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The mediating roles of demand 
and satisfaction in formation 
process of physical exercise habits 
among college students
Kun Wang, Jiali Qian*, Jiayi Yang, Tianyi Ge & Zhizhong Li

Considering the situation and disadvantages of being physically inactive as well as the nature and 
advantages of doing physical exercise regularly, there is a need to explore how physical exercise 
habits are cultivated and formed. The study was to examine the formation process of physical exercise 
habits. According to the Model of Physical Exercise and Habit, It was speculated that satisfaction, 
demand or chain from satisfaction to demand could mediate the relationship between physical 
exercise behavior and physical exercise habit. Cross-sectional design with 3202 college or university 
students from China was employed. Data about physical exercise habits, physical exercise behaviors 
as well as related questions was measured by the Self-Report Exercise Habits Index and direct 
questions. Structural Equation Modeling (SEM) was constructed to evaluate the mediating effects 
of demand and/or satisfaction by Asymptotically Distribution-Free and BOOTSTRAP. The inferential 
statistics was to estimate path coefficient and mediation effect. Findings suggested physical exercise 
behaviors could develop into physical exercise habits through a direct path, single mediators of 
demand or satisfaction, or a chain mediator from demand to satisfaction.

It has been documented that doing physical exercise regularly could improve individuals’ cognition flexibility1, 
muscle strength and endurance2 and reduce the incidence of cardiovascular disease, type 2 diabetes and 
depression3, thereby helping to keep healthy and prompting quality of life4. However, news on the World Health 
Organization (WHO) website showed that only 22% boys and 15% girls in the world do exercise sufficiently5 and 
the matter was approximately 5 million deaths worldwide every year just because of being physically inactive6. 
To promote healthy development of our body and mind, how to enhance physical exercise behaviors and form 
physical exercise habits seem to be major issues. Developing and maintaining a habit is not effortless but needs 
to be cultivated and developed rationally, especially for physical exercise behaviors due to the fact that doing 
physical exercise is often perceived as a sweatful and tedious activity and makes individuals shy away from it.

Similar to the definition of “habit”7, physical exercise habits refer to positive, stable, and automated behavioral 
and thinking patterns through repeated exercise practices in a specific situation8. The characteristics of it are 
mainly about repetition and automatic9,10 which has less effort and awareness11,12.

Thus far, some scholars believed that motivation was one of the most vital aspects of forming physical exer-
cise habits or physical exercise adherence13,14. In line with the Self-Determined Theory, different motivation (i.e. 
internal motivation, external motivation and amotivation) resulted in positive or negative intentions to physical 
exercise habits through different regulations15. Kilpatrick et al. held the opinion that external motivation, such 
as weight-losing or stress-managing, and intrinsic motivation, such as enjoyment and challenge, were influential 
factors in sports participation and they were more likely to be causes in persistence of doing physical exercise16. 
Gardner and Lally also noted that self-determined regulation had an impact on habit strength17. Nevertheless, 
Magaraggia et al. concluded that exercise frequency was not affected by motivation18. Since frequency or repeti-
tion of a behavior were necessary parts of a habit formation19, physical exercise behavior itself was paid more 
attention to when forming physical exercise habits. Kaushal and Rhodes proposed that doing physical exercise at 
least four times a week for about six weeks could help form physical exercise habits20. Harris and Kessler designed 
intervention experiments and proposed that the higher frequency and the longer duration of the initial stage in 
several consecutive weeks had positive causality for the possibility of persisting to do physical exercise21. At the 
same time, flexible incentives22, regular feedback23 and positive affective states24 could help maintain physical 
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exercise adherence. A review on the influencing factors of physical exercise behaviors (habits) believed that physi-
cal exercise behaviors (habits) were chosen for various reasons25, such as perception of competence26,27, fun and 
enjoyment28,29, parents30, learning new skills31, friends and peers32. Studies proposed that the exercising types 
of adolescents’ were related to the views of their parents33, and satisfaction from children with their exercising 
experience depended on support and encouragement of their parents34,35. Except the sparse articles on physical 
exercise habits, more research was about exercise adherence on unhealthy populations, such as populations with 
persistent musculoskeletal pain36 or older adults suffering from chronic knee pain37. Even though unhealthy 
populations were delicate and vulnerable, there was still a need to help normal people form positive physical 
exercise habits to maintain and promote their physical and mental function.

Generally speaking, some psychological research on behavior and habits relied on the rational choice model. 
The attitude-behavior model by Fishbein and Ajzen, named Theory of Reasoned Action as well, believes that 
attitudes which representing the desire for behaviors after trading-off positive and negative consequences of 
individuals, and subjective norms which representing social pressure experienced before, lead to behavioral 
intention, and then tend to behavior38. Later, Perceived Behavior Control was added as the third concept of 
behavior prediction in the model and the Theory of Planned Behavior was developed39. Noteworthy is the fact 
that Perceived Behavior Control is close to the Belief of Self-Efficacy in Bandura’s Social Learning Theory, which 
both account for the perception of difficulty when conducting a behavior40. However, the models above ignored 
the repetitive nature of physical exercise behaviors10 and the dynamic nature of physical exercise habits formation 
that whether to do physical exercise again was mostly influenced by previous exercising experience41. Consider-
ing the theoretical background above, Aarts put forward the Model of Physical Exercise and Habit Formation 
10. Through the Theory of Reasoned Action and the Theory of Planned Behavior, behavior has come into being, 
and then the bold arrows are the formation processes of a habit (Fig. 1)10. According to the Model of Physical 
Exercise and Habit Formation, when the same needs reappear, individuals could recall their experiences of 
physical exercise. If they were satisfied, individuals would be more willing to repeat the same behaviors10. After 
repeating too many times, cognition shortcuts, operationally defined as reactions to the situation automatically 
without deliberating, will come out and habits will be formed lastly10.

