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This study investigates factors influencing physical activity based on the Transtheoretical model 
(TTM) among adolescents. This study was conducted on 745 individuals between the ages of 12 and 
16 years and was analyzed using a generalized linear model (GLM) approach with appropriate link 
functions using both classical and Bayesian frameworks. The results show that in model 1, the probit 
link function is a more appropriate approach to determine the risk factors for physical activity. In model 
2, the logit link function is a more appropriate approach to determine the risk factors for physical 
activity. In addition, this study highlights a positive association between theatrical relief (OR = 1.08; 
95% CI 1.02,1.14) and self-efficacy (OR = 1.06; 95% CI 1.02,1.09) for physical activity, and a negative 
association between self-relief (OR = 0.82; 95% CI 0.74,0.90), counter-conditioning (OR = 0.85; 95% 
CI 0.79,0.92), stimulus control (OR = 0.87; 95% CI 0.81,0.93) and helping relationships (OR = 0.94; 
95% CI 0.88,0.99) with physical activity among female students. Self-efficacy is crucial for predicting 
activity levels, suggesting beneficial interventions that combine physical activity with self-efficacy 
enhancement. Positive thinking and a structured behavior change process are essential for physical 
activity engagement.
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Despite advancements in health and medicine, the prevalence of non-communicable diseases (NCDs) is rising 
due to urbanization, unhealthy diets, and sedentary lifestyles1. NCDs are major causes of disability and mortality, 
accounting for 65% of global deaths, with 80% occurring in low- and middle-income countries, and nearly 50% 
of these deaths happen before age 702–4. In Iran, over 83% of deaths were due to NCDs5, many of which could be 
prevented through healthy lifestyle choices (e.g., physical activity (PA))6,7.

PA is crucial for public health, preventing and delaying various NCDs and premature mortality1,8. The World 
Health Organization’s initiative, “Active People for a Healthy World” )2018 to 20309 emphasizes the importance 
of PA in managing diseases like heart disease, diabetes, and obesity, while also enhancing mental well-being, 
cognitive function, quality of life, and overall wellness10–12. PA is essential for all age groups. Nevertheless, 
developing healthy habits such as PA during childhood and adolescence is crucial, as it is easier to establish these 
behaviors during this growth period than later in life2.

PA is especially essential for the health and well-being of female adolescents, yet many faces unique challenges 
that hinder their engagement in exercise. During this developmental stage, girls experience significant physical 
changes, such as the onset of menstruation, which can impact their body image and self-esteem. Research 
indicates that these factors contribute to a notable decline in PA among adolescent girls compared to their 
male peers. For instance, a systematic review highlighted that nearly 84% of middle school females engage in 
insufficient PA, with societal stereotypes often portraying physical activity as less feminine, leading to reluctance 
in participating in sports or exercise13,14. Furthermore, studies have shown that the overall levels of PA decrease 
during adolescence, with girls consistently reported as being less active than boys15,16. Addressing these 
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barriers is crucial; a recent study found that support from peers, family, and teachers significantly influences 
PA participation among adolescent girls13. Encouraging physical activity in this vulnerable population is vital 
not only for improving physical health such as enhancing cardiovascular fitness and reducing obesity risk but 
also for fostering mental resilience and self-confidence. Thus, studying “determinants” or correlates of PA is 
an important prerequisite for designing relevant policies and effective programs. Recent studies indicate that 
the PA habits of adolescents are associated with factors from multiple domains, highlighting the importance 
of understanding these determinants in this age group (aged 12–16 years). A systematic review has shown that 
factors such as social support, self-efficacy, and demographic variables significantly influence PA habits among 
adolescents. Additionally, research highlights those older adolescents tend to engage in less physical activity, 
with socio-demographic factors playing a crucial role in shaping these habits17.

