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Abstract: College students play an important role in higher education and future social life. Research has a 

significant impact on college students' self-efficacy. Taking college students in Chengdu, China as an example, 

this study adopts the fuzzy-set qualitative comparative analysis (fsQCA) method, comprehensively 

incorporating various influencing factors such as demographic characteristics, physical exercise behavior, and 

life satisfaction. From the perspective of physical exercise behavior and life satisfaction, an asymmetric causal 

model that affects college students' high self-efficacy is constructed. The research results support the main 

principles of complexity theory, confirming the heterogeneity and complexity of the antecedent conditions for 

high self-efficacy among college students. Nineteen causal condition combinations that can promote high self-

efficacy among college students are obtained. This study conducts exploratory research on the introduction of 

complexity theory analysis into the study of college students' physical exercise, life satisfaction, and self-

efficacy. It also provides a decision-making reference path for improving the life satisfaction, physical exercise 

behavior, and self-efficacy of college students. 
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Introduction 

Health is an inevitable requirement for promoting the comprehensive development of 

individuals and an important condition for social and economic development. As the main body of 

the university, the physical and mental health of college students plays an irreplaceable role in their 

own development and social progress. Therefore, all parties should work together to provide 

favorable conditions for college students to participate in physical exercise[1]. College life is a crucial 

transitional stage from adolescence to adulthood, and the formation and maintenance of healthy 

behaviors during this period can have a significant impact on adulthood[2]. However, the status of 

physical exercise among college students at this stage is not optimistic. Data from many countries 

around the world indicate that about 3/4 of adolescents lack sufficient physical activity. According to 

the survey on the status of nationwide fitness activities in China, only 14.7% of residents aged 20-69 

regularly exercise [3]. 

There are numerous studies focusing on the correlation between college students' physical 

exercise behavior, life satisfaction, and self-efficacy. A review of previous research reveals that most 

of them explored the relationship between physical exercise behavior and various internal 

psychological factors such as exercise self-efficacy, physical exercise cognition, and life satisfaction 

from the individual's internal level. Research indicates that self-efficacy refers to the belief in one's 

ability to complete tasks and achieve desired results, and this theory is a relatively successful one in 

the field of exercise behavior. Sallis pointed out that self-efficacy is a variable most closely related to 

physical exercise behavior[4]. Exercise intervention studies that increase self-efficacy regulatory 

components have been successful[5]. Attitude towards physical exercise refers to the comprehensive 
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manifestation of individuals' cognitive evaluation, emotional experience, and behavioral intention in 

sports activities[6]. It is an essential psychological factor for individuals to persist in participating in 

sports activities, and the physical exercise attitude of college students has a positive impact on their 

physical health[7]. The level of self-efficacy not only determines an individual's life attitude when 

facing challenges during development, but also determines the degree of development of human 

potential by influencing individuals' choice of different activities [8]. With the rapid development of 

science and technology and the continuous improvement of material standards, modern college 

students' lifestyles have undergone significant changes compared to the past, and the physical and 

mental health of college students has become a hot topic of social concern. In recent years, college 

students' flexibility has declined, and the overweight rate has increased from 3.3% to 4.6%, while the 

obesity rate has increased from 5.1% to 8.2%, indicating that their physical health status is not 

optimistic[9]. College students' academic performance, living conditions, and employment are all 

influenced by their self-efficacy[10]. Participating in physical exercise activities can improve problem-

solving ability, perseverance, unyielding fighting spirit, good control ability, and self-confidence. At 

the same time, recognition from parents, friends, and classmates can also enhance self-efficacy[11]. 

Life satisfaction, as an important indicator to examine an individual's living conditions, reflects 

the quality of an individual's recent life. With the rise of the information era, more and more college 

students have become "netizens," and their time spent participating in sports activities has gradually 

decreased, leading to a series of problems such as declining physical fitness and lack of self-

confidence. Some college students have mental health issues, experiencing occasional or frequent 

anxiety, depression, hostility, and even suicidal psychological symptoms[12]. Varying degrees of 

personal psychological pressure affect college students' level of life satisfaction. Studies have shown 

that different forms of physical exercise can have a positive effect on individuals' psychological and 

physical well-being, enhancing their psychological and physical qualities, thereby gradually 

increasing their satisfaction with life[13]. 

Currently, most studies discuss the relationship between these three factors from a linear 

perspective. However, the formation of college students' self-efficacy is a very complex psychological 

process that is influenced by complex interactions from multiple factors, including individuals, 

groups, and society. To explore the specific formation and influencing mechanisms of this complex 

process, this article will analyze the internal structure and relationship between college students' 

physical exercise behavior, life satisfaction, and self-efficacy. Utilizing complexity theory and a new 

fuzzy-set qualitative comparative analysis (fsQCA) for empirical research, this article aims to 

supplement relevant theories on the relationship between physical exercise behavior, life satisfaction, 

and self-efficacy. 

2. Related Theories and Model Construction 

2.1. Physical Exercise Behavior 

Physical exercise behavior is a unique social activity that emerges and develops along with 

people's diverse needs for sports. Many scholars have defined the concept of physical exercise 

behavior based on its goals and patterns. New definitions have been proposed by scholars according 

to the various functions of physical exercise. In his research on physical exercise and physical health, 

Lotan defined physical exercise as physical activity that is directly related to physical health and well-

being[14]. Vieira, on the other hand, defined physical exercise in his study on its impact on 

cardiorespiratory endurance as physical activity that can improve an individual's cardiorespiratory 

endurance and enhance their health level [15]. 

