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ABSTRACT

The global decline in adolescent physical activity is a critical public health
issue, with over 80% of adolescents failing to meet the WHQO's recommendation of
150 minutes of weekly exercise, a concern mirrored in China. This study applies the
Transtheoretical Model (TTM) to promote exercise behavior among Chinese
adolescents.

The study developed and validated the Adolescent Physical Exercise
Behavior Change Questionnaire (APEBCQ) and explored the relationships among
TTM variables. Phase 1 validated APEBCQ's reliability and validity in a sample of
300 adolescents, demonstrating strong differentiation in Decisional Balance (DB),
Processes of Change (POC), and Self-Efficacy (SE). Phase 2 surveyed 2,100
adolescents across 14 cities, revealing significant correlations between stages of
change (SOC), DB, POC, SE, and exercise frequency, with gender and grade
differences influencing outcomes. Phase 3 evaluated a 12-week TTM-based
intervention, showing significant improvements in exercise behavior, POC, and SE in
the experimental group.

In conclusion, this study validated the APEBCQ, analyzed key TTM
variables, and confirmed the effectiveness of TTM-based interventions. The findings
offer valuable insights for designing targeted strategies to promote healthy behaviors
in adolescents. Future research should expand -sample sizes, include additional
variables, and develop more personalized interventions for diverse populations.

Keyword : Adolescent Physical Exercise Behavior, Transtheoretical Model, Self-
Efficacy, Processes of Change, Intervention Experiment
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CHAPTER1
INTRODUCTION

1. Background

All the time, "insufficient physical activity" has become an important problem
affecting the physical and mental health of young people all over the world. Many
studies have found that lack of physical activity leads to potential harm to the body.
Therefore, in order to prevent diseases and keep health, people should maintain active
physical exercise behaviors to promote health. International physical activity
guidelines recommend that adolescents get an average of 150 minutes of moderate to
vigorous physical activity per week(WHO, 2020). Despite this, recent studies estimate
that more than 80% of adolescents do not meet physical activity
recommendations(WHO, 2022). The survey showed that 34.3% of college students
said they had never exercised (men: 25%; women: 43%). In addition, 32.5% of
college students participate in sports activities less than three times a week(WHO,
2018). More than four in five 11- to 17-year-olds are not physically active, little
change since 2001(Guthold R, 2020). Physical fitness and physical activity levels

among children and adolescents have declined over the past few decades( Fuhner, T.

et al, 2021). In northern Europe and the United States, rising rates of physical and
mental health complaints among adolescents have been observed(Hogberg et al.,
2022; Twenge et al., 2018). Additionally, during the COVID-19 pandemic, many
countries  have implemented government-enforced social distancing restrictions,
which in part has affected physical activity levels among children and adolescents
around the world(Hale, T. et al., 2021). In conclusion, physical inactivity and a
sedentary lifestyle have become a serious global health problem(Kim & Kang, 2020).

In China, the situation 1s not optimistic either. The Eighth National Survey
Report on Students’ Physical Fitness and Health pointed out that 23.8% of the national

students aged 6 to 22 had an excellent physical fitness and health standard, and the
areas with a relatively high excellent rate were the economically developed eastern
and coastal areas(Chinese Ministry of Education, 2021). In 2020, nearly 20% of

people are overweight and obese, and the rate of myopia among adolescents reaches



52.7%(Chu Renyuan, & Xu Ye, 2021). Inadequate physical activity among
adolescents has also been reported in various regions across the country. The current
physical and health status of young people is worrying, and phenomena such as
declining physical fitness and obesity frequently occur(Wang Hongting, 2018). The
vital capacity index of urban boys and girls aged 13 to 15 in Guangdong Province has
a significant downward trend (Wang Min, 2018). In Guangxi Province, there are many
overweight adolescents, and great attention should be paid to the vital capacity
indicators of school boys. Among them, the failure rates of boys in the first, second,
and third grade of high school are 33.6%, 42.0%, and 40.1% respectively (Dang
Chuanqi et al, 2019).

The normal compliance rate of junior high school students in Jinan City is low
(Qin Guoyang, 2022). Compared with foreign countries, there is still a gap in the
overall physical condition of adolescents in Beijing, and there is still a lot of room for
improvement in the physical condition and healthy lifestyle of adolescents (Ji Gang et
al, 2020). The physical health of adolescents in Shandong Province is not ideal, with
an excellent rate of only 7.4%, and a failure rate as high as 14.3% (Huang Shuyuan,
2020). There is growing evidence of harmful associations between physical inactivity
and obesity, hypertension, cancer, and cardiovascular disease (Piercy, K. L., &
Troiano, R. P., 2018). Adolescents with low levels of physical activity are more likely
to experience mental health and well-being problems from adolescence into adulthood
(Shlack et al., 2021). Therefore, the behavioral problems of adolescents who lack
physical exercise deserve attention.

In the field of behavioral science, Transtheoretical Model (TTM) is a popular
theory, and many researchers have used TTM to study motor behavior. TTM proposes
from the perspective of individual cognition that the change of exercise behavior is a
dynamic change process, which needs to be divided into different stages to analyze
the psychological factors that affect exercise behavior. Mozhde Hashemzadeh (2019)
reviewed 103 articles and found that research on exercise behavior and physical
activity used TTM extensively because TTM can effectively explain and predict
exercise behavior. TTM can explain adults' physical activity levels and can also be
used as a theoretical basis for intervention design, with Self efficacy being the most

important predictor (Oba, T. et al, 2019; Ghaffari, M. et al, 2021). TTM is also



available for college students. Kim, Y. et al. (2021) believes that the Stages of change
can accurately divide the exercise behavior of college students, and Self efficacy is
the most effective factor in predicting the stage of physical activity. Kim, H. et al.
(2021) found that the processes of change may be an effective factor in promoting
physical activity in specific groups of people, and applying Self efficacy and
Decisional balance making to set intervention strategies can achieve better results.
There is a positive correlation between TTM structure and physical activity, which
can be used as an excellent baseline model for physical activity intervention or
motivational intervention (Liu, K. T. et al, 2021). TTM is also suiTable for studying
adolescent exercise behavior. Kamran, A. et al. (2023) found that TTM can effectively
improve the physical activity level of primary school students under the epidemic.
Rizal, H. (2019) verified the validity of the TTM questionnaire in Malaysian children
and can explain and predict physical activity.

Romain, A. J. (2018) reviewed the research on Transtheoretical Model (TTM)
over the past 30 years and found that most TTM based studies are only horizontal
studies, and longitudinal investigations in multiple regions are needed in the future to
determine the link between physical activity and TTM structure. Nigg, C. R. (2019)
analyzed 700 articles and believed that intervention should focus on cognitive
processes related to Self efficacy and Decisional balance. Many studies have
demonstrated that TTM-based interventions can significantly improve exercise levels.
Basic TTM interventions can improve the physical activity behavior of Chinese
college students (Abula, K. et al, 2018). Internet based interventions based on TTM
can promote adolescent physical activity levels, but the process of intervention may
be influenced by other factors, such as economic, cultural and family factors
(Pirzadeh, A. et al, 2020). Multimedia intervention designed based on TTM is
effective and can significantly improve adults' physical activity (Jalali, S. et al, 2022).
It should be pointed out that TTM intervention can effectively improve the level of
individual exercise, but the intervention may also have defects. Pennington, C. G.
(2021) believes that researchers need to understand the various dimensions and
correlations in the TTM structure and recognize how these relationships will affect
intervention measures. Romain, A. J. et al. (2018) summarized 33 TTM based

intervention experiments and found that TTM based interventions significantly



improved exercise behavior, but future intervention studies should specify how to
combine TTM to construct interventions.

There is no doubt that lack of physical activity among adolescents is a global
problem. In this regard, researchers need to focus on research on changes in
adolescent physical exercise behavior. Exercise behavior is a dynamic process.
Judging from many studies, Transtheoretical Model (TTM) can well explain and
predict individual exercise behavior, and it has also been verified in various groups.
Although TTM has been widely used in physical exercise behavior, the theory still has
certain limitations in practical application. First, the relevant questionnaires of TTM
are in English, and there may be cultural differences in each area after translation.
Therefore, when researchers use the TTM questionnaire in non-English-speaking area,
they must translate and verify the validity of the questionnaire. In China, some
researchers have designed and validated TTM questionnaires for college students (Si
Qi, 2006; Yin Bo, 2009), but a TTM questionnaire for Chinese adolescents has not yet
been discovered. Second, in terms of the internal structure of TTM, few studies have
in-depth analysis of variables and the relationship between variables. Future research
should comprehensively and in-depth analyze the components of TTM and diversify
research objects and intervention methods (Guo Zhengmao, 2019). Third, most of the
existing studies are cross-sectional studies, which only provide descriptive analysis of
the exercise stages of the group. They lack experimental intervention studies and lack
basis and detailed plans for the formulation of intervention measures.

To sum up, it is still of great significance to study the physical health of
adolescents from the perspective of physical exercise behavior. A large number of
applied studies have confirmed that Transtheoretical Model (TTM) can explain
physical exercise behavior. Therefore, this study takes TTM as the theoretical basis
for research, develops and studies TTM questionnaires for Chinese adolescent groups,
and provides a measurement instrument for the study of adolescent exercise behavior.
Secondly, conduct an in-depth study of each structural variable of TTM, explain the
interrelationship between variables, and provide a basis for formulating intervention
plans. Finally, a detailed intervention plan was developed based on the TTM structure,
a 12-week experimental intervention was carried out, and the TTM intervention effect

was verified through comparative analysis with the Control Group.



2. Research Questions

1. Transtheoretical Model (TTM) research began relatively late in China, with
most studies focusing on college students. There is limited research applying TTM to
adolescents, and no specific TTM questionnaire for adolescents has been identified.
Additionally, there is a lack of tools available to measure adolescent exercise
behavior.

2. When applying Transtheoretical Model (TTM) to study the physical exercise
behavior of Chinese adolescents, the relationships among the internal structural
variables of TTM remain unclear, and further analysis is required to explore the
connection between the Processes of Change and the Stages of Change.

3. The application of Transtheoretical Model (TTM) in China predominantly
involves cross-sectional studies, with a notable lack of longitudinal experimental
research. In particular, no TTM intervention studies lasting more than 10 weeks have
been identified in adolescent populations. Additionally, the design of experimental

interventions often lacks a solid foundation and detailed planning.

3. Objectives

This study, based on the Transtheoretical Model (TTM), explored the
psychological mechanisms underlying adolescent exercise behavior, developed a
measurement scale tailored to Chinese adolescents, and validated the effectiveness of
TTM-based interventions through experimentation. The specific research objectives
are as follows:

1. To develop a measurement scale for adolescent exercise behavior in China, the
Adolescent Physical Exercise Behavior Change Questionnaire (APEBCQ) was
created and validated through IOC and preliminary testing, ensuring its reliability and
accuracy for future research..

2. To analyze relationships between TTM structural variables, a large-scale
survey of 2,100 adolescents from 14 cities in Guangxi Province was conducted using
APEBCQ. The study examined correlations among SOC, DB, POC, and SE, and
explored gender and grade differences, providing insights into the psychological
mechanisms of adolescent exercise behavior and supporting targeted interventions..

3. To design and validate a TTM-based intervention, a 12-week program was



developed considering individual differences among adolescents. By comparing the
experimental and control groups, the study assessed the impact on exercise behavior,
processes of change, and self-efficacy, confirming the intervention's effectiveness and

feasibility for future studies.

4. Significant of Study

This study makes significant theoretical, empirical, methodological, data,
practical, and policy contributions. Theoretically, it extends the Transtheoretical
Model (TTM) to adolescent physical exercise behavior, enriching its application in
sports science, and supports cross-cultural research by developing the Chinese version
of the "Adolescent Physical Exercise Behavior Change Questionnaire (APEBCQ)."
Empirically, it provides extensive data on Chinese adolescents' exercise behavior
through a large-scale survey across 14 cities in Guangxi, and demonstrates the
effectiveness of TTM through a 12-week intervention experiment, offering evidence
for both theoretical and practical applications. Methodologically, the study uses
various research methods to enhance the reliability of its findings and provides

valuable references for future research.

The study also contributes by establishing a comprehensive database on
adolescent physical exercise behavior, serving as a valuable resource for future
research. Practically, the APEBCQ is an effective tool for educators, coaches, parents,
and community workers, enabling the design of targeted interventions and supporting
adolescents' exercise behavior. In terms of policy, the findings provide empirical data
that can assist governments and organizations in formulating policies to increase
physical activity and reduce health issues among adolescents, while supporting the
education sector in developing improved physical education curricula. Lastly, the
study achieves innovation. in the cross-cultural applicability of measurement tools and
intervention strategies, providing new ideas for behavior change research in other

fields.



5. Definitions of Terms

1. Adolescent

In this study, adolescents are defined as middle and high school students aged 13
to 17, including both males and females. In Phase 1, 300 adolescents will be recruited;
in Phase 2, 2100 adolescents will be recruited; and in Phase 3, 100 adolescents will be
recruited.

2. Physical exercise

In this study, physical exercise refers to deliberate physical activity undertaken
by individuals to achieve specific goals, such as improving body shape, enhancing
athletic ability, relieving stress, or increasing enjoyment. The Physical Exercise
Behavior Scale (PEB-Scale) will be used to collect participants' exercise information,
and exercise behavior will be classified into five levels.

3. Intervention

Intervention refers to using a efficacy test, that is to determine whether an
intervention (a new technique, treatment, degree, or program) would work better in a
practical situation. In this study, intervention is defined as interventions designed
based on TTM.

4. Transtheoretical Model (TTM)

The Transtheoretical Model (TTM) is a purposeful behavior change model that
focuses on the decision-making ability of individual behavior changes, rather than
social and biological influences. TTM believes that individual behavioral change is a
dynamic and continuous process, including four major contents: Stages of change
(SOC), Processes of change (POC), Decisional Balance (DB), Self efficacy (SE).

4.1 Stages of change (SOC)

SOC is the core structure, pointing out that the individual behavior change
is a dynamic stage, reflecting when the individual behavior change. The change of
individual behavior goes through 5 stages: precontemplation, contemplation,
preparation, action, and maintenance. Using Physical exercise behavior Stages of
change scale to test. Use the Likert-type Scale, and the responses were made on a 5-
point scale. The scoring criteria were as follows: 1. Strongly disagree, 2. Not agree, 3.

Indeterminacy, 4. Agree, 5. Strongly agree.



4.2 Decisional Balance (DB)

DB refers to the cause and importance of individual behavior change.
Includes two contents: Exercise pros (pros) and Exercise cons (cons). also known as
perceived benefits and perceived barriers to behavior change, are two important
intermediate outcome variables in TTM. Using by Physical exercise Decisional
balance scale to text. Use the Likert-type Scale, and the responses were made on a 5-
point scale. The scoring criteria were as follows: 1. Strongly disagree, 2. Not agree, 3.
Indeterminacy, 4. Agree, 5. Strongly agree.

4.3 Processes of change (POC)

POC refers to the cognitive, emotional, behavioral and interpersonal
strategies and skills that individuals use when making behavior changes, reflecting the
process of individual behavior change. There are 10 most common factors in the
change process, which can be summarized into two types: Cognitive processes(CP)
and Behavior processes(BP). Using by Physical exercise Processes of change scale to
text. Using by Physical exercise behavior Processes of change scale to text. Use the
Likert-type Scale, and the responses were made on a 5-point scale. The scoring
criteria were as follows: 1.Never, 2. Seldom, 3. Occasionally, 4. Frequently, 5.
Always.

4.4 Self efficacy (SE)

SE refers to an individual's confidence and evaluation of whether he or she
can complete a task. In TTM, SE plays an important role in influencing individual
behavior change and transformation. Using by Physical exercise Self efficacy scale to
text. Use the Likert-type Scale, and the responses were made on a 5-point scale. The
scoring criteria were-as follows: 1.No confidence at all, 2. A little confidence, 3.
Medium degree confidence, 4. Have confidence, 5. Strongly confidence.

5. Transtheoretical Model (TTM) Plan:

In this study, the TTM plan is defined as an intervention program designed based
on the Transtheoretical Model (TTM), utilizing knowledge dialogue, experience
sharing, and exercise recording to influence decisional balance, processes of change,
and self-efficacy, thereby enhancing exercise behavior and advancing exercise stages.
The intervention is conducted over a 12-week period, with weekly 60-minute

sessions, aimed at gradually improving the exercise behavior of participants in the



experimental group. The 12-week duration is intended to provide sufficient time for

the intervention to achieve significant effects, allowing for the observation of progress




CHAPTER II
REVIEW OF RELATED LITERATURE

10

The purpose of this study is to develop a handbook aimed at promoting physical

exercise behavior change among Chinese adolescents based on the Transtheoretical

Model (TTM). This research includes a review of the relevant literature on the

subject.

1.

Concepts about Adolescent

2. A review of Transtheoretical (TTM) research

2.1 The origin of Transtheoretical (TTM)

2.2 The main content of Transtheoretical (TTM)
2.3 Concept of Transtheoretical (TTM)

2.4 Measurement of Transtheoretical (TTM)

. Study on the application of TTM in physical exercise

3.1 Application in Western countries
3.2 Application in Eastern countries

3.3 Application in China

. Study on exercise behavior intervention

4.1 Concept of Intervention

4.2 Types of intervention

4.3 Scenarios and methods of intervention implementation
4.4 Study on the effectiveness of intervention

4.5 Intervention research based on TTM
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In the past year, this study mainly searched Chinese and foreign databases such
as Elsevier, bbs.chinatopfit.com, PubMed, CNKI, Sports Discus, Web of science, etc.,
using Transtheoretical model, adolescent physical health, adolescent physical
exercise, physical activity, exercise behavior, exercise intervention and other
keywords for literature retrieval. At the same time, I consulted "Exercise Psychology",
"Sports Psychology" and other books, screened out literature materials closely related
to the theme and of great significance to the research, and made reference materials

for text research. (Figure 1)

Thans-Theoretial _
Model

Figure 1 Literature review Framework
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1. Concepts about Adolescent

The word adolescence derives from the Latin adolescere to grow up. However,
defining the phase of life that stretches between childhood and adulthood has long
posed a conundrum. At the start of the 20th century, G Stanley(1905) Hall loosely
defined adolescence as the developmental period ranging from age 14 to 24 years in
his treatise on adolescence. WHO(2006) defines the age of "youth" as 15 to 24 years
old, and the age of "adolescents" as 10 to 19 years old. Since these two age groups
partially overlap, 10 to 24 years old is defined as "young people". In world
organizations, The UN Convention on the Rights of the Child defines a child as an

individual aged 0-18 years and, in time, the UN has come to formally define

adolescence as the period between 10 and 19 years of age(Kuruvilla, S. et al, 2016).
In research in the medical field, Most definitions of the more recently introduced
terms young adulthood and emerging adulthood range from about 18 to 26 years of
age(Patton et al, 2016). It is worth noting that how we conceptualise and define
adolescence influences the scope and focus of laws, policies, and programmes
intended to protect and empower adolescents. An expanded and more inclusive

definition of adolescence as 10-24 years of age aligns more closely with

contemporary patterns of adolescent growth and popular understandings of this life
phase(Sawyer, S. et al, 2018). Considering the above, Adolescents are defined as
students aged 13-17 years old, in junior high school and high school grades, including

males and females in this study.

2. A review of Transtheoretical (TTM) research
The main content of Transtheoretical (TTM)
TTM consists of four parts: Stages of change, Decisional balance, Processes of

change, and Self efficacy (Figure 2).



13

Stages of change

‘
g A J \ J \ J \ J
Precoptempl Contemplati Preparation Action Maintenance
ation on

| Processes of change I

I Consciousness raising l‘——b' Counter-conditioning |
Trans I Dramatic relief |<——>| Helping relationships |
. I Environmental reevaluation IG——P' Reinforcement management I
Theor ——
etical I Self liberation |<——>| Self liberation I
(TTM) I Social liberation I‘——-P' Stimulus control I
—> | Self efficacy |
| Decisional balance |
—

Figure 2 TTM structure diagram

Stages of change (SOC)

Stages of change is the core structure, pointing out that the individual behavior
change is a dynamic stage, reflecting when the individual behavior change. The
change of individual behavior goes through 5 stages: Precontemplation,
Contemplation, Preparation, Action, and Maintenance.

Precontemplation is when the individual has no intention of taking action in the
next 6 months. Take physical exercise as an example, the individual has not
considered or planned to do physical exercise. People at this stage often say "I have
no plans to engage in purposeful physical activity for the next six months or more."
Individuals at this stage are characterized by a lack of motivation or a lack of planning
for change, either because they do not understand the consequences of their behavior
or because they do not try (Velicer, W. F., Prochaska, J.O., Fava, J.L.,1998).

Contemplation is when the individual is ready to take action in the next 6

months. Taking physical exercise as an example, individuals are already aware of the



14

possible health risks of a physically inactive lifestyle and are considering starting
exercise within the next 6 months. At this stage, individuals are aware of the possible
health benefits and drawbacks of exercise and begin to pay attention to information
about exercise. If the individual realizes that the benefits outweigh the disadvantages
through decision judgment, he will have the motivation to change his behavior and
push him to the next stage (Prochaska, J. O., & Velicer, W. E., 1997).

Preparation means that the individual is ready to take action within 30 days and
that some preparation measures have been taken. Take physical exercise as an
example, the individual has focused on or plans to participate in exercise in the near
future, they have not only the intention to start exercise, but also have taken some
preparatory activities. At this stage, the individual has a positive understanding of the
benefits of exercise and a strong motivation to participate. Some studies suggest that
individuals at this stage will attend exercise-related classes, consult an experienced
sports health practitioner about exercise plans, and purchase clothing and equipment
for physical exercise (O 'Connor, M.J.,1994).

Action means that the individual's behavior change has occurred, but less than 6
months ago. Take physical exercise as an example, the individual has started to
exercise, and the exercise behavior has changed significantly, but the individual needs
to pay attention to achieve the minimum level of exercise required by the World
Health Organization as much as possible, that is, exercise 3 or more times a week,
each time lasting 30 minutes or more. It is important to note that individuals at this
stage need to work hard to keep from falling back to the previous stage. Studies hold
that if an individual insists on regular physical exercise in the past 6 months, it
indicates that he 1s already in the action stage of physical exercise
(Marus.B.H.,Rakowski. W.,&R0ssi.J.S.,1992).

Maintenance refers to behavior changes that have occurred. for more than 6
months. Taking physical exercise as an example, the individual has been exercising
regularly for more than 6 months, and physical exercise has become a part of the
individual's daily life, indicating that the individual has been in the maintenance stage
(O'Hea, E. L. et al, 2003). It is important to note that individuals may still be affected
by loss of interest and attention shifts, and only continuous reinforcement of the

benefits of persistent exercise can effectively prevent the transition to the lower
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stages.

Different individuals in different stages may change forward at different rates of
change, may retreat, and may re-enter at different points of change, such stage
movements are cyclic (Prochaska & DiClements, 1983). In general, Stages of change
breaks the limitation of traditional research on behavior change and uses a dynamic
perspective to observe each stage of individual behavior change (Si qi, 2008).

Chinese college students exhibit a U-shaped trend in the Stages of Change (SOC)
for physical exercise, with significant gender differences (Zheng Xiao, 2019; Jia
Yunting, 2018). This trend indicates that students of different genders show distinct
patterns in their physical exercise behavior, especially in the progression through
various stages of change. It suggests that factors such as motivation, social support,
and external influences play a crucial role in shaping these differences, highlighting
the importance of considering gender when studying exercise behavior changes.

Research indicates that males generally have higher SOC levels compared to
females, which may be attributed to stronger motivations related to health,
competence, and social needs. This suggests that males are more inclined to engage in
physical exercise to satisfy their health and social goals, thereby resulting in better
overall performance in the SOC. In contrast, females may face more challenges, such
as lack of interest or external barriers, which could impede their progress in the stages
of change. Understanding these differences is crucial for designing effective, gender-
specific interventions to promote physical activity.

Similarly, Kim (2021) found that South Korean college students also
demonstrated significant gender  differences in SOC, with males generally
outperforming females in various stages. This cross-cultural similarity highlights a
consistent pattern of gender-related differences in physical exercise behavior across
different countries. Males showed greater motivation and higher engagement levels in
key stages of change, emphasizing the need to explore the factors that contribute to
these differences and how they can be addressed effectively.

Furthermore, the impact of interventions on SOC has been supported by various
studies. For instance, Moosavi (2017) and Lapointe (2023) both indicated that
effective interventions significantly improve SOC among college students,

demonstrating the positive influence of targeted programs on behavior change. These
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interventions help participants progress through the stages of change, particularly for
those who are initially in the lower stages. Such findings underscore the importance of
implementing well-designed intervention programs to effectively enhance physical
activity behavior among college students.

These studies collectively emphasize the role of interventions and reveal the
gender and cultural differences in SOC. Integrating these findings into practice can
help develop more tailored intervention strategies that effectively promote physical
exercise behavior among different student groups, ultimately leading to improved

health outcomes.

Decisional balance (DB)

The concept of Decisional balance first appeared in 1977 and was proposed by
Janis and Mann. It is mainly used for individuals to evaluate the pros (benefits) or
cons (disadvantages) that a certain behavior may bring to them. In TTM, Decisional
balance describes the cause and importance of individual behavior change. After
testing TTM, Prochaska has gradually formed a sTable structure of Decisional
balance: Positive and negative factors, also known as perceived benefits and
perceived barriers to behavior change, are two important intermediate outcome
variables in TTM (Prochaska & Norcross,1992). Perceived benefit is the positive
aspect of behavior change, and perceived obstacle is the negative aspect of behavior
change. Taking physical exercise as an example, if an individual believes that the
benefits of exercise may outweigh the disadvantages, the motivation level of the
individual to participate in physical exercise will be relatively high. Therefore,
individuals in precontemplation and contemplation are assumed to have more
disadvantages than benefits from exercise. The individual in preparation is assumed to
believe that the benefits of exercise equal the disadvantages. Individuals in action and
maintenance are assumed to believe that the benefits of exercise far outweigh the
disadvantages. Some studies have found that evaluating the benefits and drawbacks of
exercise can help researchers understand and predict the transformation of exercise
behavior between the first three stages, but the prediction ability is extremely limited
in the latter two stages (Diclemente & Prochaska, 1991).

There are significant gender differences in Decisional Balance (DB), with males
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having higher DB levels compared to females (Kim, 2021). This indicates that males
tend to weigh the pros and cons of physical activity more favorably than females,
possibly due to stronger motivations related to health, physical competence, and
social benefits. Such a difference suggests that males may be more likely to recognize
the positive aspects of physical activity, which in turn influences their decision to
engage in exercise more positively. Understanding these gender disparities in DB can
help in designing targeted interventions that address the specific needs of females to
enhance their motivation for physical activity.

