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Abstract: The sedentary behavior among college students has become one of the most important 
factors affecting the development of physical and mental health. Chronic lack of physical activity 
may lead to health problems such as decreased physical fitness, and increased psychological 
disorders. In the post-epidemic era, it is necessary for college students to have a strong immune 
system, and a strong body cannot be achieved without regular leisure physical activity. Therefore, it 
is necessary to explore the relationship between relevant health factors and physical activity. This 
paper presents an optimized COM-B model. And the experimental results show that the optimized 
model is well applied in describing the current situation of physical activity participation among 
college students, analyzing the distribution characteristics of socio-demographic variables related to 
physical activity, and exploring the correlation between physical activity and the subhealth status of 
college students. 
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1. Introduction 

Physical activity is any form of activities that result from increased energy expenditure due to 
skeletal muscle contraction, including four areas: occupational activities, household chores, 
transportation to and from, and sports [1–3]. For the current college students, their autonomy of 
choice, living conditions, and social networks have significantly changed. However, college students 
do not choose to lead active lifestyles, and studies have shown that leisure physical activity among 
them declines rapidly during college [4]. Leisure physical activity is the most significant part of 
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physical activity in terms of energy expenditure, and the benefits of physical activity are all met by 
leisure physical activity [5]. 

Competitive sports can cultivate students’ sense of competition. Modern society is full of 
competition everywhere, and the sense of competition is closely related to competitive sports; In the 
competition activities, there is no inequality other than individual physical and psychological. 
Students can fully exert their potential and reflect their strength in physical exercise, sports, and 
competition. In sports, the rule of law is the most important; The most realistic, regardless of 
qualifications; The most practical, not vain. This requires that each participant should try his best to 
compete, especially in some directly antagonistic sports, such as football, basketball, boxing, etc., 
thus gradually enhancing the students’ sense of competition and tenacity. It is helpful to cultivate 
students’ good social morality and cooperative spirit in competitive sports, all sports must abide by 
strict rules. People can only make efforts to create achievements when the rules allow. Any behavior 
that violates the rules will be condemned and punished. At the same time, in a collective project, 
everyone has his or her own role, each role has its own specific behavior requirements, and must act 
according to the role requirements, which is very conducive to the socialization of people, and is 
conducive to the cultivation of people’s concept and behavior of abiding by the law. Competitive 
sports always follow the basic principle of “equal opportunity, survival of the fittest”. Strict rules and 
fair referees can cultivate students’ concept of fair competition; Through competitive sports, we can 
also learn and practice how to correctly deal with the mistakes and failures in the competition, 
temper our strong will, enhance our ability to resist setbacks, and make students have strong vitality 
in the fierce society. Therefore, students can cultivate good sports ethics and social morality by 
participating in competitive sports. That is, how to make contributions to the public welfare of social 
groups and organizations, how to improve social awareness, and how to develop respect and 
understanding for the rights and feelings of others. 

The study [6] has found that current college students have high levels of malnutrition, 
overweight, and correspondingly the number of the failures of physical fitness and function 
continues to increase. And the lack of physical activity among college students at the college level 
can cause physical health problems not only during college, but also lead to increased health risks 
later in life [7]. For example, the proportion of myopia among high school students is 83.28%, while 
that of college students is as high as 87.67% [8]. The most influential factor in this is the serious lack 
of physical activity among students, as shown in a report by the World Health Organization that more 
than 80% of school adolescents worldwide do not meet the recommended amount [9,10]. What 
means can be used to effectively reverse the serious decline in physical fitness of college students 
and improve their physical health is the primary issue that needs to be addressed now. In conclusion, 
the physical activity has a protective effect on reducing the risk of subhealth status among college 
students. The physique of college students refers to the quality of their physical health. It not only 
includes congenital factors, but also has the influence of acquired exercise. It is a comprehensive 
sports index. The current definition of health is no longer limited to the absence of physical diseases, 
but also includes psychological health, interpersonal health, moral health, etc. It is a comprehensive 
performance indicator. Although health is not equal to physique, they are an organic whole connected 
with each other. Only a healthy body can guarantee a good constitution, but the health of the 
constitution is not only affected by its own conditions, but also restricted by the environment, health, 
diet, habits, and other aspects. 