In terms of sports psychology, numerous clinical and animal studies have shown that physical 

exercise has a significant positive effect on cognitive function. Particularly, aerobic exercise can 

influence the development of children's cognitive abilities and, consequently, their self-control 

abilities[16]. The study found that regular physical exercise can significantly improve children's self-

control and reduce impulsivity. Scholar Blumenthal analyzed the effectiveness of standard 

medication combined with aerobic exercise in elderly patients with severe depression and found that 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 July 2024                   doi:10.20944/preprints202407.0248.v1

https://doi.org/10.20944/preprints202407.0248.v1


 3 

 

physical exercise can be an alternative to antidepressant medication for treating depression 

(Blumenthal et al., 1999). In the field of sports science, DeSire et al. used a controlled experimental 

method to explore the effectiveness of physical exercise in treating patients with knee 

osteoarthritis[17]. 

Zhang and Ren surveyed 123 university students, listing activities such as sports, study, and 

socializing, and inquired about their positive emotions in different environments[18]. The results 

showed that physical exercise was the primary source of positive emotions. Ji Liu found that 

appropriate physical exercise for adolescents can generate more "pleasure." Additionally, exercise 

has a significant impact on the executive function of the brain[19]. Chen conducted a study on 

overweight children and found that a single 40-minute session of moderate-intensity exercise had the 

most significant improvement on their executive function[20]. Scholar Mao Yongming's research on 

the physical fitness of adolescents revealed that those who engage in long-term physical exercise have 

far superior endurance, speed, strength, and flexibility compared to the average person, as well as 

superior cardiopulmonary function, neural regulation, and respiratory function [21]. 

2.2. Life Satisfaction 

The concept of "life" was first proposed by Shin and Johnson, who understood life satisfaction 

as an individual's evaluation of their living situation, reflecting in their thoughts whether certain 

things are developing according to their own wishes during daily activities [22]. Neal Kruase added 

his own perspective on life satisfaction, arguing that it is highly subjective because he proposed that 

the main factor in judging life satisfaction is the individual's recent feelings[23]. 

Man's research indicated that family members and peers can affect adolescents' life satisfaction. 

In daily interactions, evaluations from schoolmates tend to have a deeper impact than those from 

parents, but this phenomenon is not constant and occurs more frequently during adolescence. While 

focusing on family education, it is also necessary to pay attention to adolescents' status and 

interpersonal relationships in school life [24]. Huebner divided life satisfaction into two aspects: 

overall satisfaction and specific satisfaction in specific life domains. He believed that friendship, 

school, family, living environment, and self are considered the most important areas in young 

people's lives. When focusing on college students' life satisfaction, one cannot only consider one 

aspect. Therefore, in investigating life satisfaction, these five dimensions need to be taken into 

account, and lacking any one of them will lead to inaccurate measurement of life satisfaction[25]. 

McCullough et al. found that experiences in adolescents' lives have the greatest impact on their life 

satisfaction, and the cumulative effect of multiple events is more significant than a single event. 

Adolescents should pay attention to all aspects of life and not lose confidence due to temporary 

failures, which can affect their quality of life. They should approach future events with a 

developmental perspective[26]. Gilman et al. conducted an environmental experiment study on 

adolescents and found that their overall life satisfaction after the study was higher than before[27]. 

He et al. studied life satisfaction from a medical perspective and found a close relationship between 

the structure and function of the brain and life satisfaction[28]. 

2.3. Self-Efficacy 

The concept of self-efficacy was first introduced by American scholar Bandura, who believed 

that self-efficacy refers to an individual's confidence and ability to solve difficulties or problems when 

faced with them[29]. His research showed that individuals have different requirements for their 

abilities when facing different environments and problems, resulting in varying degrees of 

confidence, and thus self-efficacy manifests itself in varying degrees in different industries and 

environments. 

In 1988, Conger, Jay viewed self-efficacy as an expectation of effectiveness, arguing that this 

expectation is a predictive behavior of whether people can successfully complete certain tasks and 

achieve certain results. The expectation of effectiveness accumulates continuously in life, and only 

when a person is sufficiently excellent and confident will this expectation exhibit positive effects[30]. 

The famous German psychologist Schwarzer believes that self-efficacy is a specific spiritual belief 
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that does not change with changes in an individual's environment. This is what some scholars refer 

to as general self-efficacy, which can be applied to various scenarios[31]. Zhang Jiping et al. argue 

that as a motivational factor, self-efficacy not only affects college students when facing difficulties, 

making choices, setting goals, and completing tasks, but also affects their emotional state in the 

classroom[32]. Scholars like Zeng Runxi have shown that individuals with higher levels of self-

efficacy are more willing to use the internet to search for health information, engage in more frequent 

search behaviors, and their self-efficacy affects their personal thinking and behavior[33].  Research 

indicates that improving college students' self-efficacy can improve their depression, and the theory 

of self-efficacy has also been enriched[34]. 

2.4. Model Construction 

The influencing factors of college students' self-efficacy are diverse and complex. Therefore, a 

causal relationship model is first constructed between college students' demographic characteristics, 

physical exercise behavior, life satisfaction, and self-efficacy (Figure 1). The dimensions of physical 

exercise behavior include four latent variables: Exercise motivation, Individual factors, Social 

environment, and Physical education. Life satisfaction is represented by five latent variables: Family 

satisfaction, School satisfaction, Freedom satisfaction, Environment satisfaction, Academic 

satisfaction, and Friendship satisfaction. Additionally, there is a correlation between self-efficacy and 

demographic characteristics[35], so five demographic variables: Gender, Birthplace, Age, Only child, 

and Subject are included in the model for complexity analysis. Model A1 represents the causal 

relationship between college students' life satisfaction and self-efficacy. Model B1's precondition is 

the causal relationship between physical exercise behavior and self-efficacy. Model C1's precondition 

is the causal relationship between demographic characteristics and self-efficacy. Model D1's 

precondition is the causal relationship between life satisfaction, physical exercise behavior, and self-

efficacy. Model E1's precondition is the causal relationship between physical exercise behavior, 

demographic characteristics, and self-efficacy. 