Human behavior is a complex interplay of various factors. Health education serves as the pivotal axis for 
health activities and programs. To ensure the effectiveness of these programs, a deep understanding of behavior 
and the influencing factors is essential. This knowledge enables the identification of existing behaviors that 
need to be changed or modified, and the introduction of new behaviors. The role of behavior study theories 
and patterns in health education is crucial in addressing these behavioral aspects18. Hence, selecting the right 
model or theory of health education is the initial step in understanding behavior. This foundational choice 
sets the stage for designing impactful interventions and strategies to promote positive behavioral changes19. 
PA is a multifaceted behavior that can be challenging to modify, and sustaining the new behavior poses its 
own set of difficulties. Therefore, leveraging behavior change models or theories is essential in facilitating the 
transformation of PA habits. These frameworks provide valuable insights and strategies to support individuals in 
not only adopting but also maintaining a physically active lifestyle20.

One of the most effective models for understanding and predicting behavioral and cognitive changes related 
to the adoption of physical activity or exercise behavior is the Transtheoretical Model (TTM), developed by 
Prochaska and DiClemente21. The Transtheoretical Model (TTM) is recognized as one of the most comprehensive 
and integrated models for understanding behavioral changes in health. Initially applied to smoking cessation 
studies, it has since expanded to encompass healthy lifestyle promotion, including physical activity (PA)22,23. 
This cyclical model describes behavior change as a dynamic process occurring over time, detailing a sequence 
of stages and processes through which individual’s progress to adopt regular behavior. As a result, it has become 
one of the most popular models for understanding physical activity behavior24.

Understanding the adoption and maintenance of exercise behavior in student girls is crucial, as their current 
levels of physical activity (PA) participation are insufficient compared to the benefits derived from regular 
exercise. The TTM offers a comprehensive framework for understanding how new habits are formed and 
maintained. It is one of the most effective models for behavior change, significantly impacting the promotion of 
PA. While TTM has been applied to various behaviors and age groups, there is still limited research focusing on 
promoting PA specifically among student girls. Also, acknowledging the challenges posed by physical inactivity 
and the pivotal significance of PA during adolescence, especially for female students who face a higher risk of 
conditions like osteoporosis, it becomes essential to pinpoint the factors influencing physical activity. Therefore, 
this theory-driven study was carried out to evaluate the determinants of PA based on TTM among first-year 
female high school students in Kermanshah city, Iran, with the aim of designing interventions that enhance their 
health and overall well-being.

Materials and methods
Study design and setting
This study was conducted to investigate the status of performing PA among first-secondary students in 
Kermanshah City, utilizing a cross-sectional study design.

This study was conducted on 745 individuals aged 12–16 years old, which was conducted using random 
sampling from three regions (3–2–1) using a multi-stage sampling method. A consent to participate was 
completed by all the individuals who wished to participate in this research. The students were given questionnaires 
for data collection (variables were provided in the supplementary file 1). The current study protocol was 
approved by the Ethics Committee of the Hamadan University of Medical Sciences. The Bioethics Committee 
of Hamadan University of Medical Sciences (IR.UMSHA.REC.1403.158) approved this study. All methods were 
performed in accordance with the relevant guidelines and regulations. Having a disease and physically and 
mentally disabling conditions were considered as the exclusion criteria. The ordinal response variable is PA 
with three levels (1 = Low PA, 2 = Medium PA, 3 = High PA). The independent variables were grade (1,2, and 3), 
economic situation (weak, medium, good, and excellent), parental physical activity (yes/no), parents encourage 
PA (yes/no), places and equipment needed for PA (yes/no), interest in PA (yes/no), self-awareness, theatrical 
relief activities, environmental assessment, self-evaluation, self-release, countervailing conditioning to, stimulus 
control, helping relationships, reinforcement management, decision balance, self-efficacy, and social liberation 
(for details see supplementary file 1). Validity and reliability were evaluated by face and content methods. The 
results were presented in Table S1 (see supplementary file 1). According to the results, the content validity 
index as well as the content validity ratios for all subscales indicated an acceptable validity of the questionnaire. 
Moreover, the values of the Cronbach’s’ alpha coefficient related to each subscale were greater than 0.7, indicating 
an acceptable reliability of the questionnaire.

