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ABSTRACT 
 
High-intensity exercise has efficient elements such as time saving and metabolic benefits, while it is 
physiologically demanding, and requires stronger mental capacity than traditional exercise regimens. The 
present study aimed to examine differences in exercise intensity relative to self-control in exercise 
participants. Participants completed the multistage 20 m shuttle run test (MST) in an indoor gymnasium under 
the same environmental condition. Participants (N = 81; male n = 55; Mage = 23.06 years) completed 
measures of self-control and motivation for participation in aerobic exercises. Additionally, heart rate, high-
intensity exercise volume, and perceived exertion were used to measure exercise intensity. Self-control has 
a significant positive correlation with several variables that measure exercise intensity. In addition, 
hierarchical regression analyses showed that trait self-control positively and significantly predict exercise 
intensity after controlling for self-determined motivation. Trait self-control is a significant psychological 
variable to account for behaviours related to high-intensity exercise and it might be more important for the 
tolerance the exercise intensity than one’s self-determined motivation to it. 
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INTRODUCTION 
 
High-intensity exercises are commanding increasing attention by exercise participants who are prioritizing 
the efficiency of their exercise routine. The American College of Sports Medicine (Garber et al., 2011) has 
stressed the efficiency of high-intensity exercises with 75 minutes of high-intensity physical activities per 
week being equivalent to 150 minutes of moderate-intensity exercises. Buoyed by recent research findings 
that high-intensity exercise may be more effective because it requires less time to gain similar benefits than 
moderate-exercise(Kessler, Sisson, & Short, 2012). Thus, high-intensity exercise is emerging as a desirable 
alternative to low- to moderate intensity activities. 
 
Despite these benefits, high-intensity exercise has been criticized for that many people are not willing to 
participate in such hard exercise (Biddle & Batterham, 2015). Some existing studies even suggested that 
there is negative relationship between exercise intensity and adherence(Cox, Burke, Gorely, Beilin, & 
Puddey, 2003; Perri et al., 2002). This is associated with that severe intensity exercise involves excessive 
physical and psychological stress. Thus, understanding different factors related to overcome the stressful 
aspects would be beneficial for explain the participation and adherence in high intensity exercise. 
 
To understand exercise behaviours in high intensity, research is needed to identify the willpower required to 
overcome physical and psychological stress in vigorous physical activity. One possible characteristic is self-
control. Self-control is the ability to resist impulses or temptation that interfere with achieving one’s goals 
(Tangney, Baumeister, & Boone, 2004), and has been cited as a crucial factor for maintaining and sustaining 
certain activities, including, smoking cessation, dieting, exercising, and studying (Baumeister, Gailliot, 
DeWall, & Oaten, 2006). Trait self-control has been identified as one possible psychological variable that can 
promote healthy activities including exercising (Dishman & Sallis, 1994; Hagger, Wood, Stiff, & 
Chatzisarantis, 2010) since it enables individuals to set an objective and work toward their objective while 
deliberately suppressing the behaviours deemed inappropriate to them (Baumeister, Vohs, & Tice, 2007). 
People with low trait self-control may behave impulsively and make hasty decisions in the face of physical 
and psychological stress (Lewinsohn & Mano, 1993), or may experience failure in sustaining certain 
behaviours (Baumeister & Heatherton, 1996). Previous research has reported that physiological reactions to 
exercising, including elevated heart rate or blood pressure, can cause ego depletion, requiring participants 
to exert self-regulatory efforts to continue exercising (Segerstrom & Nes, 2007; Wright et al., 2007). This 
might imply that the participation in high intensity exercise requires strong self-control as induces such 
physical distress. 
 
From the findings of existing studies about exercise engagements, an individual`s willpower would be 
considered as an important factor for engagement in high intensity exercise. The reason why people tend to 
avoid doing strenuous exercise may be that higher intensity exercise typically induce negative feelings with 
physical stress and pain during the activity (Hall, Ekkekakis, & Petruzzello, 2005). Thus, execution of high 
intensity exercise require tolerance to metabolic stress and unpleasant emotion induced from the activity 
including psychological or cognitive exertion. 
 
In this regard, Borg (Borg, 1982) suggested the rating of perceived exertion (RPE) to measure the 
physiological and psychological stress perceived by individuals during exercise. Participants feel the urge to 
stop exercising when the subjective intensity of the exercise (i.e., the RPE) is high (Borg, 1982). Rejeski 
(Rejeski, 1985) noted that perceived exertion is a subjective variable and thus closely associated with 
psychological factors. Literature on RPE has reported that physiological reactions to exercises (e.g., heart 
rate, respiration rate, oxygen uptake, blood lactate) and subjective RPE scales are not perfectly correlated 
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(Hall et al., 2005). These findings highlight the importance of psychological characteristics or traits such as 
self-control within an individual that are needed to engage in a high-intensity exercise regimen. 
 