 

Figure 1. Complex impact model of self-efficacy. 
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3. Research Design and Methodology 

3.1. Research Area 

Chengdu, a significant central city in western China, enjoys the reputation of "the Land of 

Abundance" and is among the first batch of national historical and cultural cities. It is the birthplace 

of ancient Shu civilization, a nationally designated historical and cultural city, and China's best tourist 

city. With nearly 60 universities, including world-renowned institutions such as Sichuan University, 

University of Electronic Science and Technology of China, Southwest Jiaotong University, and the 

only sports university in Southwest China, Chengdu provides a diverse range of options for studying 

college students' physical exercise behavior, life satisfaction, and self-efficacy. Based on this, this 

study takes college students in Chengdu as a case to explore the relationship between their physical 

exercise behavior, life satisfaction, and self-efficacy. 

3.2. Measurement Tools 

This study employs a questionnaire to measure the required content. The questionnaire is 

divided into three main parts: The first part focuses on college students' physical exercise behavior 

and life satisfaction, measuring key variables involved in the study. It includes four latent variables 

related to physical exercise behavior: Exercise motivation, Individual factors, Social environment, 

and Physical education. For life satisfaction, five latent variables are considered: Family satisfaction, 

School satisfaction, Freedom satisfaction, Environment satisfaction, Academic satisfaction, and 

Friendship satisfaction. Respondents are asked to rate their agreement with each variable. The first 

and second parts primarily utilize a Likert 5-point scale. The third part collects demographic 

information about the respondents, including gender, age, subject area, and other factors. 

The measurement indicators for physical exercise behavior, life satisfaction, and self-efficacy in 

the first and second parts are primarily based on previous qualitative research by Ma Aimin and 

Liang Xiao [35]. The life satisfaction scale is adapted from the research of Han Huijun, Wang Yanan, 

and others [36] (Table 1). 

Table 1. Variables and measurement items. 

Latent 

variable 
ltem of measurement 

Latent 

variable 
ltem of measurement 

Exercise 

Motivation 
A1 I want to have a strong body 

Friendship 

Satisfaction 

E1 My friends are all very nice 

to me 

 
A2 I want to maintain physical 

and mental health 
 

E2 If I need help,my friends will 

definitely help me 

 
A3 I want to maintain or improve 

my body shape 
 E3 I have enough friends 

 
A4 I want to participate in 

entertaining activities 
 E4 My friends are all amazing 

 
A5 I want to maintain a pleasant 

mood 
 E5 My friends all respect me 

Individual 

Factors 

B1 I have actively learned some 

sports skills before 

School 

Satisfaction 
F1 I enjoy staying in school 

 

B2 I have devoted considerable 

effort to physical exercise and 

sports activities. 

 F2 School is really fun 

 
B3 I work hard in physical 

education classes 
 

F3 I am happy to participate in 

various school activities 

 
B4 I have spent a lot of money on 

physical exercise 
 F4 I am eager to go to school 
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B5 I have sufficient resources for 

physical exercise 

Family 

Satisfaction 

G1:I often do interesting things 

together with my parents. 

Social 

Environment 

C1 My collective often organizes 

everyone to exercise 
 

G2 I enjoy spending time with 

my parents 

 
C2 My collective often organizes 

sports competitions 
 

G3 My family is better than 

most other families 

 
C3 The sports venues I need are 

far away 
 

G4 I am happy to stay at home 

with my family 

 
C4 Sports facilities are not 

convenient to use 
 

G5 My family can get along 

harmoniously 

 

C5 Study and work make me 

have little free 

time|Environmental Satisfaction 

Environmental 

Satisfaction 

I1:There are many 

unsatisfactory things around 

me in my living environment. 

Physical 

Education 

D1 The sports skills learned in 

physical education class can be 

applied to daily physical exercise 

 
I2 Basically,I can do things 

according to my own wishes 

 

D2 The sports knowledge learned 

in physical education class is 

useful for daily physical exercise 

 
I3 I am satisfied with my 

academic status 

 

D3 Through physical education 

class,I have a deeper 

understanding of the importance 

of physical exercise 

 
I4 If I need help,my friends will 

all help me 

 

D4 My physical education 

teacher has a high level of sports 

skills 

 
I5 Most of the time,I like my 

parents'way of educating 

 

D5 My physical education 

teacher uses good teaching 

methods 

Freedom 

Satisfaction 

J1 The social security in the 

place where I live is good 

Self-Efficacy 
Q1 If I try my best,I can always 

solve problems 
 

J2 Basically,I have the freedom 

to make my own choices 

 

Q2 Even if others oppose me,I 

still have ways to achieve what I 

want 

 

J3 Compared with most 

classmates,I have a more 

comprehensive development in 

school 

 
Q3 It is easy for me to adhere to 

ideals and achieve goals 
 

J4 My friends are very nice to 

me 

 

Q4 I am confident that I can 

effectively deal with any 

unexpected events 

 
J5 My family gets along very 

harmoniously 

 

Q5 With my intelligence,I can 

definitely cope with unexpected 

events 

Academic 

Satisfaction 

K1 I can do what I like in my 

spare time 

 
Q6 If I put in the necessary effort,I 

can solve most of the problems 
 

K2 Compared to my 

classmates,I am[missing 

content] 

 

Q7:I can face difficulties calmly 

because I trust myself to handle 

problems. 