Given the situation and disadvantages of being physically inactive, the nature and advantages of doing physi-
cal exercise regularly as well as the gap of previous research, taken together, the purpose of this research was to 
examine the formation processes of physical exercising habits (Fig. 1). Based on the Model of Physical Exercise 
and Habit Formation, three hypotheses were given:

H1  Satisfaction could mediate the relationship between physical exercise behavior and physical exercise habit.

H2  Demand could mediate the relationship between physical exercise behavior and physical exercise habit.

H3  Chain from satisfaction to demand could mediate the relationship between physical exercise behavior and 
physical exercise habit.

Methods
Participant.  Cross-sectional design with convenient samples was employed in this study. All participants 
were recruited via online survey randomly. Participants were selected as who: (1) were university or college 
students; (2) were able to read and understand Mandarin language and the purpose of this survey; and (3) were 
native Chinese.

Questionnaires about their physical exercise behavior, physical exercise habits and other related questions 
were distributed to eligible participants. Initially, 3916 questionnaires for this survey were obtained. In the end, 
3202 samples from 34 provinces and regions in China with an effective rate of 82% were retained upon rigorous 
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Figure 1.   Formation Processes of a (Physical Exercise) Habit.
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exclusion criteria. The exclusion criteria were which questionnaires: (1) were answered within 50 s; (2) had miss-
ing answers on items; and (3) had regularity or consistency in their answer. The demographic of participants 
was as follows (Table 1).

Study design.  Cross-sectional design was conducted in this study. Data was collected through commercial 
online survey platforms (QR code from Wenjuanxing and Wechat). Demographic information (i.e. age, gender, 
nationality, original place) was collected at the beginning of the survey. The surveys about physical exercise 
behavior, demand of doing physical exercise, satisfaction of exercising experience and physical exercise habit 
were followed. Details of the questionnaire were reported in measurements.

The questionnaires were distributed to participants in a voluntary and independent approach and the contents 
were totally anonymous, strictly confidential and solely research-used. Participants were provided informed 
consent. The study had been approved by the local ethics committee of the Institional Review Board for Human 
Research Protections at Shanghai Jiao Tong University, China (H20200431I) and accorded with the guidelines 
of the Declaration of Helsinki.

Measurements.  Physical exercise behaviors, demand and satisfaction.
Physical exercise behaviors, demand and satisfaction were measured by direct questions, including:

"I have physical exercise behaviors " (referred to as "physical exercise behavior");
"I will execute physical exercise again for the same demand, like losing weight" (referred to as "demand ");
"I was satisfied with my physical exercise experiences" (referred to as "satisfaction").

To echo the true meaning of what the model expresses, questions in the model were conducted directly. 1–5 
Likert scale was conducted (1 = completely inconsistent; 5 = completely consistent). The higher the score was, 
the more consistent the reality was with the statement.

Physical exercise habits.
Physical exercise habits were assessed using the Self-Report Exercise Habits Index (SREHI). It was modified 

from the Self-Report Habits Index (SRHI) with physical exercise scenarios. Initially, SRHI was contextualized 
with physical exercise scenarios and revised to SREHI. Then, SREHI was translated into Mandarin by three 
native Mandarin speakers and the Mandarin items were back-translated into English by three English transla-
tors to evaluate the consistency between the English version and Mandarin version. Lastly, the final version was 
double-checked by an expert in the field to ensure the accuracy of SREHI.

Two principal components were extracted and the cumulative contribution rate (Initial Eigenvalues) was 
78.77% (KMO = 0.95, p < 0.001). Two dimensions, named as automaticity (4 items) and repetition (3 items), 
accorded with the two characteristics of habits by Aarts et al., automated response to a specific situation and 
tendency to repeat the same behavior10. 1–5 Likert scale (1 = completely inconsistent; 5 = completely consist-
ent) was conducted to each item and total scores of automaticity, repetition and physical exercise habits were 
calculated. The higher the score was, the more stable automaticity, repetition and physical exercise habits were.

The Cronbach’s α coefficients of automaticity, repetition and the whole scale were all greater than 0.8, which 
indicated that the scale had great reliability. The factor load of each item to each dimension which was greater 
than 0.6 (p < 0.001), Average Variance Extracted value (AVE) and Construct Reliability (CR) of two dimensions 
which were greater than 0.5 and 0.8 respectively demonstrated that each item could be well aggregated in each 
dimension and the scale had great aggregation validity. The square roots of AVE in both dimensions were greater 
than the correlation coefficient between repetition and automaticity, which means the scale had great discrimi-
native validity (Table 2). The Confirmatory Factor Analyses (CFA) model fitted the data and has been shown in 
Fig. 2 (χ2 = 21.250, DF = 13, RMSEA = 0.072, CFI = 0.985, GFI = 0.956).

Table 1.   Demographic of participants.

