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We used a context—process—outcome model to understand how physical activity Keywords

develops and sustains academic achievement among college students. We also physical activity, academic
assessed the mediating role of self-control in the relationship between physical achievement, self-control,
activity and academic achievement. Participants comprised 1,181 Chinese Chinese college students

college students. Our findings showed that physical activity positively predicted
self-control and academic achievement. Further, self-control was an important
predictor of academic achievement. Finally, self-control played a mediating
role in the relationship between physical activity and academic achievement.
These findings provide evidence for the feasibility of the
context—process—outcome model and explain the key mechanisms by which
physical activity has a positive impact on college students’ academic
achievement. Therefore, university teachers and administrators could
implement interventions related to physical activity and self-control to improve
the academic achievement of college students.

Article Highlights

Physical activity in college students was found to be positively correlated with their self-control.
Physical activity was positively correlated with academic achievement.

Self-control was positively correlated with academic achievement.

The relationship between physical activity and academic achievement was positively mediated by social
support.

Academic achievement is widely understood as the attainment of educational objectives by learners, reflecting both
knowledge acquisition and skill development (Y. Li et al., 2018), and it is a multifaceted structure encompassing
different learning domains (Lindholm-Leary & Borsato, 2006). In this study we explored the common influences of
physical exercise and self-control on college students’ academic achievement and investigated the mechanisms involved.
Our goal was to enrich relevant theories and offer practical guidance for improving the academic achievement of
college students.

Although many studies have explored the factors influencing academic achievement, few have explored the internal
mechanisms of how physical exercise predicts academic achievement. The context—process—outcome model (Roeser et
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al., 1996) suggests that school contextual factors influence students’ psychological processes, thereby affecting
developmental outcomes such as academic achievement. Specifically, students’ positive evaluations of their quality of
life can prompt positive cognitions, experiences, and assessment of academics; the resulting positive academic
self-concept has a self-enhancing effect, increasing student engagement in learning, and consequently improving
academic performance (Byrne, 1984). This model is an effective process theory to explain academic achievement
(Guay & Vallerand, 1996). It can be transposed to the relationships between physical exercise, self-control, and
academic achievement in college students, thereby more clearly explaining the mechanisms that influence academic
achievement (Donnelly & Lambourne, 2011). Furthermore, cognitive load theory posits that an individual’s cognitive
resources are finite, and various activities consume these resources (Chandler & Sweller, 1991). A high level of
cognitive load can effectively motivate students’ initiative and engagement in learning, thereby promoting their
academic achievement (Kirschner et al., 2018). Therefore, we also incorporated physical exercise and self-control into
our research model.

Physical Exercise and Academic Achievement

Physical exercise, defined as planned, organized, repetitive, and purposeful physical movement aimed at improving or
maintaining one or more components of physical health (Dasso, 2019; Fiuza-Luces et al., 2024), is considered a subset
of physical activity (Ceria-Ulep et al., 2011). The promotion of academic achievement through physical exercise is
explained by neurobiological mechanisms, where participation in physical activity enhances cognitive and mental health
by altering the structural and functional composition of the brain (Cotman et al., 2007). From a behavioral perspective,
physical exercise effectively improves sleep quality (Lang et al., 2013; Reid et al., 2010), thus enhancing students’
concentration during learning and improving academic achievement (Gaultney, 2010).

The Mediating Role of Self-Control

Self-control is the ability to consciously control impulsive thoughts and resist the urge to satisfy desires and needs in the
current state for long-term benefits (Milyavskaya et al., 2019). Research has indicated that students with higher levels of
self-control achieve better academic results (Daly et al., 2015). Specifically, self-control influences students’ choice
between leisure activities (e.g., playing with their cell phone) and academic activities. Individuals with strong
self-control typically choose the latter, as they are better at resisting the temptation of immediate rewards (Mischel
et al., 1989) and understand that academic activities will bring them greater benefits in the future (Duckworth et al.,
2016).

Research has found that individuals with higher levels of physical exercise possess better self-control abilities
(Kinnunen et al., 2012; Wills et al., 2007). According to the strength model of self-control, self-control capacity, like
muscles, can be enhanced through appropriate exercise (Baumeister et al., 2007). In terms of specific physical
exercises, studies have found that aerobic activities (Wu et al., 2011), martial arts (Lake et al., 2014), and other
activities can effectively improve executive functions, thereby enhancing self-control (Audiffren & André, 2015;
Baumeister et al., 2007).