 

K3:I have a lot of authority 

among my peers. 
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3.3. Data Acquisition 

To ensure the recovery rate and validity of the questionnaire data, the research team conducted 

research in various universities in Chengdu through the participation of college student volunteers. 

In July 2023, the research team established online and offline friendships through the Chengdu 

University Student Games, laying a stable foundation for work contacts in the early stage and 

conducting preliminary research and analysis. The formal research lasted from mid-July to early 

September 2023. Based on the QQ group of Chengdu University Student Games involved in the 

research, the research team adopted the methods of inviting participants to participate in the survey, 

random sampling in probability sampling, and snowball sampling through mutual invitations 

among Chengdu University Student Games. Combined with field research, a total of 550 

questionnaires were distributed, 545 were recovered, and 533 were valid, with an effective rate of 

98.1%. Among them, 221 paper questionnaires were sent out, 213 were recovered, 211 were valid, 

with an effective rate of 99.1%. 329 online questionnaires were sent out, 325 were recovered, and 322 

were valid, with an effective rate of 99.1%. 

Among the respondents, 60.4% were male and 39.6% were female. From the perspective of 

subject distribution, 47.5% of the respondents were liberal arts, 36.4% were arts, and 16.1% were 

science. From the perspective of grade distribution, 2.4% were from the fourth year, 15.8% were from 

the third year, 73% were from the second year, and 8.8% were from the first year. From the 

perspective of the respondents' birthplace, 37.3% were from urban areas and 62.7% were from rural 

areas. 28.7% were only children, and 71.3% were non-only children. 

3.4. Research Methodology 

The primary method adopted in this study is Fuzzy-set Qualitative Comparative Analysis 

(fsQCA), and the selected data analysis software is fsQCA3.0. QCA is a new analytical technique 

based on Boolean algebra to achieve comparative principles, combining the advantages of 

quantitative and qualitative analysis, suitable for case analysis or quantitative analysis of small, 

medium, and large samples. It has broad application prospects in sociology, management, and other 

fields [37]. 

Calibration and the calculation of truth tables are two crucial steps in fsQCA. In this study, we 

first took the average of continuous variables such as college students' physical exercise behavior, life 

satisfaction, and self-efficacy involved in the research. Then, according to Ragin's suggested 

continuous assignment scheme [38], we set 95% as complete membership, 5% as complete non-

membership, and 50% as the crossover point, and calibrated the data accordingly. Since the 

questionnaire in this study uses the Likert 5-point scale for data measurement, 1 was set as the 

complete non-membership threshold, 5 as the complete membership threshold, and 3 as the 

crossover point. For the three binary variables of gender, birthplace, and whether the respondent is 

an only child, there are no cross-fuzy points and belong to the crisp set. Therefore, we adopted Ragin's 

standard of 0.05 to calibrate male, urban, and yes, and 0.95 to calibrate female, rural, and no[39].In 

the process of constructing the truth table, it is first refined according to two standard: one is 

frequency , where a minimum frequency of 2 is generally adopted for medium to large samples; the 

other is consistency, with a recommended threshold value of greater than or equal to 0.8. To predict 

the self-efficacy of college students, this study set the frequency cut-off value to 2 and the acceptable 

consistency threshold to 0.8. 

4. Result Analysis 

4.1. Data Analysis and Model Validation 

Data analysis and model validation primarily consist of five parts: exploratory factor analysis, 

confirmatory factor analysis, counterfactual case analysis, fsQCA correlation analysis, and predictive 

validity analysis. 
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4.2. Exploratory Factor Analysis 

The overall Cronbach's α of the questionnaire is 0.946, with a KMO value of 0.931. The Bartlett's 

test of sphericity is significant at p=0.000, indicating that the reliability and validity tests have been 

passed, making it suitable for factor analysis. Since all 11 dimensions of variables in this study's 

model, including exercise behavior, life satisfaction, and self-efficacy, are original constructs that 

have not been tested by scholars, we have conducted specific analyses. For exercise behavior, using 

principal component analysis and varimax rotation in SPSS 25.0, the factor analysis was first based 

on eigenvalues greater than 1. The results showed that the Cronbach's α coefficients of the four 

common factors were all greater than 0.7, with a cumulative variance explanation rate of 86.377%. 

Additionally, all factor loading values of the scale's measurement items were greater than 0.5, fully 

demonstrating the scientific nature of the research data. Similarly, life satisfaction and self-efficacy 

were analyzed sequentially. Six common factors were extracted from the life satisfaction variable, 

with a cumulative variance contribution rate of 85.235%. The cumulative variance contribution rates 

of all three variables are relatively high, indicating that most of the information from the original 

variables has been retained after the factor transformation (Table 2). 

Table 2. Exploratory factor analysis (N=533). 

Variable Factors Items Factor loadings Eigenvalue 
Explained 

variance 
Cronbach’s α 

physical exercise 

behavior 

Exercise 

motivation 

A1 

A2 

A3 

A4 

A5 

0.735 4.10 45.08 0.954 

 Individual factors 

B1 

B2 

B3 

B4 

B5 

0.815 3.99 38.09 0.865 

 
Social 

environment 

C1 

C2 

C3 

C4 

C5 

0.858 4.04 29.76 0.835 

 
physical 

education  

D1 

D2 

D3 

D4 

D5 

0.837 3.85 32.34 0.920 

KMO=0.912 

Bartlett’s=8405.304   df=87   Sig.=0.000 

Overall Cronbach's α = 0.915, Overall Explained Variance = 86.377% 

Life Satisfaction 
Friendship 

satisfaction 

E1 

E2 

E3 

E4 

E5 

0.876 3.92 56.87 0.860 

 
School 

satisfaction 

F1 

F2 

F3 

F4 

0.907 3.65 43.01 0.752 

 
Family 

satisfaction 

G1 

G2 

G3 

G4 

G5 

0.901 4.01 32.89 0.850 

 
Environment 

satisfaction 

I1 

I2 

I3 

I4 

0.861 3.04 54.98 0.749 
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I5 

 
Freedom 

satisfaction 

J1 

J2 

J3 

J4 

J5 

0.830 4.00 43.77 0.850 

 
Academic 

satisfaction 

K1 

K2 

K3 

0.819 3.98 28.07 0.942 

 

KMO=0.909. Bartlett’s=8623.108   df=113   Sig.=0.000. Overall Cronbach's α=0.882  Overall Explained 

Variance=85.235%. 