For Malaysian college students, however, the influence of Decisional Balance
(DB) on exercise behavior appears to be relatively weak (Liu, 2018). This finding
highlights the variability of DB's impact in different cultural settings, suggesting that
factors such as cultural beliefs, social norms, and accessibility to resources might
shape how individuals perceive the benefits and barriers of physical activity. In
Malaysia, cultural attitudes toward exercise and the availability of community support
may play a critical role in moderating the effect of DB on exercise behavior. Thus, the
relatively weak impact of DB might indicate that other factors are more influential in
driving physical activity among this population.

These contrasting findings underline the importance of considering cultural
context when studying the role of psychological factors like DB in exercise behavior.
While gender differences are evident in certain contexts, such as among South Korean
college students, the weak influence observed among Malaysian students suggests
that DB's role is not universally consistent. This variation emphasizes the need for
culturally sensitive approaches to promoting exercise, which take into account the

unique motivators and barriers that individuals face in different environments.

Processes of change (POC)

Through the study of a large number of behavioral problems (Prochaska &
Redding, 1997), researchers have found that there are 10 most common factors in the
change process, which can be summarized into two types: cognitive processes and
behavior processes(Table 4). Processes of change refers to the cognitive, emotional,
behavioral and interpersonal strategies and skills that individuals use when making

behavior changes, reflecting the process of individual behavior change (Yin Bo,2009).
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Table 1 Components and concepts of the POC

Factors Definition

Cognitive processes
Consciousness raising Gather all kinds of information about exercise

Dramatic relief Express and experience the results of exercise

Environmental reevaluation The perception and evaluation of the influence of the

environment on exercise

Self reevaluation Stick to your commitment to make exercise your daily
routine
Social liberation Use social resources to promote exercise behavior

Behavioral processes
Counter-conditioning Replace inactivity with exercise

Helping relationships Find support to help you keep exercising

Reinforcement management  Reinforce the positive effects of exercise by rewarding

yourself
Self liberation Stick to your commitment to make exercise your daily
routine
Stimulus control Set up prompts for sticking to your workout

Fan Chong (2021) found significant differences in Processes of Change (POC)
across gender and age, suggesting that these demographic factors play a crucial role in
shaping how individuals engage with behavioral change processes in physical
exercise. Specifically, males and younger individuals may exhibit higher POC scores,
reflecting more frequent use of strategies to modify exercise behavior. These findings
indicate that tailored approaches considering gender and age differences may be more
effective in promoting positive changes in physical activity behaviors, as different
groups may utilize distinct processes to initiate and sustain exercise habits.

Additionally, college students' POC scores tend to increase as they progress
through the Stages of Change (SOC), indicating that POC becomes increasingly
important as individuals move towards more advanced stages of exercise behavior

change (Zheng Xiao, 2019). This trend suggests that as individuals become more
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committed to maintaining their exercise routines, they rely more on specific cognitive
and behavioral strategies captured by POC. Thus, promoting the effective use of POC
strategies, such as self-liberation and helping relationships, can be instrumental in
guiding students from contemplation to maintenance of regular physical activity.

Further research has shown a positive correlation between POC and SOC,
indicating that higher POC scores are associated with more advanced SOC stages
(Liu, 2021). This implies that individuals who effectively engage in processes such as
self-reevaluation or counter-conditioning are more likely to progress through the SOC
and reach the action and maintenance stages. Such findings highlight the predictive
value of POC in understanding how individuals transition through the stages of
behavior change, making it an essential variable for interventions aimed at promoting
sustained exercise.

Consequently, POC has emerged as an important variable in explaining college
students' exercise behavior and predicting their stage of physical activity (Kim, 2021;
Jia Yunting, 2018). By identifying which processes are most effective at different
stages, researchers and practitioners can better support individuals in adopting and
maintaining a physically active lifestyle. During intervention periods, participants'
POC scores often improve, reflecting the effectiveness of structured programs in
enhancing motivation for behavior change (Lapointe, 2023). These improvements in
POC highlight the role of interventions in equipping individuals with the skills and
strategies needed for successful behavioral transitions.

The importance of POC has been emphasized within the Transtheoretical Model
(TTM), where it is regarded as_one of the key constructs that facilitate behavior
change (Romain, 2018). For example, after a six-month intervention, POC scores
significantly increased, indicating the success of the intervention in fostering greater
use of change processes and promoting lasting exercise behavior (Moosavi, 2017).
These findings underscore the significance of incorporating POC-targeted strategies
into exercise interventions to effectively guide individuals through the stages of

behavior change and support long-term physical activity engagement.
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Self-efficacy (SE)

Combined with Self efficacy proposed by Bandura, it refers to an individual's
confidence and evaluation of whether he or she can complete a task (Bandura, 1999).
Undoubtedly, in TTM, Self efficacy plays an important role in influencing individual
behavior change and transformation. Take physical exercise as an example, when an
individual overcomes exercise obstacles and converts physical exercise behavior from
a low stage to a high stage, Self efficacy shows a tendency to increase.

Fan Chong (2021) found that among adolescents with hearing impairments, there
were significant differences in Self Efficacy (SE) across different age groups, with
middle school students showing higher SE levels compared to high school students.
This finding suggests that younger adolescents may feel more confident in their
ability to engage in physical activities despite their impairments, possibly due to
greater enthusiasm and fewer perceived barriers at a younger age. The decline in SE
as students enter high school may be attributed to increased academic pressure,
reduced time for physical activity, or challenges associated with adolescence. These
insights highlight the need for tailored interventions to support the self-efficacy of
older adolescents with hearing impairments.

Additionally, Guo (2018) reported that among college students in Wuhan, males
had higher SE scores than females, and SE levels showed an increasing trend with the
advancement of academic years. This gender disparity may be due to societal and
cultural factors that encourage males to engage more in physical activities, thus
enhancing their confidence over time. Furthermore, the increasing trend in SE with
academic progression suggests that as students advance through college, they gain
more experience and skills, leading to improved confidence in their physical activity
capabilities. Such findings underscore the importance of addressing gender-specific
barriers and promoting opportunities for females to build their self-efficacy in
physical activities.

For South Korean college students, Kim (2021) found that different stages of
physical activity exhibited significant differences in SE, with the scores in the action
and maintenance stages being significantly higher than those in the pre-contemplation
and contemplation stages. This indicates that individuals in more advanced stages of

change are more confident in their ability to maintain regular physical activity. The
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higher SE levels in the action and maintenance stages suggest that once individuals
start engaging in physical activity and experience its benefits, their confidence in
continuing these behaviors strengthens. Therefore, boosting SE during the early stages
may be key to helping individuals transition to more advanced stages of physical
activity.

Moreover, Heontae Kim (2021) suggested that SE might be a useful predictor for
promoting physical activity among male college students. This means that higher SE
levels may lead to increased participation in physical activity, particularly among
males who may respond better to motivational cues related to self-efficacy.
Interventions aimed at enhancing SE could therefore be particularly effective in
encouraging male students to adopt and sustain active lifestyles. This reinforces the
value of SE as a crucial psychological factor in predicting exercise behaviors,
especially for targeted demographics.

However, for Malaysian college students, Liu (2018) found no significant
relationship between SE and physical activity (PA). This lack of association could be
influenced by cultural factors, such as differing attitudes towards exercise or a lack of
supportive environments that encourage physical activity. It suggests that in some
populations, factors other than SE may play a more pivotal role in influencing
exercise behavior, such as social support or accessibility to exercise facilities.
Understanding these contextual differences can inform more culturally relevant
approaches to promoting physical activity.

After the intervention, participants showed a significant increase in SE,
indicating the effectiveness of the intervention in boosting confidence related to
exercise (Pirzadeh, 2020). This highlights the importance of well-structured programs
that focus on enhancing SE, as higher SE is associated with a greater likelihood of
engaging in and maintaining physical activity. Romain (2018) emphasized that SE is a
well-known predictor of behavior change, as it facilitates the transition between
Stages of Change (SOC), especially when combined with Processes of Change
(POC). The combination of SE and POC provides a powerful framework for
understanding and supporting individuals as they move through different stages of

exercise behavior, thereby promoting sustained physical activity engagement.
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Concept of Transtheoretical (TTM)

TTM is a purposeful and planned behavior change model, which is a systematic
model to study individual behavior change based on a variety of theories. Unlike other
models, this model does not focus on social, environmental, or biological influences,
but on the individual's stage change and decision-making ability in terms of behavior
change. The model proposes that individual behavior change is a continuous process
rather than a single event. When people make behavior change, they develop in a
dynamic cycle of stage changes, and individuals will adopt different behavioral
strategies at each stage, prompting individuals to transform in different stages

(Prochaska & Velicer, 1997).

The origin of Transtheoretical (TTM)

In 1979, Prochaska, a professor of psychology at the University of Rhode Island,
first proposed TTM, which was originally used to study smoking cessation behavior.
Based on the theories of psychotherapy and behavior change, this model integrates
many theoretical models and gradually develops into a relatively mature theory. TTM
is a popular theory in contemporary psychology that attempts to explain people's
conscious health behavior and illustrate how that behavior can be applied and
maintained (Prochaska & DiClements, 1983). Since its development, this theory has
attracted the attention of researchers in many disciplines. Sports psychologists also
actively recommend this model when studying sports behavior and exercise behavior
(Marcus, Rossi, Selby, Niaura, & Abrams, 1992; Marcus, Selby, Niaura, & Rossi,
1992). Studies have shown that TTM is often used to identify and analyze correlations
of physical activity (Han, Gabriel, & Kohl, 2017).

Measurement of Transtheoretical (TTM)

In 1992,Marcus and her colleagues first developed a Scale to measure Stages of
change: Stages of Change Scale for Exercise (Marcus,1992). Items 1, 3, 6, and 9
measure precontemplation in which individuals are unconscious in terms of physical
exercise. Items 11,19,21,24 measure an individual's conscious precontemplation of
physical exercise. Entries 7,13,16,22 measure contemplation of individuals. Items

14,17,20,23 measure individual preparation. Items 4, 8, 10, and 12 measure individual
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actions. Entries 2,5,15,18 measure the maintenance of an individual. The scale has
been tested by many researchers and has shown good reliability and validity (O
'Connor, M.J.,1994)(Reed, & Richards, 1995). On this basis, through the continuous
improvement and development of researchers, the Tables widely used to measure
TTM are: SOC Scale, POC Scale, DB Scale, SE Scale.

Due to the cultural differences between the East and the West, there are
differences in meaning and context in language translation. Some Chinese researchers
believe that the relevant measurement scale of TTM needs to be "Sinicized". Si Qi
(2006) translated "Stages of Change Scale for Exercise" into Chinese by using TTM,
modified the questionnaire according to the actual situation of Chinese college
students, tested 208 college students, and tested the reliability and validity of the
scale. Results The results show that the quantitative change after the transformation is
applicable to Chinese college students. Jiang Tiefeng (2007) compiled the Chinese
version of the Stages of change Scale based on the study of several Stages of Change
scales and the English version of Stages of Change Scale for Exercise, and measured
6607 college students in China. The results show that Stage of Change-continuous
Measure Scale (Chinese version) has high reliability and validity, and is an effective
instrument for measuring the exercise Change stages of Chinese college students.
Based on TTM theory, Yin Bo (2009) compiled a physical exercise behavior stage
change scale according to the characteristics of Chinese college students, and
measured 500 college students in China. The results showed that the scale had high
reliability and validity.

There is no doubt that the Stages of Change Scale for Exercise developed by
Marcus has made a significant contribution to the measurement of stage change and
has been widely applied to various groups in eastern and Western countries. It is
worth noting that due to the differences between Eastern and Western cultures and
languages, the use of TTM to measure and study people's physical exercise behavior
in China requires an accurate understanding of the meaning and context in the
translation process. Based on the above analysis, this study plans to use the
Questionnaire on Physical Exercise Behavior Changes of College Students (Yin
B0,2009) and adapt it into the Questionnaire on Physical Exercise Behavior Changes

of Adolescents.
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3. Study on the application of TTM in physical exercise

As a comprehensive and integrated psychological research method, TTM was
originally created to reduce the unhealthy behavior of smoking. However, with the
application of the researchers, the model has gradually been widely used in the field
of health behavior and physical exercise and has been used in most health behavior
change studies. This model is often used in cross-sectional studies, mainly to examine
exercise behavior, and some researchers have also used TTM to conduct longitudinal
studies and quasi-experimental studies on a small scale. In fact, through literature
search, it is found that researchers have made many attempts to verify the

effectiveness, extensibility and application of TTM in physical exercise.

Application in Western countries

Gorely (1995) uses TTM to research the exercise behavior of 483 elderly people,
the purpose is to study the relationship between change stage, change process, self-
efficacy, and balanced decision making. The results show that 5 of the 10 factors in
the change process have important and unique contributions at each stage, and from
the anticipation stage to the maintenance stage, self-efficacy and balanced decision
making increase significantly.

Nigg & Courneya (1998) studied all components of TTM in 819 adolescents.
The results showed that 2.1% of adolescents were in the pre-anticipation stage, 4.2%
in the anticipation stage, 28.7% in the preparation stage, 15.7% in the action stage,
and 49.3% in the maintenance stage. Research supports the hypothesis of this theory
and indicates that at least one stage of exercise behavior change has been effectively
identified.

Marshall & Biddle (2001) analyzed 71 research reports and summarized the
results of the empirical application of TTM in the field of physical activity. The
results of the study support the application of the theory because the core structure is
different at different stages. (a) As more studies incorporate the TTM concept, there is
a growing need to standardize tests and improve the reliability of measurements. (b)
The available data do not yet confirm whether changes in physical activity behaviour

occur in a series of phases of different nature or along adjacent parts of a continuum.
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Plotnikoff & Blanchard (2001) examined the validity and reliability of decisional
balance scales for exercise in 703 Canadian adults. This study established the content
validity and structure validity of decisional balance scales for exercise, etc. The
research results supported some views in the past, that is, the Table has good validity
and reliability.

Some researchers tried to make cross-cultural comparison of TTM (Cardinal,
2004). They took 169 American college students and 168 Finnish college students as
research subjects, translated the measurement questionnaire into Finnish, and then
assessed the motor behavior of college students in the two countries on the basis of
TTM. The findings support the role of TTM in understanding the motor behavior of
college students in the United States and Finland, and the study observes that
individuals differ in the core factors assessed at each stage of change, regardless of
nationality or gender.

Spencer (2006) made a comprehensive review of TTM, and analyzed 150 studies
between 1983 and 2003, among which 38 studies were about behavioral intervention
measures, accounting for 25.3%. 70 studies were conducted to test the model with
different populations, accounting for 46.%. There were 42 studies verifying this
model, accounting for 28%. The findings of this study: (a) preliminary support for the
use of this model for intervention in motor behavior. (b) Most current studies have
focused on white, middle-class, and female groups, limiting their generality. (c)
Measures of change phases, decision equilibria, change processes, and the presence of
self-efficacy are validated, but more research is needed to complete these measures.

Pirzadeh's (2016) research on female group exercise behavior found that TTM
can be used to find out the factors that affect female physical exercise, which is
helpful for sports health practitioners to design effective intervention measures to
increase female physical exercise.

Han & Gabriel (2017) used TTM to study the association between sedentary
behavior and physical activity in college students, using accelerometers worn for
seven days in addition to questionnaires. This study found gender differences in the
stages and processes of change, but a lack of association between physical activity
and the psychological determinants of sedentary behavior.

Nigg, C. R. (2019) and his colleagues believe that it is crucial to clarify the role
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of each structure in the TTM. For example, if the decision balance variable is the
determining factor, the intervention needs to focus on the importance of increasing the
benefits and harms. Then, if the decision balance variable is the outcome, the
intervention focus will affect the upstream variable. The findings suggest that
intervention efforts should focus on altering self-efficacy, as well as cognitive
processes associated with decision balance, to influence stage change in individuals.

In order to examine the correlation between TTM structures and confirm the role
of TTM in predicting the physical activity of African-American Adolescents, Shaver
(2019) and his colleagues surveyed the exercise behavior of 109 Adolescents in the
community. The results show that self-efficacy shows an upward trend with the rise of
stage change, and the factors in this theory are related to Adolescents physical
activity, but may vary by gender.

Elezim & Elezi (2020) using a cross-sectional approach conducted a survey of
1066 Macedonian college students to verify the applicability of TTM in understanding
college students' exercise behavior. The study found that more than 67% of the sample
was in the pre-expected stage and that all TTM structures differed significantly at
different stages of change. In addition, college students in the action stage and
maintenance stage showed a stronger sense of self-efficacy than students in the pre-
anticipation stage.

Ghaffari et al. (2021) conducted a cross-sectional study on predictors of physical
activity among employees of Melli Bank in Tehran, based on the Transtheoretical
Model (TTM). A multi-stratified sampling method was used to select 612 employees,
and data were collected via a tripartite self-administered questionnaire, with statistical
analysis performed using SPSS. The results indicated that self-efficacy was the
foremost predictor of physical activity (r= 0.682, p < 0.0001), and nearly half of the
participants had inadequate physical activity levels. The gap in this study lies in the
use of self-reported data, which may introduce bias, and the lack of comparisons with
other occupational groups.

Lapointe et al. (2023) conducted a study to assess the effectiveness of a
personalized Transtheoretical Model (TTM) intervention based on "Processes of
Change" (POC) to increase physical activity (PA) levels. The study employed an N-

of-1 experimental design involving 12 inactive adults over a 10-week intervention,
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featuring personalized POC targets and behavior change techniques. The results
showed that self-reported PA significantly increased for 6 participants during the
intervention, while device-measured PA increased in only two participants. This study
provides the first evidence of the behavioral and psychological effects of a POC-
personalized TTM intervention in inactive adults. The gap in this study lies in the
discrepancy between device-measured and self-reported data, which may be due to
high daily variability, and the need for more sophisticated statistical methods to better
handle such variability.

Sheng et al. (2023) conducted a systematic review of the predictors of physical
activity (PA) behavior transitions in children and adolescents based on the
Transtheoretical Model (TTM). The study analyzed 25 articles (26 studies) involving
30,106 children and adolescents aged 11.24 to 17.7 years. The results showed that
counter-conditioning, self-liberation, self-efficacy, and decisional balance are key
elements that facilitate PA stage transition. Additionally, vigorous physical activity
(VPA) was found to be an important discriminator of PA stages. The gap in this study
is the lack of systematic analysis of TTM's applicability across different cultural
contexts, suggesting future research should design more targeted interventions to
optimize TTM applications.

Lu et al. (2022) conducted a systematic review and meta-analysis of changes in
physical activity (PA) behavior in children and adolescents based on the
Transtheoretical Model (TTM). The main purpose was to test the rationality of TTM
and to analyze whether PA can effectively distinguish the stages of change. A total of
17 articles of medium and high rquality were included. The results showed that
changes in PA behavior in children and adolescents are related to the processes of
change (POC), self-efficacy (SEI), and decisional balance (DBL), and these constructs
have obvious stage characteristics. With increasing PA intensity, the discrimination of
stages of change (SOC) improved, but PA still could not fully distinguish each stage.
The gap in this study lies in the lack of systematic analysis across different cultural
contexts. It is suggested that future research should use longitudinal surveys or
experimental interventions to test the rationality of TTM and design more

standardized measurement tools.
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Application in Eastern countries

A study of 671 adolescents in South Korea (Kim, 2004) found a significant
association between adolescent motor behavior and psychological variables in the
stage change model, which may have a good impact on the development of adolescent
exercise pattern interventions. Another study on Korean college students found that all
structures within TTM were significantly correlated with motor behavior, which
supported the application of TTM in the change of motor behavior of college students
(Farmanbar, R et al, 2009).

Kim, Y. (2011) and his colleagues used TTM to examine the factors influencing
physical activity of students in grades 4-6 in South Korea. The results support the
previous view that decision balance, change process and self-efficacy can affect the
change stage of individual sports behavior. However, it is important to note that no
relevant factors showed significant changes from the behavioral phase to the
maintenance phase. The study concluded that TTM can be used to explain the sports
behavior of some children in South Korea, which is helpful to develop measures to
improve the level of physical activity of children in Korean schools.

Using 202 college students in South Korea, Kang & Kim (2017) examined the
full range of variables in the TTM to examine the predictors of naturally occurring (no
intervention) phase changes in physical activity over a 6-month period. Research
suggests that TTM can provide assistance for physical activity intervention of college
students.

Liu & Kueh (2018) examined the relationship between TTM and physical
activity in 562 university students in Malaysia. Using consisted of the decisional
balance, processes of change, self- efficacy, stages of change scales. It is believed
that an individual's stage changes will affect their level of self-efficacy, and then make
a positive (or negative) response, thus affecting the individual's level of physical
activity. The study confirmed that under TTM, adopting the right measures can
improve the physical activity level of college students.

Kim et al. (2021) conducted a study on the physical activity of college students
in Korea. The standardized TTM scales were used to assess the physical activity and
stage changes of 598 Korean college students, analyzing the associations between

different stages of physical activity and TTM constructs (including self-efficacy,
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processes of change, and decisional balance). The study found that TTM constructs
could distinguish college students across different stages of physical activity, with an
overall classification accuracy of 53%. The gap in this study lies in its focus on the
Korean cultural context, lacking cross-cultural comparisons, and its cross-sectional
design, which limits causal inferences.

Kamran et al. (2023) conducted a study on the action status and willingness to
change health-promoting behaviors among elementary school children during the
COVID-19 pandemic, based on the Transtheoretical Model (TTM). This cross-
sectional study involved 619 sixth-grade male students in Ardabil, Iran, using a
researcher-made questionnaire and the Health Promoting Lifestyle Profile-II (HPLP-
IT) for data collection, analyzed via SPSS and ANOVA. The study found that the
majority of students were in the pre-contemplation stage for both physical activity and
healthy eating behaviors, with all health-promoting behavior dimensions significantly
related to stages of change, self-efficacy, and decisional balance (p < 0.001). The gap
in this study is its limitation to a single gender, and its cross-sectional design, which

does not allow for causal inferences.

Application in China

Si Qi (2005) tested the application of TTM in Chinese college students.
According to the study, the exercise behavior of Chinese college students can be
divided into five stages (same as TTM), but the definitions of pre-anticipation stage,
anticipation stage and TTM are different, which may be related to cultural, economic
and other factors of the two countries.

Taking TTM as the theoretical basis and referring to the existing measurement
instrument abroad, Yin Bo (2009) investigated college students under the background
of Chinese culture, proposed a TTM of physical exercise behavior change with the
characteristics of Chinese college students, and compiled a measurement instrument
to provide an effective measurement instrument for the study of college students'
physical exercise behavior. The study believes that TTM, as a comprehensive and
integrated theoretical model, is one of the more effective theoretical models for
physical exercise behavior change and intervention. This model can not only

distinguish physical exercise behavior change into different stages of change, but also
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combine corresponding change procedures in the change stage to propose targeted
intervention measures. Thus better intervention effect can be obtained.

Callaghan (2010) took 298 college students from Hong Kong, China as research
objects. According to the study, self-efficacy, exercise benefits, and nine lower factors
in the process of change have statistically significant effects on the stage change of
exercise behavior. It should be noted that the disadvantages of exercise did not change
significantly with the stage of exercise behavior. Another study on Chinese male
college students also supports this view: TTM can be used to test individual exercise
level and promote exercise behavior change (Huo Fangwen, 2011).

Bao huhe (2012) translated the Physical Exercise Behavior Change Scale for
College Students and formed a bilingual Chinese-Mongolian questionnaire. A
questionnaire survey was conducted among 1000 Mongolian college students to
verify the effectiveness of TTM intervention in the physical exercise behavior change
of Mongolian college students. The corresponding relationship between the change
stages and change procedures of the physical exercise behavior of Mongolian college
students was explored, and the study concluded that the physical exercise behavior of
Mongolian college students showed a "rugby ball" shape in the change stage.

Guo Yugang (2012) reviewed the research on the application of TTM in the field
of college students' physical exercise at home and abroad, and summarized the current
status of applying TTM to change college students' physical exercise behavior. He
believed that the research on the change of college students' physical exercise
behavior by application TTM can effectively promote the formation of college
students' physical exercise behavior, but most of the current researches are
descriptive. If the experimental intervention research can be carried out in
combination with sports projects, it is worth looking forward to.

Cui Shijun (2014) investigated the physical exercise behavior of college students
with a large sample based on TTM and adopted the change stage continuity scale and
change procedure scale, and found that college students' physical exercise behavior
has different characteristics in different stages. It is necessary to intervene according
to the characteristics of college students' physical exercise behavior at different stages.

Hu Jubo (2014) believes that foreign scholars' research on TTM has developed

from the theoretical discussion level to the clinical practice level, and its application
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has also expanded from the withdrawal of addictive dependence (such as smoking
cessation and alcohol withdrawal) to various aspects of physical exercise behavior. In
China, the research on TTM mainly focuses on the division of change stages and the
formulation and verification of stage change scale. The author used the Stage Change
Scale (Si Qi, 2005) to study the physical exercise behavior of 533 college students.
The study found that in recent years, there was no substantial change in the practice
stage of physical exercise behavior of college students, and only a small number of
students really participated in exercise. There were significant differences in self-
efficacy and balanced decision-making at each stage. The research also conducted a
difference test on the 6 factors of the change process and the change stage, and found
that there were significant differences between self-release, self-management,
consciousness control and the change stage.

Based on TTM theory, Jia Yunting (2018) studied the formation process of sports
behavior of higher vocational students by using four questionnaires, including the
Subscale of the Stages of Change of Sports Behavior of Students in higher vocational
Colleges. The focus was on a comprehensive and in-depth analysis of the stages and
procedures of change. It is found that the score of the continuous measurement scale
of the change stage of motor behavior of higher vocational students is effective in
determining the change stage of the subjects, and the self-efficacy and balanced
decision scale have little contribution to the change stage. The structural equation
model can be used to analyze the relationship between the change stage of motor
behavior, the change procedure, self-efficacy and decision-making. It shows that the
corresponding change program at each change stage can predict the movement of
students.

Zheng Xiao (2019) application TTM to conduct a questionnaire survey on 932
college students ‘in China, effectively integrated the change stages and change
procedures, analyzed the stage changes of college students' physical exercise
behavior, explored the role of change procedures in each stage, and built a model of
college students' physical exercise behavior. According to the research, the current
physical exercise behavior of college students presents the characteristics of "knowing
but not doing", which conforms to the structure of TTM.

