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Background: In attempts to hinder the spread of the Coronavirus disease 2019

(COVID-19), many countries have continued distancing, isolation, and quarantine

measures, which has led to limited opportunity of physical activity. This study provides

empirical support for a motivational process behind physical activity during the COVID-19

pandemic by testing the influence of psychosocial variables derived from the integrated

model of self-determination theory (SDT) and the theory of planned behavior (TPB).

Methods: A cross-sectional survey was conducted among Korean adults (N = 248).

Participants completed the measures of SDT and TPB constructs modified to reflect their

participation in physical activity during the COVID-19 pandemic. A sample size of 243

participants was employed, and the integrated model was tested using serial multiple

mediation analysis to check the hypothesized relationships.

Results: Findings indicated that in the COVID-19 context, the satisfaction of basic

psychological needs positively predicts the level of self-determined motivations for

physical activity, which is partially related to the level of social cognitive beliefs and

intentions. The findings also demonstrated that attitude toward physical activity during

COVID-19 was a major variable explaining the serial multiple relationships between the

SDT and TPB constructs. The potential influence of demographics (gender, age, marital

status, and past physical activity) was controlled as a covariate, and no significant effects

were identified.

Conclusion: The current study identified the psychosocial mechanisms of intention of

South Koreans’ physical activity during the COVID-19 pandemic, which could be used as

an empirical basis for the development of interventions to maintain or strengthen physical

activity in unprecedented situations.

Keywords: COVID-19, physical activity, basic psychological needs, self-determined motivations, social cognitive

beliefs
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has
introduced many unexpected changes in our lives and poses a
direct threat to life (Arora and Grey, 2020; Van Bavel et al.,
2020; Venkatesh, 2020). As measures to control the spread of
the virus, national shut down and lock down policies such as
border closure, movement restrictions, travel ban, and home
quarantine are becoming the “new normal” in our society (Bates
et al., 2020). While such responses to COVID-19 are evaluated
to be effective as non-pharmaceutical methods to prevent or
mitigate the spread of the basic reproduction number (R0) of the
virus (Min et al., 2020), they raise concerns about the limited
opportunity of physical activity necessary to maintain personal
health and prevent disease (Matias et al., 2020). In fact, the
physical activity patterns of people have changed significantly
(Tison et al., 2020), and nearly 4 billion people around the
world reportedly experience social isolation (Sandford, 2020).
This could last 1–2 years worldwide until the end of the pandemic
(López and Rodó, 2020; Matias et al., 2020).

The Global Recommendation on Physical Activity for Health
by the World Health Organization (2019) recommends that
adults aged 18–64 or older, engage in at least 150min of moderate
physical activities a week or at least 75min of high-intensity
physical activities a week, for health benefits. However, one-
third of the adult population does not appear to meet these
recommended guidelines. The same is true in South Korea
(Ministry of Culture, Sports, and Tourism of The Republic
of Korea, 2019), and restrictions introduced due to COVID-
19 (distancing/isolation/quarantine) could worsen this situation
(Kim et al., 2020). According to a survey by a South Korean
government agency, 67.8% of citizens agreed to the preventive
measures for COVID-19. The ratio of objections to multi-use
facilities and events was ∼50%, raising concerns about the
reduction in physical activity in general (Lee and You, 2020).

Although the level differs according to demographic
variables, the spread of COVID-19 and subsequent
distancing/isolation/quarantine measures have influenced
the actual decrease in the level of physical activity of people
(Lesser and Nienhuis, 2020; Moore et al., 2020; Romero-Blanco
et al., 2020). A reduction in physical activity due to inevitable
restrictions can increase vulnerability to the COVID-19 infection
itself and can lead to personal health risks, such as cardiovascular
disease, and social problems, such as increased medical expenses
(Carter et al., 2020; Narici et al., 2020; Woods et al., 2020). In
addition, restricted outdoor activities and suppressed social
interactions could affect mental health concerns, such as stress,
depression, and anxiety (Brooks et al., 2020; Maugeri et al., 2020;
Meyer et al., 2020). Consequently, maintained participation
in physical activity amid the physical/social constraints due to
COVID-19 must be considered for the physical and mental
health of the public and individuals (Chtourou et al., 2020; Sallis
et al., 2020).