4.3. Confirmatory Factor Analysis 

A confirmatory factor analysis was conducted on the data using Smartpls software, revealing 

that the composite reliability (CR) values were all distributed between 0.7 and 0.9, exceeding the 

recommended threshold of 0.7, indicating a high level of measurement reliability [40]. As can be seen 

from Table 3, the average variance extracted (AVE) values of all latent variables are between 0.5 and 

0.8, exceeding the standard value of 0.5. Furthermore, the square root of the AVE value of each latent 

variable is greater than the correlation coefficient of other latent variables, indicating good 

discriminant validity among the latent variables in this study. Additionally, the χ2/df ratio was 3.230 

(recommended value χ2/df < 5), GFI = 0.867 (recommended value GFI > 0.8), NFI = 0.909 

(recommended value NFI > 0.9), CFI = 0.919 (recommended value CFI > 0.9), and RMSEA = 0.091 

(recommended value RMSEA < 0.1), suggesting that the overall model fit is satisfactory [41]. 

Table 3. Discriminant validity table. 

Variable Indivi

dual 

Factor

s 

Physi

cal 

Educa

tion 

Friends

hip 

Satisfac

tion 

Acade

mic 

Satisfa

ction 

Schoo

l 

Satisf

action 

Famil

y 

Satisf

action 

Environ

mental 

Satisfacti

on 

Social 

Enviro

nment 

Self

-

Effi

cacy 

Freedo

m 

Satisfa

ction 

Exerci

se 

Motiv

ation 

Individu

al 

Factors 

0.920           

Physical 

Educatio

n 

0.827 0.937          

Friendsh

ip 

Satisfacti

on 

0.808 0.909 0.891         

Academi

c 

Satisfacti

on 

0.735 0.808 0.829 0.929        

School 

Satisfacti

on 

0.827 0.854 0.913 0.837 0.900       
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Family 

Satisfacti

on 

0.828 0.830 0.868 0.856 0.931 0.928      

Environ

mental 

Satisfacti

on 

0.781 0.801 0.835 0.856 0.875 0.901 0.916     

Social 

Environ

ment 

0.898 0.830 0.845 0.781 0.869 0.863 0.815 0.912    

Self-

Efficacy 
0.762 0.746 0.793 0.860 0.834 0.851 0.829 0.812 

0.87

7 
  

Freedom 

Satisfacti

on 

0.743 0.781 0.829 0.904 0.845 0.858 0.906 0.784 
0.87

0 
0.913  

Exercise 

Motivati

on 

0.852 0.748 0.766 0.700 0.791 0.775 0.734 0.824 
0.73

6 
0.713 0.901 

（CR） 
0.882 0.774 0.770 0.881 0.867 0.846 0.863 

0.779 
0.89

6 
0.887 0.908 

AVE 
0.918 0.838 0.902 0.916 0.861 0.907 0.814 

0.905 
0.88

9 
0.778 0.885 

4.4. Counterfactual Case Analysis 

Pappas and Papatheodorou's research indicates that counterfactual analysis is necessary to 

illustrate the existence of positive or negative relationships, or even the absence of a relationship, 

within the same dataset [42]. Table 4 presents positive and negative counterfactual cases between 

freedom satisfaction and self-efficacy. It is evident that there are counterfactual cases in the 

relationship between freedom satisfaction and self-efficacy, where high freedom satisfaction leads to 

low self-efficacy (8 cases), while low freedom satisfaction can also result in high self-efficacy (15 

cases). Therefore, there exists an asymmetric relationship between the variables involved in this 

study, necessitating the use of fsQCA methodology to further analyze their asymmetric relationships. 

Table 4. Reverse Case Analysis Table of Freedom Satisfaction vs. Self-Efficacy. 

/ 

Self-Efficacy 

Total Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

Freedom 

Satisfaction 

Strongly 

Disagree 

Count 4 0 3 1 1 5 

Percentage of Total 44.9% 0.0% 29.6% 14.3% 13.3% 100.0% 

Disagree 
Count 0 0 1 0 0 3 

Percentage of Total 0.0% 0.0% 100.0% 0.0% 0.0% 100.0% 

Neutral 
Count 0 0 35 12 3 55 

Percentage of Total 0.0% 0.0% 77.3% 29.8% 3.8% 100.0% 

Agree 
Count 0 1 3 50 17 79 

Percentage of Total 0.0% 0.3% 8.2% 73.3% 11.5% 100.0% 

Strongly Agree 
Count 2 1 5 33 187 179 

Percentage of Total 0.0% 0.0% 3.3% 11.3% 85.4% 100.0% 

Total Count 4 2 53 105 208 321 
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Percentage of Total 1.1% 0.6% 16.5% 31.6% 56.0% 100.0% 

4.5. fsQCA Analysis 

In the process of fsQCA analysis, it is first necessary to detect whether a single antecedent 

variable is a necessary condition for the outcome variable. When the consistency score of a single 

antecedent variable is greater than 0.9, it can be considered a necessary condition for the outcome. 