It has been more than 20 years since TTM was first introduced into China in
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1998. Guo Zhengmao (2019) reviews domestic and foreign research articles on TTM
based on the concept of TTM and the application of the model in the field of sports,
summarizes the latest progress of the components, research objects and research types
of TTM, and explores the existing problems in the research. According to the study,
TTM describes -human physical exercise behavior from a dynamic process,
overcoming the limitation of dichotomy (exercise or no exercise), and is worthy of
expectation in the application of physical exercise behavior change, but there are still
some problems: First, most of the research objects are students, and the sample
representation is insufficient. Second, most of the research types are descriptive
research, while predictive research is controversial, and there are only two paradigms
of intervention research. Future studies should comprehensively and deeply analyze
the components of TTM and diversify the research objects and intervention methods.
In conclusion, many studies have verified that TTM can well explain and predict
people's physical activity and exercise behavior, and all kinds of groups (adults,
college students, adolescents) have good applicability in TTM. However, when
application TTM, it is still necessary to pay attention to the following points:
(a)Stages of Change Scale for Exercise and other measurement instrument are English
version questionnaires. If used in non-English speaking countries, attention should be
paid to the accuracy of translation. (b) The role of each variable in the TTM structure
needs to be clarified, which will have a very important impact on the intervention. (c)
The objects of the study should be diversified and the sample size should be
increased. The influence of individual change procedures in different stages of change
should be analyzed before intervention studies are carried out, and the design of

imntervention studies should be diversified.

4. Study on exercise behavior intervention
Concept of Intervention

The emergence of exercise behavior is often seen as a simple response to a health
threat. When individuals realize that their health is threatened by their prolonged
inactivity, they will take sound advice and make the decision to exercise. We all know
that not exercising, or not exercising enough, can cause a host of public health

problems. Many researchers and health workers have tried different methods to
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increase people's participation in physical activity. This way and method is the
intervention of exercise behavior. The purpose of exercise behavior intervention is to
change the individual's behavior and make the individual make the decision to
participate in exercise.
Types of intervention

Dishman and Buckworth (1996) conducted a meta-analysis of 127 studies using
exercise interventions. These exercise interventions can be divided into seven types:
Behavior modification, Cognitive behavior modification, Health education, health-
risk appraisal, Exercise prescription, Combined interventions, Physical education
curriculum. Researchers have found that Behavior modification intervention has a
great amount of effect on improving exercise level, while other intervention methods
have a small amount of effect. (Table 5)

Table 2 Types and effects of exercise intervention

Intervention characteristics Effective dose

Intervention type

* behavior modification 0.92
» cognitive behavior modification 0.10
» health education / health-risk appraisal 0.10
* exercise prescription 0.21
+ combined interventions 0.11
» physical education curriculum 0.21

Some researchers have different views on the type of exercise intervention. Kahn
et al (2002). conducted a comprehensive review of all published studies related to
exercise behavioral interventions. For each study, the interventions were analyzed and
the determinants of exercise behavior were identified, and based on this, the
interventions were grouped into four categories: informational approaches, behavioral

approaches, social approaches, environmental and policy approaches (Table 6).
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Table 3 Determinants of intervention methods and exercise behavior

Intervention mode Determinants of exercise behavior

Informational approaches Knowledge about the benefits of exercise and how to
get moving. Attitude towards exercise

Behavioral approaches Successful participation in exercise or maintenance of
exercise = behavior, change required behavior
management skills (such as goal setting and self-
monitoring)

Social approaches Social influences and social contexts that motivate
exercise behavior (e.g. group exercise)

Environmental and policy Physical environments that support exercise behavior

approaches (such as community centers) and policies that support

exercise

Scenarios and methods of implementation of intervention

The setting and way of intervention implementation are very important to the
impact of intervention results. Some studies have shown (Dishman, & Buckworth,
1996) : (a) Compared with face-to-face intervention, intervention through
intermediaries (media) has better effects. (b) Interventions are more effective in the
community than in school or home Settings. (c) The effect of unsupervised
intervention is better than that of supervised intervention (Table 7). This may indicate

that people prefer to exercise in a relaxed environment.
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Intervention characteristics

Effective dose

Intervention implementation mode
» Face to face
* Mediated
* Face-to-face and mediated
Intervention implementation scenario
* Family
+ School
« Community
* Work site
* Health care site
Social background
* Team
* Individual
* Family
Intervention supervision level
* Supervised
 Unsupervised

0.16
0.91
0.10

0.08
0.21
0.82
0.17
0.24

0.75
0.16
0.05

0.23
0.78

Table 5 Exercise style, duration, intensity and effect amount

Intervention characteristics

Effective dose

Exercise style
+ Aerobic exercise
* Leisure activity
» Strength training
» Cardio + Other activities
Duration of exercise
» Within 20 minutes
+ 20 to 30 minutes
» 30 to 45 minutes
* 4510 75 minutes
Exercise intensity
» Less than 50% aerobic capacity
* 50% to 70% aerobic capacity
* Higher than 70% aerobic capacity

0.18
0.85
0.46
0.15

0.25
0.14
0.17
0.14

0.94
0.24
0.23
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Dishman and Buckworth's study also found that the intervention had a greater
impact on some exercise items, and the effect of the intervention aimed at leisure
activities was better than that of the intervention aimed at strength exercise and
aerobic exercise. It is worth noting that the amount of intervention effect did not
change much as the frequency and duration of exercise changed. Studies have shown
that low-intensity exercise interventions are more effective than high-intensity
exercise interventions. (Table 8). This may indicate that most people like to start with

easy, low-difficulty exercises.

Study on the effectiveness of intervention

Researchers reviewed 22 studies of physical activity in school and community
Settings in preschool to college age populations (Stone & Mckenzie, 1998) with the
aim of identifying the characteristics and effects of interventions. The results show
that in the better studies using effective measurements and a wide range of
interventions, there are significant changes in out-of-school physical activity among
upper primary school students after the intervention, and some follow-up results show
that physical activity is maintained after the intervention. Ruotsalainen (2015)
summarized 14 published studies and concluded that: (a) Interventions had small and
varied effects on adolescent physical activity, but supervised exercise interventions
had significant effects on adolescent body mass index. (b) Interventions are complex
and have multiple components, but exercise interventions affect BMI in overweight or
obese adolescents.

Studies have also found that the intervention had little or no significant change in
exercise behavior or physical activity of participants. A study by Frucht (1998)
divided college students into-an Experimental Group and a Control Group. After a
continuous 6-week intervention, it was found that both the Experimental Group and
the Control Group made progress-in the behavioral stage, but no significant difference
was reached between the two groups. The reason for this may be that the researchers
did not design a Control Group that provided no information at all, because the
provision of relevant information could lead to consciousness awakening for
participants at any stage. Another study found that interventions had a small impact on

increasing physical activity in adolescent girls (12-18 years) (Pearson, 2015).
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Effective exercise behavior intervention is developed on the basis of the use of
relevant theories and previous research results. The intervention method itself can not
directly change the behavior of individuals, but it can affect the exercise behavior of
individuals by affecting one or more determinants of exercise behavior (Si Qi, 2008).
Intervention research based on TTM

Marcus (1992) and his colleagues application TTM to design an intervention in
which 1,559 volunteers were randomly assigned to either the intervention group or the
standard group corresponding to the exercise phase, with both informational and
behavioral interventions. The study found that over the subsequent three months, the
intervention group showed more positive changes than the standard group. Marcus
(1992) has also conducted intervention studies on different groups (adults and older
adults). A 6-week exercise intervention of 610 adults showed a significant increase in
exercise behavior after the 6-week intervention, with 62% of participants in the
intention phase increasing exercise behavior, but unfortunately, there was no Control
Group in this study. A 6-week intervention study of people over 50 years of age in the
pre-anticipation, intention, and preparation stages found that physician-provided
physical activity interventions may be an effective way to broadly improve physical
activity in older adults (Marcus, 1997).

More researchers have developed behavioral interventions based on broader
behavioral theories. Baranowski (1998) and his colleagues reviewed the effectiveness
of these interventions and found that 25 studies used at least one theory or model as
the basis for constructing the intervention, and TTM was one of the most frequently
used theories, with the duration of the intervention being approximately 5-7 weeks.

Adams (2003) looked at 26 publications based on TTM and found that 16 of
them were studies on behavioral interventions. Among the 16 studies, 7 used
counseling as the main behavioral intervention, 4 application TTM as the basis for
writing materials for intervention, and 5 used a combination of the above two
approaches. Research results show that the phase-corresponding behavioral
intervention is more effective than the unified behavioral intervention in promoting
short-term exercise behavior (exercise behavior within 6 months), but for promoting
long-term exercise behavior (exercise behavior longer than 6 months), the effect of

phase-corresponding behavioral intervention is less than expected.
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Carvalho (2016) reviewed 18 studies and found that application TTM based
interventions is justified due to the complexity of people's lifestyles and the fact that
people are multi-behavioral. At the same time, the study pointed out that future
interventions should specify the nature and scale of TTM dimensions, and the use of
these dimensions should be applicable to the general population.

Romain et al. (2018) conducted a meta-analysis of randomized controlled trials
to examine the efficacy of matched and nonmatched interventions based on the
Transtheoretical Model (TTM) in promoting physical activity. Through systematic
identification of 33 trials, the study found that TTM-based interventions effectively
promoted physical activity regardless of whether they were matched to individuals'
stages of change (SOC). The efficacy of interventions was influenced by TTM
theoretical constructs such as self-efficacy and processes of change. The gap in this
study is that it did not reveal significant differences between matched and nonmatched
interventions and suggests further exploration of other factors affecting intervention
outcomes.

To examine the effectiveness of TTM based interventions in improving physical
activity in adults, Kleis (2020) searched the literature for studies conducted between
2001 and 2020. Research argues that evidence supporting the application TTM based
interventions to improve physical activity in adults is inconsistent, and that
interventions are more successful when materials are provided through face-to-face
counseling, and when subjects are in the pre-expected or expected stage.

Pennington (2021) conducted a study on the application of the Transtheoretical
Model (TTM) to establish physical activity habits. The study reviewed the use of
TTM 1n exercise interventions and analyzed the role of its components in behavior
change to help health professionals apply the model more effectively in practice. The
results indicated ‘that TTM 1is generally effective for promoting. physical activity
behavioral change, but not unconditionally. The gap in this study lies in the partial
application of the model's constructs in some studies, especially lacking a
multidimensional understanding of behavior change processes and long-term follow-
up validation.

To sum up, it can be found that the intervention based on TTM is widely

applicable to all groups. At the same time, it is worth affirming that the intervention
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has obvious and good effects on the individuals in the first three stages (pre-
anticipated stage, anticipated stage and preparation stage). However, it is still
necessary to note the following points: (a) Intervention measures have differences in
participants of different groups, genders and ages. For example, the intervention effect
on adolescents and college students may be better than that of adults and the elderly,
the intervention effect on men may be better than that on women, and the effect of
intervention on younger children may not be obvious. (b) The Settings and modalities
of intervention need to be chosen carefully, with priority given to relaxing
environments and exercise modalities that prioritize leisure activities. (c) The
intervention should take care to set up a Control Group and strictly control that the
Control Group does not have access to relevant information to test the differences
between the Control Group and the Experimental Group. These problems are easy to
ignore or not easy to overcome in the study design, but there is no doubt that most of
the existing studies have confirmed that relevant intervention measures are beneficial

to the change of individual exercise behavior.
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CHAPTER III
RESEARCH METHODS

This study involves both investigation and experimentation. The first phase
focuses on developing the "Adolescent Physical Exercise Behavior Change"
questionnaire, ‘with the goal of creating a reliable measurement instrument for
adolescent exercise behavior. The second phase involves administering the
questionnaire to a sample of 2,100 participants to understand the stages of adolescent
exercise behavior change and associated psychological variables. The third phase is a
12-week experimental study conducted with 100 subjects, aiming to verify whether

TTM-based intervention has a significant impact on adolescents' exercise behavior.

1. Research Design

2. Phase 1: Compile questionnaire
2.1 Population and sample
2.2 Inclusion criteria
2.3 Exclusion criteria
2.4 Instrument
2.5 Sampling Procedure
2.6 Data Collection Procedure
2.7 Data Analysis

3. Phase 2: Extensive investigation
3.1 Population and sample
3.2 Inclusion criteria
3.3 Exclusion criteria
3.4 Instrument
3.5 Sampling Procedure
3.6 Data Collection Procedure
3.7 Data Analysis

4. Phase 3: Experimental research
4.1 Population and sample

4.2 Inclusion criteria
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criteria

4.3 Exclusion

4.4 Instrument

4.5 Data Collection Procedure
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1. Research Design
This chapter outlines the overall design of the study, including the selection of

test subjects and the data collecti . The core research method employed in

nalysis using SPSS statistical

Pre-testing [1Em) Item —N | Correlation | N | Reliability
analysis analysis analysis
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2. Phase 1: Develop questionnaire

Population and sample

This study was selected to be 210 for aged 13-17, and Cluster Sampling was
conducted in Wuzhou City, Guangxi Province, China.(Table 9)

Inclusion criteria: 1) Adolescents aged 13-17, both male and female. 2) The
volunteers were interested in this study and singed consent forms. 3) The volunteer
were healthy, and have a certain Chinese language foundation, able to complete the
questionnaire independently.

Exclusion criteria: 1) The volunteers are not interested in this study. 2) The
volunteers can't exercise, and can't complete the questionnaire independently. 3)
Physical deformities or psychiatric disorders. 4) Underlying diseases including
musculoskeletal, neurological and cardiopulmonary disorders.

Instrument

The instrument used in this study is the Adolescent Physical Exercise Behavior
Change Questionnaire (APEBCQ), which comprises five subscales: the Stages of
Change Scale (SOC-Scale), < Physical Exercise Behavior Scale (PEB-Scale),
Decisional Balance Scale (DB-Scale), Processes of Change Scale (POC-Scale), and
Self-Efficacy Scale (SE-Scale). The APEBCQ was developed in Chinese to ensure
cultural relevance, and all respondents provided their responses in Chinese,
facilitating accurate comprehension and data collection within the target population.

Stages of Change Scale (SOC-Scale): This ordinal scale is used to assess the
participants' stage of exercise behavior. It includes five options: Precontemplation,
Contemplation, Preparation, Action, and Maintenance.

Physical Exercise Behavior Scale (PEB-Scale): This interval scale measures the
participants' physical exercise behavior using a 5-point Likert scale with options
ranging from Never(l point), Rarely(2 point), Sometimes(3 point), Often(4 point),
Always(5 point). The ratings are as follows:

1 = Never (I have never done this)

2 = Rarely (I almost never do this, about 1-2 times per month)

3 = Sometimes (I occasionally do this, about 3-5 times per month)

4 = Often (I frequently do this, about 1-2 times per week)

5 = Always (I do this almost eve)
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Referring to the suggestions of Yin Bo (2009) and others, this study was based
on the average score of the items, physical exercise behavior can be categorized into 5
levels, with the following standards:

1.00 - 1.80: Never exercise

1.81 - 2.60: Rarely exercise

2.61 - 3.40: Sometimes exercise

3.41 - 4.20: Often exercise

4.21 - 5.00: Always exercise

Decisional Balance Scale (DB-Scale): This interval scale evaluates the
participants' perceptions of the pros and cons of engaging in physical exercise,
divided into Negative factors and Positive factors. It uses a 5-point Likert scale, with
options from Strongly disagree(1 point), Not agree(2 point), Indeterminate(3 point),
Agree(4 point), to Strongly agree(5 point).

Processes of Change Scale (POC-Scale): This interval scale measures ten
common strategies used by participants during the process of physical exercise. It also
employs a 5-point Likert scale with the same options: Strongly disagree(1 point), Not
agree(2 point), Indeterminate(3 point), Agree(4 point), to Strongly agree(5 point).

Self-Efficacy Scale (SE-Scale): This interval scale assesses participants'
confidence in their ability to engage in physical exercise, covering dimensions of
Exercise willingness and Exercise effort. It uses a 5-point Likert scale, with options
from Strongly disagree(1 point), Not agree(2 point), Indeterminate(3 point), Agree(4
point), to Strongly agree(5 point).

Seven experts from the fields of sport psychology, school physical education,
exercise physiology, and physical education evaluated the content validity of the
questionnaire.” The results of the Item Objective Congruence (IOC) assessment
indicated that the Content Validity Index (CVI) for the entire scale was 0.96,
demonstrating high content validity (see Appendix B).

Sampling Procedure
To ensure an accurate representation of each grade group, this study employed

stratified random sampling. In stratified random sampling, the population is first
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divided into homogeneous groups or strata, which may be based on a single criterion,
such as grade level (Haque, 2010). This study divided the grades into six strata
(corresponding to six grades) and randomly selected samples in equal proportions
from each stratum according to a 1:1 ratio. The investigators were organized into six
teams, with each team consisting of two staff members responsible for collecting
sample information from one grade.

Table 6 Phase 1 Sample

Grade Sample
Junior high school, First grade 50
Junior high school, Second grade 50
Junior high school, Third grade 50
High school, First grade 50
High school, Second grade 50
High school, Third grade 50
Total 300

Data Collection Procedure

1.Test time and test location

1.1 Test time: May 2024

1.2 Test location: Wuzhou High School, Wuzhou City, Guangxi Province, China

2. Procedure

2.1 The staff arranged and research assistant for the subjects to sit together in a
quiet classroom.

2.2 The staff handed out questionnaires, explained the precautions, and told the
subjects that they should fill in the questionnaires truthfully according to their own
situation. Staff should prepare a number of ‘questionnaires, encountered a format
filling in the wrong, to timely issue a new questionnaire to fill in.

2.3 After 40 minutes, the staff will collect the questionnaire.

2.4 Questionnaire processing and data entry.
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Data Analysis

1. Item Objective Congruence (I0C)

IOC is a method used to assess the alignment between test items and their
intended measurement objectives. Introduced by Rovinelli and Hambleton in 1977,
the IOC method ensures through quantitative analysis that each test item accurately
measures the intended content, thus enhancing the test's content validity. The core
principle of IOC involves expert evaluation to determine the degree of alignment
between each test item and its intended objective. These experts are usually scholars
or professionals with a deep understanding of the test content and objectives. The IOC
method's key feature is its ability to transform subjective evaluations into quantitative
indicators, facilitating the analysis and refinement of test items. Typically, 3 to 5
experts are invited to rate the relevance of each test item to its measurement objective
on a scale from 0 to 1, where O indicates irrelevance and 1 indicates complete
relevance. The IOC index for each item is then calculated based on these ratings. The
specific calculation method is as follows:

S

n

I0C =

In this context, ( Si ) denotes the relevance score assigned by the ( i )th expert to
a specific item, while ( n ) represents the total number of experts. The suitability of
each item is assessed based on the IOC index value; generally, a higher IOC index
indicates a stronger alignment between the item and its intended measurement
objective. For this study, seven experts from the fields of psychology, sports
psychology, education, and physical education were invited to evaluate the

questionnaire (Table 10).
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Table 7 Item Objective Congruence

Name Affiliation Title
Zhou Jiaying Xi’an Physical Education University Professor
Wan Bingjun Shanxi Normal University Professor
Chang Shuzhi Tianjin University of Sport Professor

Wang Juhai Weinan Normal University Professor
Chen Shanping Xi’an Jiaotong University Professor
Chai Xi’an University Professor

Liu Changjiang Xi’an Jiaotong University Professor

These experts rated each item on a scale from 1 to -1, with 1 indicating "clearly
measuring,”" 0 indicating "degree to which it measures the content area is unclear,"
and -1 indicating "clearly not measuring." The results of the experts' evaluations
unanimously indicated that most questionnaire items clearly measured the intended
targets. Therefore, the measurement tool in this study was validated by seven experts

(Appendix C).

2. Item analysis

The primary purpose of item analysis is to assess the suitability of items within a
constructed scale. The most commonly used discriminative indicator in item analysis
is the Critical Ratio (CR), which determines the CR-Value for individual items in a
questionnaire. For a well-constructed attitude scale item, the mean scores between the
high-score and low-score groups should differ significantly (p < 0.05). If the
difference is not significant, the item should be considered for removal. Additionally,
the t-value obtained from an independent samples t-test can be used as a critical ratio;
a higher t-value indicates better item discrimination.

The process begins by calculating the total score for all items in the scale and
ranking all participants by their total scores. The top 27% of scores constitute the
high-score group, while the bottom 27% form the low-score group. An independent
samples t-test is then performed on each item's scores between these two groups. A
significant difference between the groups indicates that the item has good

discriminatory power and should be retained. It is crucial to first determine whether



48

the variances of the two groups are equal. If equal, the t-value from the "Equal
variances assumed" column is used; if not equal, the t-value from the "Equal

variances not assumed" column is referenced.

3. Pearson correlation analysis
Examining the correlation between individual items and the total score using internal
consistency testing is another crucial criterion for item selection, typically assessed
with the Pearson correlation coefficient. If the correlation between an item and the
total score is greater than 0.40 and statistically significant (P < 0.05), it indicates a
moderate to high relationship. A larger Pearson correlation coefficient signifies a

stronger correlation.

4. Reliability analysis
Reliability refers to the stability and consistency of the results obtained from a
measurement tool. Higher reliability indicates a smaller standard error of
measurement. In social sciences, especially when using Likert scales, Cronbach's
alpha coefficient (Cronbach a) is commonly employed for reliability testing. This

method was introduced by Cronbach in 1951. The formula is:

S-2
o= K 1—22'
K-1 S

Where K represents the total number of items included in the scale;

Where ZSf is the sum of the variances of the items in the scale; and S is the
variance of the sum of the items in the scale.

The value of @ ranges between 0 and 1, with the probability of extreme values
(0 or 1) being very low. In the field of social sciences, there has been considerable
discussion regarding the minimum accepTable a coefficient. Many scholars have
expressed their views on this matter, Henson (2001) suggests that if the purpose is to
develop a pilot questionnaire or measure a construct, an @ coefficient between 0.50
and 0.60 is sufficient. However, for basic research purposes, the a coefficient should

ideally be above 0.80. Nunnally (1967) posits that in general exploratory research, the
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minimum standard for the a coefficient is above 0.50, with values above 0.60
considered relatively good. In applied and confirmatory research, the a coefficient

should ideally be above 0.80, with values above 0.90 being preferable. Wu Minglong
(2009), after synthesizing the views of several scholars, provided a summary

judgment on the @ coefficient indicator (Table 11).

Table 8 Judgment of o Coefficient

Cronbach'’s Alpha Factor construct Scale
a<0.50 Not Ideal Highly UnaccepTable
0.50<a<0.60 AccepTable UnaccepTable
0.60<a<0.70 Barely Adequate Barely AccepTable
0.70<a<0.80 Reliability AccepTable
0.80<a<0.90 High Reliability Ideal
a>0.90 Very High Reliability Highly Ideal

When conducting reliability tests, it is important to examine the change in the
overall a coefficient of the scale after deleting individual items. If the a coefficient of
the scale significantly increases after the deletion of a particular item, it may indicate
that this item measures a different attribute or psychological variable compared to the
other items, suggesting a low homogeneity with the other items. In such cases, after
analysis, it may be necessary to consider removing this item. It is also crucial to note
that if the scale encompasses two or more different constructs, the a coefficient for the
scale should be calculated separately for each subscale representing these different

constructs.
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3. Phase 2: Extensive investigation

Population and sample

J. A. & Creswell, J. W. (2002) believes that the number of formal samples should
be defined based on the attributes of the questionnaire survey. In general
questionnaire research, the number of formal samples should preferably be more than
350 people. Wu Minglong (2010) believes that for a finite population, it should be
calculated according to the sample size formula:

N
2
a N-1
— | x——=+1
() sip

There are about 500,000 adolescents aged 13-17 in Guangxi Province. The

n=

sample size should be:

500000

n>
Based on (h%}bo lelsi z%igéra 00O i +s31mple size for the
P 1-P 96 ) 0.50x(1-0.50

adolescent population should be no less than 385 participants. To ensure that the study

results are broadly representative and reflect the overall situation of adolescents in
Guangxi Province, this study decided to expand the sample size to 2,100 participants.
Considering that there are approximately 500,000 adolescents in Guangxi Province,
we will randomly select samples from 14 cities across the province to enhance the
study's comprehensiveness and the generalizability of the conclusions.

Inclusion criteria: 1) Adolescents aged 13-17, both male and female. 2) The
volunteers were interested in this study and singed consent forms. 3) The volunteer
were healthy, and have a certain Chinese language foundation, able to complete the
questionnaire independently.

Exclusion criteria: 1) The volunteers are not interested in this study. 2) The
volunteers can't exercise, and can't complete the questionnaire independently. 3)
Physical deformities or psychiatric disorders. 4) Underlying diseases including

musculoskeletal, neurological and cardiopulmonary disorders.
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Instrument

The measurement scale used in this study is the Adolescent Physical Exercise
Behavior Change Questionnaire (APEBCQ), which consists of five subscales: the
Stages of Change Scale (SOC-Scale), Physical Exercise Behavior Scale (PEB-Scale),
Decisional Balance Scale (DB-Scale), Processes of Change Scale (POC-Scale), and
Self-Efficacy Scale (SE-Scale). The APEBCQ was developed in Chinese to ensure
cultural relevance, and all respondents provided their responses in Chinese,
facilitating accurate comprehension and data collection within the target population.

Stages of Change Scale (SOC-Scale): This ordinal scale is used to assess the
participants' stage of exercise behavior. It includes five options: Precontemplation,
Contemplation, Preparation, Action, and Maintenance.

Physical Exercise Behavior Scale (PEB-Scale): This interval scale measures the
participants' physical exercise behavior using a 5-point Likert scale with options
ranging from Never(l point), Rarely(2 point), Sometimes(3 point), Often(4 point),
Always(5 point). The ratings are as follows:

1 = Never (I have never done this)

2 = Rarely (I almost never do this, about 1-2 times per month)

3 = Sometimes (I occasionally do this, about 3-5 times per month)

4 = Often (I frequently do this, about 1-2 times per week)

5 = Always (I do this almost eve)

Referring to the suggestions of Yin Bo (2009) and others, this study was based
on the average score of the items, physical exercise behavior can be categorized into 5
levels, with the following standards:

1.00 - 1.80: Never exercise

1.81 - 2.60: Rarely exercise

2.61 - 3.40: Sometimes exercise

3.41 - 4.20: Often exercise

4.21 - 5.00: Always exercise

Decisional Balance Scale (DB-Scale): This interval scale evaluates the
participants' perceptions of the pros and cons of engaging in physical exercise,

divided into Negative factors and Positive factors. It uses a 5-point Likert scale, with
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options from Strongly disagree(1 point), Not agree(2 point), Indeterminate(3 point),
Agree(4 point), to Strongly agree(5 point). The Decisional Balance (DB) Scale
consists of 8 items, with each item scored on a scale from 1 to 5, resulting in a total
score range of 8 to 40. In this study, the total score of the DB Scale will be used to
analyze the variable "Decisional Balance (DB)."