Statistical analysis
Continuous and categorical basic characteristics of the subjects were presented as mean [standard deviation 
(SD)] and frequency (percentage) and compared between study groups using analysis of variance (ANOVA) or 
Chi-square tests.
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The ordinal logistic regression model is specifically designed to analyze ordinal data. This model allows us to 
examine the effects of independent variables on an ordinal dependent variable. The main formula for this model 
is as follows:

	
log

(
P (Y ≤ j |X )
P (Y > j |X )

)
= β

(j)
0 + β1X1 + β2X2 + . . . + βkXk

In the context of the ordinal logistic regression model, the following variables are defined: Y: The ordinal 
dependent variable that can take on different values, such as 1, 2, or 3.  j: The current level of the dependent 
variable, which may be categorized as “low,” “medium,” or “high.” X: The vector of independent variables that 
influence the dependent variable.

β
(j)
0 : The threshold parameters corresponding to each level of the dependent variable.

This formula indicates that the odds of being at or below level j compared to being above level j is a function 
of a linear combination of the independent variables. The coefficients β represent the effect of each independent 
variable on the probabilities associated with different levels.

For modeling, logit (log
(

θk(Xi)
1−θk(Xi)

)
) and probit (ϕ−1 [θk (Xi)]) link functions were considered.

Moreover, models were fitted in Bayesian statistical paradigms. A p-value less than 0.05 is considered as 
significance. Assessment of models is based on deviance information criterion (DIC) for Bayesian models.

Results
Table 1 provides descriptive statistics for each of the 18 predictors used in this work. The results of the Chi-
square test showed that between the levels of physical activity, in terms of grade, economic situation, parental 
PA, parents encourage PA, places and equipment needed for PA and interest in PA were significant difference 
(P < 0.05). The results of the ANOVA test showed that Mean values of increasing self-awareness, theatrical relief 
activities, environmental assessment, self-evaluation, self-release, countervailing conditioning to, stimulus 
control, helping relationships and social liberation were statistically significantly higher in high level of PA group 

Variable Category

Physical activity

p-valueLow (n = 222) Medium (n = 324) High (n = 199)

Grade

1 57 (25.7) 104 (32.1) 71 (35.7)

0.0422 73 (32.9) 119 (36.7) 70 (35.2)

3 92 (41.4) 101 (31.2) 58 (29.1)

Economic situation

Weak 41 (18.5) 30 (9.3) 19 (9.5)

< 0.001
Medium 101 (45.5) 152 (46.9) 84 (42.2)

Good 71 (32) 116 (35.8) 67 (33.7)

Excellent 9 (4.1) 26 (8) 29 (14.6)

Parental physical activity
No 107 (48.2) 219 (67.6) 160 (80.4)

< 0.001
Yes 115 (51.8) 105 (32.4) 39 (19.6)

Parents encourage physical activity
No 189 (85.1) 305 (94.1) 192 (96.5)

< 0.001
Yes 33 (14.9) 19 (5.9) 7 (3.5)

Places and equipment needed for 
physical activity

No 85 (38.3) 190 (58.6) 140 (70.4)
< 0.001

Yes 137 (61.7) 134 (41.4) 59 (29.6)

Interest in physical activity
No 151 (68) 285 (88) 185 (93)

< 0.001
Yes 71 (32) 39 (12) 14 (7)