Despite these adverse conditions, there have been continuous
social and individual efforts to promote and participate
in physical activity. Governments, sports, or exercise-related
organizations present guidelines for improving the physical

activity of people during the pandemic (see Dwyer et al., 2020).
Home-training (Kaushal et al., 2020), social media (Hayes, 2020),
and virtual reality (Gao et al., 2020) are attracting attention as a
new normal for sports participation and physical activity. Even
in the midst of anxiety, there are people who continue to engage
in sports and exercise as usual, or even strengthen their routine
(Brand et al., 2020; Rhodes et al., 2020; Cheval et al., 2021; Mutz
and Gerke, 2021). Several studies have shown that participation
in such physical activity is an effective response to the regulation
of the immune system against infectious diseases (Pedersen
and Saltin, 2015). Importantly, what psychological characteristics
would those who remain physically active despite the limited
COVID-19 conditions, exhibit? This study aims to shed light on
this question using a theoretical model of exercise psychology.

Basic research is required to comprehensively draw
socioecological and psychological factors affecting the
behavior of individuals at a time of unexpected large-scale
behavioral change (Venkatesh, 2020). The integrated model
of self-determination theory (SDT) and theory of planned
behavior (TPB), is a behavioral change model that uses two
major theoretical concepts of psychology (Hagger et al.,
2002a,b; Hagger and Chatzisarantis, 2009, 2016; Figure 1). This
integrated model explains various health behaviors, such as
drinking and smoking, sexual behaviors, as well as physical
activity, and has also been successfully applied in various
cultures (Hagger and Chatzisarantis, 2009, 2016). According to
this integrated model, the types of support for psychological
needs and the corresponding motivations explain social and
cognitive beliefs, intentions, and behaviors. In other words, when
social and environmental factors support psychological needs
(autonomy/competence/relatedness), autonomous motivation
increases, which further increases the likelihood of continuing
the target behavior (physical activity and exercise) with more
favorable beliefs (attitude/subjective norm/perceived behavioral
control) and intentions. Conversely, when these needs are
strictly controlled, the intention and duration of such behaviors
can diminish.

Chan et al. (2021) proposed this model as a theoretical
framework for predicting preventive behaviors of COVID-19, but
it can also be utilized to explain physical activity emphasized
during the COVID-19 pandemic. Empirical evidence suggests
that this model significantly predicts physical activity (Brooks
et al., 2017; Hamilton et al., 2018). Consequently, this study uses
the integrated model of SDT and TPB as a theoretical framework
to identify psychosocial factors associated with physical activity
under the policy restrictions due to the pandemic. The results
could provide an empirical basis for the development of
interventions to maintain or strengthen physical activity in
unprecedented situations.

Present Research
This study aims to explain the motivational mechanism of
physical activity during the COVID-19 pandemic based on the
integrated model of SDT and TPB. Predicting the intention of
physical activity during the COVID-19 situation can begin with
the satisfaction of basic psychological needs in that context. This
relationship can be mediated by the level of self-determined
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FIGURE 1 | The integrated model of Self-Determination Theory and Theory of Planned Behavior.

motivation and the corresponding social and cognitive beliefs.
The integrated SDT and TPB beliefs may be related to the
theoretical background; the mutual, structural relationship will
enhance physical activity predictions during the COVID-19
pandemic. Based on the theoretical background of the integrated
model, the research hypotheses are as follows.

H1: The satisfaction of basic psychological needs during
COVID-19 can predict the level of self-determined motivation for
physical activity.

H2: The level of self-determined motivation during COVID-19
can predict social and cognitive beliefs and the intention to engage
in physical activity.

H3: The relationship between satisfaction of basic psychological
needs and intention for physical activity during COVID-19
can be mediated by self-determined motivation and social and
cognitive beliefs.

METHODS

Study Area
A cross-sectional web-based survey was conducted to examine
the proposed hypotheses. This survey was conducted in South
Korea between September and November 2020. At the time
of data collection, the COVID-19 pandemic and consequential
lockdown was in its enhanced phase in Korea, with ∼5,000
confirmed cases per month (Kim and Kim, 2020). The online
survey was the most feasible way to access the target population
considering the social distance protocols implemented during the
COVID-19 pandemic.

The target population was adults aged 19 years and older
(Korea’s civil law) residing in South Korea for more than 6

months since March 12, 2020, when the WHO declared the
COVID-19 pandemic. To reflect a representation of South
Korea while considering regional differences, Korean adults who
have lived in the Seoul metropolitan area (including the Seoul,
Gyeonggi-do, and Incheon areas, in which 50.0% of the Korean
population resides as of 2020) were selected. More than half of
confirmed cases of COVID-19 occurred in this area.