Processes of Change Scale (POC-Scale): This interval scale measures ten
common strategies used by participants during the process of physical exercise. It also
employs a 5-point Likert scale with the same options: Strongly disagree(1 point), Not
agree(2 point), Indeterminate(3 point), Agree(4 point), to Strongly agree(5 point). The
Processes of Change (POC) Scale consists of 40 items, each scored on a scale from 1
to 5, resulting in a total score range of 40 to 200. In this study, the total score of the
POC Scale will be used to analyze the variable "Processes of Change (POC)."

Self-Efficacy Scale (SE-Scale): This interval scale assesses participants'
confidence in their ability to engage in physical exercise, covering dimensions of
Exercise willingness and Exercise effort. It uses a 5-point Likert scale, with options
from Strongly disagree(1 point), Not agree(2 point), Indeterminate(3 point), Agree(4
point), to Strongly agree(5 point). The Self-Efficacy (SE) Scale consists of 8 items,
each scored on a scale from 1 to 5, resulting in a total score range of 8 to 40. In this
study, the total score of the SE Scale will be used to analyze the variable "Self-
Efficacy (SE)."

Seven experts from the fields of sport psychology, school physical education,
exercise physiology, and physical education evaluated the content validity of the
questionnaire. The results of the Item Objective Congruence (IOC) assessment
indicated that the Content Validity Index (CVI) for the entire scale was 0.96,

demonstrating high content validity (see Appendix B).

Sampling Procedure

To accurately capture each grade group, this study employed stratified random
sampling, dividing the population into six grade-based strata and selecting samples in
equal proportions. Six teams, each with two members, collected data from one

specific grade (see Table 12).
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Table 9 Phase 2 Sample

Grade/ Junior high school High school Total
City 1Grade 2Grade 3Grade 1Grade 2Grade 3 Grade
Nan Ning 25 25 25 25 25 25 150
Liu zhou 25 25 25 25 25 25 150
Gui lin 25 25 25 25 25 25 150
Wu zhou 25 25 25 25 25 25 150
Bei hai 25 25 25 25 25 25 150
Fang 25 25 25 25 25 25 150
cheng
Qin zhou 25 25 25 25 25 25 150
Gui gang 25 25 25 25 25 25 150
Yu lin 25 25 25 25 25 25 150
Bai se 25 25 25 25 25 25 150
He zhou 25 25 25 25 25 25 150
He chi 25 25 25 25 25 25 150
Lai bin 25 25 25 25 25 25 150
Chong 25 25 25 25 25 25 150
zuo
Sum 350 350 350 350 350 350 2100

Data Collection Procedure
1. Test time and test location

1.1 Test date: May 2024

1.2 Test location: 14 cities in Guangxi Province, China

2. Procedure

2.1 The research staff and research assistant arranged for the subjects to sit
together in a quiet classroom.

2.2 The research assistant handed out questionnaires, explained the precautions,
and told the subjects that they should fill in the questionnaires truthfully according to
their own situation. The research staff should prepare a number of questionnaires,

encountered a format filling in the wrong, to timely issue a new questionnaire to fill
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n.
2.3 After 40 minutes, the research assistant will collect the questionnaire.

2.4 Questionnaire processing and data entry.

Data Analysis

1. Descriptive statistics

Descriptive statistics are primarily used to describe and summarize the basic
features of data. This involves comprehensively describing the data through measures
of central tendency, dispersion, and distribution shape. Measures of central tendency
include the mean, median, and mode. Measures of dispersion include standard
deviation, variance, range, and interquartile range. Skewness and kurtosis are used to
describe the distribution shape of the data. Before conducting data and model
analysis, it 1S necessary to check whether the data follows a normal distribution.
According to Kline (1998), if the absolute value of skewness is within 3 and the
absolute value of kurtosis is within 8, the data can be considered to approximately

meet the normal distribution requirements.

2. Chi-square Test of Independence

The Chi-square Test of Independence is a commonly used non-parametric
statistical method to determine whether there is a statistically significant association
between two categorical variables. It evaluates the independence of these variables by
comparing the observed frequencies with the expected frequencies under the
assumption of no association. This test is applicable to data in contingency tables and
1s typically used to analyze nominal or dichotomous variables. In this analysis,
conclusions can only be drawn regarding the relationship between the variables
(Turhan, N. S.; 2020).

The principle of the Chi-square Test of Independence is to compare the observed
frequencies (actual data) with the expected frequencies (the frequencies under the
assumption of independence) to calculate the Chi-square statistic (X?). If the
difference between the observed and expected frequencies is significant, it indicates
an association between the two variables, meaning they are not independent.

The formula for the Chi-square Test of Independence is as follows:
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2
X 2 _ Z ( Or,cE_ Er,c)

r,c
X?: Chi-square statistic

O, . : Is the observed frequency number at the level r of the variable A and the

rc *
level ¢ at the variable B.

E..: is the expected frequency number at the level r of the variable A and the

ol
level ¢ of the variable B.

The value P is the observation probability of a sample statistic that is as extreme
as test statistic. Test statistic is chi-square, so it is used to evaluate a probability that is

related to the test statistics.

3. T-test

It is a parametric statistical method used to compare the difference in means
between two samples, primarily to test whether the samples come from populations
with the same mean. The T-test is commonly used when the sample size is small and
the data is normally distributed. Depending on the objects of comparison, the T-test
can be categorized into Independent Samples T-test, Paired Samples T-test, and One-
Sample T-test. The fundamental principle of the T-test is to calculate the T statistic to
compare the difference between sample means and the hypothesized mean. The

formula for calculating the T statistic is:

q-X,
S0, 82
nl nZ

Where X, and X, are the means of the two samples, S/ and S are the

t=

variances of the two samples, and n; and n, are the sample sizes of the two groups.

The T-test assesses whether to reject the null hypothesis (i.e., that the means of the
two samples are equal) by comparing the calculated T statistic with the critical values
from the T distribution Table. This study will use the Independent Samples T-test to
examine differences in psychological variables across different genders and different

grade levels.
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4. Multivariate Analysis of Variance (MANOVA)

MANOVA is a statistical method extended from ANOVA that is used to test the
differences in multiple dependent variables across different levels of independent
variables (or factors) simultaneously. MANOVA takes into account the correlations
among dependent variables and can reveal comprehensive differences between
variables. The basic principle of MANOVA is to compare mean differences between
groups by constructing linear combinations of the dependent variables. The core idea
is to test the significance of multivariate mean differences using statistical measures
such as Wilks' Lambda, Pillai's Trace, Hotelling's Trace, and Roy's Largest Root. This
study will use MANOVA to examine differences in psychological variables among
groups with varying exercise frequencies and among groups at different stages of

change.
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4. Phase 3: Experimental research
Population and sample

The subjects were all from Wuzhou City, Guangxi Province, and were
adolescents aged 13-17 years old.

Inclusion criteria: 1) 2 Grade for Junior high school students, 2 Grade for High
school students, both male and female. 2) The volunteers were interested in this study
and singed consent forms. 3) The volunteer were healthy, and have a certain Chinese
language foundation, able to complete the questionnaire independently. 4) The
volunteers are willing to accept the 12-week intervention experiment.

Exclusion criteria: 1) The volunteers are not interested in this study. 2) The
volunteers can't exercise, and can't complete the questionnaire independently. 3)
Physical deformities or psychiatric disorders. 4) Underlying diseases including
musculoskeletal, neurological and cardiopulmonary disorders. 5) The volunteers
unable to complete the 12-week exercise intervention.

Instrument

1. Adolescent Physical Exercise Behavior Change Questionnaire (APEBCQ)

The measurement scale used in this study is the Adolescent Physical Exercise
Behavior Change Questionnaire (APEBCQ), which consists of five subscales: the
Stages of Change Scale (SOC-Scale), Physical Exercise Behavior Scale (PEB-Scale),
Decisional Balance Scale (DB-Scale), Processes of Change Scale (POC-Scale), and
Self-Efficacy Scale (SE-Scale). The APEBCQ was developed in Chinese to ensure
cultural relevance, and all respondents provided their responses in Chinese,
facilitating accurate comprehension and data collection within the target population.

Stages of Change Scale (SOC-Scale): This ordinal scale is used to assess the
participants' stage of exercise behavior. It includes five options: Precontemplation,
Contemplation, Preparation, Action, and Maintenance.

Physical Exercise Behavior Scale (PEB-Scale): This interval scale measures the
participants' physical exercise behavior using a 5-point Likert scale with options
ranging from Never(l point), Rarely(2 point), Sometimes(3 point), Often(4 point),
Always(5 point). The ratings are as follows:

1 = Never (I have never done this)

2 = Rarely (I almost never do this, about 1-2 times per month)
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3 = Sometimes (I occasionally do this, about 3-5 times per month)

4 = Often (I frequently do this, about 1-2 times per week)

5 = Always (I do this almost eve)

Referring to the suggestions of Yin Bo (2009) and others, this study was based
on the average score of the items, physical exercise behavior can be categorized into 5
levels, with the following standards:

1.00 - 1.80: Never exercise

1.81 - 2.60: Rarely exercise

2.61 - 3.40: Sometimes exercise

3.41 - 4.20: Often exercise

4.21 - 5.00: Always exercise

Decisional Balance Scale (DB-Scale): This interval scale evaluates the
participants' perceptions of the pros and cons of engaging in physical exercise,
divided into Negative factors and Positive factors. It uses a 5-point Likert scale, with
options from Strongly disagree(1 point), Not agree(2 point), Indeterminate(3 point),
Agree(4 point), to Strongly agree(5 point). The Decisional Balance (DB) Scale
consists of 8 items, with each item scored on a scale from 1 to 5, resulting in a total
score range of 8 to 40. In this study, the total score of the DB Scale will be used to
analyze the variable "Decisional Balance (DB)."

Processes of Change Scale (POC-Scale): This interval scale measures ten
common strategies used by participants during the process of physical exercise. It also
employs a 5-point Likert scale with the same options: Strongly disagree(1l point), Not
agree(2 point), Indeterminate(3 point), Agree(4 point), to Strongly agree(5 point). The
Processes of Change (POC) Scale consists of 40 items, each scored on a scale from 1
to 5, resulting in a total score range of 40 to 200. In this study, the total score of the
POC Scale will be used to analyze the variable "Processes of Change (POC)."

Self-Efficacy Scale (SE-Scale): This interval scale assesses participants'
confidence in their ability to engage in physical exercise, covering dimensions of
Exercise willingness and Exercise effort. It uses a 5-point Likert scale, with options
from Strongly disagree(1 point), Not agree(2 point), Indeterminate(3 point), Agree(4
point), to Strongly agree(5 point). The Self-Efficacy (SE) Scale consists of 8 items,



59

each scored on a scale from 1 to 5, resulting in a total score range of 8 to 40. In this
study, the total score of the SE Scale will be used to analyze the variable "Self-
Efficacy (SE)."

Seven experts from the fields of sport psychology, school physical education,
exercise physiology, and physical education evaluated the content validity of the
questionnaire. The results of the Item Objective Congruence (IOC) assessment
indicated that the Content Validity Index (CVI) for the entire scale was 0.96,
demonstrating high content validity (see Appendix B).

2. Transtheoretical Model (TTM) Plan

This study adopts the "TTM Group Experimental Intervention Plan," which has
been evaluated by seven Chinese experts using the Index of Item-Objective
Congruence (I0C) (see Appendix E). The intervention plan includes the following:

Content and Purpose: Intervention factors designed based on the fundamental
Transtheoretical Model (TTM).

Objective: To educate participants on health and physical exercise knowledge,
share and discuss exercise methods, and assist in developing exercise plans and goals.

Schedule: Every Monday from 4:00 to 5:00 PM, lasting 60 minutes.

Equipment: A quiet classroom within the school and multimedia equipment such
as computers, projectors, and microphones.

Activities Form:

Knowledge Lecture: Provide explanations of physical exercise knowledge,
focusing on how individuals can seek information about physical activity, and
understand the benefits of exercise and the consequences of inactivity. This includes
showing exercise-related videos and -distributing exercise guides to enhance
participants' understanding.

Experience Sharing: Use methods from psychological development involving
experience sharing and discussion, such as sharing exercise experiences and skills to
encourage peer learning.

Exercise Recording: Have participants record their daily routines over the course
of a week to help them understand their time management, guide them in planning

physical activities, and set exercise goals.
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Process: The intervention activities are divided into 3-4 segments, each lasting

15-20 minutes.

Sampling Procedure

This study used stratified random sampling to divide the population into 5 strata
based on the stage of change. A total of 100 students were selected to participate in
the experimental study, including 24 in Precontemplation, 20 in Contemplation, 20 in
Preparation, 20 in Action, and 16 in Maintenance. The 100 participants were divided
into two groups: the Control Group and the TTM group. The grouping criterion was to
ensure that the ratio of participants in different stages of change was 1:1 across the

two groups (Table 13).

Table 10 Phase 3 Sample

Precontemplation Contemplation Preparation Action Maintenance Total

Control
12 10 10 10 8 50
Group
Experimental
12 10 10 10 8 50

Group

Data Collection Procedure

1.Test time and test location

1.1 Testing time: May-August 2024

1.2 Test location: Wuzhou High School, Wuzhou City, Guangxi Province, China

2. Procedure

2.1 Pre-intervention testing, identification and examination of research
instrument.

2.2 Create a log sheet to record the relevant data of the intervention process
(time, place, content, etc.).

2.3 The subjects in the TTM group and the Control Group were pre-tested, and
the "Adolescent Physical Exercise Behavior Change Questionnaire" was filled in.
SPSS was used to collect and input the data. The process of filling in the

questionnaire is the same as in phase 2.
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2.4 The experimental research staff explained the experimental methods,
procedures and requirements to the subjects.

2.5 The Experimental Group was interfered with once a week for 60 minutes
each time for 12 weeks. When carrying out the intervention, the experimental research
staff should strictly abide by the experimental requirements and should not impose
any intervention on the Experimental Group subjects.

2.6 After 12 weeks, the TTM group and the Control Group were tested after
filling in the "Adolescent physical exercise Behavior Change Questionnaire". SPSS
was used to collect and input the data.

3. Special instructions

3.1 The testing time of Control Group and TTM group must be different. The
experimental staff will test the Control Group first, and then test the TTM group one
day apart. Also, the two groups will use different classrooms when testing is
conducted.

3.2 Also, the two groups will use different classrooms when testing is conducted.

3.3 Control Group received normal school physical education classes and
personal activities, and no other intervention measures were applied. In addition to
normal school physical education teaching and personal activities, TTM group also
needs to receive experimental intervention once a week, each intervention lasts for 12
weeks. It should be noted that all subjects must not know whether they are Control
Group or TTM group when conducting experiments.

3.4 The research purpose of intervention experiments is mainly to explore
whether subjects will change from one stage to another after being intervened, for
example: from Preparation stage to Action stage. In addition, in China, the school
semester is five months long. Taking into account the Chinese school environment
and experimental conditions, this research plan determines the intervention

experiment to be 12 weeks.

Data Analysis
1. T-test
This study will utilize paired sample T-tests and independent sample T-tests to

analyze the differences in the Stage of Change (SOC) between the Control Group and
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the Experimental Group in both pre-test and post-test phases. Additionally, the study
will examine differences in Decisional Balance (DB), Process of Change (POC), and

Self-Efficacy (SE) between the two
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CHAPTER 1V

RESULTS

The aim of this study is to develop the Chinese version of the Adolescent
Physical Exercise Behavior Change Questionnaire (APEBCQ) and apply it to assess
the applicability of the Transtheoretical Model (TTM) among Chinese adolescents. To
achieve this goal, the study will be carried out in three stages. In Phase 1, IOC, item
analysis, correlation analysis, and reliability analysis will be employed to construct
the APEBCQ. In Phase 2, Chi-square tests, T-tests, MANOVA, and discriminant
analysis will be applied to examine the relationship between the structural variables of
TTM. In Phase 3, McNemar's test, ordered logistic regression analysis, and T-tests

will be utilized to perform pre- and post-experimental comparative analysis(Table 14).

Table 11 The mainly research content

Phase The mainly research content
Phase 1 To develop the APEBCQ
Phase 2 To analyze the relationship between TTM variables

Phase 3 To implement experiment of the TTM




1. Phase 1: Develop questionnaire
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In Phase 1, IOC, item analysis, correlation analysis, and reliability analysis will

be employed to construct the APEBCQ.(Figure 4)

( To develop the scale )

T-test

:

Pre-testing of the scale

!

Pearson

Item analysis

- N=300
o Examine the ap_propriateness of
: the items

:

Cronbach a

Correlation analysis

: i Examine the correlation between :
: items and the total score

}

Reliability analysis

Examine the internal consistency :

of the scale

:

( Formal scale

)

Figure 4 Flowchart of the Scale Development Process
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1. Validity Verification of the Decisional Balance Scale (DB-Scale)
Table 12 Validity analysis of the Decisional Balance Scale (DB-Scale) (n=300)

Cronbach's a if

Items t Pearson related ) Result
item deleted
DB1 7.203™ 0.460™ 0.849 Pass
DB2 9.661™ 0.552™ 0.694 Pass
DB3 8.918™ 0.524™ 0.825 Pass
DB4 7.221" 0.461** 0.681 Pass
DB5 8.755™ 0.482™ 0.814 Pass
DB6 9.087" 0.529™ 0.627 Pass
DB7 8.017™ 0.442™ 0.841 Pass
DB8 7.079™ 0.438"™ 0.602 Pass
Criteria =3.000 =0.400

“=p<0.05"=p<001

Table 15 shows that all items have t-values greater than 7.0 and p-values less
than 0.05, indicating high discriminative power. The Pearson correlation coefficients
are all above 0.40, with p-values less than 0.05, suggesting a moderate to high

correlation between the items and the total score.

Table 13 Reliability analysis of Decisional Balance Scale (DB-Scale) (n=300)

Dimensions Cronbach's Alpha Items
Negative factors 0.869 DB1, DB3, DB5, DB7
Positive factors 0.715 DB2, DB4, DB6, DB8

Table 16 indicates that the Cronbach's Alpha coefficient is 0.868 for the
"Negative Factors" dimension and 0.715 for the "Positive Factors™ dimension.
Referring to the "Cronbach's « if item deleted" column in Table 15, the overall
reliability of the scale decreases after deleting any item, indicating high internal
consistency. The statistical values for all items are satisfactory, and thus, all items can

be retained.



2. Validity Verification of the Processes of Change Scale (POC-Scale)

Table 14 Validity analysis of the Processes of Change Scale (POC-Scale) (n=300)

66

Cronbach's a if

Items t Pearson e deleted Result
POC1 11.224™ 0.660™ 0.865 Pass
POC2 11.619™ 0.659™ 0.861 Pass
POC3 9.747 0.598™ 0.713 Pass
POC4 15.350™ 0.741™ 0.865 Pass
POC5 12.934™ 0.656™ 0.822 Pass
POC6 12.559™ 0.688™ 0.782 Pass
POC7 10.728™ 0.671™ 0.824 Pass
POC8 10.405™ 0.575™ 0.746 Pass
POC9 14.678™ 0.755™ 0.827 Pass
POC10 12.697" 0.671™ 0.830 Pass
POC11 11.179" 0.720™ 0.834 Pass
POC12 14.8377 0.782™ 0.813 Pass
POC13 12.381™ 0.709™ 0.661 Pass
POC14 17.480™ 0.800™" 0.836 Pass
POC15 13.741% 0.719™ 0.775 Pass
POC16 14.170™" 0.758™ 0.763 Pass
POC17 13.427°" 0.762* 0.801 Pass
POC18 12.746™ 0.671" 0.657 Pass
POC19 15.518™" 0.772™ 0.805 Pass
POC20 12.437 0.712™ 0.778 Pass
POC21 14.160™ 0.789™ 0.816 Pass
POC22 15.828™ 0.799™ 0.818 Pass




Table 17(continued)
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Cronbach's a if

Items t Pearson e deleted Result
POC23 13.458™ 0.771™ 0.750 Pass
POC24 14,987 0.786™ 0.835 Pass
POC25 11.299™ 0.665™ 0.801 Pass
POC26 10.125™ 0.654™ 0.809 Pass
POC27 11.993" 0.736™ 0.802 Pass
POC28 9.538™ 0.587" 0.724 Pass
POC29 14,552 0.792™ 0.783 Pass
POC30 12.925™ 0.738™ 0.762 Pass
POC31 15.080™ 0.798™ 0.821 Pass
POC32 14.745™ 0.783™ 0.819 Pass
POC33 9.534™ 0.542* 0.825 Delete
POC34 15.375™ 0.781™ 0.875 Pass
POC35 14.912™ 0.703™ 0.838 Pass
POC36 16.290™ 0.807" 0.751 Pass
POC37 15.601™ 0.777™ 0.826 Pass
POC38 11.377* 0.668™ 0.669 Pass
POC39 13.738™ 0.703™ 0.828 Pass
POC40 15.460™ 0.725™ 0.811 Pass
Criteria =3.000 =0.400

*=p<0.05"=p<0.01

From Table 17, all items have t-values greater than 9.0 and p-values less than

0.05, indicating high discrimination and strong discriminative ability. Four items have

Pearson correlation coefficients between 0.50 and 0.60, ten items between 0.60 and
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0.70, twenty-four items between 0.70 and 0.80, and two items between 0.80 and 0.90,
all with p-values less than 0.05. This suggests a moderate to high correlation between

most items and the total score.

Table 15 Reliability analysis of the Processes of Change Scale (POC-Scale) (n=300)

Dimensions Cronbach's Alpha Items
Self liberation 0.870 POC1, POC11, POC21, POC31
Helping relationships 0.865 POC2, POC12, POC22, POC32
Reinforcement management 0.791 POC3, POC13, POC23, POC33
Counter-conditioning 0.885 POC4, POC14, POC24, POC34
Stimulus control, 0.850 POCS5, POC15, POC25, POC35
Social liberation 0.823 POC6, POC16, POC26, POC36
Self reevaluation 0.853 POC7, POC17, POC27, POC37
Dramatic relief 0.756 POC8, POC18, POC28, POC38
Consciousness raising 0.851 POC9, POC19, POC29, POC39
Environmental reevaluation 0.838 POC11, POC20, POC30, POC40

From Table 18, the Cronbach's alpha is 0.870 for the "Self Liberation™ dimension,
0.865 for "Helping Relationships,” 0.791 for "Reinforcement Management,” 0.885 for
"Counter-Conditioning," 0.850 for "Stimulus Control," 0.823 for "Social Liberation,"
0.853 for "Self Reevaluation," 0.756 for “Dramatic Relief,” 0.851 for "Consciousness
Raising," and 0.838 for "Environmental Reevaluation."

It is particularly noteworthy that Table 18 shows that after deleting item POC33,
the scale's alpha increases to 0.825, which is higher than the pre-deletion value of
0.791. This suggests that the psychological variable measured by this item is not
consistent with the other items (POC3, POC13, POC23), and therefore, its deletion
should be considered.
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Finally, the items of the Adolescent Physical Exercise Stages of Change Scale
are determined as shown in Table 19.

Table 16 Corresponding items for measuring Processes of change(POC)

psychological variables

Dimensions

Items

Self liberation

Helping relationships

Reinforcement management

Counter-conditioning
Stimulus control
Social liberation
Self reevaluation

Dramatic relief

Consciousness raising

POC1, POC11, POC21, POC31
POC2, POC12, POC22, POC32
POC3, POC13, POC23
POC4, POC14, POC24, POC34
POCS5, POC15, POC25, POC35
POCG6, POC16, POC26, POC36
POC7, POC17, POC27, POC37
POCS8, POC18, POC28, POC38

POC9, POC19, POC29, POC39
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3. Validity Verification of the Self-Efficacy Scale (SE-Scale)

Table 17 Validity analysis of the Self-Efficacy Scale (SE-Scale) (n=300)

Items t Pearson related Cronbach's . if Result
item deleted
SE1 20.217" 0.820™ 0.871 Pass
SE?2 17.839™ 0.818™ 0.834 Pass
SE3 22.557™ 0.849™ 0.848 Pass
SE4 20.372™ 0.820™ 0.830 Pass
SE5 21.953™ 0.848™ 0.837 Pass
SE6 19.241™ 0.820™ 0.849 Pass
SE7 19.590™ 0.827™ 0.866 Pass
SE8 21.331™ 0.848™ 0.848 Pass
Criteria =3.000 =0.400

*=p<0.05"=p<001

From Table 20, it can be seen that all items have t-values greater than 17.0 and p-
values less than 0.05, indicating high discrimination and strong discriminative ability.
The Pearson correlation coefficients are greater than 0.80, with p-values less than 0.05,

indicating a high correlation between the items and the total score.
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Table 18 Reliability analysis of the Self-Efficacy Scale (SE-Scale) (n=300)

Dimensions Cronbach's Alpha Items
Exercise willingness 0.888 SE1, SE3, SE5, SE7
Exercise effort 0.875 SE2, SE4, SE6, SES8

Table 21 shows that the Cronbach's alpha for the 'Exercise Willingness'
dimension is 0.888 and 0.875 for the 'Exercise Effort' dimension. As indicated in
Table 20, the overall reliability coefficient of the scale decreases when any item is
removed, which suggests high internal consistency. The statistical values for each

item are satisfactory, and all items can be retained.



4. Validity Verification of the Physical Exercise Behavior Scale (PEB-Scale)
Table 19 Validity analysis of the Physical Exercise Behavior Scale (PEB-Scale)
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(n=300)
Items t Pearson related Cronbach's a if Result
item deleted
PEB1 18.59™ 0.78™ 0.95 Pass
PEB2 20.49™ 0.80™ 0.95 Pass
PEB3 17.34™ 0.75™ 0.95 Pass
PEB4 22.54™ 0.82" 0.95 Pass
PEB5 18.60™ 0.80™ 0.95 Pass
PEB6 17.92™ 0.81™ 0.95 Pass
PEB7 18.70™ 0.80™ 0.95 Pass
PEBS8 19.12™ 0.80™ 0.95 Pass
PEB9 19.25™ 0.79™ 0.95 Pass
PEB10 22.82™ 0.80™ 0.95 Pass
PEB11 20.33™ 0.82" 0.95 Pass
PEB12 20.30™ 0.79"™ 0.95 Pass
PEB13 21.82™ 0.83™" 0.95 Pass
PEB14 22.62™ 0.82 0.95 Pass
PEB15 19.70™ 0.80™" 0.95 Pass
Criteria =3.000 =0.400 0.95 Pass

"=p<0.05 " =p<0.01

From Table 22, it can be seen that all items have t-values greater than 18.50 and

p-values less than 0.05,-indicating high discrimination and strong discriminative

ability. The Pearson correlation coefficients are greater than 0.75, with p-values less

than 0.05, indicating a high correlation between the items and the total score.
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Table 20 Reliability analysis of the Physical Exercise Behavior Scale (PEB-Scale)
(n=300)

Dimensions Cronbach's Alpha

Physical Exercise Behavior 0.96

Table 23 shows that the Cronbach's alpha for the 'Physical Exercise Behavior'
dimension is 0.96. As indicated in Table 22, the overall reliability coefficient of the
scale decreases when any item is removed, which suggests high internal consistency.