N % M SD

Age

Total 3202 19.45 1.58

Male 2084 65% 19.44 1.54

Female 1118 35% 19.49 1.66

Gender
Male 2084 65%

Female 1118 35%

Nationality
Han 2948 92%

minority 254 8%

Region

Shanghai 504 15.7%

North China 713 22.3%

South China 611 19.1%

East China 636 19.9%

West China 707 22.1%

Macao, Hongkong, Taiwan 31 0.01%
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Statistical analyses.  Data was analyzed by SPSS 22.0 (IBM Inc., Chicago, IL, USA) and AMOS 23.0 (IBM 
Inc., Chicago, IL, USA). Specifically, Principal Component Analysis (PCA) was used for Exploratory Factor 
Analysis (EFA). Cronbach’s alpha (α) coefficients and Confirmatory Factor Analysis (CFA) were conducted to 
evaluate the reliability and construct validity of SREHI. The last but the most important was the test of media-
tion carried out by Structural Equation Modeling (SEM). To make sure the precondition of the mediating role, 
descriptive statistics and Pearson correlation coefficients were acquired in advance. After that, SEM was con-
structed to evaluate the mediating effects of demand and/or satisfaction by Asymptotically Distribution-Free 
(ADF) and BOOTSTRAP. The inferential statistics (i.e. significance, standardized regression coefficient and con-
fidence interval) was to estimate path coefficient and mediation effect42.

Notably, due to sensitivity of chi-square χ2 to sample size43,44 and a variety of influencing factors to model 
fit45, multiple indexes would be reported. Of concern was the fact chi-square χ2 was heavily impacted by sample 
size and the model fit indexes were subsequently impacted by chi-square χ2. To attenuate the impact, Bollen-
Stine bootstrap 5000 times was employed, chi-square χ2 (Bollen-Stine) and p (Bollen-Stine bootstrap) were 
reported46. Likewise, ADF would be carried out with a large sample size and non-normal distribution47. The 
level of significance statistically was set at p < 0.05 with two-tailed.

Ethical approval information.  The study had been approved by the Institional Review Board for Human 
Research Protections at Shanghai Jiao Tong University, China (H20200431I) and accorded with the guidelines 
of the Declaration of Helsinki.

Result
Descriptive statistics.  Mean (M), Standard Deviation (SD), range (MIN & MAX) and Cronbach’s alpha of 
each item and dimension were shown in Table 3.

College students generally had physical exercise behavior (4.34 ± 0.88), whereas the stability of their physi-
cal exercise habits (22.82 ± 6.54) was only at a moderate intensity. Further, their physical exercise habits were 
relatively attributed more to repetition (10.91 ± 2.94) than automatic response (11.91 ± 4.11). There was a strong 
willingness for individuals to do physical exercise again for the same demand (4.03 ± 1.02). In light of satisfaction 
of their physical exercise experiences (3.79 ± 1.02), it was only at a moderate level statistically.

Table 2.   Results of Exploratory Factor Analysis (EFA) and Cronbach’s αcoefficient. ***Significant at the 0.001 
level.

KMO & Bartlett Communalities Items AVE CR Correlation Total Cumulative %
Cronbach’s α 
coefficient

SREHI KMO = 0.949***

Automaticity 4 0.684 0.896
0.645***

8.352 78.77% 0.894

Repetition 3 0.724 0.887 1.1 0.915

The scale 7 0.914

Figure 2.   Confirmatory Factor Analyses (CFA) Model.
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Correlation analysis.  The correlations among variables were presented in Table 4. Physical exercise behav-
ior was positively correlated with physical exercise habits, demand and satisfaction (r = 0.373, p < 0.01; r = 0.478, 
p < 0.01; r = 0.464, p < 0.01), respectively. Demand was also positively associated with satisfaction and physical 
exercise habit (r = 0.501, p < 0.01; r = 0.368, p < 0.01), respectively. Satisfaction was positively associated with 
physical exercise habit (r = 0.562, p < 0.01). All correlations were significant and met the premise of the media-
tion hypothesis48.

**Significant at the 0.01 level.

Testing of mediation models.  By meeting predetermination, SEM was constructed. Demand and satis-
faction were added into physical exercise behavior—physical exercise habit path as mediators, and standardized 
regression coefficients of each path were obtained (χ2 = 932.04, χ2 (Bollen-Stine) = 33.115, p (Bollen-Stine boot-
strap) < 0.001, DF = 32, RMSEA = 0.094, CFI = 0.701, GFI = 0.883) (Fig. 3). According to Fig. 3, all standardized 
regression coefficients reached significant levels (p < 0.05). Physical exercise habits could be positively predicted 
by physical exercise behavior, satisfaction and demand (β = 0.20, p < 0.001; β = 0.50, p < 0.001; β = 0.11, p < 0.001), 

Table 3.   Descriptive and Cronbach’s αcoefficient of Each Item and Dimension.

M SD MIN MAX Cronbach’s α

Physical Exercise Behavior 4.34 0.88 1 5

Demand 4.03 1.02 1 5

Satisfaction 3.79 1.02 1 5

Physical Exercise Habit 22.82 6.54 7 35 0.921

Repetition 10.91 2.94 3 15 0.914

R 1 3.71 1.04 1 5

R 2 3.51 1.07 1 5

R 3 3.69 1.07 1 5

Automaticity 11.91 4.11 4 20 0.889

A 1 2.99 1.22 1 5

A 2 2.66 1.17 1 5

A 3 3.21 1.18 1 5

A 4 3.06 1.17 1 5

Table 4.   The correlations among variables.