6737 

Mathematical Biosciences and Engineering  Volume 20, Issue 4, 6735–6750. 

To quantify and model the physical ability of college students more holistically, we introduced 
the COM-B model and proposed a physical activity behavior intervention model from the 
relationship among capability, opportunity, motivation, and behavior. The aim is to develop a way to 
promote student exercise awareness and abilities from a behavioral intervention perspective. 
Compared with the existing studies, the proposed method is more systematic and holistic, and the 
results of the analysis of physical ability and behavior of the student group are more accurate. 

2. Related works 

At present, there have been some studies on the measurement indicators and models of 
educational environment levels. The study [11] mentioned the student fitness indicators among 
normal weight college students and the relationship between physical activity and student fitness 
indicators. The study [12] shows that it provides a theoretical and practical basis for a more 
comprehensive, scientific, simple, and practical evaluation of students’ physical fitness levels, and 
has positive practical implications for the smooth implementation of physical education reform in 
schools. The study [13] suggested that the interrelationship between school’s physical education 
environment and students’ physical activity and the influencing factors are needed before student 
physical activity interventions and instruments.  

However, those research on the factors and models is focused on the physical environment and 
teachers’ strength, and there is less research on other factors that can influence students’ physical 
activity in schools. 

Some researchers attempted to explore quantitative methods of students’ physical activities. The 
study [14] concluded that, in contrast, the campus physical education environment is richer for 
students in China’s colleges and universities, and in view of this, the research object of this paper 
was chosen to be students in colleges and universities, and there is a more in-depth exploration of 
the interrelationship between student health and the lack of physical activity among students. The 
study [15] concluded that the double-labeled water method is considered the gold standard for the 
measurement of human energy expenditure and indirect calorimetry is often used to calibrate other 
methods of measurement, but these two methods are difficult to apply in large populations. The 
study [16] concluded that students should be guided to carry out planned, purposeful, and regular 
physical exercise according to their age, gender, and physical condition, and strive to improve their 
physical form and function, enhance their motor ability, and meet physical fitness standards, 
requiring that Chinese secondary school students should spend no less than one hour per day on 
physical activity. The study [17] suggested that the vast majority of college students do not spend 
more than 1 hour of physical activity per day, and among them, those who spend less than 30 min of 
physical activity per day account for about 60%. Subhealth is a state of low quality of health between 
health and disease and its experience. Individual subhealth is mainly manifested in physical 
subhealth and psychological subhealth [18,19]. In addition, national and regional policies and laws 
play an important role in improving students’ physical activity [20–25]. 

In summary, those research is mainly carried out from the above three perspectives, including 
the students’ physical fitness, the educational environment, and the policy and law. However, few 
studies have integrated the perspectives and clarified the relationship to comprehensively explore the 
students’ physical fitness and guide a positive behavior. 
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3. Optimization of COM-B model 

The COM-B model, is a behavior change model of the assumes that behavior occurs through 
three necessary components: capability, opportunity, and motivation as shown in Figure 1. 1) 
Capability, refers to an individual’s ability to participate in related activities, divided into physical 
capability (physical skills, strength, and endurance) and mental capability (knowledge and 
psychological skills involved in the thought processes): physical capability can be achieved through 
the development of physical skills. 2) Opportunity is the environment. It refers to all external factors 
that guarantee or promote the occurrence of individual behavior, including physical environment 
(time, resources, geographical location, materials, etc.) and social environment (words, ideas, 
interpersonal influences, social and cultural practices, etc.). 3) Motivation refers to the process of 
brain activity that motivates and directs the behavior. It is divided into reflexive motivation 
(including planning and evaluation) and spontaneous motivation (including emotional responses, 
wishes, impulses, etc.). 

Capabilities

Motivation

Opportunity

Behavior

 

Figure 1. COM-B model. 
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Figure 2. Physical activity exercise behavior of CU students. 