In the hyperbolic discounting model of impulsiveness (Ainslie, 1975), self-control is considered as the choice 
of delayed but larger rewards, over immediate but smaller rewards. That is, the core concept of self-control 
is to control impulsiveness and immediate responses, which is in line with the delay of gratification concept 
(Mischel, Shoda, & Rodriguez, 1989). According to the self-regulatory strength model of self-control 
(Baumeister, 2002; Baumeister & Heatherton, 1996), it takes exertion and willpower to regulate one`s 
behaviours or emotions by controlling such impulsivity using self-control which is depletable and limited 
resources. Thus, self-control can be defined as the capacity of regulating one`s behaviours and emotions, 
and this ability is helpful to inhibit undesirable behaviours and facilitate desirable behaviours through 
tolerating immediate impulses with efforts and willpower. 
 
Earlier research related to the promotion of high-intensity exercise have mainly focused on considering 
participants` motivation as a key cognitive element for the tolerance of severe intensity in exercise 
behaviours. Biddle and Batterham3 insist that engagement in high intensity exercise requires high levels of 
motivation because there is no inherent drive in persistent physical activity or exercise. In addition, some 
studies identified that motivational factors positively influence tolerance or adherence to high-intensity 
exercise (Pessiglione et al., 2007; Thøgersen-Ntoumani, Shepherd, Ntoumanis, Wagenmakers, & Shaw, 
2016; Vøllestad, 1997). However, even highly motivated people who engaged in regular exercise could not 
prefer high intensity physical activity or could fail to persistent severe exercise. In the study examined the 
relationship between exercise motivation and frequency, intensity, and duration of exercise (Duncan, Hall, 
Wilson, & Jenny, 2010),24 exercise intensity was not predicted by any of motivational factors among healthy 
male participants regularly exercising. This finding implies that participation or adherence in high intensity 
exercise are not sufficiently explained by exercise motivation. 
 
Trait self-control and motivation are correlated to each other in terms of that these are important factors 
inducing adherence to certain activities (Briki, 2016). High trait self-control helps people pursue clear goals 
by focusing on relevant and important goals for the self (Carver & Scheier, 2000), and this goal selection 
process is associated with the degree of self-determined motivation. According to Deci and Ryan (Ryan & 
Deci, 2000), one`s motivation might differ in the degree to which the activities are self-determined, and the 
high degree of self-determined motivation is induced by the integration of the activities and one`s sense of 
self. Thus, it would be considered that trait self-control and self-determined motivation might influence high 
intensity exercise behaviours in a similar way that restraining goal-disruptive impulses and selecting goal-
related strategies. 
 
To sum up, many people understand the efficiency of high intensity exercise, but they tend to avoid doing it 
because it is very stressful. It would be advantageous for public health to find what factors facilitate 
engagement in high intensity physical activity, and self-control and motivation would be the important 
psychological factors according to the findings from existing studies. Some studies insist that self-determined 
motivation is the key factor to explain exercise behaviours in high intensity, but others claim that it is 
insufficient because even highly motivated people tend to fail to participate regularly in high intensity exercise. 
Therefore, present study tried to examine how variations in intensity during an exercise is associated with 
trait self-control after controlling the impact of self-determined motivation of healthy adults who regularly 
participate in physical activity. The implications of this study would be helpful for understanding the 
participation behaviour in high-intensity exercise. 
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MATERIAL AND METHODS 
 
Participants 
A total 81 adults (Men: 55, Women:26) who reported exercising regularly and living in Seoul, Korea were 
participated in this study (Mage = 23.06, SD = 3.16). Participants were informed of the purpose and 
procedures of our study and expressed willingness to participate before the exercise and survey. 
 
Measures 
The following measures were used to validate the correlation between self-control and exercise intensity 
during the multistage 20 m shuttle run test (MST). 
 
Self-determined motivation for aerobic exercises 
We used the Korean Version of the Behavioural Regulation in Exercise Questionnaire-2 (BREQ-2) adapted 
by Kim and colleagues (Kim, Yang, & Lee, 2007; Wilson & Rodgers, 2004). to measure the self-determined 
motivation for aerobic exercises. The BREQ-2 contains 19 items in five subscales: intrinsic regulation (4 
items), identified regulation (4 items), introjected regulation (3 items), external regulation (4 items), and 
amotivation (4 items). All items are rated on a five-point scale anchored from 0 (strongly disagree) to 4 
(strongly agree). The relative autonomy index (RAI) was calculated using the above scale to measure the 
degree of the participants’ self-determined motivation for aerobic exercises (Markland, 2011). The RAI was 
obtained by applying weighting to each variable according to the degree of self-determination: [(amotivation×-
3) + (external regulation×-2) + (introjected regulation×-1) + (identified regulation×2) + (internal regulation×3)]. 
Higher RAI scores are interpreted as an indication of a higher degree of self-determined motivation. The 
confirmatory factor analysis confirmed the validity of the present model within our sample, χ2 (142) = 285.396, 
p < .001, CFI = .935, TLI = .942, and RMSEA = .067, and the internal consistency of each variable was .83–
.87. 
 