Increasing self-awareness 14.05 (3.94) 17.35 (3.71) 20.16 (3.89) < 0.001

Theatrical relief activities 13.21 (3.88) 14.73 (3.56) 15.63 (3.83) < 0.001

Environmental assessment 11.98 (3.29) 13.90 (3.02) 15.55 (2.76) < 0.001

Self-evaluation 13.79 (3.97) 16.19 (3.18) 17.99 (2.34) < 0.001

Self-release 9.35 (2.91) 11.87 (2.48) 13.78 (1.90) < 0.001

Countervailing conditioning to 7.08 (2.86) 9.61 (2.65) 12.18 (2.55) < 0.001

Stimulus control 6.83 (3.01) 9.85 (2.99) 12.40 (2.72) < 0.001

Helping relationships 9.01 (3.56) 11.79 (3.09) 13.17 (2.77) < 0.001

Reinforcement management 4.15 (1.36) 3.75 (1.44) 3.96 (1.63) < 0.001

Decision balance 24.51 (6.09) 21.99 (5.20) 19.88 (6.31) < 0.001

Self-efficacy 27.81 (6.11) 23.15 (5.82) 18.75 (7.14) < 0.001

Social liberation 17 (4.20) 19.56 (3.51) 21.39 (3.51) < 0.001

Table 1.  Descriptive statistics of predictors that have been used in the present study. Categorical variables 
are presented as number (percentage) of respondents in a specific category of that variable and continuous 
variables are given as mean (standard deviation). The bold values indicate significant variables.
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while mean value of reinforcement management, decision balance and self-efficacy were higher in Low level of 
PA group (P < 0.001) (Table 1).

The results of the ordinal regression model including OR (95% credible intervals) using Bayesian procedure 
with two link functions is presented in Table 2. In Bayesian model 1 with two link functions, the variables of 
grade, economic situation, parents encourage PA, places and equipment needed for PA, and interest in PA were 
significant. Also, In Bayesian model 2 with two link functions, the variables of grade, father Physical activity, 
places and equipment needed for PA, interest in PA increasing self-awareness, theatrical relief activities, self-
release, counter vailing conditioning to, helping relationships, stimulus control, and self-efficacy were significant 
(Table 3).

Further, Table 4 provides the values of DIC; smallest value indicates the better fit model obtained through 
ordinal regression method using two link functions. In model 1, the smallest value of DIC through Bayesian 
ordinal regression model can be found under probit (1489) when compared to logit (1490) link functions. 
Furthermore; in model 2, the smallest value of DIC through Bayesian ordinal regression model can be found 
under logit (1172) when compared to probit (1178) link functions.

Discussion
The purpose of this study was to identify behaviors and factors associated with PA in adolescents. In accordance 
with the adequacy of the model and the estimated predictor values associated with the demographic variable 
within the framework of an ordinal regression model, two distinct methodologies, namely classical and Bayesian 
approaches, were employed. Our findings indicated that examining various link functions (probit, logit, etc.) can 
be useful; so that in the present study probit link function was a more suitable approach in determining PA risk 
factors in model 1, while in model 2, the logit link function was a more appropriate approach in determining the 
risk factors of physical activity.

These methodologies encompass the utilization of two distinct functional relationships connecting the 
variables pertaining to educational attainment, parental engagement in physical activities, availability of PA 
facilities, interest in physical activity, and the necessary equipment in model 1 and educational attainment, 
theatrical relief activities, self-release, countervailing conditioning to, stimulus control, helping relationships, 
and self-efficacy in model 2 with the target variable reflecting interest in physical activities.

The stages of behavioral change are a useful model for classifying people as active or inactive in terms of 
physical activity. The findings of the current investigation indicated that approximately 26.7% of the student 
cohort displayed high physical activity. In a separate study conducted by Mousavi et al., it was reported that 
merely 32% of female high school students residing in Tarem, Iran, engaged in physical activity25. Adequate 
PA during the growing years has a major impact on a person’s health in adulthood. There is great potential to 
improve health in this age group, and changes in PA patterns and lifestyle can have a significant impact on health 
outcomes in this age group26.

People are more likely to engage in PA after considering the benefits of physical activity. It is necessary to 
make a leap in education and culture in the society, especially in the students who will be the future builders 
of the healthy society of tomorrow. Therefore, methods such as persuading students, informing the society 
through mass media, teaching useful and effective methods of physical activities, encouraging free time physical 
activities, promoting peer-led activities, providing educational materials, supporting students with disabilities, 
collaborating with parents and communities, and promoting peer-led activities in relation to free time to improve 
the level of activity physical fitness of students is recommended.