The statistical values for each item are satisfactory, and all items can be retained.
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2. Phase 2: Extensive investigation

The primary aim is to verify the applicability of the Transtheoretical Model
(TTM) among Chinese adolescents, analyze the relationships between TTM structural
variables, predict the Stages of change(SOC), and the analysis flowchart is as follows
(Figure 5):

Phase 2 Analysis flow chart

Differences analysis of different groups in SOC 4’ Chi-square Test of

Independence
Difference analysis of DB, !’OC, and SE on " T-test
demographic variables : MANOVA
Difference analysis of DB, POC, and SE in SOC —P- MANOVA

Figure 5 Phase 2 analysis flow chart
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1. Descriptive Statistics of the Sample

Table 21 Frequency distribution of Stages of change(SOC)

Measured number Percent
Precontemplation 424 20.19%
Contemplation 559 26.62%
Preparation 220 10.48%
Action 634 30.19%
Maintenance 263 12.52%

n 2100

From Table 24, it can be seen that there are 424 individuals in the
Precontemplation stage, accounting for 20.19%; 559 individuals in the Contemplation
stage, accounting for 26.62%; 220 individuals in the Preparation stage, accounting for
10.48%; 634 individuals in the Action stage, accounting for 30.19%; and 263
individuals in the Maintenance stage, accounting for 12.52%.
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2. Analysis of gender, grade and Stages of change(SOC) differences
2.1 Analysis of gender differences in Stages of change(SOC)
Table 22 Analysis of gender differences in Stages of change(SOC) (n=2100)

SOC Male Female Total
Precontemplation n 162 262 424
percentage of SOC 38.2% 61.8% 100%
percentage of gender 16.4% 23.6% 20.2%
percentage of total 7.7% 12.5% 20.2%
AR -4.1 4.1
Contemplation n 231 328 559
percentage of SOC 41.3% 58.7% 100%
percentage of gender 23.4% 29.5% 26.6%
percentage of total 11.0% 15.6% 26.6%
AR -3.2 3.2
Preparation n 97 123 220
percentage of SOC 44.1% 55.9% 100%
percentage of gender 9.8% 11.1% 10.5%
percentage of total 4.6% 5.9% 10.5%
AR -0.9 0.9
Action n 310 324 634
percentage of SOC 48.9% 51.1% 100%
percentage of gender 31.4% 29.1% 30.2%
percentage of total 14.8% 15.4% 30.2%
AR 1.1 11
Maintenance n 188 75 263
percentage of SOC 71.5% 28.5% 100%
percentage of gender 19.0% 6.7% 12.5%
percentage of total 9.0% 3.6% 12.5%
AR 8.5 -8.5

From Table 25, it can be seen that in the Precontemplation stage, the number of
males is significantly lower than that of females, with an Adjusted Residual (AR)
value of 4.1. In the Contemplation stage, the number of males is also significantly
lower than females, with an AR value of 3.2. In the Preparation stage, the number of

males is lower than females, with an AR value of 0.9. In the Action stage, the number
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of males is higher than females, with an AR value of 1.1. Finally, in the Maintenance
stage, the number of males is significantly higher than females, with an AR value of

8.5.

Table 23 Analysis of significant differences between gender and Stages of

change(SOC) (n=2100)

Variable v df p

Gender & SOC 85.32 4 0.001™

*=p<0.05""=p<001
Table 26 shows that the chi-square test results, ¥>=85.362, with a significance p-
value of 0.000 (less than 0.05), reach a significant level. This indicates significant

differences between gender groups in the Stages of change(SOC).
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2.2 Analysis of grade differences in Stages of change (SOC)
Table 24 Analysis of grade differences in Stages of change (SOC) (n=2100)

SOC JHS HS Total
Precontemplation n 197 227 424
percentage of SOC 46.5% 53.5% 100%
percentage of gender 18.4% 22.1% 20.2%
percentage of total 9.4% 10.8% 20.2%
AR -2.1 2.1
Contemplation n 279 280 559
percentage of SOC 49.9% 50.1% 100%
percentage of gender 26.0% 27.2% 26.6%
percentage of total 13.3% 13.3% 26.6%
AR -0.6 0.6
Preparation n 108 112 220
percentage of SOC 49.1% 50.9% 100%
percentage of gender 10.1% 10.9% 10.5%
percentage of total 5.1% 5.3% 10.5%
AR -0.6 0.6
Action n 377 257 634
percentage of SOC 59.5% 40.5% 100%
percentage of gender 35.2% 25.0% 30.2%
percentage of total 18.0% 12.2% 30.2%
AR 5.1 -5.1
Maintenance n 111 152 263
percentage of SOC 42.2% 57.8% 100%
percentage of gender 10.4% 14.8% 12.5%
percentage of total 5.3% 7.2% 12.5%
AR 3.1 31

Note: JHS=Junior High School, HS=High School

From Table 27, it can be seen that in the Precontemplation stage, the number of
JHS participants is significantly lower than HS participants, with an Adjusted
Residual (AR) value of 2.1. In the Contemplation stage, JHS is significantly lower
than HS, with an AR value of 0.6. In the Preparation stage, JHS is lower than HS,
with an AR value of 0.6. In the Action stage, JHS is higher than HS, with an AR value
of 5.1. Finally, in the Maintenance stage, JHS is significantly lower than HS, with an
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AR value of 3.1.

Table 25 Analysis of significant differences between grade and Stages of change

(SOC) (n=2100)

Variable v df p

Grade & SOC 30.393 4 0.001™

*=p<0.05""=p<0.01

Table 28 shows that the chi-square test results, ¥*=30.393, with a significance p-
value of 0.000 (less than 0.05), reach a significant level. This indicates significant

differences between grade level groups in the Stages of change (SOC).
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3. Difference analysis of Decisional balance(DB), Processes of change(POC) and
Self efficacy(SE) in demographic variables
3.1 Analysis of differences in gender and Decisional balance(DB), Processes of

change(POC), and Self efficacy(SE)

Table 26 Analysis of differences in gender and Decisional balance(DB), Processes of

change(POC), and Self efficacy(SE) Total Score

Variable Gender n Total Score SD t p
DB Male 988 27.34 4.25 2.207 0.001*"
Female 1112 26.97 3.45
POC Male 988 152.91 21.79 5.672 0.001*"
Female 1112 147.77 19.41
SE Male 988 30.10 5.21 9.944 0.001™
Female 1112 27.89 497

*=p<0.05"=p<001

From Table 29, significant gender differences were found in three dependent
variables: "DB," "POC," and "SE." Males had significantly higher scores than females
in all three variables, with t-values of 2.207 (DB), 5.672 (POC), and 9.944 (SE) (p <
0.05).



81

3.2 Analysis of differences in grade and Decisional balance (DB), Processes of

change (POC), and Self efficacy(SE)

Table 27 Analysis of differences in grade and Decisional balance (DB), Processes of

change (POC), and Self efficacy (SE) Total Score

Variable Grade n Total Score SD t p
DB JHS 1072 26.57 3.36 -7.034™ 0.001™
HS 1028 27.74 4.22
POC JHS 1072 148.98 19.53 -2.730 0.001™
HS 1028 151.45 21.83
SE JHS 1072 28.58 4.98 -3.082 0.001™
HS 1028 29.28 5.40

Note: JHS=Junior High School, HS=High School
*=p<0.05"=p<0.01
From Table 30, significant differences were found between grade levels for the
dependent variables "DB," "POC," and "SE." High school (HS) students consistently
scored higher than junior high school (JHS) students. The t-values were -7.034 (DB),
-2.730 (POC), and -3.082 (SE), all with p-values less than 0.05.



82

3.3 Analysis of differences in Number of exercise (NOE) and Decisional balance

(DB), Processes of change(POC), and Self efficacy(SE)

Table 28 Analysis of Differences in Decisional Balance (DB), Processes of Change
(POC), Self-Efficacy (SE) Total Score, and Number of Exercise (NOE) (n=2100)

Variables NOE Group n Total Score SD
DB 0 exercises 86 25.523 5.068
1-2 exercises 713 27.320 3.744
3-5 exercises 837 26.968 3.204
More than 5 exercises 464 27.650 4.657
POC 0 exercises 86 132.988 22.718
1-2 exercises 713 145.425 19.210
3-5 exercises 837 150.617 18.015
More than 5 exercises 464 159.941 22.647
SE 0 exercises 86 23.616 5.526
1-2 exercises 713 27.433 4.935
3-5 exercises 837 29.301 4.435
More than 5 exercises 464 31.556 5.338

From Table 31, the distribution of participants is as follows: 86 individuals
reported exercising 0 times per week, 713 reported exercising 1-2 times per week, 837
reported exercising 3-5 times per week, and 86 reported exercising more than 5 times

per week.
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Table 29 Analysis of differences in NOE and Decisional balance (DB), Processes of
change(POC), and Self efficacy(SE) (n=2100)

Source of /. iable SS df MS F 0
variation
NOE DB 375.985 3 125.328 852 0.001"
POC 85914582 3 28638.194 73.61 0.001"*
SE 7340.303 3 2446.768 103.43 0.001"*
Error DB 30800363 2096 14.695
POC 815432311 . 2096 389.042
SE 49582.095 2096 23.656
*=p<0.05"=p<0.01

From Table 32, the multivariate tests show F-values of 8.52, 73.612, and 103.43
for the three dependent variables, all with p-values less than 0.05, indicating

significance. This suggests that among the four NOE groups, at least one dependent

variable has a significantly different mean.
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Table 30 Group comparison of NOE in Decisional balance (DB), Processes of change
(POC), and Self efficacy (SE)

) ] ] ) More than 5
Variable Group 0 exercises 1-2 exercises 3-5 exercises .
exercises
DB 0 exercises -- (-1.70) 0.001"  (-1.44) 0.001™ (-2.12) 0.001™
1-2 exercises - (1.70) 0.001*" - (0.26) 0.61 (-0.42) 0.33
3-5 exercises  (1.44) 0.001™ (-0.26) 0.61 -- (-0.68) 0.02"
More than 5 £ .
| (2.12) 0.001 (0.42) 0.33 (0.68) 0.02 --
exercises
POC 0 exercises -- (-12.43) 0.001™ (-17.62) 0.001™" (-26.95) 0.001™"
1-2 exercises  (12.43) 0.001™ -- (-5.19) 0.001™  (-14.51) 0.001™
3-5exercises  (17.62) 0.001™  (5.19) 0.001™ -- (-9.32) 0.001™
More than 5 - " "
) (26.95) 0.001 (14.51) 0.001 (9.32) 0.001 --
exercises
SE 0 exercises -- (-3.81) 0.001™  (-5.68) 0.001™  (-7.93) 0.001™

1-2 exercises
3-5 exercises
More than 5

exercises

(3.81) 0.001
(5.68) 0.001

(7.93) 0.001™*

(1.86) 0.001™

(4.12) 0.001™

(-1.86) 0.001™

(2.25) 0.001**

(-4.12) 0.001™*
(-2.25) 0.001™

*=p<0.05"=p<001

Post-hoc comparisons from Table 33 indicate the following:

For "Decisional balance(DB)," More than 5 exercises scored higher than 0

exercises and 3-5 exercises, and 1-2 exercises scored higher than 0 exercises.

For "Processes of change(POC)," More than 5 exercises scored higher than 0

exercises, 1-2 exercises, and 3-5 exercises, while 3-5 exercises scored higher than 0

exercises and 1-2 exercises.

For "Self efficacy(SE)," More than 5 exercises scored higher than 0 exercises, 1-

2 exercises, and 3-5 exercises, with 3-5 exercises scoring higher than 0-exercises and

1-2 exercises.
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4. Analysis of differences in Stages of change (SOC) and Decisional balance(DB),
Processes of change(POC), and Self efficacy(SE)

Table 31 Total Score, Standard Deviation of Stages of change (SOC) in Decisional
balance (DB), Processes of change(POC), and Self efficacy(SE) (n=2100)

Variable Population n Total Score SD
DB Precontemplation 424 26.344 3.886
Contemplation 559 27.490 3.664
Preparation 220 27.977 3.480
Action 634 26.799 3.269
Maintenance 263 27.870 5.231
POC Precontemplation 424 135.832 20.973
Contemplation 559 149.284 17.390
Preparation 220 154.663 17.439
Action 634 152.635 16.972
Maintenance 263 165.646 23.007
SE Precontemplation 424 25.082 5.300
Contemplation 559 28.554 4.432
Preparation 220 30.127 4.262
Action 634 29.755 4.292
Maintenance 263 32.958 5.192

According to Table 34, there are 424 individuals in the Precontemplation stage,
559 in the Contemplation stage, 220 in the Preparation stage, 634 in the Action stage,

and 263 in the Maintenance stage.



86

Table 32 Analysis of differences in Stages of change(SOC) and Decisional
balance(DB), Processes of change(POC), and Self efficacy(SE) (n=2100)

Sou_rce_z of Variable SS df MS = 0
variation Name
SOC DB 740.87 4 176.21 12.11 0.001™
POC 158885.95 4 39721.48 112.08 0.001™
SE 11370.11 4 2842.53 130.73 0.001™
Error DB 14.545 2095 14.54
POC 354.39 2095 354.39
SE 21.74 2095 21.74
*=p<0.05"=p<0.01

From Table 35, it can be observed that the multivariate tests show F-values of
12.116, 112.082, and 103.731 for the three dependent variables, all with p-values less
than 0.05, indicating statistical significance. This suggests that among the five SOC

groups, at least one dependent variable has a significantly different mean.
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Table 33 Group comparison of Stages of change (SOC) in Decisional balance (DB),
Processes of change(POC), and Self efficacy(SE) (n=2100)

Variable Group Precontemplation.  Contemplation Preparation Action Maintenance
DB Precontemplation -- (-1.14) 0.001™ (-1.63) 0.001™ (-0.45) 0.46 (-1.52) 0.001™
Contemplation (1.14) 0.001™ = (-0.48) 0.63 (0.69) 0.04" (-0.38) 0.77
Preparation (1.63) 0.001™ (0.48) 0.63 -- (1.17) 0.001™ (0.10) 0.99
Action (0.45) 0.46 (-0.69) 0.04" (-1.17) 0.001™ -- (-1.07) 0.001™
Maintenance (1.52) 0.001™ (0.38) 0.77 (-0.10) 0.99 (1.07) 0.001™ -
POC Precontemplation - (-13.45) 0.001™  (-18.83) 0.001™  (-16.80)0.001™  (-29.81)0.001™
Contemplation (13.45) 0.001™ -- (-5.37) 0.01" (-3.35) 0.05 (-16.36)0.001™
Preparation (18.83) 0.001™ (5.37) 0.01" - (2.02) 0.75 (-10.98)0.001"™
Action (16.80) 0.001™ (3.35) 0.05 (-2.02) 0.75 -- (-13.01)0.001™
Maintenance (29.81) 0.001™ (16.36)0.001™ (-10.98)0.001"" (13.01)0.001™ --
SE Precontemplation -- (-3.47) 0.001™ (-5.04) 0.001™  (-4.67)0.001™  (-7.87) 0.001™
Contemplation (3.47) 0.001™ -- (-1.57) 0.001™ (-1.20) 0.001™ (-4.40) 0.001™
Preparation (5.04) 0.001™ (1.57) 0.001™ -- (0.37) 0.90 (-2.83) 0.001™
Action (4.67) 0.001" (1.20) 0.001™ (-0.37) 0.90 -- (-3.20) 0.001™
Maintenance (7.87) 0.0017™ (4.40) 0.001™ (2.83) 0.001™ (-3.20) 0.001™ --

*=p<0.05"=p<001

Post-hoc comparisons from Table 36 reveal:

For "Decisional balance (DB)": Maintenance is greater than Action and

Precontemplation, Preparation is greater than Action and Precontemplation, and

Contemplation is greater than Precontemplation.

For "Processes of change (POC)": Maintenance is greater than all other groups,

Action 1S

Contemplation and Precontemplation.

greater  than Precontemplation,

and Preparation

is greater than

For "Self-efficacy(SE)": Maintenance is greater than all other groups, Action is

greater than Precontemplation, and Preparation is greater than Contemplation and

Precontemplation.
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3. Phase 3: Experimental research

A 12-week intervention study was conducted using Transtheoretical Model
(TTM) to examine adolescent physical exercise behavior. The primary objective was
to determine whether the Transtheoretical Model (TTM)-based intervention could
improve the participants’ Stages of Change (SOC) and evaluate its impact on the
participants' Processes of Change (POC) and Self-Efficacy (SE). The flowchart
detailing the analysis process is shown in Figure 6.

Phase 3 Analysis flow chart

Comparison analysis of the pre-test and post-test Physical ; : y
Exercise Behavior(PEB) in the Control Group Paired samples t-test
Comparison analysis of the pre-test and post-test Physical :
S 4 A ———» =
Exercise Behavior(PEB) in the Experimental Group Paired samples t-test

l

Comparison analysis of the post-test Physical Exercise : :
Behavior(PEB) between the Experimental Group and the | ———— Independent samples t-test
Control Group : :

‘

Comparison analysis of the pre-test and post-test DB, POC,

—h 1 -
SE in the Control Group Paired samples t-test
Comparison analysis of the pre-test and post-test DB, POC, Paired samples t-test

SE in the Experimental Group

Comparison analysis of the DB, POC, SE between the
Experimental Group and the Control Group

Figure 6 Phase 3 analysis flow chart
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1. Experimental plan consistency check

The TTM intervention program in this study was conducted over 12 weeks, with
one 60-minute session per week. The program followed the "Experimental
Intervention Plan for TTM Group" (Appendix F), which included:

Knowledge Talk: This segment focused on explaining physical exercise
knowledge, emphasizing how individuals can seek information on exercise. The goal
was to help participants understand the benefits of physical exercise and the risks of
inactivity. For example, exercise-related videos were shown, and exercise guidance
manuals were distributed to provide a more intuitive understanding of physical
activity.

Experience Sharing: This involved using experience-sharing and discussion
methods to promote psychological development. Participants shared their experiences
and skills related to physical exercise.

Exercise Record: Participants kept a weekly record of their daily routines,
including work and rest, to help them evaluate their time management. This reflection
was intended to guide them in planning and setting goals for physical exercise.

Prior to the TTM experimental study, seven experts from the fields of
psychology, sports psychology, education, and school sports evaluated the TTM
intervention program. They used the Item-Objective Consistency (IOC) index to
assess and confirm the validity of the questionnaire content. The experts scored each
item on a scale from 1 to -1, where 1 indicated "obvious measurability,” 0 indicated
"unclear measurement content,” and -1 indicated "obvious non-measurability." The
consistent results from the experts confirmed that the TTM intervention program
designed for this study can effectively address the target objectives (Appendix G).
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2. Comparative analysis of Physical Exercise Behavior (PEB)
2.1 Comparison analysis of the pre-test and post-test Physical Exercise Behavior
(PEB) in the Control Group

Table 34 Comparison analysis of the pre-test and post-test Physical Exercise Behavior
(PEB) in the Control Group (n=50)

y . . — Level
Physical Exercise Behavior(PEB) X SD Exercise

%nei(he;ccl(s)il ﬁ;i%t;he sports facilities at school or pre-test 284 1.8 Sometimes
post-test 3.28 0.95 Sometimes

I do strength training or endurance exercises to

improve my fitness, pre-test 2.54 1.20 Rarely

post-test 3.14 0.93 Sometimes

I exercise with my friends. pre-test 3.30 1.07 Sometimes
post-test 3.82 0.85 Often

I participate in sports with my family. pre-test 2.46 0.89 Rarely
post-test 2.64 0.83 Sometimes

I regularly create and follow my exercise plan. pre-test 2.08 1.24 Rarely
post-test 2.98 1.04 Sometimes

I do stretching or flexibility exercises every day. pre-test 2.82 1.04 Sometimes

post-test 3.40 0.86 Sometimes
I engage in fegul.ar aerobic exercises (such as pralest 286 196 Sometimes
running, swimming, etc.) to stay healthy.

post-test 3.58 0.91 Often

 pariipate sl sports such as asketball e o 274 | 123 Sometimes
post-test 3.48 0.81 Sometimes
I use social media to learn new exercise methods

. pre-test 2.88 1.08 Sometimes
or techniques.

post-test 3.66 0.90 Often

I schedule fixed exercise times during the week: pre-test 2.84 1.22 Sometimes
post-test 3.76 0.77 Often

I participate in health- and sports-related events L 260 0.97 Rarely

or competitions.
post-test 3.38 0.70 Sometimes
I engage in outdoor sports on weekends or

o pre-test 2.50 1.02 Rarely
post-test 2.98 0.89 Sometimes
I try new types of sports. pre-test 2.44 1.07 Rarely
post-test 3.40 0.81 Sometimes
I continue to exercise even when [ am busy. pre-test 2.24 1.02 Rarely

post-test 2.86 0.86 Sometimes
T use walklpg or cycling as a form of daily pre-test 282 108 Sometimes
transportation to stay active.

post-test 3.80 0.67 Often
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As shown in Table 37, in the Control Group, physical exercise frequency
increased across all activities, with significant gains in aerobic exercise, exercising
with friends, learning new sports via social media, and staying active through walking
or cycling, reaching "often exercise" levels. However, improvements in strength
training, family involvement, and exercising during busy periods were modest and
remained low. This suggests that while natural improvements occurred due to
resource availability and environmental changes, some behaviors may need additional

support or long-term interventions for greater impact.
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Table 35 Difference Analysis of the pre-test and post-test Physical Exercise Behavior

(PEB) in the Control Group (n=50)

Physical Exercise Behavior(PEB) X SD t p

i :I)liqenrlcuilsl?t;l.sing the sports facilities at school or in the pre-test 2.84 1.28

post-test 3.28 095 5.09 0.001™
Lg]o f?;[Irleerslsg'th training or endurance exercises to improve pre-test 254 1.20

post-test 3.14 093 6.64 0.001™
I exercise with my friends. pre-test 3.30 1.07

post-test 3.82 0.85 5.20 0.001™
I participate in sports with my family. pre-test 2.46 0.89

post-test 2.64 0.83 291 0.001™
I regularly create and follow my exercise plan. pre-test 2.08 1.24

post-test 2.98 1.04 9.84 0.001™
I do stretching or flexibility exercises every day. pre-test 2.82 1.04

post-test 3.40 0.86 6.73 0.001™
s s s | ey 20 126

post-test 358 091 7.95 0.001"
igﬁret;ilglitz t1(1:1.)s.ch001 sports (such as basketball, soccer, pre-test 274 1.23

post-test 3.48 0.81 6.51 0.001™
Ieli;en f((l)séz;l media to learn new exercise methods or pre-test 288 1.08

post-test 3.66 0.90 8.13 0.001™
I schedule fixed exercise times during the week. pre-test 2.84 1.22

post-test 3.76 0.77 8.09 0.001™
i (;));rrt);li;t)ie:)ti;n health- and sports-related events or pre-test 2,60 0.97

post-test 3.38 0.70 7.49 0.001™
I engage in outdoor sports on weekends or holidays. pre-test 2.50 1.02

post-test 2.98 0.89 525 0.001™
I try new types of sports. pre-test 2.44 1.07

post-test 3.40 0.81 899 0.001"
I continue to exercise even when I am busy. pre-test 2.24 1.02

post-test 2.86 0.86 6.90 0.001™
iou:fa}\ivzlcliilseg. or cycling as a form of daily transportation pre-test 282 1.08

post-test ~ 3.80 ~ 0.67. 7.98 0.001"

“=p<0.05 " =p<0.01

As shown in Table 38, all 15 items displayed significant differences (p < 0.01),

indicating changes in Physical Exercise Behavior (PEB) in the Control Group without

intervention. Exercise behaviors, such as using school or community facilities (t =

5.09, p = 0.00) and aerobic activities (t = 7.95, p = 0.00), significantly increased.

There were also improvements in setting exercise plans (t = 9.84, p = 0.00) and
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scheduling weekly exercise (t = 8.09, p = 0.00). These findings suggest that the
Control Group increased PEB, likely due to accessible resources or natural changes.