The fsQCA necessary condition analysis revealed that five necessary conditions for the formation of 

college students' self-efficacy include exercise motivation, social environment, environmental 

satisfaction, physical education, and freedom satisfaction, all with consistency scores greater than 0.9. 

However, the occurrence of these five necessary conditions does not guarantee the emergence of 

college students' self-efficacy. In reality, single necessary conditions for outcomes are common, while 

single sufficient conditions that can lead to outcomes are typically nonexistent. Therefore, a sufficient 

analysis of the combination of antecedent conditions needs to be conducted through fsQCA to 

provide sufficient and consistent configuration conditions for predicting college students' self-

efficacy. 

Table 5 shows the results of using the fsQCA method to predict and analyze high self-efficacy 

among college students. This analysis covers six life satisfaction variables, four exercise behavior 

variables, and five demographic variables. By constructing five complex causal models, a total of 29 

combinations of antecedent conditions for high-level college students' self-efficacy were obtained. 

The research results show that the five complex causal model solutions achieved the standards 

defined by Ragin [43] in terms of consistency and coverage (consistency > 0.75, coverage > 0.20). XY 

plots are used to visually present the causal combination relationships in the models, showing the 

relationship between X and Y. This study selected causal combination paths A3 and B5 with higher 

consistency from the five models to create XY plots (see Figure 2). It can be seen from the figures that 

there is an asymmetric relationship between the two condition combinations X and the corresponding 

outcome Y, sufficient but not necessary relationship. This means that both condition combinations X 

are sufficient conditions for the corresponding outcome Y, but they are not necessarily the only 

factors explaining outcome Y. 

Table 5. Predicting combinations of precursor conditions for high levels of self-efficacy among college 

students. 

Models for predicting high score of outcomes Raw coverage Unique coverage Consistency 

Model A: Self-Efficacy = f(Friendship Satisfaction, School 

Satisfaction, Family Satisfaction, Environmental Satisfaction, 

Freedom Satisfaction) 

   

A1: ~Friendship Satisfaction * School Satisfaction * 

Environmental Satisfaction 
0.588 0.007 0.908 

A2: ~School Satisfaction * Environmental Satisfaction * Freedom 

Satisfaction 
 0.854 0.002 0.917 

A3: Friendship Satisfaction * ~School Satisfaction * 

~Environmental Satisfaction * ~Freedom Satisfaction 
0.475 0.019 0.909 

A4: ~Friendship Satisfaction * School Satisfaction * Family 

Satisfaction * Freedom Satisfaction 
0.516 0.013 0.926 

A5: ~School Satisfaction * Family Satisfaction * Environmental 

Satisfaction 
0.857 0.001  0.920 

Coverage for solution: 0.942 Consistency for solution: 0.858    

Model B: Self-Efficacy = f(Exercise Motivation, Individual 

Factors, Social Environment, Physical Education) 
   

B1: Exercise Motivation * ~Physical Education 0.572 0.067 0.795 

B2: Exercise Motivation * Individual Factors 0.471 .008 0.895 

B3: ~Exercise Motivation * Social Environment  0.513 0.028 0.890 

B4: Exercise Motivation * Individual Factors * Social 

Environment 
0.500 0.006  0.828 

Coverage for solution: 0.678 Consistency for solution: 0.903    

Model C: Self-Efficacy = f(Gender, Birthplace, Only Child, 

Subject, Grade) 
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C1: ~Gender * Only Child * Subject 0.219 0.020 0.857 

C2: Gender * Only Child * Subject * Grade 0.374 0.062 0.827 

C3: Only Child * ~Subject * Grade 0.318 0.025 0.854 

C4: ~Birthplace * Only Child * Grade 0.215 0.035 0.885 

Coverage for solution: 0.606 Consistency for solution: 0.876    

Model D: Self-Efficacy = f(Exercise Motivation, Individual 

Factors, Social Environment, Physical Education, Friendship 

Satisfaction, School Satisfaction, Family Satisfaction, 

Environmental Satisfaction, Freedom Satisfaction, Academic 

Satisfaction) 

   

D1: Exercise Motivation * ~Physical Education * ~Friendship 

Satisfaction * ~School Satisfaction * ~Family Satisfaction * 

~Environmental Satisfaction * ~Freedom Satisfaction * 

~Academic Satisfaction 

0.461 0.019  0.825 

D2: Exercise Motivation * Individual Factors * Social 

Environment * ~School Satisfaction * Family Satisfaction * 

Environmental Satisfaction * Freedom Satisfaction * Academic 

Satisfaction 

0.717  0.153 0.942 

D8: Exercise Motivation * Individual Factors * Social 

Environment * Physical Education * Friendship Satisfaction 

* School Satisfaction * Family Satisfaction * Environmental 

Satisfaction * Freedom Satisfaction 

0.400 0.008 0.987 

Coverage for solution: 0.946 Consistency for solution: 0.835    

Model E: Self-Efficacy = f(Gender, Birthplace, Only Child, 

Subject, Grade, Exercise Motivation, Individual Factors, Social 

Environment, Physical Education) 

   

E1: ~Birthplace * Subject * Grade * Exercise Motivation * 

Individual Factors * Social Environment * Physical Education 
 0.297 0.039 0.909 

E2: Gender * ~Birthplace * ~Subject * Grade * Exercise 

Motivation * ~Individual Factors * Social Environment * 

Physical Education 

0.181 0.013  0.913 

E7: Gender * Birthplace * Only Child * ~Subject * ~Grade * 

~Individual Factors * Social Environment * Physical Education 
0.169 0.002 0.842 

Coverage for solution: 0.894 Consistency for solution: 0.874    

Note: In Boolean algebra logic operations, "" is used to represent the set relationship of "and" or "intersection," 

and "~" is used to represent the set relationship of "not" or "complement negation." For example, AB represents 

the occurrence of both conditional variables A and B, while ~A represents the non-occurrence or absence of 

conditional variable A. 
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Figure 2. Plot diagrams showing the causal algorithm. 