Predictor

Bayesian ordinal regression model with

Probit link (OR [95% CI]) Logit link (OR [95% CI])

Grade

1 ref

2 1.06 (0.87,1.30) 1.11 (0.78,1.55)

3 1.35 (1.10,1.66) 1.67 (1.18,2.36)

Economic situation

Weak ref

Medium 1.02 (0.77,1.34) 0.99 (0.62,1.60)

Good 1.06 (0.79,1.43) 1.07 (0.64,1.80)

Excellent 0.74 (0.50,1.10) 0.60 (0.30,1.18)

Parental physical activity
No ref

Yes 1.54 (1.28,1.85) 2.05 (1.50,2.80)

parents encourage physical activity
No ref

Yes 1.27 (0.91,1.78) 1.57 (0.89,2.80)

Places and equipment needed for physical activity
No ref

Yes 1.55 (1.29,1.87) 2.09 (1.52,2.88)

Interest in physical activity
No ref

Yes 1.99 (1.58,2.52) 3.23 (2.16,4.85)

Table 2.  Effect size (95% confidence interval) of the risk factors for physical activity using Bayesian ordinal 
regression model. OR odds ratio, CI credible interval.  The bold values indicate significant variables.
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Our findings indicated that the chance of having higher levels of physical activities was significantly greater 
among grade 3 school girls compared to the grade 1. This result aligns with existing literature suggesting that 
increased age correlates with higher intrinsic motivation to participate in physical activities27,28. Research 
has shown that intrinsic motivation, as defined by self-determination theory, plays a critical role in fostering 
sustained engagement in physical activities29. To support this intrinsic motivation, it is essential to provide need 
support strategies that cater to children’s psychological needs for autonomy, competence, and relatedness30.

However, some studies mention that PA behavior is formed in childhood and adolescence and does not 
change significantly with age31. Given that PA is one of the most important predictors of health, it is necessary to 
form PA behavior in adolescents so that it continues into adulthood.

The current study also found a positive relationship between self-efficacy and PA in female students. Self-
efficacy refers to an individual’s belief in their ability to successfully execute behaviors required to produce 
specific performance attainments. It is a cognitive concept that assesses how individuals perceive their capabilities 
in relation to behavioral needs. This belief is crucial as it links awareness and action, influencing motivation 
and persistence in engaging in physical activity32–34. This means that by gradually passing through the stages, 
the self-efficacy of people to overcome the tempting situations of not doing PA and the obstacles caused by it 
increases. This finding is consistent with the findings of other studies35–38. For people with low self-efficacy, 
receiving support from friends partially overcomes the lack of self-efficacy. In summary, the positive relationship 
between self-efficacy and PA in female students underscores the importance of integrating self-efficacy-
enhancing strategies into physical education programs. By considering the mediating role of grit, educators can 
design more effective interventions to promote PA and overall well-being among college students. The current 
study also found a positive relationship between theatre relief activities and PA in female students. In terms of 
theatrical relief activities, there is limited research on their specific impact on PA in female students. However, 

Model Link function

Bayesian ordinal regression model

DIC

1
Probit 1489

Logit 1490

2
Probit 1178

Logit 1172

Table 4.  Model fit indices for Bayesian ordinal regression models with two link functions.