However, family involvement, tho ificant (t =2.91, p = 0.01), had a limited
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2.2 Comparison analysis of the pre-test and post-test Physical Exercise Behavior

(PEB) in the Experimental Group

Table 36 Comparison analysis of the pre-test and post-test Physical Exercise Behavior

(PEB) in the Experimental Group (n=50)

Physical Exercise Behavior(PEB) X SD Exercise
I exercise us.ing the sports facilities at school or in pre-test 284 198 Sometimes
the community.
post-test 3.28 095  Sometimes
1 do strength training or endurance exercises to pre-test 254 120 Rarely
improve my fitness.
post-test 3.14 093  Sometimes
I exercise with my friends. pre-test 330 107  Sometimes
post-test 3.82 0.85 Often
I participate in sports with my family. pre-test 2.46 0.89 Rarely
post-test 264 0.83  Sometimes
I regularly create and follow my exercise plan. pre-test 2.08 1.24 Rarely
post-test 298 1.04  Sometimes
I do stretching or flexibility exercises every day. pre-test 2.82 1.04 Sometimes
post-test 3.40 0.86 Sometimes
I engage in Fegul.ar aerobic exercises (such as pre-test 286 126 Sometimes
running, swimming, etc.) to stay healthy.
post-test 3.58 0.91 Often
I participate in school sports (such as basketball, pre-test 274 123 Sometimes
soccer, volleyball, etc.).
post-test 3.48 0.81 Often
L use §ocial media to learn new exercise methods or pre-test 288 108 Sometimes
techniques.
post-test 3.66 0.90 Often
I schedule fixed exercise times during the week. pre-test 2.84 1.22 Sometimes
post-test 3.76 0.77 Often
I partici‘p'ate in health- and sports-related events or o 260 0.97 Rarely
competitions.
post-test 3.38 -~ 0.70  Sometimes
I engage in outdoor sports on weekends or holidays. pre-test 2.50 1.02 Rarely
post-test 2.98 0.89 Sometimes
I try new types of sports. pre-test 244 1.07 Rarely
post-test 3.40 0.81 - Sometimes
I continue to exercise even when I am busy. pre-test 2.24 - 1.02 Rarely
post-test 286 0.86  Sometimes
T use walkipg or cycling asa form of daily st 282 1.08 Sometimes
transportation to stay active.
post-test 3.80 0.67 Often

As shown in Table 39, in the Experimental Group, exercise behaviors improved,

with significant gains in aerobic exercise, exercising with friends, learning through
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social media, and staying active, reaching the "Often exercise" level. Strength
training, family involvement, and = weekend outdoor activities saw smaller
improvements, remaining at "Sometimes" or "Rarely" levels. Overall, the intervention
boosted self-planning and social media-based learning, though some behaviors may

need more support or extended intervention for further progress.
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Table 37 Difference Analysis of the pre-test and post-test Physical Exercise Behavior

(PEB) in the Experimental Group (n=50)

Physical Exercise Behavior(PEB) X SD t p

.I exercise using the sports facilities at school or —— 284 1.8
in the community.

post-test 3.28 095 509 0.001™
1 do strength training or endurance exercises to pre-test 254 1.20
improve my fitness.

post-test 3.14 093 6.64 0.001™
I exercise with my friends. pre-test 3.30 1.07

post-test 3.82 0.85 520 0.001™
I participate in sports with my family. pre-test 2.46 0.89

post-test 2.64 083 2091 0.01"
I regularly create and follow my exercise plan. pre-test 2.08 1.24

post-test 2.98 1.04 6.73 0.001™
I do stretching or flexibility exercises every day.  pre-test 2.82 1.04

post-test 3.40 0.86 7.95 0.001™
I engage in ?egul.ar aerobic exercises (such as pre-test 286 126
running, swimming, etc.) to stay healthy.

post-test 3.58 091 6.51  0.001™
I participate in school sports (such as basketball, pre-test 274 123
soccer, volleyball, etc.).

post-test 3.48 0.81 813  0.001™
I use social media to learn new exercise
methods or techniques. Prongst 2.88 08

post-test 3.66 0.90 8.9 0.001™
I schedule fixed exercise times during the week.  pre-test 2.84 1.22

post-test 3.76 0.77 7.49  0.001™
I participa.tei in health- and sports-related events pre-test 260 097
or competitions.

post-test 3.38 070 749  0.001™
I engage in outdoor sports on weekends or - 250 1.02
holidays.

post-test 2.98 0.89 525 0.001™
I try new types of sports. pre-test 2.44 1.07

post-test 3.40 0.81 899 0.001
I continue to exercise even when | am busy. pre-test 2.24 1.02

post-test 2.86 0.86 6.90 0.001™
L use walkipg or cycling as a form of daily pre-test 282 108
transportation to stay active.

post-test 3.80 0.67 7.98  0.001™

*=p<0.05"=p<001

Table 40 shows significant improvements in the Experimental Group (n = 50)

after the intervention, with all items showing differences between pre- and post-tests

(p < 0.01). Notable gains were seen in setting and following exercise plans (t =6.73, p
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= 0.00) and scheduling regular exercise (t = 7.49, p = 0.00). The group also improved
in learning exercise methods via social media (t = 8.13, p = 0.00) and trying new
sports (t = 8.99, p = 0.00). While the intervention enhanced self-planning and diverse
sports participation, changes in family involvement (t = 2.91, p = 0.01) remained

limited, likely due to external factors.
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2.3 Comparison analysis of the Physical Exercise Behavior (PEB) between the

Experimental Group and the Control Group

Table 38 Comparison analysis of the Physical Exercise Behavior (PEB) between the
Experimental Group and the Control Group (n=100)

Physical Exercise Behavior(PEB) X SD EI;:;’C?ISG
fenercise ing he sports cilesat schoolor = Gontrol Group 312 124 Sometime
Experimental Group 3.28 0.95 Sometime
}n‘igritiznfgl glr;‘llél;:g f endurance exercises to Control Group 290 107  Sometime
Experimental Group 3.14 0.93 Sometime
I exercise with my friends. Control Group 3.50 0.93 Sometime
Experimental Group 3.82 0.85 Often
I participate in sports with my family. Control Group 2.56 0.81 Sometime
Experimental Group 2.64 0.83 Sometime
I regularly create and follow my exercise plan. Control Group 2.28 1.20
Experimental Group 2.98 1.04 Sometime
I do stretching or flexibility exercises every day. Control Group 2.88 0.92 Sometime
Experimental Group 3.40 0.86 Sometime
Lf;’rﬁigg‘j ;‘;fff;ﬁ;azrt‘c’b)‘ioe:tzrycfee:lg‘;c}l 9 Control Group 310 1.17  Sometime
Experimental Group 3.58 0.91 Often
ig’jcrgffjffely‘;:ﬁh‘éﬁcl)Sp"“s (such as basketball, - control Group 244 107 Rarely
Experimental Group 3.48 0.81 Sometime
;ii;jggfi ?e’sgr‘i;s;:am flew exereise Control Group 3.04 111  Sometime
Experimental Group 3.66 0.90 Often
I schedule fixed exercise times during the week. Control Group 2.50 1.09 Rarely
Experimental Group 3.76 0.77 Often
Lfi:g;i?itg;ﬁs}_‘eahh' i SPREIEIIRY s Control Group 274 099  Sometime
Experimental Group 3.38 0.70 Sometime
Lglni(giz;g/:.m outdoor sports on weekends or Control Group 2,50 1.07 Rarely
Experimental Group 2.98 0.89 Sometime
I try new types of sports. Control Group 2.88 1.00 Sometime
Experimental Group 3.40 0.81 Sometime
I continue to exercise even when I'am busy. Control Group 2.36 1.03 Rarely
Experimental Group 2.86 0.86 Sometime
I:;f;;gi‘i;‘gi o Zf:yhzftf‘vsea form of daily Control Group 296 111  Sometime
Experimental Group 3.80 0.67 Often

1.00 - 1.50: Never exercise; 1.51 - 2.50: Rarely exercise

2.51 - 3.50: Sometimes exercise; 3.51 - 4.50: Often exercise
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4.51 - 5.00: Always exercise

As shown in Table 41, The Experimental Group showed better performance than
the Control Group in most exercise behaviors, particularly in exercising with friends,
learning through social media, regular workouts, and aerobic activities, reaching
"Often exercise™ levels. This suggests the intervention effectively promoted self-
planning and diverse exercise habits. However, strength training, family involvement,
and weekend outdoor activities saw less improvement, indicating a need for more

external support or long-term intervention.
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Table 39 Difference Analysis of the Physical Exercise Behavior (PEB) between the
Experimental Group and the Control Group (n=100)

Physical Exercise Behavior(PEB) X SD t p

I exercise using the sports facilities at school or
in the community. Control Group 3.12 1.24

Experimental Group  3.28 095 073 047
I do strength training or endurance exercises to
improve my fitness. Control Group 2.90 1.07

Experimental Group  3.14 093 120 0.23
I exercise with my friends. Control Group 3.50 0.93

Experimental Group 3.82 085 180 0.08
I participate in sports with my family. Control Group 2.56 0.81

Experimental Group  2.64 083 049 0.63
I regularly create and follow my exercise plan. Control Group 2.28 1.20

Experimental Group 2.98 1.04 312 0.001™
I do stretching or flexibility exercises every day. Control Group 2.88 0.92

Experimental Group 3.40 0.86 293 0.001™
I engage in regular aerobic exercises (such as
running, swimming, etc.) to stay healthy. Control Group 3.10 117

Experimental Group 358 091 230 0.02°
I participate in school sports (such as basketball,
soccer, volleyball, etc.). Control Group 244 1.07

Experimental Group 3.48 0.81 546 0.001™
I use social media to learn new exercise methods
or techniques. Control Group 3.04 1.11

Experimental Group 3.66 = 0.90  3.08 0.001™
I schedule fixed exercise times during the week. Control Group 2.50 1.09

Experimental Group 3.76 ~ 0.77 6.66 0.001™
I participate in health- and sports-related events
or competitions! Control Group 2.74 0.99

Experimental Group 3.38 = 0.70  3.75 0.001™
I engage in outdoor sports on weekends or
holidays. Control Group 2.50 1.07

Experimental Group 298  0.89 243 0.02°
I try new types of sports. Control Group 2.88 1.00

Experimental Group 3.40 081  2.86 0.001™
I continue to exercise even when [ am busy. Control Group 2.36 1.03

Experimental Group ~ 2.86 086 265 0.01"
i use walkipg or cycling asa form of daily Control Group 206 1.11
ransportation to stay active.

Experimental Group 3.80  0.67 459 0.001"

“=p<0.05 " =p<0.0L

Table 42 shows that 11 items “in the post-test comparison

between the

Experimental and Control Groups displayed significant differences (p < 0.05 or p <

0.01). The Experimental Group particularly excelled in setting and following exercise

plans (t = 3.12, p = 0.00), participating in school sports (t = 5.46, p = 0.00), and

scheduling regular exercise (t = 6.66, p = 0.00), indicating a strong intervention effect.
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However, no significant differences were found in using facilities (t = 0.73, p = 0.47),
strength/endurance training (t = 1.20, p = 0.23), exercising with friends (t = 1.80, p =
0.08), or family involvement (t = 0.49, p = 0.63), suggesting these behaviors were
more influenced by external factors. Overall, while the Experimental Group
outperformed the Control Group in most areas, no significant differences were seen in

these specific behaviors.

3. Comparative analysis of psychological variables in exercise behavior
3.1 Analysis of differences in psychological variables between the pre- and post-

tests in the Control Group

Table 40 Comparison analysis of the pre-test and post-test Decisional balance (DB),
Processes of change (POC), Self-efficacy(SE) in the Control Group

Variables X SD t p
Decisional balance(DB) pre-test 28.46 3.73
post-test 29.72 4.22 1.63 0.10
Processes of change(POC) pre-test 146.38 17.08
post-test 153.94 17.69 3.82 0.001™
Self efficacy(SE) pre-test 27.54 6.08
post-test 29.66 5.86 2.68 0.01"

“=p<0.05 " =p<0.01

Table 43 shows that the pre- and post-test scores for the control group in
Decisional Balance (DB)did not exhibit a significant difference (t = 1.63, p = 0.10),
indicating no notable change in Decisional Balance during the experiment. In
contrast, the pre-test mean for Processes of Change (POC)was 146.38, which
increased to 153.94 in the post-test, a significant difference (t= 3.82, p = 0.00),
suggesting that even without intervention, the control group showed improvement in
Processes of Change. Additionally, the control group's Self-Efficacy(SE) pre-test
mean was 27.54, increasing to 29.66 in the post-test, a significant difference (t = 2.68,

p =0.01), indicating a notable improvement in Self-Efficacy during the experiment.
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3.2 Analysis of differences in psychological variables between the pre- and post-
tests in the Experimental Group

Table 41 Comparison analysis of the pre-test and post-test Decisional balance (DB),
Processes of change (POC), Self-efficacy(SE) in the Experimental Group

Variables X SD t p
Decisional balance(DB) pre-test 29.06 3.77
post-test 30.56 5.03 1.81 0.07
Processes of change(POC) pre-test 147.50 19.14
post-test 174.74 17.36 10.43  0.001™
Self efficacy(SE) pre-test 28.42 5.92
post-test 35.38 4.87 11.15  0.001™

*=p<0.05""=p<001

Table 44 shows that the pre-test mean for Processes of Change (POC) in the
experimental group was 147.50, which significantly increased to 174.74 in the post-
test (t = 10.43, p = 0.00), indicating that the TTM-based intervention had a substantial
positive impact on POC. Similarly, the pre-test mean for Self-Efficacy (SE) was
28.42, which increased to 35.38 in the post-test, showing a significant difference (t =
11.15, p = 0.00), demonstrating a marked improvement in SE after the 12-week
intervention. In contrast, the mean scores for Decisional Balance (DB) were 29.06 and
30.56 for the pre- and post-tests, respectively, but the difference did not reach
statistical significance (t = 1.81, p = 0.07), indicating limited change in DB for the

experimental group.
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3.3 Analysis of differences in psychological variables between the Experimental

Group and the Control Group

Table 42 Comparison analysis of the Decisional balance (DB), Processes of change
(POC), Selt-efficacy(SE) between the Experimental Group and the Control Group

Variables X SD t p
Decisional balance(DB) Control Group 29.72 4.22
Experimental Group 30.77 4.85 1.15 0.25
Processes of change(POC) Control Group 153.94 17.69
Experimental Group 174.74 17.36 593  0.001™
Self efficacy(SE) Control Group 29.66 5.86
Experimental Group 35.38 4.87 530 0.001™

*=p<0.05""=p<001

Table 45 shows the post-test results for the experimental and control groups,

indicating that the experimental group scored significantly higher than the control

group in both Processes of Change (POC) and Self-Efficacy (SE). Specifically, the

experimental group's POC score was 174.74, notably higher than the control group's

153.94, with a statistically significant difference (t = 5.93, p = 0.00), demonstrating

that the TTM intervention had a significant positive impact on the experimental

group's POC. In terms of SE, the experimental group scored 35.38, also significantly

higher than the control group's 29.66 (t = 5.30, p = 0.00). However, there was no

significant difference between the groups in Decisional Balance (DB) (t=1.15,p =

0.25), indicating no notable variation between the two groups on this variable.
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CHAPER V

CONCLUSIONS, DISCUSSIONS AND SUGGESTIONS

1. Conclusions

This study systematically investigated the psychological mechanisms underlying
adolescent exercise behavior through data analysis and experimental intervention,
while validating the effectiveness of the Transtheoretical Model (TTM). The
following conclusions summarize the main findings and provide important theoretical
and practical insights for future studies and applications.

First, a preliminary test involving 300 adolescents confirmed that the Adolescent
Physical Exercise Behavior Change Questionnaire (APEBCQ) is an effective and
reliable measurement scale. This validation provides a solid foundation for subsequent
large-scale data collection and analysis.

Second, based on a large-scale questionnaire survey involving 2,100 adolescents,
this study systematically analyzed the complex relationships between the structural
variables of the Transtheoretical Model (TTM). The results showed significant
correlations between stages of change (SOC) and decisional balance (DB), processes
of change (POC), and self-efficacy (SE) in adolescents. Specifically, as the stage of
change advances, POC and SE scores increase significantly, indicating a positive
correlation. Exercise frequency was also positively correlated with POC and SE,
suggesting that higher frequency leads to more positive psychological outcomes.
While the correlation with DB was significant, it did not show a clear directional
trend. Additionally, gender and grade had a significant impact on these psychological
variables, with male adolescents and higher-grade students outperforming their peers.
Therefore, these results highlight the importance of considering individual differences
in the development of effective intervention strategies. These findings highlight the
importance of accounting for individual differences in designing -effective
interventions and provide a basis for experimental intervention strategies.

Thirdly, the 12-week intervention experiment confirmed the positive impact of
the Transtheoretical Model (TTM) on adolescent Physical Exercise Behavior (PEB).

While the Control Group, which did not receive any intervention, still showed
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significant improvements in PEB—Iikely due to resource availability or
environmental changes—the Experimental Group exhibited more substantial gains.

These improvements were particularly evident in behaviors such as setting and
following exercise plans, scheduling regular workouts, learning new sports via social
media, and participating in diverse physical activities. This underscores the
effectiveness of the intervention in promoting self-planning and engagement in varied
sports activities. However, both groups showed limited progress in increasing family
involvement, indicating that this behavior may be more influenced by external factors
beyond the scope of the intervention. Comparisons between the Experimental and
Control Groups further demonstrated that the Experimental Group outperformed in
most exercise-related behaviors, though no significant differences were found in
aspects such as using facilities, strength training, exercising with friends, or family
involvement. These findings suggest that such behaviors may depend more heavily on
external support and resources. Additionally, the Experimental Group experienced
significant increases in Processes of Change (POC) and Self-Efficacy (SE),
highlighting the intervention's positive influence on these psychological variables. In
contrast, Decisional Balance (DB) did not show significant differences between the
groups, implying that DB might be more critical in the initial stages of behavior
change. Overall, these results emphasize the importance of personalized and sustained
interventions for achieving long-term success in behavior change. Therefore, the
intervention results emphasize the need for personalized, sustained strategies to
ensure long-term behavioral change success.

In conclusion, this study developed and validated the Adolescent Physical
Exercise Behavior Change. Questionnaire (APEBCQ), systematically analyzed the
interrelationships among the structural variables of the Transtheoretical Model
(TTM), and evaluated the impact of TTM-based interventions on adolescent exercise
behavior. The findings offer theoretical support and practical insights for applying
TTM in promoting adolescent physical activity. The findings offer theoretical support
and practical insights for applying TTM in promoting adolescent physical activity,
providing a foundation for future research to expand upon. Future research should

expand the sample size, explore its application across diverse populations and health
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behaviors, and develop diverse intervention strategies to further promote healthy

behaviors.

2. Discussions

"Insufficient physical activity" has long been a significant issue affecting the
physical and mental health of young people worldwide. The International Physical
Activity Guidelines recommend that adolescents engage in an average of 150 minutes
of moderate to vigorous physical activity per week (WHO, 2020). However, recent
studies have found that over 80% of adolescents fail to meet these physical activity
recommendations (WHO, 2022). The situation in China is equally alarming, with the
Eighth National Student Physical Fitness and Health Survey Report indicating that
only 23.8% of students aged 6 to 22 exhibit good physical fitness levels (Chinese
Ministry of Education, 2021). There is growing evidence linking insufficient exercise
to various health issues such as obesity, hypertension, cancer, and cardiovascular
diseases (Piercy, K. L., & Troiano, R. P., 2018). Clearly, the lack of physical activity
among adolescents is a global concern. In the field of behavioral science, the
Transtheoretical Model (TTM) is a widely recognized theory that effectively explains
and predicts individual exercise behavior. It has been validated across diverse
populations (Kim, Y., 2021; Kamran, A., 2023). Despite its broad application in
exercise behavior research, several challenges remain regarding the practical use of
TTM. First, TTM-related questionnaires are primarily developed in English, and
cultural differences may arise during translation. Although some scholars have
designed TTM questionnaires for college students, there is currently no version
tailored specifically for Chinese adolescents. Second, for adolescent populations, the
internal structural relationships within TTM require further exploration. Lastly, most
existing studies are cross-sectional in nature, lacking longitudinal experimental
research.

This study will address the aforementioned issues through three approaches.
First, it will develop a Chinese version of the "Adolescent Physical Exercise Behavior
Change Questionnaire (APEBCQ)" to provide a practical measurement tool for
studying adolescent exercise behavior. Second, a large-scale survey will be conducted

across 14 cities in Guangxi, China, to assess the current state of adolescent physical
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exercise and analyze the relationships between TTM structural variables. Third, TTM
will serve as the theoretical foundation for a detailed 12-week intervention program.
By comparing the outcomes of the Control Group with those of the TTM intervention
group, direct evidence supporting the effectiveness of TTM interventions will be

obtained.

Phase 1

In the first phase of this study, our primary goal was to develop and validate a
scale capable of effectively measuring the exercise behavior of Chinese adolescents.
During this phase, we conducted a series of item analyses, correlation analyses, and
reliability assessments to systematically evaluate the scale's metrics, ensuring its
scientific rigor and reliability as a valid measurement tool. The following section will
discuss the research process and key findings of this phase in detail.

In the first phase, the objective of the study was to develop and validate the
scale, ensuring it effectively measures the exercise behavior of Chinese adolescents.
During this phase, item analysis was conducted to assess the discrimination of the
items, Pearson correlation analysis was used to examine the relationship between
individual items and the total score, and reliability analysis was performed to evaluate
the consistency of the questionnaire. Through the measurement of 300 adolescents,
the validity of the APEBCQ was confirmed. The indicators of the Decisional Balance
(DB) Scale, Processes of Change (POC) Scale, and SE-Scale demonstrated good
discrimination, correlation, and internal consistency, meeting the criteria for a valid
measurement scale. Specifically, the two dimensions of the Decisional Balance (DB)
Scale (Positive factors and Negative factors) both showed strong discrimination and
internal consistency. Most items within the ten dimensions of the Processes of Change
(POC) Scale also ‘exhibited significant statistical characteristics; however, the validity
of item POC33 was low, suggesting it should be considered for removal in the final
version of the scale. The two dimensions of the Self-Efficacy (SE) Scale (Exercise

Willingness and Exercise Effort) also demonstrated high reliability.

Phase 2

In the second phase of this study, the aim was to analyze the internal structural
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relationships within the Transtheoretical Model (TTM) and identify key variables that
influence the Processes of Change (POC). By thoroughly examining the current state
of adolescent exercise behavior, gender and grade differences, and the relationship
between exercise frequency and related psychological variables, this phase provided
new insights into the complexity of adolescent exercise behavior and further validated
the applicability and effectiveness of TTM. The following section will discuss these
key findings in detail, along with their theoretical and practical implications.

Firstly, the current state of adolescent exercise behavior is concerning. The study
revealed that over half of the adolescents (57.3%) do not engage in regular exercise,
with only 42.7% participating in physical activities, and a mere 12.5% being in the
maintenance stage of exercise behavior. These findings differ from previous research.
For example, Fan Chong (2021) reported a higher proportion of adolescents with
hearing impairments in the action stage of exercise behavior. However, the school
environment and educational strategies for general adolescents and those with hearing
impairments differ significantly, making direct comparisons between the two groups
less meaningful. It is also important to note that, aside from the aforementioned study
on adolescents with hearing impairments, there have been no studies utilizing TTM to
investigate the exercise behavior of Chinese adolescents in the past five years. On the
other hand, some researchers have focused on the exercise behavior of Chinese
university students. For instance, Zheng Xiao (2019) found that the majority of
university students in Shanxi Province were in the contemplation and preparation
stages, with the fewest in the action and maintenance stages, and only 22% engaging
in regular exercise. Similarly, Jia Yunting (2018) reported that 40.5% of university
students in Yunnan Province engaged in physical activity. Adolescence is a critical
transition period into university life, and exercise habits formed during adolescence
can significantly  influence exercise behavior in university students. From this
perspective, the lack of exercise among university students may be linked to their
exercise behavior patterns during adolescence. In conclusion, this study underscores
the widespread insufficiency of exercise behavior among adolescents and highlights
the need for targeted interventions.

Secondly, this study revealed significant gender differences in exercise behavior

and related psychological variables. The results indicated that male adolescents
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outperformed female adolescents across all stages of exercise behavior and scored
significantly higher on psychological variables such as Decisional Balance (DB),
Processes of Change (POC), and Self-Efficacy (SE). This finding aligns with research
conducted on university student populations in various regions (YoungHo Kim, 2021;
Heontae Kim, 2021; Zheng Xiao, 2019; Guo Rui, 2018), suggesting that gender
differences may affect the stage distribution of exercise behavior and the levels of
related psychological variables among adolescents. A possible explanation for this is
that males generally exhibit stronger athletic abilities and a greater need for social
interaction, which may contribute to better performance in physical exercise behavior.
Future research should further investigate the underlying mechanisms of these gender
differences and develop targeted interventions to more effectively promote exercise
behavior among adolescents of different genders.

Thirdly, the analysis of grade differences revealed variations in the distribution
of Processes of Change (POC) among students from different grades. Although no
consistent pattern was observed, higher-grade students (high school) generally scored
higher on the Decisional Balance (DB), Processes of Change (POC), and Self-
Efficacy (SE) scales compared to lower-grade students (junior high). This suggests
that as adolescents grow older, their psychological maturity and understanding of
physical exercise may increase, which in turn influences their exercise behavior. This
finding implies that exercise interventions should be tailored to the developmental
characteristics of different grades in order to better support adolescents as they
transition through various stages of exercise behavior.

Fourthly, the Number of Exercises (NOE) was found to be significantly
correlated with Decisional Balance (DB), Processes of Change (POC), and Self-
Efficacy (SE). As NOE increased, individuals' scores on these psychological variables
also showed significant improvement. This finding suggests that increasing the
frequency of exercise can effectively enhance adolescents' POC and SE, which is
consistent with previous research (e.g., YoungHo Kim, 2021). Therefore, actively
encouraging and organizing more opportunities for adolescents to engage in physical
exercise can lead to positive changes in these psychological variables, thereby
promoting healthier exercise behavior.

Fifthly, significant differences were observed in Decisional Balance (DB),
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Processes of Change (POC), and Self-Efficacy (SE) across different Stages of Change
(SOC). Using SOC as the independent variable and DB, POC, and SE as dependent
variables, MANOVA analysis revealed significant main effects of the stages of
change. Multiple comparison analysis found no consistent differences among the
stages in the DB-Scale. However, in the POC-Scale and SE-Scale, groups that
engaged in exercise behavior scored significantly higher than those that did not,
indicating that the higher the stage of change, the higher the POC and SE. Studies on
university students' exercise behavior in various regions have also shown a positive
correlation between SOC and POC, SE (Guo Rui, 2018; Li Zhuo, 2017; Kien Ting
Liu, 2021). Thus, this study further validates the practicality and effectiveness of the
Transtheoretical Model (TTM). Also, Related studies have also identified these two
variables as key components in the process of exercise behavior change (YoungHo
Kim, 2021; Heontae Kim, 2021; Fan Chong, 2021; Yin Bo, 2009). Future research

should focus on investigating the importance of POC and SE within this model.

Phase 3

In the third phase of this study, we conducted a 12-week longitudinal experiment
to gather direct evidence validating the effectiveness of Transtheoretical Model
(TTM) interventions. Building on the findings from the previous phases, this phase
further explored the impact of TTM interventions on adolescent Physical Exercise
Behavior(PEB). The results showed that the intervention significantly improved
adolescents' self-planning abilities and their diverse participation in physical
activities. Additionally, the study analyzed the roles of key psychological constructs,
including Decisional Balance (DB), Processes of Change (POC), and Self-Efficacy
(SE), confirming the applicability of TTM. These insights provide valuable
understanding  of how structured interventions can effectively promote healthy
behavior patterns among adolescents.

First, the results showed no significant difference in the Processes of Change
(POC) for the Control Group between pre- and post-tests, while the Experimental
Group demonstrated significant improvement. This indicates that TTM interventions
effectively promoted progress in the stages of behavior change among adolescents.

This finding aligns with previous studies, such as Josyanne Lapointe's (2023), which
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also showed that TTM-based behavior change techniques successfully increased
physical activity levels in adults. In this study, TTM interventions not only improved
adolescents' self-planning abilities for physical exercise but also enhanced their
willingness to learn new sports through social media and participate in diverse
physical activities. However, improvements in strength training and family
involvement may require additional external support or longer-term interventions.
Therefore, future behavior change programs should focus more on personalized
interventions and resource availability to ensure broader behavior change and long-
term success.