As shown in Figure 1 that the model reflects that when people perform a particular behavior (B), 
they must have the physical and psychological capability (C), and have the opportunity (O) to 
achieve the behavior. Meanwhile, the motivation (M) for this behavior will prevail over any other 
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behaviors’ motivation at this moment. The capability, the opportunity, the motivation, and the 
behavior are the components of the COM-B model, and the four components interact and react. If one 
or more components are changed by a specific intervention, the other components will also change. 

This study conducted an empirical study on the capability, opportunity, and motivation-behavior 
(COM-B) model of BCW theory to further enrich the research and application of this theoretical 
model in China. The aerobic exercise intervention program based on the COM-B model provides an 
empirical reference for the development of physical activity guidelines for physically inactive elderly 
people with chronic diseases in China. A model of physical activity exercise behavior intervention 
for middle school students was constructed based on the COM-B model, as shown in Figure 2. 

As shown in Figure 3, the relationship between the influencing factors can be elaborated as 
follows: based on the judgment of the benefits and disadvantages brought by the target behavior and 
the internal preference of the behavior, combined with the attitude of the important people around 
them whether they approve of engaging in the behavior and their behavior role model, as well as the 
prediction of the possible facilitating or hindering factors in the process of engaging in the target 
behavior, and judge their own coping capability, and then generate the willingness to engage in the 
target behavior. In this process, demographic characteristics such as individual age, gender, and race 
moderate the effect. On the one hand, demographic characteristics help to partly reflect individuals’ 
capabilities, opportunities, and motivations from the perspective of the whole. However, the richness 
of information contained in demographic characteristics is limited, and it is difficult to reflect the 
differentiated characteristics of individuals, as well as the complexity and dynamics of behavior 
and cognition. 
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Figure 3. Theory of planned behavior for physical activity. 

The weights of the corresponding indicators can be found in Eq (1): 
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And from this, the weight vector is obtained as Eq (2). 
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The skewness coefficient is defined as calculated by the formula. 
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The wavelet energy (E) is calculated as: 
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The acceleration data of the waist is preprocessed and the feature values are extracted for 
training to obtain the corresponding daily physical activity detection model. The radial basis function 
is defined as shown in the calculation equation. 
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In this paper, after calculating the storage space required by the wearable device software, 
several consecutive 50 pages of the Flash of MCU CC2541 are used as data storage areas. In this 
method, the storage structure of Flash is designed to contain Flash start address, end address, current 
read pointer, current write pointer, and the number of bytes currently present in Flash, which avoids 
repeated erasure of the fixed address of Flash and improves the lifetime of Flash, as Figure 4. 
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Figure 4. Flash writing flow after model optimization. 
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4. Methods 

At the same level as high school and college students, with only 25% of adults meeting the 
minimum recommended amount of vigorous physical activity, about 39.6% of young adults aged 18–24 
met the recommended amount of vigorous physical activity level. The optimized model was shown 
to have a good fit. This resulted in the determination of the effect relationships among the factors 
shown in Figure 5. 
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Figure 5. Relationship between the effect of factors influencing traffic interchange walking. 

In terms of model fit, the test values for the four control indicators were RMSEA = 0.076, 
SRMR = 0.082, CFI = 0.883, and TLI = 0.843, showing that the analyzed model has a good fit to the 
data. This judged that the structural relationship shown in Figure 6 holds. 
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Figure 6. Relationship between the factors influencing walking to meet life needs. 
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Figure 7. Fitting diagram of structural equation model of factors influencing physical 
health behavior development among CU students (standardized solution). 

For secondary school students, self-efficacy is also strongly associated with physical activity 
and is a determinant of physical activity participation among secondary school students, while 
perceived behavioral control is a determinant, but there is no conclusive evidence of an effect on 
physical activity participation among secondary school students. Personal physical activity history 
and exercise purpose were also directly associated with physical activity participation in adults. In 
addition, age, gender, education level, race, and social support were also associated with individual 
physical activity, but these were not determinants of individual participation in physical activity. The 
results of the validated factorial analysis of the COM-B model by measuring the COM-B model in 
the previous section showed that the construct validity of the COM-B model was relatively good, and 
then the entire COM-B model needed to be analyzed. In this study, the hypothetical model was fitted 
and analyzed by using AMOS 24.0 software. And the corresponding residual terms were set, the 
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maximum fit method was used to fit the model, and the final model was obtained for the secondary 
school students’ physical education The structural equation COM-B model fitting diagram of the 
influencing factors of health behavior cultivation was finally obtained, as shown in Figure 7. 