1 2 3 4

1. Physical Exercise Behavior 1

2. Demand 0.478** 1

3. Satisfaction 0.464** 0.501** 1

4. Physical Exercise Habit 0.373** 0.368** 0.562** 1

0.50***

0.35*** 0.11***

Demand

0.36***

0.24***

0.20***

Physical Exercise 
Behavior 

Physical 
Exercise Habit

Satisfaction 

Figure 3.   Path of Mediation mode. Note. *** is significant at the 0.001 level.
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respectively. Satisfaction could be positively predicted by physical exercise behavior and demand (β = 0.24, 
p < 0.001; β = 0.36, p < 0.001), respectively. Demand could be positively predicted by physical exercise behavior 
(β = 0.35, p < 0.001).

At the same time, BOOTSTRAP with 5000 times running and 95% CI were calculated. Since BOOTSTRAP 
CIs of direct, indirect and total effects did not contain 0 and were deemed as statistically significant, the partial 
mediation effect was consequently considered as existence. Based on Fig. 3 and Table 5, direct effect was 0.196; 
indirect effect was 0.221; and total effect was 0.418.

Further decomposing the indirect effects, the indirect effect of demand (i.e. physical exercise behavior—
demand—physical exercise habit) was 0.038, accounting for 9.09% mediation; the indirect effect of satisfaction 
(i.e. physical exercise behavior—satisfaction—physical exercise habit) was 0.121, accounting for 28.95% media-
tion; and the indirect effect of demand and satisfaction (i.e. physical exercise behavior—demand—satisfaction—
physical exercise habit) was 0.062, accounting for 14.83% mediation. Hence, physical exercise behavior could 
develop into a physical exercise habit through single mediators of demand or satisfaction, or a chain mediator 
from demand to satisfaction. Hypotheses 1, 2 and 3 were confirmed.

PEB = physical exercise behavior; D = demand; S = satisfaction; PEH = physical exercise habit.
**Significant at the 0.01 level; *** is significant at the 0.001 level.

Discussion
The aim of this research was to examine the formation processes of physical exercise habits. Results showed that 
university or college students generally had physical exercise behaviors, but the stability of their physical exercise 
habits was only at moderate intensity, that is, individuals’ physical exercise behaviors did not develop into physical 
exercise habits completely. Therefore, how to develop physical exercise behaviors into physical exercise habits 
was truly the matter. Given the limitations of previous theories in these topics and the nature of physical exercise 
behaviors (habits), the Model of Physical Exercise and Habit Formation was carried out. Results showed that 
physical exercise behaviors could develop into physical exercise habits through a direct path, single mediators 
of demand or satisfaction, or a chain mediator from demand to satisfaction.

What should be considered first in this study was the measurement of physical exercise habits. The counting 
of past frequencies, like "In the past… How many times have you done… ", was the most common and relatively 
reasonable measurement of a habit in literatures19, but a researcher pointed out that frequency could not reflect 
habits accurately49. Schwarz put forward that respondents might find it hard to recall what happened in a long 
time (e.g. how many times have you done… in the past… months or years), and they might not be absolutely 
clear about the terms (e.g. exercise intensity)50. To remedy the issues underlying the measurements, SRHI by 
Verplanken and Orbell was employed51 and it has been re-evaluated into a variety of fields52–54. What counts was 
the two dimensions (i.e. automaticity and repetition) extracted by SREHI (modified from SRHI) perfectly fitted 
the characteristics of physical exercise habits by Aarts et al. (i.e. automated response to a specific situation and 
tendency to repeat the same behavior)10. That is, SREHI might have more potential to satisfy what Arts believed 
and the Model elaborated.

Habit formation was deeply immersed in Behaviorism and in line with Learning theories10. According to the 
Stimulus—Respond (S-R) process, Thorndike proposed the experiment of hunger cats and the Law of Learn-
ing (i.e. Law of Readiness, Law of Exercise and Law of Effect) 55. What Thorndike stressed were: (1) the ready 
condition, that is the hunger condition of the cats or the need of doing exercise; (2) the repetition, even though 
it was revised later by himself that repetition was not adequate to intensify the relation between S and R; and 
(3) the satisfaction, which impact whether the behavior would maintain or not56. It seemed that the standpoint 
from Behaviorists accorded with Aarts’s and the Model. Indeed, the cognition process was still ignored, even if 
Thorndike prompted satisfaction. Evidence showed that engaging in a habitual behavior was different from simply 
engaging in a behavior frequently since the true habitual behavior was automatically activated19 and the influence 
of habit formation may be better attributed to automaticity57. Automaticity is, in essence, an unconscious state 
in which cognitive load is minimized58. The unconscious state was transformed from conscious thinking and 
calculating gradually, and they were continuous and unified rather than absolutely dichotomized58. A consensus 
that habits are formed gradually by reinforcing the connection between the context (or cues) and the existing 
behaviors 59. Further, the repetition of behaviors in a certain context could gradually increase the automaticity 
of the behaviors in that context60. Therefore, it can be said that repetition is to some extent a prerequisite for 
automation61.

Table 5.   Results of path analysis.