The Current Study

No previous studies have explored the specific influencing mechanisms in the relationships between physical exercise,
self-control, and academic achievement in Chinese college students. Further, they differed methodologically from our
research. A similar study explored the relationship between physical fitness and academic achievement among Chinese
college students, but a suitable theoretical model was not constructed, and the mechanism of the relationship was not
further studied (Zhai et al., 2020).

In summary, we sought to fill a gap in the literature by examining the mediating mechanism of social support on the
relationship between physical exercise and academic achievement. On the basis of previous research, we proposed four
hypotheses:

Hypothesis 1: Physical activity among college students will be positively correlated with their self-control.
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Hypothesis 2: Physical activity among college students will be positively correlated with their academic achievement.
Hypothesis 3: College students’ self-control will be positively correlated with their academic achievement.

Hypothesis 4: The relationship between physical activity and academic achievement among college students will be
positively mediated by social support.

Method

Participants and Procedure

We administered a survey to college students from more than 30 colleges and universities in Sichuan Province, China.
To ensure informed consent and adhere to the principle of voluntary participation, we informed participants about the
data confidentiality measures and the purpose of the study before testing. We distributed 1,201 questionnaires and
collected 1,181 valid responses, resulting in an effective recovery rate of 98.33%. Among the participants, there were
780 women (66.00%) and 401 men (34.00%); 1,047 undergraduates (88.66%), 133 postgraduates (11.26%), and one
doctoral student (0.08%); and ages ranged from 17 to 44 years (M = 19.89, SD = 2.53).

Measures

Physical Activity Rating Scale-3

We adopted the Physical Activity Rating Scale-3, originally developed in Japan and revised by Chinese scholar Liang
(1994), to assess the level of physical exercise among college students. This scale evaluates the quantity of exercise with
three items spread across three dimensions: intensity (“What is the intensity of your physical exercise?”), duration
(“How many minutes do you spend on the above-mentioned intensity of physical activity at a time?”), and frequency of
physical exercise (“How frequently do you engage in the aforementioned physical activities?”). The items are rated on a
5-point Likert scale, with intensity scored from 1 (< /0 minutes) to 5 (> 60 minutes), frequency scored from 1 (< once a
month) to 5 (almost once a day), and duration scored from O (< once a month) to 4 (approximately once a day). The total
score for physical exercise level is calculated as follows: S (quantity of physical exercise) = I (intensity of physical
activity) x F (frequency of physical activity) x t (duration of physical activity), with higher scores indicating greater
exercise quantity. The overall Cronbach’s alpha in this study was .78, indicating the scale was reliable.

Self-Control Scale

We used a Chinese version of the Self-Control Scale, revised by Tan and Guo (2008) from the 36-item long version
originally published by Tangney et al. (2004), to assess the level of self-control among college students. The scale
consists of 19 items divided across five dimensions: impulse control (six items, e.g., “People say I'm impulsive”),
healthy habits (three items, e.g., “It’s hard for me to break bad habits”), resisting temptation (four items, e.g., “I can
resist temptation well”), focusing on work (three items, e.g., “Sometimes I am distracted by things that are fun and I
can’t meet deadlines”), and moderation of entertainment (three items, e.g., “I would do something that would bring
pleasure to myself but would also be harmful to myself”). All items are scored using a 5-point Likert scale ranging from
0 (completely inconsistent) to 5 (completely consistent.) Higher total scores indicate better self-control abilities (Wang et
al., 2022). In this study the overall Cronbach’s alpha was .93, indicating the scale was reliable.