Self-control 
The present study used the Self-Control Scale (SCS) developed by Tangney and colleagues (Tangney et al., 
2004). to measure the participants’ self-control. The original SCS consists of 36 questions on five subscales 
(e.g., overall capacity for moderation and self-discipline, deliberate/non-impulsive action, healthy habits, work 
ethic, and reliability), and were rated using a five-point scale anchored from 1 (not at all like me) to 5 (very 
much like me). Based on the study conducted by Korean (Cho & Kwon, 2011), we used the short version of 
the SCS with 26 items on 3 subscales (healthy habits and reliability, moderation and self-discipline, and non-
impulsiveness). The confirmatory factor analysis of this instrument with our sample confirmed a reasonable 
level of model fit, χ² (296) = 426.645, p < .001, CFI = .937, TLI = .928, and RMSEA = .061. The internal 
consistency of each subscale ranged from .80 to .84. 
 
Calculation of mean and maximal heart rate 
We calculated age-predicted maximal heart rate (HRmax) by subtracting each participant’s age from 220 
(Pescatello, Riebe, & Thompson, 2014; Petruzzello, Landers, Hatfield, Kubitz, & Salazar, 1991). The heart 
rate was constantly tracked during the exercise using an electronic device (Polar Team 2), through which the 
percent mean heart rate (%HRmean) and the percent maximal heart rate (%HRmax) were calculated. 
%HRmean was calculated by (mean heart rate [HRmean] during exercise / age-predicted HRmax * 100) and 
%HRmax by (HRmax during exercise / age-predicted HRmax * 100). 
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High-intensity exercise volume 
The ACSM (Pescatello et al., 2014) defines high-intensity aerobic exercises for healthy adults as the exertion 
at 85% of maximal oxygen uptake (VO2max), 80% of HRmax, or above, and defines the threshold for extreme 
fatigue at 80% of HRmax. Based on the participants’ data stored in the Polar Team2 software, we measured 
the duration each participant continued the MST at 80% of HRmax or above. 
 
Measurement of the rating of perceived exertion (RPE) 
The scale developed by Borg (Borg, 1982) was used to measure the participants’ RPE. The instrument 
includes subjective ratings to the changing personal feelings and physiological reactions during a period of 
exercise. To determine exercise intensity, respondents were asked to indicate how hard the exercise was on 
a 15-point numerical scale from 6 to 20. Unlike the previous self-report measures on the survey, participants 
completed the RPE immediately following the termination of the MST. 
 
Procedure 
Prior to the start of the exercise, participant completed a survey that included self-control and the background 
variables including age-predicted maximal heart rate (HRmax) for each participant. The high intensity 
exercise was conducted through a Multistage 20 m Shuttle run Test (MST). This test was measured by 
playing the audio material with pre-recorded a sound signal where, starting from the brisk walk on the 20 m 
course at 8.5 km/h, the signal interval became gradually shorter by 0.5 km/h every minute. Participants began 
the test at a sound signal and ran back and forth on the 20 m course, as the rhythm speed of sound signal 
continued to increase. Participants terminated the MST when they felt, based on their own judgment, they 
could no longer keep up with the sound signals. All participants completed the MST in an indoor gymnasium 
under the same environmental condition (12–16˚C, relative humidity at 60% or below). The Polar Team2 
wearable devices were attached on the participants during the MST, through which the heart rate was 
continually tracked. Finally, the RPE scores when they elected to terminate the MST were measured. 
 
Analysis 
Data in the present study were analysed using the AMOS 18.0 and SPSS 22.0 software. The confirmatory 
factor analysis was conducted to validate the construct validity of the questionnaire in sample, followed by 
the reliability analysis (Cronbach’s α) of each measure. Next, we calculated the descriptive statistics and 
correlation analyses to identify the overall tendency and characteristics of the collected data. Finally, a 
hierarchical linear regression analysis was performed to examine the relationship between self-control, self-
determined motivation, and exercise intensity (%HRmean, %HRmax, RPE upon termination of the MST, and 
the duration of exercise at 80% of HRmax or above). The statistical significance level (α) was set at .05 in 
the present study. 
 
Ethical considerations 
The research was conducted in accordance with the principles in the Declaration of Helsinki and all process 
was approved by Institutional Review Board at Seoul National University (IRB No. 1802/001-002). All 
participants provided written informed consent prior the data collection. 
 
RESULTS 
 
Measured variables: elementary statistics and correlation 
As can be seen in Table 1, participants reported exercising slightly more than twice a week, with each 
exercise session lasting between 1 and 2 hours. Participants reported that they had been exercising for 
approximately 22 months (range, 2 to 100). 
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Table 1. Descriptive statistics of measured variables. 

 Mean Standard deviation Skewness Kurtosis 

Exercise experience (in months) 22.26 28.418 1.837 2.506 
Weekly exercise frequency (times) 2.39 1.472 0.542 0.440 

Average duration of exercise bout (in hours) 2.91 0.883 -0.498 -0.393 
Self-determined motivation (RAI) 5.88 5.608 -0.081 -0.577 

Self-control (SCS) 3.40 0.417 -0.190 -0.150 
%HRmean 79.14 5.089 -0.638 1.332 
%HRmax 90.30 5.245 -0.774 2.696 

high-intensity exercise volume (in seconds) 204.63 119.382 -0.215 -1.093 
RPE upon termination of exercise 17.89 1.688 -0.732 -0.240 