In summary, the leisure physical activities of college students in this study were mainly walking, 
with the least amount of moderate intensity physical activities, and most of them did not meet the 
recommended amount of leisure physical activities. Significant differences existed among college 
students in terms of gender, body mass index classification, level of social support, and obese people 
had better leisure physical activity than low weight people. 

5. Case study 

The test results were summarized in Figure 8, In Figure 8, the x axis is the grouping of different 
students, and the y axis is the score. and the statistical analysis showed that the overall distribution of 
test scores showed a trend of less at both ends and more in the middle. The excellent rate of the 
tested college students was 5.7%, the good rate was 35.2%, the passing rate was 40.7%, and the 
failing rate was 18.4%. The percentage of excellent and good accounted for 40.9% of the total 
number of students, and the percentage of pass and fail accounted for 59.1%, indicating that the 
proportion of college students’ physical health in these universities was relatively small in good, and 
the proportion of pass and fail was relatively large. In terms of gender, the number of students who 
reach good is not as many as that of female students. 
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Figure 8. Overall test situation. 

Height is a morphological indicator of the longitudinal dimension of the human body, reflecting 
the height and skeletal growth and development; weight is an indicator showing the transverse 
dimension of the human body, reflecting the weight and development of bones, muscles, and fat. In 
Figures 9 and 10, the x axis is the number of people and the y axis is the probability. Height is 
affected by age, gender, genetic factors, dietary habits, exercise, disease, living conditions, 
geography, and other factors; in general, an increase in weight indicates an increase in muscle, 
muscle strength growth, and improved nutritional status. The comparison of the statistical graphs of 
height distribution (Figure 9) and weight distribution (Figure 10) shows that the tested college 
students are higher than the national average in both height and weight [26,27]. 
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Figure 9. Height distribution statistics (cm). 
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Figure 10. Weight distribution statistics (kg). 

The International Obesity Expert Group jointly issued the obesity criteria defined in the guiding 
manual “Redefinition and treatment of obesity in the Asia-Pacific region” in February 2002 (as Table 1). 

Table 1. Obesity criteria. 

Indicators Indicators 

BMI < 18.5 Underweight 

18.5 ≤ BMI < 23 Standard weight 

23 ≤ BMI < 25 Overweight 

25 ≤ BMI < 30 degree I 

BMI ≥ 30 degree II 
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The statistical analysis showed that the overall mean value of BMI of college students was 20.5 
kg/m2, among which the mean value for male students was 23 kg/m2 and for female students was 20.5 
kg/m2. Comparing the students of different grades separately, the analysis of the distribution of the 
tested BMI values (Table 2) showed that the BMI value of 2011 grade (junior) students reached the 
highest, and the distribution showed a trend of ascending and then the distribution showed a trend of 
“decreasing” shape. The BMI values of both male and female students increased more in 2011 class 
than in 2012 class, and decreased in 2010 class than in 2011 class. 

Table 2. Distribution of BMI values of tested college students. 

Grade 2012 2011 2010 M SD  

Male students 21.8 ± 22 21.4 ± 2.3 22.9 ± 1.6 23 ± 18 

Female 18.2 ± 1.2 20.5 ± 1.2 21.6 ± 2.2 20.5 ± 3.0 

Average value 19.5 ± 2.8 21.2 ± 3.5 22.6 ± 2.2 21.5 ± 2.6 

The analysis of the data (as Table 3) shows that the overall mean spirometry of the tested 
college students was 3294.8, 3971.1 ml for males and 2684.2 ml for females, and the development 
trend shows that the spirometry of males increased with grade from 2012 to 2010, with an overall 
increase of 100 ml over two years; the change in spirometry of females was the same as that of males, 
with the same increase of 130 ml over two years. It shows that the lung capacity of the tested college 
students generally increased gradually with the increase of the grade [26,27]. 