Academic Achievement Scale

We adopted the self-assessment component measuring comprehensive capability development from the College Student
Academic Achievement Scale by L. Li and Bao (2016) to evaluate the academic achievement level of college students.
The scale includes 18 items divided across three dimensions: professional literacy (five items, e.g., “Studying in
university has broadened my knowledge and perspective”), core competence (seven items, e.g., “Studying in university
has improved my ability to interact with others and collaborate with teams”), and civic consciousness (six items, €.g.,
“Studying in university has broadened my global awareness and international perspective”). Items are scored on a
5-point Likert scale ranging from O (completely inconsistent) to 5 (completely consistent) where higher total scores
indicate higher levels of academic achievement. In this study the overall Cronbach’s alpha was .99, indicating the scale
was reliable.
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Data Analysis

We calculated descriptive statistics, assessed common method bias, and conducted a correlation analysis of the collected
data using SPSS 25.0. The mediation effect model was tested using Model 4 of the PROCESS macro, estimating 95%
confidence intervals (CIs) through a bootstrapping analysis with 5,000 resamples.

Results

Common Method Bias

To address the potential common method bias inherent in data collected using self-report methods, we implemented
procedural controls (e.g., anonymous responding and reverse scoring of some items). We also used Harman’s single-
factor test to check for common method bias. An exploratory factor analysis extracted five factors with eigenvalues
greater than 1, and the first factor explained 16.04% of the variance, which is less than the standard threshold of 40%.
Therefore, the measures had no significant common method bias (Wen et al., 2018).

Descriptive Statistics and Correlation Analysis of Variables

We calculated descriptive statistics and performed a correlation analysis of physical exercise, self-control, and academic
achievement. The results showed significant positive correlations between physical exercise and both self-control and
academic achievement. Self-control was also significantly and positively correlated with academic achievement (see
Table 1). An independent samples 7 test was used to explore the relationships of these three variables with demographic
factors. The results indicated significant there were gender differences in physical exercise among college students (¢ =
12.76, p < .001), with men scoring higher on average (M = 9.74, SD = 7.70), than women did (M = 4.87, SD = 15.29).
Significant gender differences were also found in academic achievement (¢ = 4.18, p < .05), with men scoring higher on
average (M = 3.75, SD = 0.81), than women did (M = 3.55, SD = 0.74).

Table 1. Descriptive Statistics and Correlation Analysis Results for Study Variables

Variables M SD 1 2 3
1. Physical activity 19.63 20.64 1

2. Self-control 3.05 0.61 .09** 1

3. Academic achievement 3.62 0.77 25 A1 1

Note. The score range for physical activities is 0—100.
** p<.01. #* p <.001.

Mediating Effect of Self-Control

The results of the correlation analysis met the criteria to test the effects of mediation. Therefore, we used the
PROCESS macro Model 4 (Hayes, 2012), entering physical exercise as the independent variable, self-control as the
mediating variable, academic achievement as the dependent variable, and gender as a control variable. The regression
results (see Table 2) showed that physical exercise significantly predicted academic achievement. Even after including
self-control, physical exercise still significantly predicted academic achievement. Furthermore, physical exercise
significantly predicted self-control, and self-control significantly predicted academic achievement.
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Table 2. Mediation Effects Test

Equation 1: Equation 2: Equation 3:

Predictor variable Academic achievement Self-control Academic achievement

B SE t B SE t B SE t
Gender -04 088 -1.25 .07 0.76 2.32* —-.04 0.88 -1.47
Physical activity 24 0.02 7.97** 12 0.02 3.80** 23 0.02 7.60%**
Self-control .09 0.03 3.29*
R? .07 .01 .07
F 41.00 7.78 31.16
Note. N = 1,181.

*p<.05. % p< 01 %% p < 001,

The results of the mediation analysis (see Table 3) indicated that physical exercise both directly predicted academic

achievement and also indirectly predicted academic achievement through the mediating role of self-control.

Table 3. Total, Direct, and Mediating Effects

Boot 95% CI

Effect value Boot SE Relative
LL UL effect value
Total effect 17 0.02 0.13 0.21
Direct effects .16 0.02 0.12 0.21 0.94%
Mediating effect of self-control .01 0.01 0.00 0.02 0.06%

Note. N = 1,181. Number of bootstrapped resamples = 5,000. CI = confidence interval; UL = upper limit; LL = lower

limit.

Figure 1 illustrates the direct and indirect effects of physical activity on academic achievement.

12

Physical exercise

Self-control

.09

23

Figure 1. Mediating Effects Model

**p<.01.*** p<.001.

In this study we explored the correlation between physical exercise and academic achievement in college students, and
examined the mediating role of self-control in this relationship. The results indicated there were positive correlations
between physical exercise, self-control, and academic achievement among college students. Therefore, Hypotheses 1, 2,
3, and 4 were all accepted.