 
Table 2. Pearson’s correlation between measured variables. 
 1 2 3 4 5 6 7 8 9 

1. Exercise experience -         

2. Weekly exercise frequency .37** -        

3. Average duration of exercise bout .27* .41** -       

4. Self-determined motivation (RAI) .083 .154 .076 -      

5. Self-control .28* .08 .07 .10 -     

6. %HRmean .03 -.08 -.06 .31** .31** -    

7. %HRmax .19 .00 -.03 .34** .41** .77** -   

8. high-intensity exercise volume .18 .03 .17 .34** .46** .70** .79** -  

9. RPE upon termination of exercise .04 -.02 .04 .11 .36** .34** .46** .35** - 
Note. *p < .05, **p < .01. 

 
The correlations between the measured variables are presented in Table 2. Self-control on the SCS was 
found to have a significant positive correlation with the exercise experience, %HRmean, %HRmax, high-
intensity exercise, and the RPE upon termination of the exercise. The self-determined motivation for aerobic 
exercises was also found to have a significant positive correlation with %HRmean, %HRmax, and high-
intensity exercise volume. The four variables that measure individuals’ exercise intensity (%HRmean, 
%HRmax, high-intensity exercise volume, and RPE upon termination of the exercise) were found to be 
significantly correlated with one another (r’s ranging from .34 - .79). Apart from these results, we also 
identified a significant correlation between the exercise experience and weekly exercise frequency, exercise 
experience and average duration of exercise bout. 
 
Regression analysis predicting exercise intensity from self-control and motivation 
Hierarchical regression analysis was conducted with four dependent variables representing exercise intensity 
and two predicting variables including self-control and self-determined motivation. We examined the 
tolerance test statistic of all hierarchical regression models to identify multicollinearity. No issues of 
multicollinearity were found, as the tolerance value were all 0.1 or greater. The Durbin-Watson value (1.918–
2.462) was close to the threshold value of 2 and relatively distant from 0 or 4, ruling out the possibility of 
autocorrelation. Thus, the regression model in this study satisfies the independence requirements. Based on 
previous research that the degree of self-determined motivation for exercise participation is significantly 
correlated with participation in high-intensity exercises self-determined motivation for aerobic exercises was 
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entered in the first step as a controlling variable to examine the predicting ability of self-control in second 
step. The result of the regression analysis is presented in Table 3. 
 
Table 3. Hierarchical regression analysis summary for self-control predicting exercise intensity after 
controlling for self-determined motivation. 

Independent 
Variables 

β B (SE B) F F R² R² Tolerance D.W 

Dependent Variable = %HRmean 
Step 1     .097    

RAI .311** 0.282 (0.097) 8.443**    1.000 

2.462 
Step 2    7.405** .175 .078  

RAI .283** 0.256 (0.094) 
8.266***   

 .990 
Self-control .281** 3.431 (1.261)  .990 

Dependent Variable = %HRmax 
Step 1         

RAI .337** 0.315 (0.099) 10.131**  .114  1.000 

2.166 
Step 2    14.670***  .140  

RAI .300** 0.280 (0.092) 
13.277***  .254 

 .990 
Self-control .376*** 4.733 (1.236)  .990 

Dependent Variable = high-intensity exercise volume 
Step 1         

RAI .340** 7.229 (2.253) 10.298**  .115  1.000 

2.179 
Step 2    20.574***  .185  

RAI .296** 6.310 (2.027) 
16.712***  .300 

 .990 
Self-control .432*** 123.574 (27.244)  .990 

Dependent Variable = RPE upon termination of exercise 
Step 1         

RAI .110 0.033 (0.034) 0.970  .012  1.000 

1.918 
Step 2    11.327**  .125  

RAI .075 0.022 (0.032) 
6.212**  .137 

 .990 
Self-control .356*** 1.439 (0.428)  .990 

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

 
All models were statistically significant except the first step in the last regression model predicting RPE upon 
termination of the exercise. In other three model, %HRmean (ΔR² = .078), %HRmax (ΔR² = .140), and high-
intensity exercise volume (ΔR² =.185) were more strongly predicted in second step with self-control than 
each first step. 
 
Specifically, self-control and RAI were found to explain 17.5% of the %HRmean variance and positively 
predict it, and RAI (β = .283, p < .01) and self-control (β = .281, p < .01) were found to have a similar level of 
prediction. Self-control and RAI were found to explain 25.4% of the variance of %HRmax, and the self-control 
(β = .376, p < .001) had a larger than RAI (β = .300, p < .01). Self-control (β = .432, p < .001) and RAI (β = 
.296, p < .01) were positively predicted high-intensity exercise volume and these two variables explained 
30.0% of the variance of the variable. In the regression model predicting RPE upon termination of the 
exercise, RAI (β = .110, p = .328) was found to explain 1.2% of the variance of RPE but it was not significant, 
but it was positively predicted in the second step with self-control (β = .356, p < .001). 
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DISCUSSION 
 
High-intensity exercise is receiving increasing attention in recent years as a possible time-efficient exercise 
strategy. It brings ample health benefits with less time spent on exercising.2 However, many people tend to 
avoid participating in severe intensity exercise due to excessive physical and psychological stress induced 
during the activity, which implies the importance of understanding how to overcome such stress in order to 
promote the engagement in the effective intensity of exercise. With existing findings that psychological and 
cognitive factors such as willpower and motivation are correlated with exercise participation in high intensity, 
we assumed that self-control, defined as the ability to suppress impulses and resist, could predict high 
intensity exercise behaviours. Thus, present study attempted to examine the impact of the self-control as a 
psychological factor on the tolerance of high-intensity exercise using hierarchical leaner regression analysis 
after controlling self-determined motivation that is known as the important factor influencing exercise 
participation. 
 