Table 3. Spirometry statistics of the tested college students. 

Grade 2012 2011 2010 M SD  

Male students 21.8 ± 22 21.4 ± 2.3 22.9 ± 1.6 23 ± 18 

Female 18.2 ± 1.2 20.5 ± 1.2 21.6 ± 2.2 20.5 ± 3.0 

Average value 19.5 ± 2.8 21.2 ± 3.5 22.6 ± 2.2 21.5 ± 2.6 

Aerobic exercise should last at least 10 minutes at a time. Based on the above criteria, the 
students in this study did not achieve the recommended amount of physical activity time. Physical 
fitness was divided into three main categories: endurance, flexibility and strength, and speed and 
agility. The scores of these three categories were aggregated to obtain the total physical fitness score 
of college students. The national data were obtained from the results of the 2005 and 2010 China 
Student Physical Fitness and Health Survey published by the Ministry of Education by calculating 
the scores (as Figure 11). 

The summary results of the endurance quality test scores of different grades are shown in 
Figure 12. Figure 12 shows that the overall score of endurance quality is not high, just above the 
passing line. The endurance quality of male students tended to increase with age, and the overall 
score of male students in grade 2011 exceeded 70, while the overall scores of grades 2012 and 2011 
were between 60 and 65; the endurance quality of female students rose and then decreased, and the 
endurance quality of female students in grade 2011 was better than that of grades 2012 and 2010, but 
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none of the three grades exceeded 70. The trend of the three-dimensional acceleration values of the 
voltages is shown in Figure 13. 
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Figure 11. Statistics of physical fitness test results of college students. 
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Figure 12. Summary of endurance quality scores by grade level. 
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Figure 13. Trend of 3D acceleration values in ambulation. 
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Although ambulation is also a stationary type of physical activity, the three axes are different in 
terms of values compared to lying down, with the reverse acceleration values in the coronal axis of 
ambulation being greater than in the sagittal axis, which is well screened by SWA. 

The trend of walking 3D acceleration values as shown in Figure 14. 
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Figure 14. Trend graph of 3D acceleration values of walking. 

The overall image of the walking waveform shows a jagged distribution, with obvious peaks 
and troughs in the three axes, no intersection area in the three axes, and regular frequency of 
fluctuations in each axis. The trend of running 3D acceleration value is shown in Figure 15. 
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Figure 15. Trend graph of running 3D acceleration values. 
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The three axes of the running waveform plot clearly overlap, and the amplitude of each axis 
increases significantly, reaching 0.0–3.0 for the vertical axis, 0.0–1.0 for the coronal axis, and -0.5–1.0 
for the sagittal axis, which has both positive and negative acceleration. 

To sum up, increasing the time of physical activity in middle and high school is beneficial to 
physical health, and through regular physical activity of certain intensity and adjusting the dietary 
structure of middle and high school students, thus preventing obesity and reducing body fat rate have 
a positive impact on the physical health of middle and high school students. Changes in body 
composition, especially body fat, can affect the development of physical and mental health of college 
students. An appropriate level of physical activity not only helps to improve the level of body health, 
but also helps to maintain a balanced body composition. 

6. Conclusions 

Physical activity is undoubtedly related to the positive results of the metabolism of the three 
major nutrients in the human body, but there are numerous factors that affect the intestinal flora, 
including diet, age, development, genetics, emotions, etc. The role of the composition of the 
intestinal microbiota and its metabolites as regulators still needs further research, and a sedentary 
lifestyle for a long time can lead to a variety of health problems in the organism and can have an 
interactive effect on other diseases, increasing physical activity and moderate exercise are beneficial 
for material-energy metabolic processes. However, the proposed method still has some limitations. 
The model in this paper is suitable for understanding the relationship among the students’ behavior 
change, capability, environment, and motivation from the perspective of the whole. But for the 
differentiated individuals, its performance is limited. 

In the future, we will attempt to further study the method of rapid modeling of each individual’s 
physical ability to achieve personalized sports-related cognition and behavior intervention. 
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