Path Estimate Bootstrap SE

Bias-corrected Percentile

EffectLower Upper p Lower Upper p

PEB → D → PEH 0.038 0.009 0.022 0.058 *** 0.021 0.057 *** 9.09%

PEB → S → PEH 0.121 0.013 0.097 0.148 *** 0.096 0.147 *** 28.95%

PEB → D → S → PEH 0.062 0.008 0.047 0.078 *** 0.048 0.078 *** 14.83%

INDIRECT EFFECT 0.221 0.018 0.186 0.258 *** 0.185 0.258 *** 52.87%

DIRECT EFFECT 0.196 0.029 0.139 0.253 *** 0.139 0.255 *** 46.89%

TOTOL EFFECT 0.418 0.031 0.351 0.475 ** 0.354 0.477 *** 1
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Congruent with other scholars19–21, Aarts et al. believed that habit formation required repetition over a period 
of time as well62. The possibility of the same behavior occurring next time constituted an important bridge of 
repeating behaviors10 and the possibility could be triggered and activated by cues63. More practically, reappear-
ance of the same needs, so-called cues, triggered the recurrence of physical exercise behaviors. It could therefore 
conclude that the reappearance of the same need was considered as the mediation of the cyclic execution of physi-
cal exercise behaviors. When the same need keeps appearing, cognition will be activated by repeated stimulations 
and the deliberation time will be shortened gradually, so that the conscious repeated behaviors could be trans-
ferred to the unconscious automatic responses10 and physical exercise habits may ultimately be formed. Similar 
findings went to the research by Kang et al. about the significance of needs in predicting exercise adherence64.

Emotional judgment of exercise experiences was a major and the strongest predictor of habit formation65,66, 
and the formation of physical exercise habits depended on the self-perception of past physical exercise expe-
rience. Positive attitudes required little or no reflective process67, and these positive attitudes could become 
unconsciously driven for the next behaviors in turn 63. Empirical studies showed that physical exercise habits 
could be formed through repeated satisfactory physical exercise experiences as well41,68. Starting with an enjoyable 
exercise experience could help with habit formation20; on the contrary, individuals would easily give up adherence 
to physical exercising if unexpected and negative difficulties and consequences resulted from previous exercise 
experiences10. For example, with the same 30-min physical exercise experience, some people may feel delighted 
and cheerful with the decision to do physical exercise again, other people may feel torturous and painful with 
the decision to give up experiencing one more time to avoid misery. To this end, it appears that satisfaction could 
be deemed as a bridge between past, present and future exercise experiences until physical exercise habits form.

Despite serving as a single mediator in the relationship between physical exercise behavior and physical 
exercise habit, need and satisfaction were not isolated. Neither of them could guarantee that participants would 
engage in physical exercise again for sure, but both of them do elevate the likelihood that participants prefer 
to do physical exercise next time. Therefore, demand and satisfaction could be a chain mediator affecting the 
relationship between physical exercise behavior and physical exercise habit. It was necessary to note that the 
path of the chain was from need to satisfaction rather than from satisfaction to need due to the Information 
Processing Model by Gagne69, even though both paths were significant statistically. To be specific, the perception 
of physical exercise experience (i.e. satisfaction) was encoded into long-term memory and working memory of 
the perception (i.e. satisfaction) was drawn out only after encountering cues (i.e. demands) and then physical 
exercise behavior would be driven again69.

Overall, physical exercise behaviors could develop into physical exercise habits through a direct path, single 
mediators of demand or satisfaction, or a chain mediator from demand to satisfaction. Based on the Model of 
Physical Exercise and Habit Formation, it appears that when physical exercise behavior exists, the appearance 
of demand is treated as a clue to stimulate memory and that the satisfaction may be feedback to prompt the next 
exercise-choosing process. Then, after repeating this process, responses to these clues will occur automatically 
with cognitive shortcuts and physical exercise behaviors will form eventually as physical exercise habits.

Implications should be supplied to the public and physical exercise educators or instructors. With regard 
to enhancing satisfaction, utilization of high-tech could make it more readily accessible. Research showed that 
Virtual Reality (VR) exercise made physical exercise interesting and could relieve negative moods, such as fatigue 
and tension70. Furthermore, the promotion of moods could be conducive to endurance71 and adherence72 in 
physical exercising. Unlike satisfaction, demand as a situational cue is not predictable and controllable. But if 
Physical Literacy (PL) could be promoted, the individuals would have the knowledge on how to fulfill their 
demands with physical exercise (e.g. how to lose weight with physical exercise) and the capability to participate 
in physical exercise (e.g. how to swim)73, which are essential to initial a physical exercise behavior. As discussed, 
it might be helpful to cultivate physical exercise habits by improving PL to find out individuals’ demands to 
participate in physical exercise and using high-tech to enhance satisfaction, thereby increasing the possibility 
of behaviors repetition and automaticity.

Large and comprehensive samples as well as the perfectly Model-fitted measurement were the most eye-
catching strengths of this study. Yet, limitations were still not to be ignored: (1) even though samples were from 
34 provinces and religions in China, there was still a bias representation; (2) uncontrolling confounding factors, 
like grade or frequency of PE courses, might limited the validity to some extent; (3) self-reported questionnaire 
might be subjective in this study.

In the future, we strongly encourage that longitudinal study design could be conducted and mechanisms of 
physical exercise habits formation in neurocognition could be explored. If possible, socioeconomic information 
of extensive participants, such as jobs and social status, should also be taken into account in that the development 
and maintenance of positive physical exercise habits is not laboratory-oriented but needs to be extrapolated into 
reality. Interestingly, the reason why satisfaction plays an important role in physical exercise habits formation 
might be physiology-oriented, like the secretion of dopamine. Another possible phenomenon—exercise addic-
tion—may emerge, when exercisers pursue satisfaction excessively. In that case, the boundary between physical 
exercise habit and exercise addiction and how to correct exercise addiction will also become mainstream in the 
future.