Firstly, results of this study confirmed that the self-control has a significant positive correlation with several 
variables that measure exercise intensity including %HRmean, %HRmax, high-intensity exercise volume, 
and RPE upon termination of the MST, which implies that self-control would be a predictor of high-intensity 
exercise participation. We also confirmed from the results that there was a significant positive correlation of 
the self-determined motivation for aerobic exercises (RAI) with %HRmean, %HRmax, and high-intensity 
exercise volume. Thus, we performed hierarchical linear regression analysis to more clearly examine that 
self-control positively predict these dependent variables after controlling self-determined motivation. It is in 
line with the existing studies reported that psychological fatigue diminished physical performance in time to 
exhaustion exercise tasks (Brownsberger, Edwards, Crowther, & Cottrell, 2013; Marcora, Staiano, & 
Manning, 2009). 
 
The result of hierarchical regression analyses showed that self-control into the model, after self-determined 
motivation, increased the proportion of variance explained by the model. Moreover, while there was no 
significant correlation between RPE upon termination of the exercise and the degree of self-determined 
motivation, self-control had a significant explanatory power. It implies that strong self-control ability can help 
to endure high intensity exercise, which in line with those individuals with more self-control can sustain certain 
behaviours for a longer time when faced with a stressful situation (Baumeister & Heatherton, 1996; 
Lewinsohn & Mano, 1993). With the existing studies reported that psychological fatigue diminished physical 
performance in time to exhaustion exercise tasks (Brownsberger et al., 2013; Marcora et al., 2009), our 
results suggest that self-control can allow individuals to perform exercises more intensely though helping 
them overcome the temptation to stop exercising even under physical stress. Also, our result supports that 
RPE can be influenced not only by the physiological changes during exercise but also by psychological 
factors (Borg, 1982; Rejeski, 1985). 
 
It is also notable that the influence of self-control on %HRmax and high-intensity exercise volume was found 
to be relatively larger than that of the control variable (i.e., RAI). According to the new perspective of self-
control, self-control is not a matter of managing a limited energy supply, it depends more on subjective beliefs 
and motivations (Vohs, Baumeister, & Schmeichel, 2012). However, this result suggests that self-control is 
more crucial variable that allows exercise participants to maintain engagement with high-intensity aerobic 
exercises as they develop intrinsic motivation for them. Increasing the intensity and duration of exercise 
requires one to build their capacity to keep themselves under control even in an extremely stressful situation. 
To apply these findings to Baumeister et al.’s strength model of self-control (Baumeister et al., 2006), a higher 
heart beat results in both physical and mental strain and depletes the self-control in exercise participants. It 
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can thus be presumed that participants with more self-control are able to continue to exercise at a relatively 
higher intensity for a longer time. 
 
Extant literature reported that self-control may have a positive influence on enhancing academic performance 
(Tangney et al., 2004), overcoming alcohol dependence (Lindgren, Neighbors, Westgate, & Salemink, 2014), 
and reducing substance abuse (Tang, Posner, Rothbart, & Volkow, 2015). Researchers also established that 
people with low self-control may be especially vulnerable to situational temptations that require impulse 
control, such as dieting (Vohs & Heatherton, 2000) and that self-control is a crucial variable in controlling 
binge-eating behaviour (Annesi & Gorjala, 2010). Together this data suggests that people with more self-
control can better suppress impulsive behaviour when encountered with stress situations. We extended the 
field of research in the present study by identifying the above-mentioned effects of self-control to exercise 
behaviour and presented statistical evidence of an association between self-control and exercise behaviour. 
 
Based on the limitations and shortcomings that we encountered when conducting our current study, we have 
several recommendations for future research. First, we call for further exploration of the association between 
self-control and exercise behaviour in diverse samples. The present study administered the MST in a sample 
of physically healthy, younger adults who exercise frequently to facilitate the procedures given the physical 
intensity of the MST. Research with less physically active samples will be meaningful in understanding the 
prevalence of insufficient physical activity in modern-day society. In addition, a more diverse sample will 
ensure generalizability of the findings since socio-demographic variables may affect self-control. 
 
Next, we anticipate in future research a more in-depth analysis of the relationship between self-control and 
a wide range of variables that may influence participation in high-intensity exercises. Exercise participation 
and adherence are the product of the interaction between multiple socio-psychological variables rather than 
a single psychological factor. We look forward to future studies developing a new paradigm to promoting 
participation in and adherence to high-intensity exercises. This can be accomplished by building upon our 
findings that self-control has a large impact on exercise intensity and validating its relationship to other 
psychological variables. 
 
