
including operating systems and supported software improvement environments. 
The more well-known PaaS providers are Google App Engine, Microsoft Windows 
Azure, etc. 

Application software as a service: a service model that provides applications on 
demand through the Internet. Well-known SaaS providers include SAP Business, 
Rackspace, etc. According to the service level, a service-oriented cloud computing 
architecture can be established. 

By virtualizing computer resources, storage resources, network resources, and 
integrating resources, a resource pool is constructed. Then, in the upper layer, design a 
mode that is convenient for users to use, and encapsulate resources into Web services. 
In addition, cloud computing also needs to integrate existing resources and have 
certain necessary structures such as resource scheduling and security management. 
The module is responsible for security management to ensure the security of the 
cloud computing system from being attacked, free from intrusion threats, and protect 
multiple nodes. At the same time, cloud computing can meet the needs of users and 
enterprises to use applications and store some data in the cloud. In summary, cloud
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computing extends the concept of converging infrastructure with shared resources 
[10]. 

(3) Cloud computing has the following important characteristics 

On a large scale: In the current cloud era, well-known cloud service providers such 
as Amazon, Google, Alibaba, Baidu, etc., are all enterprises with more than one 
million servers. By satisfying a certain order of server clusters, these vendors are 
free to provide the necessary resource services to their users. 

Virtualization: On top of traditional virtualization technology, cloud virtualiza-
tion is a perfect interpretation of virtualization technology. By virtualizing hardware 
resources, operating systems, and specific applications, cloud computing transforms 
actual physical devices such as CPUs, disks, and networks into logical existence that 
can be controlled. The virtualized device can pass through a series of given interfaces, 
which makes it easier for users to configure requirements from a huge resource pool. 

Reliability: Before the advent of cloud computing, it was either virtualization 
technology, grid technology or other. In the related art, there is no relatively unified 
solution for reliability. After the advent of the cloud era, taking Google as an example, 
the multi-level data copy fault tolerance advocated by them is based on the premise of 
sacrificing hardware resources to preserve user service quality. In addition, the idea 
of isomorphic calling between nodes satisfies the basic guarantee of data recovery 
from damage. The establishment of cloud data centers, through strict access control 
and ever-changing security protection technologies, can enable cloud users to safely 
place data in the cloud without worrying about being hacked or destroyed [11]. 

Versatility: The emergence of the cloud is, to a certain extent, a good package for 
platforms and applications with strong heterogeneity. Through the cloud package, in 
the same resource pool, enterprises and individual users can create different platforms 
and host different applications on it. Since the implementation details are transparent, 
users only need to focus on the resource acquisition level. Tasks related to resource 
allocation can be handed over to the cloud for self-management. 

3 Investigation and Design of the Physical Fitness Detection 
System of Young Children Based on Cloud Computing 

3.1 Research Content and Objects 

Research content: Physical fitness detection system for children aged 4–6 years old. 
The subjects selected for this study were 60 children aged 4–6 in a kindergarten in M 
city. Experimental grouping: The selected 60 children have not received systematic 
physical training before the experiment. The control group was a kindergarten with 
a total of 30 students; the experimental group was a sports hall with a total of 30 
children. Since the gender differences of 4–6-year-olds have little effect on their
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athletic ability and will not have a significant impact on the arrangement of training 
content and test results, no gender group matching is performed in this paper. 

The specific sports test contents are as follows: 10-m reentry running, standing 
long jump, tennis throwing, continuous jumping with both feet, sitting forward 
bending, and walking on balance beam. 

3.2 Independent Samples T-Test 

Independent samples t-test, also known as the group t-test, is suitable for the 
completely random design of the comparison of two-sample means. It is gener-
ally used for normally distributed two sets of data. Multiple sets of data use one-way 
ANOVA, and the normality test should be conducted before the t-test. The function 
formula is as follows: 

➀ analysis comparing mean independent sample t-test 
➁ adds test variables and group variables, respectively, and then defines groups: 

experimental and control groups 
➂ analytic result 

The t-test statistic for the independent samples is: 

t = X1 − X2 /
(n1−1)S2 1+(n2−1)S2 2 

n1+n2−2

(
1 
n1 

+ 1 n2
)

S2 1 and S
2 
2 are two-sample variance; n1 and n2 are two sample sizes. 