Secondly, the Control Group showed no significant differences in Decisional
Balance (DB) between the pre- and post-tests. However, there were some minor
changes in Processes of Change (POC) and Self-Efficacy (SE) between the pre- and
post-tests, though these changes were minimal. This could be due to a measurement
reactivity effect associated with self-assessment (Konig et al., 2022), where the
measurement process itself influences behavior or intentions. For instance,
participants may become aware of their insufficient physical activity during the initial
assessment, which could prompt them to increase their exercise behavior or
intentions.

Thirdly, in the Experimental Group, there were no significant differences in
Decisional Balance (DB) between the pre- and post-tests, but there were very
significant changes in Processes of Change (POC) and Self-Efficacy (SE) between the
pre- and post-tests. These results indicate that the TTM intervention had a substantial
positive impact on adolescents' POC and SE. To further validate that the Experimental
Group showed more significant improvements compared to the Control Group, an
independent samples t-test was conducted. The results confirmed that the TTM
intervention significantly enhanced adolescents' POC and:SE, supporting previous
research that highlights self-efficacy as a powerful predictor of behavior change
(Romain, A. J., 2018; Jo, P., 2008).

In adolescent populations, TTM interventions have been proven effective,
significantly enhancing self-efficacy (SE) and the sustainability of healthy behaviors
(Asiyeh Pirzadeh, 2020; Marshall & Biddle, 2001). This study further validates the

theory, demonstrating that TTM interventions have a significant positive impact on
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adolescents' physical exercise behavior. Indeed, TTM interventions positively
influence POC and SE across various groups. For example, adults' POC improved
following the intervention (Josyanne Lapointe, 2023), and university students' SE
significantly increased post-intervention (Yin Bo, 2009). These studies highlight the
maturity and effectiveness of TTM-based experimental research.

In this study, goal-setting strategies and planning were used for the experimental
intervention, incorporating tools such as verbal communication, books, pictures, and
videos. These strategies likely contributed to the enhancement of adolescents' Self-
Efficacy (SE) and Processes of Change (POC). Kahar Abula (2018) suggested that
exercise guidelines could promote exercise intentions and improve exercise behavior
levels. Therefore, developing an exercise behavior guide or plan based on the
Transtheoretical Model (TTM) could be considered an effective strategy. When
designing exercise plans or guides for adolescents, special attention should be given
to POC and SE. Romain, A. J. (2018) emphasized that SE and POC are critical
constructs in TTM, particularly SE, which can effectively promote transitions through
the Stages of Change (SOC) when combined with POC. Vahedian, M., et al. (2013)
also identified SE as the most important factor in enhancing individual physical

activity levels.

3. Suggestions
Research Limitations

Although this study provides important theoretical and practical support for
understanding adolescent exercise behavior, there are still several limitations that
future research should address for improvement:

1. Limitations of the sample range

This study's sample was limited to adolescents from a specific region (Guangxi
Province, China), which may restrict the generalizability and external validity of the
results. Future research should expand the sample range to include adolescents from
different regions and cultural backgrounds to better validate the universality of the
findings.

2. Measurement reactivity effect

Participants may have been influenced by self-assessment when responding to
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the questionnaire, leading to potential bias in the changes of psychological variables.
Future research should consider using more objective measurement tools (such as
activity trackers) and controlling for potential confounding factors to improve the
accuracy of the results.

3. Insufficient control group setup

This study included only a Control Group and an Experimental Group, lacking
other intervention Control Groups (such as an exercise prescription group or social
support group). Future research should incorporate more types of intervention Control
Groups to comprehensively analyze the relative effectiveness of different intervention
methods and optimize the TTM intervention approach.

4. Lack of long-term follow-up

The intervention effects in this study were primarily based on short-term data (12
weeks), making it difficult to assess long-term outcomes and sustainability. Future
research should incorporate a long-term follow-up design to evaluate the effectiveness
of the intervention over an extended period and explore the potential mechanisms and

long-term impacts of TTM interventions.

Suggestions for applying research

1. Development of an Adolescent Exercise Behavior Intervention Manual

Based on the significant correlations between Processes of Change (POC), Self-
Efficacy (SE), and Stages of Change (SOC), it is recommended to develop an
intervention manual specifically targeted at improving exercise behavior among
adolescents aged 13-17. This manual aims_to effectively enhance self-efficacy and
facilitate behavioral change in physical activity. The intervention manual should
include scientifically grounded exercise recommendations, practical strategies for
creating personalized exercise plans, and methods to boost self-efficacy, such as
gradual goal-setting, positive self-talk, and emphasizing the importance of social
support. This manual can be widely applied in schools, communities, and families to
help adolescents establish and maintain regular exercise habits, thereby improving
both their physical health and psychological well-being.

2. Introduction of multidimensional psychological support

Research indicates that POC and SE play a crucial role across different stages of
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change. Therefore, it is recommended to integrate multidimensional psychological
support—such as motivation mechanisms, goal setting, and feedback systems—in
practice to help adolescents enhance self-efficacy at various stages of change, thereby
promoting behavior modification. Specifically, in educational and health promotion
programs, regular psychological counseling and social support should be introduced,
particularly in the early stages of change, to provide additional resources that

strengthen adolescents' decisional balance (DB) and exercise motivation.

3. Promotion of TTM-based educational and policy applications

Based on the study results, it is recommended to widely apply the
Transtheoretical Model (TTM) framework in promoting adolescent exercise behavior.
TTM principles can be integrated into adolescents' daily lives through school
education policies, community health initiatives, and parental involvement, enhancing
participation in physical activities. Policymakers should develop tailored intervention
programs that address the differences in gender, grade level, and cultural background
highlighted in the research to better address the diversity and complexity of

adolescent exercise behavior.

Suggestions for future research

1. Expand sample range and diversity

Future research should expand the sample range to include adolescents from
more regions and cultural backgrounds, enhancing the generalizability and external
validity of the findings. Additionally, socioeconomic factors (such as family economic
status and cultural background) should be considered to comprehensively explore
their impact on adolescent exercise behavior.

2. Conduct " longitudinal studies to assess the long-term effects of
interventions

It 1s recommended that future research design long-term follow-up studies to
assess the stability and effectiveness of interventions over time. By tracking
adolescents' progress across different stages of change (SOC), these studies can
provide a better understanding of the persistence of behavior change and its impact on

future health behaviors.
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3. Introduce more psychological and behavioral variables

Future research should incorporate more psychological and behavioral variables,
such as intrinsic motivation, social support, family influence, and mental health, to
gain a more comprehensive understanding of the complex psychological mechanisms
underlying adolescent exercise behavior. Additionally, exploring how these variables
interact with TTM structural variables such as POC, SE, and SOC will further
enhance our understanding of behavior change.

4. Integrate multiple theoretical models for intervention design

Although this study was based on the TTM framework, future research should
explore integrating other health behavior models, such as the Social Cognitive Theory
and Health Belief Model, with TTM to design more comprehensive intervention
programs. Particularly in the early stages of behavior change, these models may play
a significant role in enhancing adolescent engagement and the effectiveness of
behavior change interventions.

5. Explore group differences and personalized intervention strategies

The study found that factors such as gender and grade level significantly
influence adolescent exercise behavior. Future research should further explore how
these group differences manifest in interventions. Personalized intervention programs
should be designed for adolescents of different genders, grade levels, or cultural
backgrounds, and the specific effects of these programs in promoting behavior change
should be examined. Additionally, attention should be given to adolescents with
special needs, such as those with low motivation or greater behavioral resistance, to

develop targeted intervention strategies.
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LIST OF ABBREVIATIONS/NOTATIONS/GLOSSARY OF TERMS

TTM Transtheoretical Model

APEBCQ  Adolescent Physical Exercise Behavior Change Questionnaire

10C Item Objective Congruence
SOC Stages of change

PEB Physical Exercise Behavior
DB Decisional Balance

POC Processes of change

SE Self efficacy

CR Critical Ratio

JHS Junior High School

HS High School

NOE Number of Exercises
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There were seven experts to check and confirm the validity of general contents
of demographic information and exercise behavior in this questionnaire using the
Index of Item Objective Congruence, as follow:

The Table of Summary for Index of Item Objective Congruence

SECTION 1: Stages of Change Scale (SOC-Scale)

. I0C
No. ltems Expert Evaluation Value
1 2 3|4 |5]|6|7
Your gender:
SOC1 Male ( ) Female( ) 1 1 1|1 1111 1
Your grade is?
SOC2 | Junior high school () Senior high 1 1711111 1
school ()

How many times do you exercise per
week (excluding school physical
SOC3 | education classes)? 1 1 1717111 1
Otimes ( ), 1-2times( ), 3-5times( ),
More than 5 times ()

Regular physical exercise refers to
planned physical activities for the
purpose of promoting physical health
(such as jogging, playing ball, cycling,
etc.): 3-5 times a week, 20-60 minutes
each time. Which stage are you currently
in?

I have no idea of. Exercising and have
no plan to exercise in the last 6 months

| have the idea of. Exercising and |
plan to start exercising within 6 months
SOC4 [ (). 1 171111111 1

I have a strong idea of. Exercising and
I plan to start exercising within 1 month
().

| have exercised and | have maintained
exercise for less than 6 months ().

I-have persisted-in exercising and |
have maintained exercise for more than 6
months ()
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SECTION 2: Physical Exercise Behavior Questionnaire

Based on your actual physical exercise behavior over the past month, please choose the option that

best describes your situation. Each question has five options representing different frequencies:

1 = Never (I have never done this)

2 = Rarely (I almost never do this, about 1-2 times per month)

3 = Sometimes (I occasionally do this, about 3-5 times per month)

4 = Often (I frequently do this, about 1-2 times per week)

5 = Always (I do this almost every day)

No ltems Expert Evaluation I0C
' 1 2 3 | 4|56 ] 7|Value
| exercise using the sports facilities at
PEBL school or in the community. 1 1 1 1 1)1 1
I do strength training or endurance
PEB2 exercises to improve my fitness. 1 1 10 11111108
PEB3 | exercise with my friends. 1 1 1 /11|11 1
PEB4 | participate in sports with my family. 1 1 1 /111111 1
PEB5 L Ir{:lart;zjularly create and follow my exercise 1 1 111111111 1
I do stretching or flexibility exercises
PEB6 every day. 1 11 (1]1]1]|1 1
| engage in regular aerobic exercises
PEB7 | (suchas running, swimming,etc)tostay | 1 | 1 | 1 | 1 |1 | 1] 1 1
healthy.
| participate in school sports (such as
PEBS basketball, soccer, volleyball, etc.). 1 1 1 1 111 1
I use social media to learn new exercise
PEBY methods or techniques. ! 1 d 1 IREEAE 1
PEB10 \INsecehkeduIe fixed exercise times during the 1 1 1 1 11111 1
| participate in health- and sports-related
PEBI1 events or competitions. 1 1 1 1 111 1
I engage in outdoor sports on weekends
PEB12 or holidays. 1 1 (0f(1 |1 |1]1]|085
PEB13 | I try new types of sports. 1 1 171 (1|1]|1 1
PER14 Lﬁg;tmue to exercise even when | am 1 1 1 1 1 111 1
I use walking or cycling as a form of
PEBLS daily transportation to stay active. ! 1 ! 1 1= 1
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SECTION 3: Decisional Balance Scale (DB-Scale)

Use the Likert-type Scale, and the responses were made on a 5-point scale. The scoring criteria
were as follows: 1. Strongly disagree, 2. Not agree, 3. Indeterminacy, 4. Agree, 5. Strongly agree.
Note: Variables measured by each item
Positive factors: items DB1, DB3, DB5, DB7
Negative factors: items DB2, DB4, DB6, DB8

No ltems Expert Evaluation I0C
' 31415 Value
DB1 Phys_lcal exercise can increase my self- 1 1 1 1
confidence.
I don't know how to do physical exercise
DB2 because | don't have the necessary 1 1 1 1
exercise methods.
DB3 Phys_lcal exercise can help me study more 1 1 1 1
efficiently.
The existing physical exercise methods
DB4 are monotonous and cannot stimulate my 1 1 1 1
interest in exercise.
Physical exercise can make me more
DB5 energetic to deal with various things. 1 & 1 1
DB6 I_have too many social activities and no 1 1 1 1
time for physical exercise.
Physical exercise puts me in a good
DB7 mood for the rest of the day. ! : 0 0.85
DBS | have a lot of study pressure and dor_1t 1 1 1 1
have the energy to do physical exercise.
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SECTION 4: Processes of Change Scale (POC-Scale)
Use the Likert-type Scale, and the responses were made on a 5-point scale. The scoring criteria
were as follows: 1. Strongly disagree, 2. Not agree, 3. Indeterminacy, 4. Agree, 5. Strongly agree.
Note: Variables measured by each-item.
Self liberation: Items POC1, POC11, POC21, POC31
Helping relationships: Items POC2, POC12, POC22, POC32
Reinforcement management: Items POC3, POC13, POC23, POC33
Counter-conditioning: Items POC4, POC14, POC24, POC34
Stimulus control: Items POCS5, POC15, POC25, POC35
Social liberation: Items POC6, POC16, POC26, POC36
Self reevaluation: Items POC7, POC17, POC27, POC37
Dramatic relief: Items POC8, POC18, POC28, POC38
Consciousness raising: Items POC9, POC19, POC29, POC39
Environmental reevaluation: Items POC10, POC20, POC30, POC40

No Items Expert Evaluation 10C
. 112 3] 4|5 |67 ]Value
POC1 | I can exercise if | want to. 1 1 1 1 1 1 1

If | have friends who exercise with me, it

POC2 will motivate me to keep exercising.

1 1 1 1 1111

In order to get me started exercising as
POC3 | soon as possible, I will give myself some 1 1 1 1 1711
material rewards.

When | feel depressed, | will do some

POC4 | X
exercise to relieve stress.

I always carry sneakers with me so | can

POCS5 exercise more when | .have time.

| found that there are many sports activities

POC6 | in society and many people participate in 0 1 1 1 1 ]1 |1 085

them.

POC7 Ithlnk_physmal exercise can make me 1 1 1 1 11111
healthier.

POCS I'm worried that if | stop exercising, 1 1 1 1 11111

something bad might happen to my body.

POCY I learn abogt the beneflts of exercise 1 1 1 1 11111
through articles and videos.

POC10 | thlr_lk staying physically active can reduce
medical expenses.

POC11 | I canexercise if I try hard enough.

If someone guides me to do physical
POC12 . . ) .
exercise, it will motivate me to stick to-it.

POC13 | To keep me active, | give myself rewards.

When I am tired of studying, | will choose
POC14 4 .
to do some proper physical exercise.

| often wear or carry a set of sportswear

POCI5 that allows me to exercise.

| found that many of my classmates would
POC16 | discuss sports activities and plan to 1 1 1 1 1711
participate in them.

I think physical exercise can make me

POCT7 more confident.

POC18 | | am worried that if | don't exercise, | 1 1 0 1 1 1 1 0.85
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might get sick easily.

POC19

My friends give me information about the
benefits of physical exercise.

POC20

I think keeping physically active will keep
me from getting sick.

POC21

I can exercise if | set my mind to it.

POC22

If someone gives me feedback on my
physical activity, it will motivate me to
keep exercising.

POC23

In the process of persisting in exercising, |
will often cheer myself up and give myself
spiritual rewards.

POC24

When | am under a lot of stress, | will
choose to do some physical exercise.

POC25

I think setting an alarm to remind me to
exercise is a good idea.

0.85

POC26

| found that teachers and parents often
encourage us to participate in sports
activities.

POC27

I think physical exercise can improve my
appearance.

0.85

POC28

My family and friends told me that lack of
physical exercise is bad for my health.

POC29

I will learn how to do physical exercise
through articles and videos.

POC30

I think keeping physically active will make
my family less worried about my health.

POC31

As long as | have faith, I can do physical
eXercise.

POC32

If someone encourages me to exercise
regularly, it will motivate me to keep doing
it.

POC33

My parents told me that if | participated in
physical exercise, | would be rewarded.

POC34

| see physical exercise as a pleasure, not a
burden.

POC35

I'measure my body weight regularly to
remind myself to exercise.

POC36

I found that the sports activities around me
are supported by many people.

POC37

I think physical exercise can make me
energetic.

POC38

Television media often advertise that lack
of physical exercisecan lead to a decline in
immunity.

POC39

My friends will tell me the-methods and
techniques of physical exercise.

POC40

I think keeping physically active will keep
my friends from worrying about my health.
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SECTION 5: Self-Efficacy Scale (SE-Scale)

Use the Likert-type Scale, and the responses were made on a 5-point scale. The scoring criteria
were as follows: 1. Strongly disagree, 2. Not agree, 3. Indeterminacy, 4. Agree, 5. Strongly agree.
Note: Variables measured by each item
Exercise willingness: items SE1, SE3, SE5, SE7
Exercise effort: items SE2, SE4, SE6, SE8

Expert Evaluation I0C

No. Items 1[2[3]4]5 Value

SE1 If_there were exercise _facilities near me, I 1 1 1 1 1 1
think | would do physical exercise.
Do I have the confidence to participate in

SE2 physical exercise when there is a lack of 1 0 1 1 1 0.85
exercise facilities near where | live?

SE3 If_I don't have the pressure of.studying, | 1 1 1 1 1 1
think | will do physical exercise.
Do | have the confidence to take part in

SE4 physical exercise when | am facing an 1 1 1 1 1 1
important stage in my studies?

SE5 If | am ina goc_)d mood, | think | will do 1 1 1 1 1 1
physical exercise.
I am in a bad mood, do | have the

SE6 confidence to participate in physical 1 1 1 1 1 1
exercise?

SE7 If | were al_one, I thir_1k I could still do 1 1 1 1 1 1
some physical exercise.
Do | have the confidence to participate in

SE8 physical exercise when my-exercise 1 1 1 1 1 0.85
partner is not going to exercise?
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Research Assistant Training Program

1. Purpose

1.1 Help research assistants to clearly understand research purpose, research plan,
intervention requirements.

1.2 Help research assistants learn experimental knowledge and master correct
experimental operations.

1.3 Help research assistants to correctly supervise control groups and experimental

groups.

2. Instrument
2.1 About TTM knowledge, and manuals for physical exercise.

2.2 Television media.

3. Method

3.1 Knowledge lecture.

3.2 Video learning.

3.3 Group discussion.

3.4 Practical exercises: random sampling, issuing questionnaires, guiding the filling
of questionnaires, and collecting questionnaires.

3.5 Ask questions and exchange experiences.
4. Training time: 2 days

5. Training process
5.1 Get to know each other with the research assistant, explain the research purpose,
research plan, research process, research steps, research methods, and explain the
questionnaires and tools used in the research. (180 minutes)
5.2 Training on the topic of data collection exercises. (120 minutes)
1) Send out questionnaires.

2) Explain the function of the questionnaire and guide the filling of the
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questionnaire.

3) Instruct subjects to fill in basic information and use the "Adolescent physical
exercise behavior change questionnaire".

4) Instruct subjects to fill in "Physical exercise behavior Stages of change scale",
a total of 25 questions.

5) Instruct the subjects to fill in "Physical exercise Processes of change scale", a
total of 25 questions.

6) Instruct subjects to fill in the "Physical exercise Decisional balance scale", a
total of 28 questions.

7) Instruct subjects to fill in the "Physical exercise Self efficacy scale", a total of
25 questions.

8) Collect questionnaires and enter data into SPSS.

5.3 The theme is training on explaining physical exercise knowledge. (120 minutes)

1) The definition of physical activity, the concept of health and the knowledge of
physical activity.

2) Exercise environments in common places such as schools and communities, as
well as issues that need to be paid attention to during exercise.

3) How to find effective exercise information.

4) The benefits of being physically active.

5.4 Divide the research assistants into two groups to discuss, and simulate the
distribution of questionnaires, simulate the recovery of questionnaires, and simulate
the data collection. (120 minutes)

5.5 Researchers summarize training sessions, answer questions promptly, receive

feedback, and schedule research activities.

6. Training Evaluation
Observe the training performance of research assistants, answer questions

promptly, encourage participation in activities, and keep records.
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Experimental Intervention Plan for Experimental Group

Time TTM constructs Educational content
Week 1 | -Consciousness raising -Understand exercise, collect exercise
information
-Decision balance -The significance and benefits of exercise
(benefits of PA)
Week 2 | -Environmental reevaluation -Exercise video
-Dramatic relief -Evaluate the sports environment of
schools and communities
Week 3 | -Self reevaluation -Build a positive, healthy self-image
-Self liberation -Set appropriate exercise goals
(long-term, short-term)
Week 4 | -Social liberation -Use social resources to exercise
-Decision balance -Understand the risks of lack of exercise
(barriers to PA)
Week 5 | -Helping relationships -Experience sharing
-Reinforcement management -Encourage execution exercise goals
Week 6 | -Stimulus control -Reward stimulation, exercise reminder
-Self efficacy -Recall exercise achievements and build
exercise confidence
-Counter-conditioning -Exercise instead of being sedentary
Week 7 | -Consciousness raising -Understand exercise, collect exercise
information
-Decision balance -The significance and benefits of exercise
(benefits of PA)
Week 8 | -Environmental reevaluation -Exercise video
-Dramatic relief -Evaluate the sports environment of
schools and communities
Week 9 | -Self reevaluation -Build a positive, healthy self-image

-Self liberation

-Set appropriate exercise goals
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(long-term, short-term)

Week 10 | -Social liberation -Use social resources to exercise
-Decision balance -Understand the risks of lack of exercise
(barriers to PA)
Week 11 | -Helping relationships -Experience sharing
-Reinforcement management -Encourage execution exercise goals
Week 12 | -Stimulus control -Reward stimulation, exercise reminder

-Self efficacy

-Counter-conditioning

-Recall exercise achievements and build
exercise confidence

-Exercise instead of being sedentary
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Experimental intervention plan for Experimental Group

(Week 1)

1. Content

Consciousness raising, Decision balance (benefits of PA).

2. Purpose

Explain the definition of health and physical exercise knowledge to the subjects,
explain the exercise environment in schools, social places and other places, explain
how to find information about physical exercise, and help the subjects understand the

benefits of participating in physical exercise.

3. Time
4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants explain and teach exercise knowledge
to subjects.
5.2 Experimental researchers and assistants organize on-site discussions  and

consultations with subjects.

6. Intervention process
6.1 Use multimedia to explain the basic knowledge of physical exercise, understand
the concept of health and the standards for measuring health, and display videos
and pictures at the same time. (15 minutes)

6.2 Use multimedia to explain the exercise environment in common places such as
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schools and communities, as well as the problems that need attention during
exercise. (15 minutes)

6.3 Explain how to find effective physical exercise information, and organize
participants to discuss and ask questions. (15 minutes)

6.4 Explain the benefits of participating in physical exercise, and organize subjects

to discuss and express their opinions. (15 minutes)

7. Benefits of the event
7.1 Understand the knowledge of physical exercise and help the subjects prepare
mentally.
7.2 Learn about physical exercise, help subjects perform physical exercise faster,
and deal with difficulties encountered in physical exercise.
7.3 Understand the benefits of physical exercise and stimulate interest in

participating in physical exercise.

Health promotion Benefits of exercise

Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 2)

1. Content

Environmental reevaluation, Dramatic relief.

2. Purpose
Watch the exercise video, explain to the subjects how to evaluate the exercise
environment in schools, society and other places, and help the subjects gain exercise

experience.

3. Time

4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.
4.2 Multimedia equipment, such as computers, projectors, microphones, etc.
4.3 School sports court, as well as easy-to-operate exercise equipment, such as

basketball, football, etc.

5. Activity form
5.1 Experimental researchers and assistants explain exercise knowledge to subjects.

5.2 Experimental researchers and assistants organize subjects to exercise.

6. Intervention process
6.1 Use multimedia to explain to the subjects how to evaluate the exercise
environment, explain the problems that need attention during exercise, and show
exercise videos and pictures at the same time. (15 minutes)
6.2 Organize the subjects to carry out physical exercise in the sports field, and
choose exercise items according to their own hobbies. (30 minutes)

6.3 Organize the subjects to discuss and publish their feelings about exercise. (15
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minutes)

7. Benefits of the event
7.1 Correctly assess the exercise environment and help subjects prepare for
exercise.
7.2 Learn about physical exercise, help subjects perform physical exercise faster,
and deal with difficulties encountered in physical exercise.

7.3 Participate in physical exercise and gain exercise experience.

Health promotion Benefits of exercise

Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 3)

1. Content

Self reevaluation, Self liberation.

2. Purpose
Help the subjects to evaluate their own exercise behavior and exercise
conditions, and help the subjects to establish a positive and healthy image of exercise.

Help subjects set short-term and long-term goals for exercise.

3. Time

4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants explain the content to the subjects.

5.2 Experimental researchers and assistants organize subjects for group discussions.

6. Intervention process

6.1 The subjects conducted exercise self-assessment and recorded it, including:
favorite exercise items, ideal exercise time, favorite exercise environment, favorite
music to listen to during exercise. (15 minutes)

6.2 Researchers and research ' assistants help participants summarize exercise
assessments. Watch workout videos to build a healthy, active workout image. (15
minutes)

6.3 Organize subjects to set short-term exercise goals and long-term exercise goals.

(15 minutes)
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6.4 The subjects had a group discussion, and the researchers encouraged the

subjects to exercise.(15 minutes)

7. Benefits of the event
7.1 Conduct exercise self-assessments to help subjects prepare for exercise.
7.2 Watch workout videos to build a healthy, active workout image and build
confidence in your workouts.

7.3 Set exercise goals and stick to your commitment to complete them.

Health promotion Benefits of exercise

Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 4)

1. Content

Social liberation, Decision balance(barriers to PA).

2. Purpose
Help subjects understand and utilize social sports resources for physical exercise,

and help subjects understand the potential harm of lack of physical exercise.

3. Time

4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants explain to the subjects.
5.2 Experimental researchers and assistants organize on-site discussions and

consultations with subjects.

6. Intervention process

6.1 Use multimedia to explain sports social resources to the subjects, including
material resources (such as financial help from parents), public facilities resources
(including community gyms, sports fields, etc.), media resources (video learning,
etc.). (20 minutes)

6.2 Explain to the subjects that lack of physical activity can lead to potential risks,
such as obesity, chronic diseases, and poor body shape. (20 minutes)

6.3 The subjects were organized to discuss and express their opinions, and the

researchers encouraged the subjects to exercise. (lasts 20 minutes)
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7. Benefits of the event
7.1 Help the subjects understand social sports resources, and make reasonable use
of social resources to carry out physical exercise.
7.2 Help the subjects to build up the awareness of social sports.

7.3 Help subjects understand the potential risks of lack of physical exercise.

Health promotion Benefits of exercise

Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.




152

Experimental intervention plan for Experimental Group

(Week 5)

1. Content

Helping relationships, Reinforcement management

2. Purpose
Help subjects to provide mutual assistance and encouragement in exercise,

encourage subjects to implement exercise goals, and strengthen exercise management.