Conclusion
Findings showed that physical exercise behaviors could develop into exercise habits through a direct path, sin-
gle mediators of demand or satisfaction, or a chain mediator from demand to satisfaction. For the public and 
physical exercise educators or instructors, it might be helpful to cultivate physical exercise habits by improv-
ing PL to find out individuals’ demands to participate in physical exercise, and using high-tech to enhance 
satisfaction, thereby increasing the possibility of behaviors repetition and automaticity. Nevertheless, given 
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bias representation, uncontrolling confounding factors and subjective measurements, rigorous and longitudinal 
study design should be considered. What is more, exercise addiction, a related possible phenomenon, should 
be noted in the future.

Data availability
The data presented in this article are available. The content related to the privacy of participants is not publicly 
available.

Received: 15 June 2021; Accepted: 12 January 2022

References
	 1.	 Shukla, D. & Heath, M. A single bout of exercise provides a persistent benefit to cognitive flexibility. Res. Q. Exerc. Sport. 1–12 

(2021).
	 2.	 Fransson, E. I., Alfredsson, L. S. H., de Faire, U., Knutsson, A. & Westerholm, P. J. Leisure time, occupational and household physi-

cal activity, and risk factors for cardiovascular disease in working men and women: The WOLF study. Scand. J. Public Health 31, 
324–333 (2003).

	 3.	 Kerling, A. et al. Exercise increases serum brain-derived neurotrophic factor in patients with major depressive disorder. J. Affect. 
Disord. 215, 152–155 (2017).

	 4.	 Rhodes, R. E., Janssen, I., Bredin, S. S., Warburton, D. E. & Bauman, A. Physical activity: Health impact, prevalence, correlates 
and interventions. Psychol. Health 32, 942–975 (2017).

	 5.	 WHO. New WHO-led study says majority of adolescents worldwide are not sufficiently physically active, putting their current and 
future health at risk. https://​www.​who.​int/​news/​item/​22-​11-​2019-​new-​who-​led-​study-​says-​major​ity-​of-​adole​scents-​world​wide-​
are-​not-​suffi​cient​ly-​physi​cally-​active-​putti​ng-​their-​curre​nt-​and-​future-​health-​at-​risk (2019).

	 6.	 WHO. Physical activity. https://​www.​who.​int/​news-​room/​fact-​sheets/​detail/​physi​cal-​activ​ity (2020).
	 7.	 habit. APA Dictionary of Psychology. Dictionary.apa.org (2021). https://​dicti​onary.​apa.​org/​habit
	 8.	 Wang, K. & Ji, L. The building of a concept model of physical exercise habits of teenagers. J. Phys. Educ. 20, 93–96 (2013).
	 9.	 Rebar, A. L., Gardner, B. & Verplanken, B. Habit in exercise behavior. In Handbook of sport psychology, 986–998 (2020).
	10.	 Aarts, H., Paulussen, T. & Schaalma, H. Physical exercise habit: On the conceptualization and formation of habitual health behav-

iours. Health Educ. Res. 12, 363–374 (1997).
	11.	 Hagger, M. S. Habit and physical activity: Theoretical advances, practical implications, and agenda for future research. Psychol. 

Sport Exerc. 42, 118–129 (2019).
	12.	 Hagger, M. S. Redefining habits and linking habits with other implicit processes. Psychol. Sport Exerc. 46, 101606 (2020).
	13.	 Song, R. Analyzing motivational factors to predict health behaviors among older adults. Korean J. Adult Nurs. 18, 523–532 (2006).
	14.	 Kim, S.-J. & Cho, B.-H. The effects of empowered motivation on exercise adherence and physical fitness in college women. J. Exerc. 

Rehabil. 9, 278 (2013).
	15.	 Ryan, R. M. & Deci, E. L. Self-determination Theory: Basic Psychological Needs in Motivation, Development, and Wellness. (Guilford 

Publications, 2017).
	16.	 Kilpatrick, M., Hebert, E. & Bartholomew, J. College students’ motivation for physical activity: differentiating men’s and women’s 

motives for sport participation and exercise. J. Am. Coll. Health 54, 87–94 (2005).
	17.	 Gardner, B. & Lally, P. Does intrinsic motivation strengthen physical activity habit? Modeling relationships between self-determi-

nation, past behaviour, and habit strength. J. Behav. Med. 36, 488–497 (2013).
	18.	 Magaraggia, C., Dimmock, J. & Jackson, B. Motivational priming as a strategy for maximising exercise outcomes: Effects on exercise 

goals and engagement. J. Sports Sci. 32, 826–835 (2014).
	19.	 Ouellette, J. A. & Wood, W. Habit and intention in everyday life: The multiple processes by which past behavior predicts future 

behavior. Psychol. Bull. 124, 54 (1998).
	20.	 Kaushal, N. & Rhodes, R. E. Exercise habit formation in new gym members: A longitudinal study. J. Behav. Med. 38, 652–663 

(2015).
	21.	 Harris, M. C. & Kessler, L. M. Habit formation and activity persistence: Evidence from gym equipment. J. Econ. Behav. Organ. 166, 

688–708 (2019).
	22.	 Condliffe, S., Işgın, E. & Fitzgerald, B. Get thee to the gym! A field experiment on improving exercise habits. J. Behav. Exp. Econ. 