4 Analysis and Research on the Physical Fitness Detection 
System of Young Children Based on Cloud Computing 

4.1 Comparison of Physical Fitness Improvement Levels 
of Children in Children Group 

In order to verify that the continuity and speed of the continuous jumping of the 
feet of the children in the experimental group were improved after the intervention, 
the upper limbs could coordinate with the lower limb’s movements, and the body 
could remain stable during jumping movements; the children in the experimental 
group walked on the balance beam. Stand upright, overcome fear, and move forward 
independently, and move your feet alternately and smoothly. Therefore, the result 
shows that the stability training in physical fitness can improve the balance ability
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of young children. Table 1 and Fig. 1 show the specific results of the experimental 
precursor fitness test of the experimental group and the control group: 

The data showed that the experimental group and the control group had compa-
rable results in each test of pre-intervention pre-existing fitness. After independent 
sample t-test, it was concluded that there was no significant mean difference of 
physical fitness between the two groups of children before the intervention (p > 
0.05).

Table 1 Test data of young children’s physical fitness experiment 

Test item Experimental group Control group t-test p-value 

Ten-meter return run (s) 8.93 8.79 0.635 0.612 

Standing long jump (cm) 80.36 80.01 0.985 0.418 

Tennis throwing (m) 4.21 3.98 0.715 0.654 

Feet continuous jump (s) 8.06 7.96 0.151 0.536 

Sitting position forward flexion (cm) 9.04 8.84 0.102 0.684 

Walk the balance beam (s) 10.31 10.02 0.320 0.987 
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Fig.1 Experimental precursor fitness test results of young children in the experimental group and 
the control group 
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4.2 Comparative Analysis of Physical Fitness Levels 
in Children Group After the Experiment 

In order to test the physical fitness level of the children after the experiment, through 
the independent sample t-test, the physical fitness test results are shown in Table 2 
and Fig. 2. 

The data showed that there was a big gap in physical fitness performance between 
the experimental group and the control group after the intervention. The independent 
samples t-test shows that there was a significant mean difference in the standing long 
jump, tennis throwing, and double-legged continuous jumping performance of the 
experimental group after the intervention compared with the control group (p < 0.01). 
Also, compared with the control group, there was a significant mean difference in

Table 2 Physical fitness test results of experimental and control children 

Test item Experimental group Control group t-test p-value 

Ten-meter return run (s) 10.02 9.31 0.058 0.015 

Standing long jump (cm) 109.61 89.47 5.641 0.005 

Tennis throwing (m) 6.01 4.08 5.751 0.004 

Feet continuous jump (s) 8.96 8.04 0.353 0.002 

Sitting position forward flexion (cm) 11.3 9.31 0.003 0.984 

Walk the balance beam (s) 9.98 11.12 0.080 0.051 
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Fig.2 Physical fitness test results after the experiment between two class 
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the scores of children’s 10-m reentry running and walking on the balance beam (p 
< 0.05); there was no significant mean difference between the children’s sitting and 
forward bending scores between the experimental group and the control group (p > 
0.05). 

To sum up, the children in the experimental group that have undergone the skills 
and physical fitness test performed significantly better than the children in the control 
group in the physical fitness test, and their movements were more coherent and 
coordinated. Furthermore, various physical qualities were significantly improved in 
the experimental group than the control group. 