3. Time

4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants organize subjects to share their exercise
experiences.
5.2 Experimental researchers and assistants encouraged subjects to complete set

exercise goals.

6. Intervention process
6.1 The subjects summarized their exercise behavior in the previous four weeks,
shared their gains during the exercise process, and their experience in solving
difficulties. (20 minutes)
6.2 Experimental researchers and assistants encouraged subjects to complete short-
term exercise goals and long-term exercise goals. (20 minutes)
6.3 Organize subjects into exercise groups to achieve mutual assistance and

encouragement. (20 minutes)
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7. Benefits of the event
7.1 Participants shared their exercise experiences in a timely manner, received
recognition and encouragement from others, and listened to useful exercise
suggestions.
7.2 Completing the set exercise goals can help subjects gain a sense of
accomplishment and enhance exercise execution.

7.3 Help subjects divide into exercise groups to exercise together and encourage

each other.
Health promaotion Benefits of exercise
Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 6)

1. Content

Stimulus control, Self efficacy, Counter-conditioning

2. Purpose

Help subjects set reward stimuli for themselves and set exercise reminders. Help
subjects recall their exercise achievements and strengthen their confidence in
exercise. Help subjects change their view of sedentary life and replace sedentary life

with exercise.

3. Time
4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants organized subjects to explain how to set
self-rewards and exercise reminders.
5.2 Subjects review exercise achievements and share them with others.
5.3 Experimental researchers and assistants organize on-site discussions  and

consultations with the subjects.

6. Intervention process
6.1 Explain to the subjects how to reward themselves in a timely manner, such as:
reward yourself with something you like after completing the short-term exercise
goal. (20 minutes)

6.2 Explain to the subjects how to set exercise reminders, such as setting exercise
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alarm clocks, exercise ringtones, exercise music, etc., and replace sedentary
behavior with physical exercise. (20 minutes)
6.3 The subjects shared their exercise achievements and gained exercise self-

confidence. (20 minutes)

7. Benefits of the event
7.1 Self-rewarding can allow subjects to feel reward stimulation and increase their
motivation to exercise.
7.2 Setting exercise reminders can help subjects be stimulated by exercise and
remember the exercise tasks.
7.3 Encourage subjects to replace sedentary behavior with physical exercise,

positive change.

Health promotion Benefits of exercise

Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 7)

1. Content

Consciousness raising, Decision balance (benefits of PA).

2. Purpose

Explain the definition of health and physical exercise knowledge to the subjects,
explain the exercise environment in schools, social places and other places, explain
how to find information about physical exercise, and help the subjects understand the

benefits of participating in physical exercise.

3. Time
4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants explain and teach exercise knowledge
to subjects.
5.2 Experimental researchers and assistants organize on-site discussions  and

consultations with subjects.

6. Intervention process
6.1 Use multimedia to explain the basic knowledge of physical exercise, understand
the concept of health and the standards for measuring health, and display videos
and pictures at the same time. (15 minutes)

6.2 Use multimedia to explain the exercise environment in common places such as
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schools and communities, as well as the problems that need attention during
exercise. (15 minutes)

6.3 Explain how to find effective physical exercise information, and organize
participants to discuss and ask questions. (15 minutes)

6.4 Explain the benefits of participating in physical exercise, and organize subjects

to discuss and express their opinions. (15 minutes)

7. Benefits of the event
7.1 Understand the knowledge of physical exercise and help the subjects prepare
mentally.
7.2 Learn about physical exercise, help subjects perform physical exercise faster,
and deal with difficulties encountered in physical exercise.
7.3 Understand the benefits of physical exercise and stimulate interest in

participating in physical exercise.

Health promotion Benefits of exercise

Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 8)

1. Content

Environmental reevaluation, Dramatic relief.

2. Purpose
Watch the exercise video, explain to the subjects how to evaluate the exercise
environment in schools, society and other places, and help the subjects gain exercise

experience.

3. Time

4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.
4.2 Multimedia equipment, such as computers, projectors, microphones, etc.
4.3 School sports court, as well as easy-to-operate exercise equipment, such as

basketball, football, etc.

5. Activity form
5.1 Experimental researchers and assistants explain exercise knowledge to subjects.

5.2 Experimental researchers and assistants organize subjects to exercise.

6. Intervention process
6.1 Use multimedia to explain to the subjects how to evaluate the exercise
environment, explain the problems that need attention during exercise, and show
exercise videos and pictures at the same time. (15 minutes)
6.2 Organize the subjects to carry out physical exercise in the sports field, and
choose exercise items according to their own hobbies. (30 minutes)

6.3 Organize the subjects to discuss and publish their feelings about exercise. (15
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minutes)

7. Benefits of the event
7.1 Correctly assess the exercise environment and help subjects prepare for
exercise.
7.2 Learn about physical exercise, help subjects perform physical exercise faster,
and deal with difficulties encountered in physical exercise.

7.3 Participate in physical exercise and gain exercise experience.

Health promotion Benefits of exercise

Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 9)

1. Content

Self reevaluation, Self liberation.

2. Purpose
Help the subjects to evaluate their own exercise behavior and exercise
conditions, and help the subjects to establish a positive and healthy image of exercise.

Help subjects set short-term and long-term goals for exercise.

3. Time

4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants explain the content to the subjects.

5.2 Experimental researchers and assistants organize subjects for group discussions.

6. Intervention process

6.1 The subjects conducted exercise self-assessment and recorded it, including:
favorite exercise items, ideal exercise time, favorite exercise environment, favorite
music to listen to during exercise. (15 minutes)

6.2 Researchers and research ' assistants help participants summarize exercise
assessments. Watch workout videos to build a healthy, active workout image. (15
minutes)

6.3 Organize subjects to set short-term exercise goals and long-term exercise goals.

(15 minutes)



161

6.4 The subjects had a group discussion, and the researchers encouraged the

subjects to exercise.(15 minutes)

7. Benefits of the event
7.1 Conduct exercise self-assessments to help subjects prepare for exercise.
7.2 Watch workout videos to build a healthy, active workout image and build
confidence in your workouts.

7.3 Set exercise goals and stick to your commitment to complete them.

Health promotion Benefits of exercise

Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 10)

1. Content

Social liberation, Decision balance(barriers to PA).

2. Purpose
Help subjects understand and utilize social sports resources for physical exercise,

and help subjects understand the potential harm of lack of physical exercise.

3. Time

4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants explain to the subjects.
5.2 Experimental researchers and assistants organize on-site discussions and

consultations with subjects.

6. Intervention process

6.1 Use multimedia to explain sports social resources to the subjects, including
material resources (such as financial help from parents), public facilities resources
(including community gyms, sports fields, etc.), media resources (video learning,
etc.). (20 minutes)

6.2 Explain to the subjects that lack of physical activity can lead to potential risks,
such as obesity, chronic diseases, and poor body shape. (20 minutes)

6.3 The subjects were organized to discuss and express their opinions, and the

researchers encouraged the subjects to exercise. (lasts 20 minutes)
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7. Benefits of the event
7.1 Help the subjects understand social sports resources, and make reasonable use
of social resources to carry out physical exercise.
7.2 Help the subjects to build up the awareness of social sports.

7.3 Help subjects understand the potential risks of lack of physical exercise.

Health promotion Benefits of exercise

Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 11)

1. Content

Helping relationships, Reinforcement management

2. Purpose
Help subjects to provide mutual assistance and encouragement in exercise,

encourage subjects to implement exercise goals, and strengthen exercise management.

3. Time

4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants organize subjects to share their exercise
experiences.
5.2 Experimental researchers and assistants encouraged subjects to complete set

exercise goals.

6. Intervention process
6.1 The subjects summarized their exercise behavior in the previous four weeks,
shared their gains during the exercise process, and their experience in solving
difficulties. (20 minutes)
6.2 Experimental researchers and assistants encouraged subjects to complete short-
term exercise goals and long-term exercise goals. (20 minutes)
6.3 Organize subjects into exercise groups to achieve mutual assistance and

encouragement. (20 minutes)
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7. Benefits of the event
7.1 Participants shared their exercise experiences in a timely manner, received
recognition and encouragement from others, and listened to useful exercise
suggestions.
7.2 Completing the set exercise goals can help subjects gain a sense of
accomplishment and enhance exercise execution.

7.3 Help subjects divide into exercise groups to exercise together and encourage

each other.
Health promaotion Benefits of exercise
Body Function Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion | Increases self-confidence and promotes a happy, positive mood

Society Meet friends and increase social interaction skills

8. Practicality
Physical exercise can help adolescents improve their cardiopulmonary function,
enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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Experimental intervention plan for Experimental Group

(Week 12)

1. Content

Stimulus control, Self efficacy, Counter-conditioning

2. Purpose

Help subjects set reward stimuli for themselves and set exercise reminders. Help
subjects recall their exercise achievements and strengthen their confidence in
exercise. Help subjects change their view of sedentary life and replace sedentary life

with exercise.

3. Time
4:00-5:00 pm on Monday, lasts 60 minutes.

4. Instrument
4.1 Quiet classroom in the school that can accommodate 50 people.

4.2 Multimedia equipment, such as computers, projectors, microphones, etc.

5. Activity form
5.1 Experimental researchers and assistants organized subjects to explain how to set
self-rewards and exercise reminders.
5.2 Subjects review exercise achievements and share them with others.
5.3 Experimental researchers and assistants organize on-site discussions  and

consultations with the subjects.

6. Intervention process
6.1 Explain to the subjects how to reward themselves in a timely manner, such as:
reward yourself with something you like after completing the short-term exercise
goal. (20 minutes)

6.2 Explain to the subjects how to set exercise reminders, such as setting exercise
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alarm clocks, exercise ringtones, exercise music, etc., and replace sedentary

behavior with physical exercise. (20 minutes)

6.3 The subjects shared their exercise achievements and gained exercise self-

confidence. (20 minutes)

. Benefits of the event

7.1 Self-rewarding can allow subjects to feel reward stimulation and increase their

motivation to exercise.

7.2 Setting exercise reminders can help subjects be stimulated by exercise and

remember the exercise tasks.

7.3 Encourage subjects to replace sedentary behavior with physical exercise,

positive change.

Health promotion

Benefits of exercise

Body Function

Improve cardiopulmonary function and promote bone and

muscle development

Psychology, Emotion

Increases self-confidence and promotes a happy, positive mood

Society

Meet friends and increase social interaction skills

8. Practicality

Physical exercise can help adolescents improve their cardiopulmonary function,

enhance their physical fitness, help them relieve study pressure and release negative

emotions, help them integrate into collective life, and enhance their social skills.

9. Evaluate

Researchers and assistants observe and record results.
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There were seven experts to check and confirm the validity of the overall content
of the TTM intervention program in this questionnaire using the Index of Item

Objective Congruence, as follow:

Experimental intervention plan for Experimental Group (Week 1)

Purpose: Explain the definition of health and physical exercise knowledge to the subjects,
explain the exercise environment in schools, social places and other places, explain how to
find information about physical exercise, and help the subjects understand the benefits of
participating in physical exercise.

Expert Evaluation I0C
No. Items 1] 23] 4]5][6]7]|vale
1 | Time: Lasts 60 minutes. Is it OK? 1 1 1 1 1|11 1 1
2 | Classroom for 50 people, Isit OK? 1 1 1 1 1111 1
3 Multimedia equipment, such as computers, 1 1 1 1 11111 1

projectors, microphones, Is it OK?

Experimental researchers and assistants explain
4 | and teach exercise knowledge to subjects. Is it 1 1 1 1 1111 1
OK?

Experimental researchers and assistants
5 | organize on-site discussions and consultations 1 1 1 1 1111 1
with subjects. Is it OK?

Use multimedia to explain the basic knowledge
of physical exercise, understand the concept of
health and the standards for measuring health,
and display videos and pictures at the same
time. (15 minutes)

Is it OK?

1 0 1 1 1 111 085

Use multimedia to explain the exercise
environment in common places such as schools
7 | and communities, as well as the problems that 1 1 1 1 1711 1
need attention during exercise. (15 minutes)
Is it OK?

Explain how to find effective physical exercise
information, and organize participants to
discuss and ask gquestions. (15 minutes)

Is it OK?

Explain the benefits of participating in physical
exercise, and organize subjects to discuss and
express their opinions. (15 minutes)

Is it OK?
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Experimental intervention plan for Experimental Group (Week 2)

Purpose: Watch the exercise video, explain to the subjects how to evaluate the exercise
environment in schools, society and other places, and help the subjects gain exercise

experience.

Expert Evaluation

10C

No. Items 3 Z 5

Value

1 | Time: Lasts 60 minutes. Is it OK?

2 | Classroom for 50 people, Is it OK?

===
=YY
R Rk o

1 1 1
1] 1 1
Multimedia equipment, such as computers, 1 1 1
projectors, microphones, Is it OK?

SR

School sports court, as well as easy-to-operate
4 | exercise equipment, such as basketball, 1 1 1 1 1|1
football, etc. Is it OK?

Experimental researchers and assistants explain
exercise knowledge to subjects. Is it OK?

Experimental researchers and assistants
organize subjects to exercise. Is it OK?

0.85

Use multimedia to explain to the subjects how
to evaluate the exercise environment, explain
the problems that need attention during
exercise, and show exercise videos and pictures
at the same time. (15 minutes)

Is it OK?

Organize the subjects to carry out physical

exercise in the sports field, and choose exercise
8 | items according to their own hobbies. (30 1 1 1 1 111
minutes)
Is it OK?

Organize the subjects to discuss and publish
9 | their feelings about exercise. (15 minutes) 1 0 1 1 1|1
Is it OK?

0.7




171

Purpose: Help the subjects to evaluate their own exercise behavior and exercise

Experimental intervention plan for Experimental Group (Week 3)

conditions, and help the subjects to establish a positive and healthy image of exercise.
Help subjects set short-term and long-term goals for exercise.

No.

Items

Expert Evaluation

10C

3 14 15

Value

1

Time: Lasts 60 minutes. Is it OK?

1

2

Classroom for 50 people, Is it OK?

1

Multimedia equipment, such as computers,
projectors, microphones, Is it OK?

===

=YY

1 1 1
1 1 1
1 1 1

)

SR

1

Experimental researchers and assistants explain
the content to the subjects. Is it OK?

Experimental researchers and assistants
organize subjects for group discussions. Is it
OK?

The subjects conducted exercise self-
assessment and recorded it, including: favorite
exercise items, ideal exercise time, favorite
exercise environment, favorite music to listen
to during exercise. (15 minutes)

Is it OK?

0.85

Researchers and research assistants help
participants summarize exercise assessments.
Watch workout videos to build a healthy, active
workout image. (15 minutes)

Is it OK?

Organize subjects to set short-term exercise
goals and long-term exercise goals. (15
minutes)

Is it OK?

The subjects had a group discussion, and the
researchers encouraged the subjects to
exercise.(15 minutes)

Is it OK?

0.7
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Experimental intervention plan for Experimental Group (Week 4)

Purpose: Help subjects understand and utilize social sports resources for physical
exercise, and help subjects understand the potential harm of lack of physical exercise.

No.

Expert Evaluation

I0C

Items 3 2 5

Value

1

Time: Lasts 60 minutes. Is it OK?

1

2

Classroom for 50 people, Is it OK?

1

SR [N FREg =
[ I T=N] ¥
)
IR

1 1 1
1 1 1
Multimedia equipment, such as computers, 1 1 1
projectors, microphones, Is it OK?

1

Experimental researchers and assistants explain
to the subjects. Is it OK?

Experimental researchers and assistants
organize on-site discussions and consultations 1 1 1 1 1711
with subjects. Is it OK?

Use multimedia to explain sports social
resources to the subjects, including material
resources (such as financial help from parents),
public facilities resources (including 1 1 1 1 1711
community gyms, etc.), media resources. (20
minutes)

Is it OK?

Explain to the subjects that lack of physical
activity can lead to potential risks, such as
obesity, chronic diseases, and poor body shape. | 1 1 1 1 1111
(20 minutes)
Is it OK?

The subjects were organized to discuss and
express their opinions, and the researchers
encouraged the subjects to exercise. (lasts 20 1 0 1 1 11110
minutes)
Is it OK?

0.7
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Experimental intervention plan for Experimental Group (Week 5)

Purpose: Help subjects to provide mutual assistance and encouragement in exercise,
encourage subjects to implement exercise goals, and strengthen exercise management.

No.

Expert Evaluation

I0C

Items 3 2 5

Value

1

Time: Lasts 60 minutes. Is it OK?

1

2

Classroom for 50 people, Is it OK?

1

SR [N FREg =
[ I T=N] ¥
)

1 1 1
1 1 1
Multimedia equipment, such as computers, 1 1 1
projectors, microphones, Is it OK?

R

1

Experimental researchers and assistants
organize subjects to share their exercise 1 1 1 1 111
experiences. Is it OK?

Experimental researchers and assistants
encouraged subjects to complete set exercise 1 1 1 1 111
goals. Is it OK?

The subjects summarized their exercise
behavior in the previous four weeks, shared
their gains during the exercise process, and
their experience in solving difficulties. (20
minutes)

Is it OK?

Experimental researchers and assistants
encouraged subjects to complete short-term
exercise goals and long-term exercise goals. 1 1 1 1 1 ]1
(20 minutes)
Is it OK?

Organize subjects into exercise groups to
achieve mutual assistance and encouragement.
(20 minutes)

Is it OK?

0.7
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Experimental intervention plan for Experimental Group (Week 6)

Purpose: Help subjects recall their exercise achievements and strengthen their confidence
in exercise. Help subjects change their view of sedentary life and replace sedentary life
with exercise.

No.

Expert Evaluation
Items

10C
Value

314 15

1

Time: Lasts 60 minutes. Is it OK?

1

Classroom for 50 people, Is it OK?

1

[ I T =
[ IS I=N N
R k(RO

1] 1 1
111 1
Multimedia equipment, such as computers, 1 1 1
projectors, microphones, Is it OK?

R

1

Experimental researchers and assistants
organized subjects to explain how to set self- 1 1 1 1 111
rewards and exercise reminders. Is it OK?

Subjects review exercise achievements and
share them with others. Is it OK?

Experimental researchers and assistants
organize on-site discussions and consultations 1 0 1 1 1] 1
with the subjects. Is it OK?

0.85

Explain to the subjects how to reward
themselves in a timely manner, such as: reward
yourself with something you like after
completing the short-term exercise goal. (20
minutes)

Is it OK?

Explain to the subjects how to set exercise
reminders, such as setting exercise alarm
clocks, exercise ringtones, exercise music, etc.,
and replace sedentary behavior with physical
exercise. (20 minutes)

Is it OK?

The subjects shared their exercise achievements
and gained exercise self-confidence. (20
minutes)

Is it OK?

0.7
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Experimental intervention plan for Experimental Group (Week 7)

Purpose: Explain the definition of health and physical exercise knowledge to the subjects,
explain the exercise environment in schools, social places and other places, explain how to
find information about physical exercise, and help the subjects understand the benefits of

participating in physical exercise:

Expert Evaluation

I0C

No. Items 3 2 5

Value

1 | Time: Lasts 60 minutes. Is it OK?

1

2 | Classroom for 50 people, Is it OK?

1

SR [N FREg =
[ I T=N] ¥
)

1 1 1
111 1
Multimedia equipment, such as computers, 1 1 1
projectors, microphones, Is it OK?

R

1

Experimental researchers and assistants explain
4 | and teach exercise knowledge to subjects. Is it 1 1 1 1 111
OK?

Experimental researchers and assistants
5 | organize on-site discussions and consultations 1 1 1 1 111
with subjects. Is it OK?

Use multimedia to explain the basic knowledge
of physical exercise, understand the concept of
health and the standards for measuring health,
and display videos and pictures at the same
time. (15 minutes)

Is it OK?

0.85

Use multimedia to explain the exercise
environment in common places such as schools
7 | and communities, as well as the problems that 1 1 1 1 1 ]1
need attention during exercise. (15 minutes)
Is it OK?

Explain how to find effective physical exercise
information, and organize participants to
discuss and ask questions. (15 minutes)

Is it OK?

Explain the benefits of participating in physical
exercise, and organize subjects to discuss and
express their opinions. (15 minutes)

Is.it OK?

0.7
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Experimental intervention plan for Experimental Group (Week 8)

Purpose: Watch the exercise video, explain to the subjects how to evaluate the exercise
environment in schools, society and other places, and help the subjects gain exercise

experience.

Expert Evaluation

10C

No. Items 3 Z 5

Value

1 | Time: Lasts 60 minutes. Is it OK?

2 | Classroom for 50 people, Is it OK?

===
=YY
R Rk o

1 1 1
1] 1 1
Multimedia equipment, such as computers, 1 1 1
projectors, microphones, Is it OK?

SR

School sports court, as well as easy-to-operate
4 | exercise equipment, such as basketball, 1 1 1 1 1|1
football, etc. Is it OK?

Experimental researchers and assistants explain
exercise knowledge to subjects. Is it OK?

Experimental researchers and assistants
organize subjects to exercise. Is it OK?

0.85

Use multimedia to explain to the subjects how
to evaluate the exercise environment, explain
the problems that need attention during
exercise, and show exercise videos and pictures
at the same time. (15 minutes)

Is it OK?

Organize the subjects to carry out physical

exercise in the sports field, and choose exercise
8 | items according to their own hobbies. (30 1 1 1 1 111
minutes)
Is it OK?

Organize the subjects to discuss and publish
9 | their feelings about exercise. (15 minutes) 1 0 1 1 1|1
Is it OK?

0.7
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Purpose: Help the subjects to evaluate their own exercise behavior and exercise

Experimental intervention plan for Experimental Group (Week 9)

conditions, and help the subjects to establish a positive and healthy image of exercise.
Help subjects set short-term and long-term goals for exercise.

No.

Items

Expert Evaluation

10C

3 14 15

Value

1

Time: Lasts 60 minutes. Is it OK?

1

2

Classroom for 50 people, Is it OK?

1

Multimedia equipment, such as computers,
projectors, microphones, Is it OK?

===

=YY

1 1 1
1 1 1
1 1 1

)

SR

1

Experimental researchers and assistants explain
the content to the subjects. Is it OK?

Experimental researchers and assistants
organize subjects for group discussions. Is it
OK?

The subjects conducted exercise self-
assessment and recorded it, including: favorite
exercise items, ideal exercise time, favorite
exercise environment, favorite music to listen
to during exercise. (15 minutes)

Is it OK?

0.85

Researchers and research assistants help
participants summarize exercise assessments.
Watch workout videos to build a healthy, active
workout image. (15 minutes)

Is it OK?

Organize subjects to set short-term exercise
goals and long-term exercise goals. (15
minutes)

Is it OK?

The subjects had a group discussion, and the
researchers encouraged the subjects to
exercise.(15 minutes)

Is it OK?

0.7
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Experimental intervention plan for Experimental Group (Week 10)

Purpose: Help subjects understand and utilize social sports resources for physical
exercise, and help subjects understand the potential harm of lack of physical exercise.

No.

Expert Evaluation

I0C

Items 3 2 5

Value

1

Time: Lasts 60 minutes. Is it OK?

1

2

Classroom for 50 people, Is it OK?

1

SR [N FREg =
[ I T=N] ¥
)
IR

1 1 1
1 1 1
Multimedia equipment, such as computers, 1 1 1
projectors, microphones, Is it OK?

1

Experimental researchers and assistants explain
to the subjects. Is it OK?

Experimental researchers and assistants
organize on-site discussions and consultations 1 1 1 1 1711
with subjects. Is it OK?

Use multimedia to explain sports social
resources to the subjects, including material
resources (such as financial help from parents),
public facilities resources (including 1 1 1 1 1711
community gyms, etc.), media resources. (20
minutes)

Is it OK?

Explain to the subjects that lack of physical
activity can lead to potential risks, such as
obesity, chronic diseases, and poor body shape. | 1 1 1 1 1111
(20 minutes)
Is it OK?

The subjects were organized to discuss and
express their opinions, and the researchers
encouraged the subjects to exercise. (lasts 20 1 0 1 1 11110
minutes)
Is it OK?

0.7
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Experimental intervention plan for Experimental Group (Week 11)

Purpose: Help subjects to provide mutual assistance and encouragement in exercise,
encourage subjects to implement exercise goals, and strengthen exercise management.

No.

Expert Evaluation

I0C

Items 3 2 5

Value

1

Time: Lasts 60 minutes. Is it OK?

1

2

Classroom for 50 people, Is it OK?

1

SR [N FREg =
[ I T=N] ¥
)

1 1 1
1 1 1
Multimedia equipment, such as computers, 1 1 1
projectors, microphones, Is it OK?

R

1

Experimental researchers and assistants
organize subjects to share their exercise 1 1 1 1 111
experiences. Is it OK?

Experimental researchers and assistants
encouraged subjects to complete set exercise 1 1 1 1 111
goals. Is it OK?

The subjects summarized their exercise
behavior in the previous four weeks, shared
their gains during the exercise process, and
their experience in solving difficulties. (20
minutes)

Is it OK?

Experimental researchers and assistants
encouraged subjects to complete short-term
exercise goals and long-term exercise goals. 1 1 1 1 1 ]1
(20 minutes)
Is it OK?

Organize subjects into exercise groups to
achieve mutual assistance and encouragement.
(20 minutes)

Is it OK?

0.7
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Experimental intervention plan for Experimental Group (Week 12)

Purpose: Help subjects recall their exercise achievements and strengthen their confidence
in exercise. Help subjects change their view of sedentary life and replace sedentary life
with exercise.

No.

Expert Evaluation

10C

Items 3 Z 5

Value

1

Time: Lasts 60 minutes. Is it OK?

1

2

Classroom for 50 people, Is it OK?

1

===
=YY
R Rk o

1 1 1
1] 1 1
Multimedia equipment, such as computers, 1 1 1
projectors, microphones, Is it OK?

SR

1

Experimental researchers and assistants
organized subjects to explain how to set self- 1 1 1 1 1] 1
rewards and exercise reminders. Is it OK?

Subjects review exercise achievements and
share them with others. Is it OK?

Experimental researchers and assistants
organize on-site discussions and consultations 1 0 1 1 111
with the subjects. Is it OK?

0.85

Explain to the subjects how to reward
themselves in a timely manner, such as: reward
yourself with something you like after
completing the short-term exercise goal. (20
minutes)

Is it OK?

Explain to the subjects how to set exercise
reminders, such as setting exercise alarm
clocks, exercise ringtones, exercise music, etc.,
and replace sedentary behavior with physical
exercise. (20 minutes)

Is it OK?

The subjects shared their exercise achievements
and gained exercise self-confidence. (20
minutes)

Is it OK?

0.7
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