4.6. Predictive Validity Analysis. 

Despite the good model fit, the predictive results cannot be proven on different datasets, thus 

necessitating a predictive validity analysis. Firstly, SPSS is utilized to calculate variables for the 

original sample, followed by the use of EXCL for screening and dividing it into two subsamples. An 

fSQCA analysis is then conducted on asymmetric relationships modeling in Subsample 1. 

Subsequently, Subsample 2 is utilized to analyze the causal combinations of the simulated result 

conditions (high self-efficacy). The predictive validity results of high self-efficacy are presented in 

Table 6, with six dimensions of life satisfaction and exercise behavior serving as causal antecedents. 

The causal combinations analyzed in the hypothetical model using Subsample 1 are identical to the 

fsQCA results of the overall sample (Model B1 in Table 5). Then, Subsample 2 is employed to test 

causal combinations 1 and 2 from Subsample 1. Based on the two XY plots (Figure 3) of the model in 

Subsample 2, similar asymmetric relationships are obtained, demonstrating the capability of the 

proposed hypothetical configuration model to predict result conditions across different datasets. 

Table 6. Results of predictive validity. 

Models for predicting high score of outco

mes 

 Raw coverag

e 

Unique coverag

e 

Consistenc

y 

Model F: Self-Efficacy = f(Exercise Motivati

on, Individual Factors, Social Environment, 

Physical Education) 

   

F1: ~Exercise Motivation * Individual Factor

s * Physical Education 
0.471 0.008 0.895 

F2: ~Exercise Motivation * Social Environme

nt *~ Physical Education 
0.513 0.028 0.890 

F3: Exercise Motivation * Individual Factors 

*~ Social Environment 
0.500 0.006 0.828 

Coverage for solution:1 

Consistency for solution: 0.832 
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Figure 3. Plot diagrams showing the causal algorithm. 

4.7. Application of Complexity Theory 

This study examines the complex configuration model affecting college students' self-efficacy 

based on complexity theory and evaluates the fsQCA analysis results according to the principles 

proposed by Woodside[44]. According to Principle 1, a simple factor condition may be necessary, but 

it is not sufficient for a high score in predicting the outcome. Principle 2 states that a complex causal 

combination involving two or more factor conditions is sufficient for a high score in predicting the 

outcome. Meanwhile, Principle 3 indicates that a causal combination is not a necessary condition for 

a high score in predicting the outcome. Principle 4 suggests that the impact of a certain factor 

condition on the outcome score depends on the presence of other factors in the causal combination. 

Finally, Principle 5 posits that a particular causal combination represents only a partial rather than a 

complete view of the cases, and the coverage of any single causal combination should be less than 

1.00. As shown in Table 4, no single variable can fully explain the high level of self-efficacy among 

college students, which aligns with Principle 1. Furthermore, different combinations of antecedent 

variables can lead to improved self-efficacy among college students, such as models A1, B3, and C5 

in Table 4, supporting Principle 2. Additionally, the high self-efficacy of college students with high 

levels is not explained by a single causal combination, endorsing Principle 3. Moreover, the sense of 

accomplishment exists in combinations B1, B3, and E3, but the impact of physical education on the 

self-efficacy of college students with high levels varies from positive to negative. Simultaneously, 

physical education does not appear in combinations D5, E3, and E6, indicating that its predictive 

effect on the self-efficacy of college students with high levels depends on other antecedent conditions, 

explaining the existence of counterfactual cases and the heterogeneity of college students' self-efficacy, 

thus supporting Principle 4. Additionally, the fsQCA analysis results in Table 4 show that the 

coverage of all condition combinations is less than 1.00, fulfilling Principle 5. 

4.8. fsQCA Analysis Results 

This section presents a fuzzy-set qualitative comparative analysis (FsQCA) based on Ragin's 

(2008) research. For the solution coverage, a value greater than 0.5 is considered satisfactory, while 

less than 0.2 is negligible. Similarly, for solution consistency, a value greater than 0.75 is satisfactory, 

and less than 0.7 is negligible. Table 6 demonstrates the FsQCA predictive analysis of high self-
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efficacy among university students, revealing five configuration model solutions with satisfactory 

levels of coverage and consistency (see Table 5).Using life satisfaction as an analytical indicator, 

Model A incorporates six variables related to life satisfaction and identifies five condition 

combinations. It achieves an overall coverage of 0.942 and an overall consistency of 0.858. Among 

these combinations, A4 (~friendship satisfaction * school satisfaction * family satisfaction * freedom 

satisfaction) exhibits the highest consistency level (0.926), indicating that university students with 

high satisfaction in school, family, and freedom are more likely to perceive high self-efficacy. 

Model B explores the impact of four variables on high-level self-efficacy, resulting in four 

condition combinations. It achieves an overall coverage of 0.678 and an overall consistency of 0.903. 

Among them, B2 (exercise motivation * individual factors) exhibits the highest consistency level 

(0.895), suggesting that university students with high exercise motivation and individual factors are 

most likely to perceive high self-efficacy.Model C focuses on five demographic factors that influence 

high-level self-efficacy, resulting in four condition combinations. It achieves an overall coverage of 

0.606 and an overall consistency of 0.876. Among them, C4 (~place of origin * only child * grade) 

exhibits the highest consistency level (0.885), indicating that rural only children in higher grades are 

most likely to perceive high self-efficacy.Model D includes four exercise behavior variables and five 

life satisfaction variables, resulting in three complex causal combination paths for high self-efficacy. 