5 Conclusions 

The improvement of children’s physical quality has certain difficulties. Children have 
certain athletic ability and form a certain social cognition, but they are less restric-
tive in behavior and lack understanding of the consequences of their own behavior. 
Therefore, they need more guidance to regulate their positive and negative behav-
iors. Physical fitness courses must improve the children’s physical and mental quality, 
and at the same time, they must meet the interests of children. The improvement of 
physical fitness courses in kindergartens should be strengthened. On the one hand, 
it is necessary to improve the existing kindergarten curriculum design, improve the 
physical quality of children, and promote the overall children’s physical and mental 
health. On the other hand, it also has far-reaching significance for the healthy growth 
of children in my country. 
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The Relationship Between Physical 
Exercise and Mental Health Promotion 
Among University Students in China 

Wang Xiawei and Garry Kuan 

Abstract The purpose of this article is to investigate the mental health status of 
Chinese university students, the influence of physical exercise on the mental health 
factors of Chinese university students, and the relationship mechanism between phys-
ical exercise and the mental health of Chinese university students, in order to provide 
a reference for promoting the mental health of Chinese university students. Methods: 
A stratified random sampling method was used to randomly select 1000 university 
students from a university in Henan Province, China using a questionnaire survey, 
and the valid sample data were 921 cases. The SPSS 26.0 software was used for 
correlation analysis of the collected sample data. Result: The assessment of physical 
exercise level of Chinese university students was based on the results rated by the 
Chinese National Student Physical Fitness Test Standard, in which 78 (8.46%) were 
excellent, 307 (33.29%) were good, 469 (50.88%) were passing, and 66 (7.37%) 
were failing. For the comparative analysis of the mental health, the excellent rate, 
good rate, and passing rate of physical test scores of male students were better 
than that of female students, whereas the scores of all the factors for symptom self-
assessment scale (SCL-90) of female students were significantly higher than those 
of the male students, (P < 0.05). The comparative analysis between the mental health 
level of the students and the four types of sports performance, revealed that the scores 
of depression, anxiety, and terror in the SCL-90 with excellent, good, and passing 
physical fitness test were significantly lower than those with failing physical fitness 
test (P < 0.05). The correlation between physical exercise and the mental health 
of the students was analyzed and the scores of physical exercise (physical fitness 
test scores), depression, anxiety, and terror in the symptom self-assessment scale 
(SCL-90) were significant and negatively correlated (P < 0.05). 
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1 Introduction 

With the global economic development and changes in human lifestyle, insufficient 
physical exercise and mental health disorders have become global social problems, 
which have become the main causal factors of psychological disorders such as over-
weight and obesity, anxiety, depression, and panic [1]. As an important group for the 
future development of the world, the physical condition and mental health of univer-
sity students have become a topic of concern for scholars from various countries 
[2]. 

Physical and psychological health are fundamental conditions for the overall 
development of university students [1]. Physical exercise not only strengthens the 
immune system, but also promotes psychological health [3]. It is therefore, important 
to study the mental health of university students because it improve their physical 
fitness, relieve tension, and treat their psychological sub-health. This study investi-
gates the relationship between physical exercise and psychological health, and the 
role of physical exercise in influencing the psychological health in order to provide 
insights for the university students to actively and effectively participate in physical 
exercise and, promote their psychological health and overall health. 

2 Methods 

2.1 Participants 

The study examines takes the relationship between physical exercise and mental 
health among university students in China. The respondents were university students 
from Henan Province, China, and their ages ranged from were generally 18 to21 years 
old. The study adopted stratified random sampling, and a total of 1000 students were 
enrolled and given the study questionnaires. 979 questionnaires were collected, of 
which 921 were valid, with a return rate of 94%, of which 689 were male students 
and 232 were female students. They consisted of 329 first year students, 274 males 
and 55 females; 308s year students, 257 males and 51 females; and 284 third year 
students, 158 males and 126 females. 