Finally, we call for studies that explore means for enhancing self-control. Despite its unique characteristics 
of repeated depletion and replenishment, self-control can be enhanced through training and study (Muraven, 
Tice, & Baumeister, 1998; Oaten & Cheng, 2006). We therefore propose an experimental study that reverses 
the original hypotheses of our research by examining to what extent self-regulation and impulse can be 
altered through the regular participation in high intensity exercises and can subsequently improve self-control. 
 
CONCLUSIONS 
 
We establish in the present study that self-control can increase HRmean, HRmax, the duration of high-
intensity exercises, and individuals’ subjective perception of exercise intensity during exercise participation. 
Trait self-control is therefore a necessary psychological variable to account for when studying the recent 
trend in efficient exercise strategies. High-intensity exercises involve extreme physical and psychological 
stress if one participates in such exercises but cannot resist the intrinsic temptation to quit, they will not be 
able to achieve their exercise goals. Resisting spontaneous temptation and keeping the self under control to 
sustain exercise behaviour will improve the quality of the exercise regimen among modern-day people. 
 
 
 



Ahn et al. / Effects of self-control on high-intensity exercise                                             JOURNAL OF HUMAN SPORT & EXERCISE 

                     VOLUME 16 | ISSUE 3 | 2021 |   615 

 

AUTHOR CONTRIBUTIONS 
 
Jihoon Ahn and Inwoo Kim contributed to the design and implementation of the research, to the analysis of 
the results and to the writing of the manuscript. Sungho Kwon supervised the project and contributed to the 
final version of the manuscript. 
 
SUPPORTING AGENCIES 
 
No funding agencies were reported by the authors. 
 
DISCLOSURE STATEMENT 
 
No potential conflict of interest was reported by the authors. 
 
REFERENCES 
 

Ainslie, G. (1975). Specious reward: a behavioral theory of impulsiveness and impulse control. 
Psychological Bulletin, 82(4), 463. https://doi.org/10.1037/h0076860 

Annesi, J. J., & Gorjala, S. (2010). Relations of self-regulation and self-efficacy for exercise and eating 
and BMI change: A field investigation. Biopsychosocial Medicine, 4(1), 10. 
https://doi.org/10.1186/1751-0759-4-10 

Baumeister, R. F. (2002). Yielding to temptation: Self-control failure, impulsive purchasing, and consumer 
behavior. Journal of consumer Research, 28(4), 670-676. https://doi.org/10.1086/338209 

Baumeister, R. F., Gailliot, M., DeWall, C. N., & Oaten, M. (2006). Self‐regulation and personality: How 
interventions increase regulatory success, and how depletion moderates the effects of traits on 
behavior. Journal of Personality, 74(6), 1773-1802. https://doi.org/10.1111/j.1467-
6494.2006.00428.x 

Baumeister, R. F., & Heatherton, T. (1996). Self-regulation failure: An overview. Psychological Inquiry, 
Vol. 7, pp. 1-15. https://doi.org/10.1207/s15327965pli0701_1 

Baumeister, R. F., Vohs, K. D., & Tice, D. M. (2007). The strength model of self-control. Current 
Directions in Psychological Science, 16(6), 351-355. https://doi.org/10.1111/j.1467-
8721.2007.00534.x 

Biddle, S. J., & Batterham, A. M. (2015). High-intensity interval exercise training for public health: a big 
HIT or shall we HIT it on the head? International Journal of Behavioral Nutrition and Physical Activity, 
12(1), 95. https://doi.org/10.1186/s12966-015-0254-9 

Borg, G. A. (1982). Psychophysical bases of perceived exertion. Medicine and Science in Sports and 
Exercise, 14(5), 377-381. https://doi.org/10.1249/00005768-198205000-00012 

Briki, W. (2016). Motivation toward physical exercise and subjective wellbeing: the mediating role of trait 
self-control. Frontiers in Psychology, 7, 1546. https://doi.org/10.3389/fpsyg.2016.01546 

Brownsberger, J., Edwards, A., Crowther, R., & Cottrell, D. (2013). Impact of mental fatigue on self-paced 
exercise. International Journal of Sports Medicine, 34(12), 1029-1036. https://doi.org/10.1055/s-
0033-1343402 

Carver, C. S., & Scheier, M. F. (2000). Scaling back goals and recalibration of the affect system are 
processes in normal adaptive self-regulation: understanding ‘response shift’phenomena. Social 
Science and Medicine, 50(12), 1715-1722. https://doi.org/10.1016/s0277-9536(99)00412-8 

Cho, H., & Kwon, S. (2011). Influence of self-control and affect on binge eating behavior. Korean Journal 
of Clinical Psychology, 30(4), 963-983. 

https://doi.org/10.1037/h0076860
https://doi.org/10.1186/1751-0759-4-10
https://doi.org/10.1086/338209
https://doi.org/10.1111/j.1467-6494.2006.00428.x
https://doi.org/10.1111/j.1467-6494.2006.00428.x
https://doi.org/10.1207/s15327965pli0701_1
https://doi.org/10.1111/j.1467-8721.2007.00534.x
https://doi.org/10.1111/j.1467-8721.2007.00534.x
https://doi.org/10.1186/s12966-015-0254-9
https://doi.org/10.1249/00005768-198205000-00012
https://doi.org/10.3389/fpsyg.2016.01546
https://doi.org/10.1055/s-0033-1343402
https://doi.org/10.1055/s-0033-1343402
https://doi.org/10.1016/s0277-9536(99)00412-8