 

Predictor

Bayesian ordinal regression model

Probit link (OR [95% CI]) Logit link (OR [95% CI])

Grade

= 1 ref

2 1.01 (0.81,1.25) 0.98 (0.67,1.44)

3 1.30 (1.04,1.63) 1.55 (1.05,2.29)

Parental physical activity
No ref

Yes 1.12 (0.92,1.37) 1.17 (0.82,1.66)

Places and equipment needed for physical activity
No ref

Yes 1.09 (0.89,1.32) 1.19 (0.85,1.68)

Interest in physical activity
No ref

Yes 1.01 (0.77,1.32) 1.09 (0.68,1.75)

Increasing self-awareness 0.96 (0.93,0.99) 0.93 (0.88,0.98)

Theatrical relief activities 1.05 (1.01,1.08) 1.08 (1.02,1.14)

Environmental reassessment 0.98 (0.94,1.02) 0.96 (0.89,1.03)

Self-evaluation 0.99 (0.95,1.04) 0.99 (0.92,1.08)

Self-release 0.89 (0.74,0.94) 0.82 (0.74,0.90)

Countervailing conditioning to 0.92 (0.88,0.95) 0.85 (0.79,0.92)

Stimulus control 0.92 (0.89,0.96) 0.86 (0.81,0.93)

Helping relationships 0.96 (0.93,0.99) 0.93 (0.88,0.99)

Reinforcement management 0.97 (0.91,1.03) 0.95 (0.85,1.06)

Decision balance 0.98 (0.96,1) 0.97 (0.93,1.01)

Self-efficacy 1.03 (1.02,1.05) 1.05 (1.02,1.09)

Social liberation 1.01 (0.98,1.04) 1.01 (0.96,1.07)

Table 3.  Effect size (95% confidence interval) of the risk factors for physical activity using Bayesian ordinal 
regression model 2 with two link functions. OR odds ratio, CI credible interval. The bold values indicate 
significant variables.
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studies have shown that physical theater classes can have positive effects on mental health and well-being among 
college students, including reduced stress and anxiety39. These classes often incorporate physical activities such 
as dance, aerial dance, and calisthenics, which can be beneficial for physical health and overall well-being.

In the study by Nefas et al., which examined the behavioral processes involved in physical activity, it was 
shown that reciprocal conditioning had the strongest relationship with PA in adolescents through its effect on 
self-efficacy40, which is not consistent with our study.

In the current study, a negative correlation between helping relationships and PA of female students was 
observed, which is not consistent with Garcia’s study. In Garcia’s study, family support in younger adolescents 
was confirmed on adolescents’ PA using structural equations41. Another study found that social support from 
peers and parents had a positive and direct effect on physical activity42. More studies in this field are needed to 
clarify how and the type of impact of social support in teenagers.

From these results, it can be concluded that creating a positive attitude towards the behavior and increasing 
awareness through credible and reliable sources can be a stimulus for performing health-oriented behaviors. 
On the other hand, the person himself has a very important role as someone who can effectively reinforce the 
behavior, providing educational services and access to these services in the form of social freedom is also very 
important in performing the behavior. This issue also overlaps completely with helping relationships43.

One of the limitations of the study is the self-reporting of PA and other studied variables, despite the validity 
of the questionnaires, it may lead to inaccurate estimation of the results obtained. Therefore, future studies with 
observational and objective tools such as a pedometer are recommended. Another limitation of this study is that 
considering that the study sample was only girls, therefore, testing the differences in PA and its related factors 
according to gender. It is not comparable and the results cannot be generalized to all teenagers, and the third 
limitation of this study is due to the lack of access to students and the closure of schools during the Corona era, 
measuring the body mass index of students using the same and standardized tool was not used. The index was 
measured by parents through the video training given in the communication channel.

Conclusion
 The results of this study indicate that construct of TTM including theatrical relief activities, self-release, 
countervailing conditioning to, stimulus control, helping relationships, and self-efficacy can play a major role in 
increasing female adolescents’ physical activity.

These findings highlight the importance of a multifaceted approach to physical activity promotion that 
addresses both psychological and social factors influencing behavior.

Based on this study, we can conclude that the TTM is a valuable and appropriate behavior model for 
identifying factors aimed at acquiring and improving physical activity (PA) habits among student girls. Therefore, 
it is recommended to carry out this model in future studies to investigate the physical activity status in other age 
groups. Also, the results of this study can be used by health planners for future interventions.

Data availability
The data are available upon reasonable requests from the corresponding author.
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