2.2 Fundamental Movement Skill 

The study was a cross-sectional survey using a self-administered questionnaire to 
assess the participant’s fitness test scores. The physical fitness test scores were deter-
mined using the four-level scoring system of China’s National Student Physical 
Health Standards, which comprehensively assesses students’ physical fitness level 
in terms of physical form, physical function, and physical quality. It is an evaluation
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tool that serve as a mean to promote the development of students’ physical health 
and motivation for physical exercise participation [4]. The physical exercise score 
in this paper is classified as excellent: total score of 90 and above, good: total score 
of 80–89; pass: total score of 60–79; and fail: total score of 60 or below. The total 
number of samples collected in this survey was 1000 students in total, but those with 
complete responses were 921 students. 

The SCL-90 was used to investigate the mental health level of the university 
students, with a total of 90 items within nine factors rated using a five-point scale (1 
< 2 < 3 < 4 < 5), ranging from asymptomatic to severe. The questionnaire was based 
on the Symptom Self-Rating Scale (SCL-90) developed by L. R. Derogatis, which 
is currently the most widely used scale for detecting mental disorders and mental 
illnesses worldwide [5]. 

2.3 Data Analysis 

All the data obtained were entered into an Excel sheet for preliminary collation and 
then entered into SPSS 26.0 software for analysis. Independent t-test analysis was 
performed to determine the mean difference of the mental health level between male 
and female students, and between the four types of sports performance. Person’s 
correlation analysis was performed to determine the relationship between physical 
exercise and students’ mental health. Descriptive results were expressed as mean ± 
standard deviation. A p < 0.05 was considered a statistically significant difference. 

3 Results 

3.1 Mental Health Level of University Students 

The mental health level of university students was investigated by the Symptom 
Self-Rating Scale (SCL-90), and the number of valid test cases was 921, among 
which 689 were male and 232 were female. As long as the score of one factor of 
SCL-90 is greater than or equal to 3, it is considered that there may be moderate 
severity of psychological problems [6]. A total of 104 people have psychological 
problems, accounting for 11.35% of the total, and this kind of people belong to the 
key population of research attention.
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3.2 Physical Exercise of University Students 

The amount of physical exercise assessment was based on the students’ physical 
fitness test results. The total number of students that report their physical fitness test 
results was 921, among which 689 were male and 232 were female. The result shows 
that 78 (8.46%) had excellent physical fitness test results; 307 (33.29%) had good 
physical fitness test results; 469 (50.88%) had passing physical fitness test results, 
and 66 (7.37%) had a failing physical fitness test. 

3.3 Comparative Analysis of the Mental Health Levels 
of Male and Female University Students 

For comparison of the sample genders, the excellent, good, and passing scores of 
physical fitness test for the male students were better than that of the female students, 
while the difference between the failing physical fitness tests scores of male and 
female students was not significant. Female university students scored higher on 
SCL-90 in somatization, obsession, interpersonal sensitivity, depression, anxiety, 
hostility, terror, delusion, and psychoticism than the male students (p < 0.05). All the 
results are displayed in Table 1. 

Table 1 Comparative analysis of factor scores on the mental health level scale for male and female 
university students 

Gender Female Male t-test p-value 

No. (n) 232 689 

F1 somatization 1.55 ± 0.25 1.43 ± 0.20 5.549 0.000 

F2 obsession 1.90 ± 0.35 1.75 ± 0.39 4.726 0.000 

F3 interpersonal sensitivity 1.78 ± 0.44 1.61 ± 0.36 4.113 0.000 

F4 depression 1.73 ± 0.41 1.66 ± 0.47 3.628 0.000 

F5 anxiety 1.59 ± 0.31 1.52 ± 0.21 4.561 0.000 

F6 hostility 1.58 ± 0.33 1.55 ± 0.28 0.923 0.216 

F7 terror 1.40 ± 0.23 1.39 ± 0.18 1.392 0.049 

F8 delusion 1.52 ± 0.29 1.48 ± 0.30 0.969 0.158 

F9 psychoticism 1.62 ± 0.33 1.43 ± 0.31 5.903 0.000
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Table 2 Comparative analysis of scores on the symptom self-assessment scale for college students 
in four categories of sports performance 