Ahn et al. / Effects of self-control on high-intensity exercise                                             JOURNAL OF HUMAN SPORT & EXERCISE 

616 | 2021 | ISSUE 3 | VOLUME 16                                                                                © 2021 University of Alicante 

 

Cox, K. L., Burke, V., Gorely, T. J., Beilin, L., & Puddey, I. B. (2003). Controlled comparison of retention 
and adherence in home-vs center-initiated exercise interventions in women ages 40–65 years: the 
SWEAT study (Sedentary Women Exercise Adherence Trial). Preventive Medicine, 36(1), 17-29. 
https://doi.org/10.1006/pmed.2002.1134 

Dishman, R. K., & Sallis, J. F. (1994). Determinants and interventions for physical activity and exercise. 
In C. Bouchard, R. J. Shephard, & T. Stephens (Eds.), Physical activity, fitness, and health: 
International proceedings and consensus statement (p. 214–238). Human Kinetics Publishers. 

Duncan, L. R., Hall, C. R., Wilson, P. M., & Jenny, O. (2010). Exercise motivation: a cross-sectional 
analysis examining its relationships with frequency, intensity, and duration of exercise. International 
Journal of Behavioral Nutrition and Physical Activity, 7(1), 7. https://doi.org/10.1186/1479-5868-7-7 

Garber, C. E., Blissmer, B., Deschenes, M. R., Franklin, B. A., Lamonte, M. J., Lee, I.-M., Swain, D. P. 
(2011). American College of Sports Medicine position stand. Quantity and quality of exercise for 
developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently 
healthy adults: guidance for prescribing exercise. Medicine and Science in Sports and Exercise, 
43(7), 1334-1359. https://doi.org/10.1249/mss.0b013e318213fefb 

Hagger, M. S., Wood, C. W., Stiff, C., & Chatzisarantis, N. L. (2010). Self-regulation and self-control in 
exercise: The strength-energy model. International Review of Sport and Exercise Psychology, 3(1), 
62-86. https://doi.org/10.1080/17509840903322815 

Hall, E. E., Ekkekakis, P., & Petruzzello, S. J. (2005). Is the relationship of RPE to psychological factors 
intensity-dependent? Medicine and Science in Sports and Exercise, 37(8), 1365-1373. 
https://doi.org/10.1249/01.mss.0000174897.25739.3c 

Kessler, H. S., Sisson, S. B., & Short, K. R. (2012). The potential for high-intensity interval training to 
reduce cardiometabolic disease risk. Sports Medicine, 42(6), 489-509. 
https://doi.org/10.2165/11630910-000000000-00000 

Kim, Y., Yang, J., & Lee, J. (2007). Application of self-determination theory to predicting stages of change 
for physical activity behavior. Korean J Sport Sci, 18(4), 208-217. 
https://doi.org/10.24985/kjss.2007.18.4.208 

Lewinsohn, S., & Mano, H. (1993). Multi‐attribute choice and affect: The influence of naturally occurring 
and manipulated moods on choice processes. Journal of Behavioral Decision Making, 6(1), 33-51. 
https://doi.org/10.1002/bdm.3960060103 

Lindgren, K. P., Neighbors, C., Westgate, E., & Salemink, E. (2014). Self-control and implicit drinking 
identity as predictors of alcohol consumption, problems, and cravings. Journal of studies on alcohol 
and drugs, 75(2), 290-298. https://doi.org/10.15288/jsad.2014.75.290 

Marcora, S. M., Staiano, W., & Manning, V. (2009). Mental fatigue impairs physical performance in 
humans. Journal of Applied Physiology, 106(3), 857-864. 
https://doi.org/10.1152/japplphysiol.91324.2008 

Mischel, W., Shoda, Y., & Rodriguez, M. I. (1989). Delay of gratification in children. Science, 244(4907), 
933-938. https://doi.org/10.1126/science.2658056 

Muraven, M., Tice, D. M., & Baumeister, R. F. (1998). Self-control as a limited resource: regulatory 
depletion patterns. Journal of Personality and Social Psychology, 74(3), 774. 
https://doi.org/10.1037/0022-3514.74.3.774 

Oaten, M., & Cheng, K. (2006). Improved self-control: The benefits of a regular program of academic 
study. Basic and Applied Social Psychology, 28(1), 1-16. 
https://doi.org/10.1207/s15324834basp2801_1 

Perri, M. G., Anton, S. D., Durning, P. E., Ketterson, T. U., Sydeman, S. J., Berlant, N. E., Martin, A. D. 
(2002). Adherence to exercise prescriptions: effects of prescribing moderate versus higher levels of 
intensity and frequency. Health Psychology, 21(5), 452. https://doi.org/10.1037/0278-6133.21.5.452 

https://doi.org/10.1006/pmed.2002.1134
https://doi.org/10.1186/1479-5868-7-7
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1080/17509840903322815
https://doi.org/10.1249/01.mss.0000174897.25739.3c
https://doi.org/10.2165/11630910-000000000-00000
https://doi.org/10.24985/kjss.2007.18.4.208
https://doi.org/10.1002/bdm.3960060103
https://doi.org/10.15288/jsad.2014.75.290
https://doi.org/10.1152/japplphysiol.91324.2008
https://doi.org/10.1126/science.2658056
https://doi.org/10.1037/0022-3514.74.3.774
https://doi.org/10.1207/s15324834basp2801_1
https://doi.org/10.1037/0278-6133.21.5.452