» Academic achievement

Discussion
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Physical Exercise and Academic Achievement

The findings showed that physical exercise positively predicted academic achievement in college students, supporting
Hypothesis 1 and aligning with previous research on the relationship between physical exercise and academic
achievement in college students (Cappelen et al., 2017; Keating et al., 2013). This finding supports the role of cognitive
resources in academic achievement, as discussed in cognitive load theory. Physical exercise can improve individual
cognitive resources (Kramer et al., 2006) and memory (Erickson et al., 2011), strengthen the ability to exercise self-
control, and thus improve academic achievement (P. Peng & Kievit, 2020). Specifically, physical exercise promotes
individual cognitive function (Hillman et al., 2009), which is believed to positively predict the ability to process
information (Erickson et al., 2015).

Mediating Role of Self-Control

The mediating effects test showed that self-control played a mediating role between physical exercise and academic
achievement in college students, thus supporting Hypothesis 2. Individuals with higher levels of physical exercise have
been found to have better self-control abilities (Finne et al., 2019; Kinnunen et al., 2012). Students lacking physical
exercise perform poorly in effectively planning, updating working memory, and switching thought patterns, making it
harder for them to concentrate on tasks and excel academically (St Clair-Thompson & Gathercole, 2006). Self-control
is considered a limited mental strength reserve (Audiffren, 2009), and long-term physical exercise can improve self-
control by reshaping the brain (Cotman et al., 2007). Thus, the relationship between physical activity and self-control
was further supported by our findings.

Empirical studies have demonstrated that self-control positively predicts academic achievement (Barber et al., 2009;
Daly et al., 2015). A person with strong self-control is considered to have more self-regulation resources to control their
thoughts, behavior, and emotions (King & Gaerlan, 2014), which is particularly beneficial in academia, where there are
clear standards of behavior (Duckworth et al., 2019). Additionally, the significant relationship between self-control and
academic achievement may be explained by the finding that individuals with strong self-control have more positive
emotions when facing learning challenges, while those with poorer self-control experience more negative emotions
during learning (Finkenauer et al., 2005; Ouano, 2011). Further, individuals with more positive emotions during
learning achieve higher academic success (Pekrun & Stephens, 2012).

Practical Implications

The findings of this study are significant for college students with lower levels of physical exercise and academic
achievement. First, we found that physical exercise was an important predictor of academic achievement. Effective
enhancement of physical exercise levels can be achieved through peer companionship (Trost et al., 2001), parental
support (Trost et al., 2003), and improving exercise abilities (Wrotniak et al., 2006). Second, our finding that self-
control mediated the relationship between physical exercise and academic achievement indicates that enhancing
knowledge literacy, improving emotional regulation skills, and increasing construal levels can effectively improve self-
control abilities (Y. Peng, 2007; Tice & Bratslavsky, 2000; Wan & Agrawal, 2011). Last, factors that directly affect
academic achievement can also contribute to raising self-esteem, providing social support, and alleviating psychological
stress, which may further enhance college students’ academic achievement (Friedlander et al., 2007; Lane et al., 2004;
Rosli et al., 2012; Zajacova et al., 2005).

Limitations and Future Research Directions

There are some limitations in the current research. The questionnaires we used in this study relied on self-reporting by
participants, which could introduce potential biases. Future studies could consider using various data-collections
methods or multiple sources to reduce these biases. In addition, while our findings provide useful information, the use
of a cross-sectional design makes it difficult to clarify the causal or temporal relationships between variables. Although
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we increased the sample size as much as possible, these limitations could not be completely avoided. Therefore, future
studies could focus on longitudinal research on this topic.

Conclusion

In conclusion, this study has further clarified the current state of academic achievement among college students in
China. Furthermore, we explored the correlations between physical exercise, self-control, and academic achievement in
college students, as well as the mediating role of self-control in the relationship between physical exercise and academic
achievement. The results revealed positive correlations between physical exercise, self-control, and academic
achievement among college students. It is important to improve the level of physical exercise among college students,
implement relevant measures, and provide more opportunities and time for physical exercise to enhance their academic
achievement.
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