Sports performance Excellent Good Passing Failing 

No. (n) 78 307 469 66 

F1 somatization 1.38 ± 0.36 1.39 ± 0.38 1.41 ± 0.42 1.45 ± 0.43 
F2 obsession 1.79 ± 0.69 1.81 ± 0.65 1.83 ± 0.59 1.85 ± 0.54 
F3interpersonal sensitivity 1.59 ± 0.54 1.61 ± 0.49 1.65 ± 0.47 1.67 ± 0.43 
F4 depression 1.48 ± 0.85 1.50 ± 0.74 1.53 ± 0.62 1.61 ± 0.56*,**,*** 
F5 anxiety 1.49 ± 0.63 1.50 ± 0.48 1.53 ± 0.47 1.55 ± 0.45*,**,*** 
F6 hostility 1.39 ± 0.38 1.40 ± 0.36 1.42 ± 0.35 1.45 ± 0.28 
F7 terror 1.32 ± 0.43 1.36 ± 0.32 1.40 ± 0.28 1.46 ± 0.33*,**,*** 
F8 delusion 1.52 ± 0.39 1.53 ± 0.36 1.55 ± 0.34 1.57 ± 0.42 
F9 psychoticism 1.50 ± 0.42 1.51 ± 0.39 1.53 ± 0.32 1.57 ± 0.35 
Note * indicates P < 0.05 for failing compared to passing, ** indicates P < 0.05 for failing compared 
to good, ***indicates P < 0.05 for failing compared to excellent 

3.4 Comparative Analysis of the Mental Health Levels 
of University Students in the Four Sports Performance 
Categories 

In the physical fitness test, the sport performance scores of somatization, obsession, 
interpersonal sensitivity, hostility, delusion, and psychoticism in the SCL-90 were 
no significantly different in the excellent, good and passing category, whereas the 
scores of depression, anxiety, and terror in the SCL-90 were significantly different 
in the excellent, good, and passing category (Table 2). 

3.5 Correlation Between Physical Exercise and Students’ 
Mental Health 

Physical exercise (physical fitness test scores) was significant an negatively correlated 
with the scores of the three factors of depression, anxiety, and terror SCL-90 (Table 
3). 

Table 3 Correlation analysis 
of physical activity and 
mental health of university 
students 

Sports performance r t-test p-value 

F4 depression − 0.128 2.983 0.001 

F5 anxiety − 0.092 5.389 0.000 

F7 terror − 0.076 6.118 0.000
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4 Discussion 

4.1 Physical Exercise and Mental Health of Male 
and Female Students 

This study shows that the physical exercise and mental health results of 921 university 
students—the excellent rate, good rate and passing rate of physical fitness test results 
of male students—are better than that of female students. This concludes that the level 
of physical exercise among university students is still low level especially among 
females. The high academic pressure on college students, heavy professional and 
practical training courses can make the college students have less time to participate 
in physical exercise [7]. Also, there are other factors such as inadequate environment 
of physical activity, which restrict students’ physical exercise activities. The physical 
fitness test scores of the male students were significantly higher than the female 
students, which is in line with the basic characteristics of male and female sports, with 
male students’ awareness of physical exercise and physical exercise behavior higher 
than that of the female students. Male students are generally more athletic than female 
students and are more willing to participate in high-intensity and high-density sports 
activities, such as running, basketball, and football, while female students prefer 
low-intensity sports with small intervals, such as yoga, table tennis, and aerobics. 

The students’ mental health showed that female students scored significantly 
higher on the Symptom Self-Rating Scale (SCL-90) for somatization, obsession, 
interpersonal sensitivity, depression, anxiety, hostility, terror, delusion, and psychoti-
cism than the male students (p < 0.05). It can be concluded that on one hand that 
male students have a stronger interest in sports, are more athletically gifted than 
female students, and prefer sports activities with a high level of exercise, while 
female students are more fragile and sensitive and are more prone to psychological 
problems as they are unable to vent and release pressure when facing stress. On 
the other hand, the items that girls participate in physical exercise do not match the 
characteristics of the physical side items, which to a certain extent confirms the fact 
that girls lack physical exercise and produce anxiety, depression and sensitivity in 
the face of study, employment, interpersonal and relationship, and the psychological 
pressure cannot be released, all of which affect the psychological health level of 
female university students. 