Ahn et al. / Effects of self-control on high-intensity exercise                                             JOURNAL OF HUMAN SPORT & EXERCISE 

                     VOLUME 16 | ISSUE 3 | 2021 |   617 

 

Pescatello, L. S., Riebe, D., & Thompson, P. D. (2014). ACSM's guidelines for exercise testing and 
prescription: Lippincott Williams & Wilkins. 

Pessiglione, M., Schmidt, L., Draganski, B., Kalisch, R., Lau, H., Dolan, R. J., & Frith, C. D. (2007). How 
the brain translates money into force: a neuroimaging study of subliminal motivation. Science, 
316(5826), 904-906. https://doi.org/10.1126/science.1140459 

Petruzzello, S. J., Landers, D. M., Hatfield, B. D., Kubitz, K. A., & Salazar, W. (1991). A meta-analysis 
on the anxiety-reducing effects of acute and chronic exercise. Sports Medicine, 11(3), 143-182. 
https://doi.org/10.2165/00007256-199111030-00002 

Rejeski, W. J. (1985). Perceived exertion: an active or passive process? Journal of Sport and Exercise 
Psychology, 7(4), 371-378. https://doi.org/10.1123/jsp.7.4.371 

Ryan, R. M., & Deci, E. L. (2000). Intrinsic and extrinsic motivations: Classic definitions and new 
directions. Contemporary Educational Psychology, 25(1), 54-67. 
https://doi.org/10.1006/ceps.1999.1020 

Segerstrom, S. C., & Nes, L. S. (2007). Heart rate variability reflects self-regulatory strength, effort, and 
fatigue. Psychological Science, 18(3), 275-281. https://doi.org/10.1111/j.1467-9280.2007.01888.x 

Tang, Y.-Y., Posner, M. I., Rothbart, M. K., & Volkow, N. D. (2015). Circuitry of self-control and its role in 
reducing addiction. Trends in Cognitive Sciences, 19(8), 439-444. 
https://doi.org/10.1016/j.tics.2015.06.007 

Tangney, J. P., Baumeister, R. F., & Boone, A. L. (2004). High self‐control predicts good adjustment, 
less pathology, better grades, and interpersonal success. Journal of Personality, 72(2), 271-324. 
https://doi.org/10.1111/j.0022-3506.2004.00263.x 

Thøgersen-Ntoumani, C., Shepherd, S. O., Ntoumanis, N., Wagenmakers, A. J., & Shaw, C. S. (2016). 
Intrinsic motivation in two exercise interventions: Associations with fitness and body composition. 
Health Psychology, 35(2), 195. https://doi.org/10.1037/hea0000260 

Vohs, K. D., Baumeister, R. F., & Schmeichel, B. J. (2012). Motivation, personal beliefs, and limited 
resources all contribute to self-control. Journal of Experimental Social Psychology, 48(4), 943-947. 
https://doi.org/10.1016/j.jesp.2012.03.002 

Vohs, K. D., & Heatherton, T. F. (2000). Self-regulatory failure: A resource-depletion approach. 
Psychological Science, 11(3), 249-254. https://doi.org/10.1111/1467-9280.00250 

Vøllestad, N. K. (1997). Measurement of human muscle fatigue. Journal of Neuroscience Methods, 74(2), 
219-227. https://doi.org/10.1016/s0165-0270(97)02251-6 

Wilson, P. M., & Rodgers, W. M. (2004). The relationship between perceived autonomy support, exercise 
regulations and behavioral intentions in women. Psychology of Sport and Exercise, 5(3), 229-242. 
https://doi.org/10.1016/s1469-0292(03)00003-7 

Wright, R. A., Junious, T. R., Neal, C., Avello, A., Graham, C., Herrmann, L., Walton, N. (2007). Mental 
fatigue influence on effort-related cardiovascular response: Difficulty effects and extension across 
cognitive performance domains. Motivation and Emotion, 31(3), 219-231. 
https://doi.org/10.1007/s11031-007-9066-9 

 
 
 
 
 

 

This work is licensed under a Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0). 

https://doi.org/10.1126/science.1140459
https://doi.org/10.2165/00007256-199111030-00002
https://doi.org/10.1123/jsp.7.4.371
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1111/j.1467-9280.2007.01888.x
https://doi.org/10.1016/j.tics.2015.06.007
https://doi.org/10.1111/j.0022-3506.2004.00263.x
https://doi.org/10.1037/hea0000260
https://doi.org/10.1016/j.jesp.2012.03.002
https://doi.org/10.1111/1467-9280.00250
https://doi.org/10.1016/s0165-0270(97)02251-6
https://doi.org/10.1016/s1469-0292(03)00003-7
https://doi.org/10.1007/s11031-007-9066-9
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/