70, 23–32 (2017).
	23.	 Beshears, J., Lee, H. N., Milkman, K. L., Mislavsky, R. & Wisdom, J. Creating exercise habits using incentives: The trade-off between 

flexibility and routinization. Manage. Sci. 67, 4139–4171 (2021).
	24.	 Weyland, S., Finne, E., Krell-Roesch, J. & Jekauc, D. (How) Does affect influence the formation of habits in exercise?. Front. Psychol. 

11, 2866 (2020).
	25.	 Bailey, R., Cope, E. J. & Pearce, G. Why do children take part in, and remain involved in sport? A literature review and discussion 

of implications for sports coaches. Int. J. Coach. Sci. 7, 56–75 (2013).
	26.	 Carroll, B. & Loumidis, J. Childrenís perceived competence and enjoyment in physical education and physical activity outside 

school. Eur. Phys. Educ. Rev. 7, 24–43 (2001).
	27.	 Woods, A. M., Bolton, K. N., Graber, K. C. & Crull, G. S. Influences of perceived motor competence and motives on children’s 

physical activity. J. Teach. Phys. Educ. 26, 390–403 (2007).
	28.	 Chalip, L. & Green, B. C. Establishing and maintaining a modified youth sport program: Lessons from Hotelling’s location game. 

Sociol. Sport J. 15, 326–342 (1998).
	29.	 Weiss, M. R. & Ferrer-Caja, E. Motivational orientations and sport behavior. Advances in sport psychology. 101–170 (2002).
	30.	 Brustad, R. J. Integrating Socialization Influences into the Study of Ciildren’s Motivation in Sport. J. Sport Exerc. Psychol. 14, 59–77 

(1992).
	31.	 Macphail, A., Gorely, T. & Kirk, D. Young people’s socialisation into sport: A case study of an athletics club. Sport Educ. Soc. 8, 

251–267 (2003).
	32.	 Sagar, S. S., Lavallee, D. & Spray, C. M. Why young elite athletes fear failure: Consequences of failure. J. Sports Sci. 25, 1171–1184 

(2007).
	33.	 Lavoi, N. M. & Stellino, M. B. The relation between perceived parent-created sport climate and competitive male youth hockey 

players’ good and poor sport behaviors. J. Psychol. 142, 471–496 (2008).
	34.	 Côté, J. The influence of the family in the development of talent in sport. Sport Psychol. 13, 395–417 (1999).
	35.	 McCarthy, P. J. & Jones, M. V. A qualitative study of sport enjoyment in the sampling years. Sport Psychol. 21, 400–416 (2007).
	36.	 Meade, L. B., Bearne, L. M. & Godfrey, E. L. “It’s important to buy in to the new lifestyle”: Barriers and facilitators of exercise 

adherence in a population with persistent musculoskeletal pain. Disabil. Rehabil. 43, 468–478 (2021).

https://www.who.int/news/item/22-11-2019-new-who-led-study-says-majority-of-adolescents-worldwide-are-not-sufficiently-physically-active-putting-their-current-and-future-health-at-risk
https://www.who.int/news/item/22-11-2019-new-who-led-study-says-majority-of-adolescents-worldwide-are-not-sufficiently-physically-active-putting-their-current-and-future-health-at-risk
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://dictionary.apa.org/habit


9

Vol.:(0123456789)

Scientific Reports |         (2022) 12:1563  | https://doi.org/10.1038/s41598-022-05602-3

www.nature.com/scientificreports/

	37.	 Nicolson, P. J., Hinman, R. S., Wrigley, T. V., Stratford, P. W. & Bennell, K. L. Effects of covertly measured home exercise adherence 
on patient outcomes among older adults with chronic knee pain. J. Orthop. Sports Phys. Ther. 49, 548–556 (2019).

	38.	 Fishbein, M. & Ajzen, I. Belief, attitude, intention, and behavior: An introduction to theory and research. Philosophy and Rhetoric. 
10, 177–188 (1977).

	39.	 Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 50, 179–211 (1991).
	40.	 Bandura, A. & McClelland, D. C. Social Learning Theory Vol. 1 (Prentice Hall, Englewood Cliffs, 1977).
	41.	 Rodrigues, F., Teixeira, D. S., Neiva, H. P., Cid, L. & Monteiro, D. Understanding exercise adherence: The predictability of past 

experience and motivational determinants. Brain Sci. 10, 98 (2020).
	42.	 Preacher, K. J. & Hayes, A. F. SPSS and SAS procedures for estimating indirect effects in simple mediation models. Behav. Res. 

Methods Instrum. Comput. 36, 717–731 (2004).
	43.	 Maruyama, G. Basics of structural equation modeling. (Sage, 1997).
	44.	 Tanaka, J. S. Multifaceted conceptions of fit in structural equation models. Test Struct. Equ. Models 10–39 (1993).
	45.	 Marsh, H. W., Balla, J. R. & Hau, K.-T. An evaluation of incremental fit indices: A clarification of mathematical and empirical 

properties. Adv. Struct. Equ. Model. Issues Tech 315–353 (1996).
	46.	 Fisher, M., King, J. & Tague, G. Development of a self-directed learning readiness scale for nursing education. Nurse Educ. Today 