Therefore, when teaching physical education and organizing campus activities, 
universities need to focus on students who fail in physical fitness, and should pay 
more attention to the mental health of female students to actively guide them to 
participate in physical exercise, formulate reasonable and effective mental health 
guidance programs, and to provide effective methods and strategies for students 
with low mental health status.
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4.2 Comparative Analysis of the Mental Health Level 
of University Students with Four Types of Physical Test 
Scores 

In this study, it was found that among the four categories of the college students, 
namely, excellent, good, passing, and failing; the excellent rate was only 8.46% with 
only 78 students, and good rate was 33.29% with 307 students, highlighting the 
poor effect of students’ physical exercise, which school leaders should pay great 
attention to. On the Self-Rating Symptom Scale for College Students (SCL-90), in 
the three factors of depression, anxiety, and terror, the students with excellent, good, 
and passing scores in physical education are significantly lower than those in failing 
scores of physical fitness test. 

It can be concluded that physical exercise indirectly affects students’ body and 
mind, and the lack of high intensity, high density, and high amount of physical 
activity during school studies triggers students’ uneasy psychology. Depression and 
anxiety are frequent among male and female university students, and terror is easily 
focused on female students, because they have high mood fluctuations influenced 
by the outside world. A targeted improvement of physical exercise can alleviate and 
prevent psychological disorders [8]. In addition, somatization, compulsion, interper-
sonal sensitivity, hostility, delusions, and psychoticism scores were not statistically 
significantly different. The survey data showed that there was no direct effect of 
the six factors of somatization, obsession, interpersonal sensitivity, hostility, delu-
sions, and psychoticism on the four types of physical test scores, but according to the 
actual interview, some students believed that these psychological aspects had some 
correlation with physical exercise. 

4.3 Analysis of the Correlation Between Physical Exercise 
and Mental Health 

According to this study, the correlation between physical exercise (physical fitness 
test scores) and the scores of depression, anxiety, and terror in the SCL-90 was 
significant and negative. Therefore, it shows that college students’ participation 
in sports and exercise can significantly improve their mental health level, and 
can alleviate their depression, anxiety, terror, and other psychological factors. A 
moderate amount of physical activity can help reduce students’ depression, anxiety 
and terror levels. Also, active physical exercise can improve their self-confidence, 
relax their bodies and minds, release their stress and vent their negative psycholog-
ical emotions [9]. In addition, physical exercise by university students can promote 
the dynamic balancing mechanism of the nervous system and hormone levels, which 
in turn produces inhibitory hormones on negative psychological conditions such as 
psychological depression and emotional anxiety, ensuring a good endosomal secre-
tion state, emotional stability, and physical and mental relaxation. In their daily study
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life, university students with poor physical fitness must pay attention to their psycho-
logical state, strengthen physical exercise, release bad emotions and effectively carry 
out the psychological treatment of physical exercise, so as to improve their mental 
health. 

5 Conclusion 

This study shows that physical exercise and psychological health level of college 
students are positively correlated. To a certain extent, physical exercise can promote 
the psychological health of college students and improve their bad psychological 
emotions. On the whole, the surveyed university students have low sports participa-
tion, low physical exercise status, and poor mental health. The psychological prob-
lems of university students today are the focus of research by scholars from various 
countries. Hence, it is important to study the relationship between physical exercise 
(sports performance) and psychological health of university students, and to take 
effective means to intervene according to the research results, so as to guide students 
to actively participate in physical exercise, improve their psychological health and 
overall well-being. 
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