It achieves an overall coverage of 0.946 and an overall consistency of 0.835. Among them, combination 

path D8 (exercise motivation * individual factors * social environment *~physical education * 

friendship satisfaction * ~school satisfaction * family satisfaction * environmental satisfaction * 

freedom satisfaction) exhibits the highest consistency level of 0.987, indicating that high exercise 

motivation, individual factors, social environment, low physical education, high friendship 

satisfaction, low school satisfaction, high family satisfaction, high environmental satisfaction, and 

high freedom satisfaction are most conducive to perceiving high self-efficacy.Model E comprises four 

exercise behavior variables and five demographic characteristics, resulting in three complex causal 

combination paths for high self-efficacy. It achieves an overall coverage of 0.894 and an overall 

consistency of 0.874. Among them, combination path E2 (~gender *~ place of origin * discipline * 

grade * exercise motivation * ~individual factors *~ social environment * physical education) exhibits 

the highest consistency level of 0.913, suggesting that male rural upper-level liberal arts students with 

high exercise motivation, low individual factors, local social environment, and high physical 

education are most likely to perceive high self-efficacy. 

5. Conclusion and Discussion 

5.1. Conclusion 

Based on the relevant research results of "the relationship between college students' physical 

exercise behavior, life satisfaction, and self-efficacy," an asymmetric influence model of college 

students' self-efficacy antecedent variables was constructed using complexity theory. Through fuzzy-

set qualitative comparative analysis (fsQCA), a series of causal combinations that influence college 

students' self-efficacy were predicted. Under the premise of high reliability and validity of 

measurement variables and good model fitting, the five causal models constructed by fsQCA results 

included 19 causal combinations, all satisfying the requirements of consistency (>0.6) and coverage 

(>0.2), indicating high credibility. Cross-tabulation analysis revealed that there were 

counterexamples when predicting college students' self-efficacy from the perspective of exercise 

behavior and life satisfaction, indicating an asymmetric relationship between the predicted result 

conditions (self-efficacy) and the preceding causal conditions. Therefore, the analysis using the 

fsQCA method had a high degree of fit. The fsQCA results showed that the antecedent conditions for 

high self-efficacy were heterogeneous and complex, meaning that the same antecedent condition 

could have negative, positive, or no effect in different predicted causal combinations, indicating a 

certain interaction between the antecedent conditions for high-level self-efficacy, presenting a 

complex influence mechanism and relationship. 
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By synthesizing the five models, it was found that college students' exercise motivation, 

individual factors, family satisfaction, freedom satisfaction, grade, and perception of life satisfaction 

appeared most frequently in high-prediction causal combinations, which can be considered 

important conditions for achieving high self-efficacy. Perception of exercise behavior had a positive 

correlation, suggesting that perception of physical exercise behavior was a core condition, with 

individual factors having the most significant influence. Among the perceptions of life satisfaction, 

college students' perception of freedom satisfaction and family satisfaction had the most significant 

impacts. Additionally, college students' exercise motivation and income levels at different stages 

were also important conditions for achieving high prediction values. Therefore, to better enhance 

college students' self-efficacy, emphasis can be placed on promoting college students' participation 

in sports activities to enhance their perception of exercise behavior and life satisfaction, and 

strengthening their perception of self-efficacy. 

5.2. Discussion 

5.2.1. Theoretical Significance 

Current academic research on college students' exercise and satisfaction has been conducted to 

a certain extent, but there are relatively few studies focusing on the impact of college students' 

exercise behavior and life satisfaction on their self-efficacy. Research on the influence mechanism of 

physical exercise and life satisfaction on college students' self-efficacy is even more scarce. This study, 

based on complexity theory, constructs a complex causal model exploring the impact of college 

students' physical exercise behavior, life satisfaction, and self-efficacy perception. It comprehensively 

considers the combination and connection between different antecedent conditions, expanding the 

theoretical analysis channels for traditional measurement variables such as physical exercise 

behavior, life satisfaction, and self-efficacy. Secondly, the study employs the fuzzy-set qualitative 

comparative analysis (fsQCA) method to explore asymmetric models, providing a more 

comprehensive analysis based on existing quantitative and qualitative foundations. The study finds 

that each causal combination in the model is sufficient for the result. Additionally, XY graphs also 

indicate an asymmetric relationship between antecedent combinations and result conditions, 

meaning that the causal conditions leading to high prediction results are not identical. This is an 

important aspect that traditional symmetric methods cannot study[45]. 

5.2.2. Practical Implications 

This study analyzes the antecedent conditions and their combinations that influence college 

students' self-efficacy. Based on the current perception presented by different causal combinations, it 

provides some practical suggestions for physical education to enhance college students' self-efficacy 

from the perspective of physical exercise. This article argues that the development of college students' 

physical education should be based on their self-efficacy, combining physical exercise behavior and 

life satisfaction perception as important antecedent conditions for high self-efficacy. This can enhance 

college students' autonomous learning and creativity, fully exhibit their self-spirit, improve their 

satisfaction with life, and strengthen their cognition of physical exercise. It is also relevant to the 

development of sports society, physical education, and the enhancement of self-efficacy perception. 

Cultivating good exercise habits in college students, improving their physical fitness, and promoting 

mental health can make students recognize the importance of physical exercise in enhancing self-

efficacy and life satisfaction, achieving the qualitative and scientific nature of relevant theoretical 

research on the relationship between physical exercise, self-efficacy, and life satisfaction. 
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