21, 516–525 (2001).
	47.	 Curran, P. J., West, S. G. & Finch, J. F. The robustness of test statistics to nonnormality and specification error in confirmatory 

factor analysis. Psychol. Methods 1, 16 (1996).
	48.	 Holmbeck, G. N. Toward terminological, conceptual, and statistical clarity in the study of mediators and moderators: Examples 

from the child-clinical and pediatric psychology literatures. J. Consult. Clin. Psychol. 65, 599 (1997).
	49.	 Armitage, C. J. Can the theory of planned behavior predict the maintenance of physical activity?. Health Psychol. 24, 235 (2005).
	50.	 Schwarz, N. Self-reports: How the questions shape the answers. Am. Psychol. 54, 93 (1999).
	51.	 Verplanken, B. & Orbell, S. Reflections on past behavior: A self-report index of habit strength 1. J. Appl. Soc. Psychol. 33, 1313–1330 

(2003).
	52.	 Morean, M. E. et al. The Self-Report Habit Index: Assessing habitual marijuana, alcohol, e-cigarette, and cigarette use. Drug Alcohol 

Depend. 186, 207–214 (2018).
	53.	 Reyes Fernández, B., Monge-Rojas, R., Solano López, A. L. & Cardemil, E. Re-evaluating the self-report habit index: The cases of 

physical activity and snacking habits. Psychol. Health 34, 1161–1178 (2019).
	54.	 Gardner, B., de Bruijn, G.-J. & Lally, P. A systematic review and meta-analysis of applications of the self-report habit index to 

nutrition and physical activity behaviours. Ann. Behav. Med. 42, 174–187 (2011).
	55.	 Thorndike, E. L. The law of effect. Am. J. Psychol. 39, 212–222 (1927).
	56.	 Islam, M. H. Thorndike theory and it’s application in learning. At-Ta’lim Jurnal Pendidikan 1, 37–47 (2015).
	57.	 Gardner, B. Habit as automaticity, not frequency. Eur. Health Psychol. 14, 32–36 (2012).
	58.	 Fleetwood, S. A definition of habit for socio-economics. Rev. Soc. Econ. 79, 1–35 (2019).
	59.	 Lally, P., Van Jaarsveld, C. H., Potts, H. W. & Wardle, J. How are habits formed: Modelling habit formation in the real world. Eur. 

J. Soc. Psychol. 40, 998–1009 (2010).
	60.	 Wood, W. & Neal, D. T. A new look at habits and the habit-goal interface. Psychol. Rev. 114, 843 (2007).
	61.	 Gardner, B. & Lally, P. Modelling habit formation and its determinants. Psychol. Habit. 207–229 (2018).
	62.	 Hall, P. A. & Fong, G. T. Temporal self-regulation theory: A model for individual health behavior. Health Psychol. Rev. 1, 6–52 

(2007).
	63.	 Custers, R. & Aarts, H. Positive affect as implicit motivator: On the nonconscious operation of behavioral goals. J. Pers. Soc. Psychol. 

89, 129 (2005).
	64.	 Kang, S., Lee, K. & Kwon, S. Basic psychological needs, exercise intention and sport commitment as predictors of recreational 

sport participants’ exercise adherence. Psychol. Health 35, 916–932 (2020).
	65.	 Lally, P. & Gardner, B. Promoting habit formation. Health Psychol. Rev. 7, S137–S158 (2013).
	66.	 Rhodes, R. E. & Kates, A. Can the affective response to exercise predict future motives and physical activity behavior? A systematic 

review of published evidence. Ann. Behav. Med. 49, 715–731 (2015).
	67.	 Zajonc, R. B. Feeling and thinking: Preferences need no inferences. Am. Psychol. 35, 151 (1980).
	68.	 Judah, G., Gardner, B., Kenward, M. G., DeStavola, B. & Aunger, R. Exploratory study of the impact of perceived reward on habit 

formation. BMC Psychol. 6, 1–12 (2018).
	69.	 Gagne, R. M. Learning outcomes and their effects: Useful categories of human performance. Am. Psychol. 39, 377 (1984).
	70.	 Qian, J., McDonough, D. J. & Gao, Z. The Effectiveness of virtual reality exercise on individual’s physiological, psychological and 

rehabilitative outcomes: A systematic review. Int. J. Environ. Res. Public Health 17, 4133 (2020).
	71.	 Chen, C.-H., Jeng, M.-C., Fung, C.-P., Doong, J.-L. & Chuang, T.-Y. Psychological benefits of virtual reality for patients in reha-

bilitation therapy. J. Sport Rehabil. 18, 258–268 (2009).
	72.	 Plante, T. G., Aldridge, A., Bogden, R. & Hanelin, C. Might virtual reality promote the mood benefits of exercise?. Comput. Hum. 

Behav. 19, 495–509 (2003).
	73.	 Whitehead, M. Definition of physical literacy and clarification of related issues. ICSSPE Bull. 65, 1–2 (2013).

Acknowledgements
Thank all participants in this study and all members who help with this study in our laboratory.

Author contributions
K.W. played a role in drafting the study plan, revising the measurement, collecting the data and revising the 
article. J.Q. played a role in drafting the study plan, revising the measurement, collecting the data, analyzing the 
data and writing the article. J.Y., T.G. and Z.L. played a role in revising the measurement, collecting the data.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.Q.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

www.nature.com/reprints


10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:1563  | https://doi.org/10.1038/s41598-022-05602-3

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022, corrected publication 2022

http://creativecommons.org/licenses/by/4.0/

	The mediating roles of demand and satisfaction in formation process of physical exercise habits among college students
	Methods
	Participant. 
	Study design. 
	Measurements. 
	Statistical analyses. 
	Ethical approval information. 

	Result
	Descriptive statistics. 
	Correlation analysis. 
	Testing of mediation models. 

	Discussion
	Conclusion
	References
	Acknowledgements