Procedures and Participants
All procedures for the current study were approved by the
Institutional Review Board of Seoul National University (No.
2010/003-009), Seoul, South Korea. Using the non-probabilistic
snowball sampling method, the link to the online survey was
disseminated via social media (e.g., Facebook, Instagram, and
Kakao Talk), and shared with the personal contacts of the
research teammembers. The survey invitation containing general
information about the survey, such as its aim, consent statement,
and participant incentive (KRW 5000 [is about US $4]) was
provided on the first page of the online survey. Respondents
provided consent by clicking “Agree to participate in this
survey” on the same page, before moving on to answer the
survey questions. The survey took ∼25min to complete. Only
anonymized data were stored and analyzed.

Using G-power 3.1.9.7, α = 0.05, effect size (f 2) = 0.15
(medium), and number of predictors = 5 were applied.
Consequently, a sample size of 138 was required in the analysis
of the current study (linear multiple regression). However, the
current study included a greater number of subjects to cope
with the possibility of non-response errors (Howell, 2004). To
minimize the impact of errors due to this type of data, we
adopted a cleaning process that consisted of the following steps:
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TABLE 1 | Demographics of the participants (n = 243).

Demographics Frequency %

Gender

Male 169 69.5

Female 74 30.5

Age

19 ∼ 29 yrs. 143 58.8

30 ∼ 39 yrs. 87 35.8

40 ∼ 60 yrs. 13 5.4

Marital status

Single 106 43.6

With family/partner 137 56.4

Exercise volume*

Pre COVID-19 pandemic

0 ∼ 60min. 68 28.0

61 ∼ 149min. 53 21.8

150min. ∼ 122 50.2

Post COVID-19 pandemic

0 ∼ 60min. 130 53.5

61 ∼ 149min. 42 17.3

150min. ∼ 71 29.2

*Exercise volume was calculated by sum (time * frequency) of moderate to vigorous

physical activity per week.

removal of ineligible cases and multiple submissions from the
same respondent, and identification and handling of meaningless
data. The latter was represented by invalid responses to the
questionnaire due to the lack of internal consistency of responses.
Overall, 248 Korean adults had access to the self-administrated
survey, and 243 valid respondents were included in the following
procedure. The demographics of the participants are presented in
Table 1.

Measurements
Using the Google online survey platform, a new questionnaire
was developed, after validation by two experts (authors KIM
and KWON), who were working as physical educationists as
well as sports and exercise psychologists with more than 10
years of experience. The online self-reporting questionnaire
consisted of four parts: demographics, basic psychological needs,
self-determined motivation, and TPB constructs. Demographic
variables included gender, age, marital status, and the volume
of exercise before and after the COVID-19 pandemic, measured
using the recall method. These personal characteristics are
considered to be related to the SDT and TPB mechanisms in
the context of physical activity (Hagger and Chatzisarantis, 2009,
2016). In addition, the items of psychological characteristics were
based on commonly used, previously validated scaled measures
adopted from previous research (in the following sections). The
measurements for these items were adjusted to a 6-point Likert
scale to prevent median bias (Abdul, 2010).

Basic Psychological Needs Satisfaction (BPNS)
The Psychological Need Satisfaction in Exercise Scale (PNSE;
Wilson et al., 2006) was used to measure the basic psychological

needs for physical activity participation and adherence. The
PNSE has a total of 18 questions, including six items each for
autonomy, competence, and relatedness. The psychometrics of
the Korean version of the scale were validated (Jeong and Kim,
2015). In the current study, questions was modified to reflect the
psychological needs related to participating in physical activities
during the COVID-19 pandemic (e.g., Autonomy: I feel like I
am capable of doing even the most challenging exercises during
the COVID-19 pandemic; Competence: I feel like I am in charge
of my own exercise program decisions during the COVID-19
pandemic; and Relatedness: I feel a sense of camaraderie with my
exercise companions because we exercise for the same reasons
during the COVID-19 pandemic). A higher total response score
indicated a greater level of BPNS for physical activity in COVID-
19 situations (0= “not at all” and 5= “very true”).

Self-Determined Motivation
The Behavioral Regulation in Exercise Questionnaire-2 (BREQ-2;
Markland and Tobin, 2004) was applied to measure autonomous
motivation (AM)/controlled motivation (CM) for participation
in physical activity. BREQ-2 reflects the five behavioral regulation
styles presented in the SDT (Ryan et al., 2009), consisting of a
total of 5 factors (Amotivation, External regulation, Introjected
regulation, Identified regulation, and Intrinsic motivation) and
19 items (0 = “not at all” and 5 = “very true”). The construct
validity of the Korean version of the scale was supported by
Hwang and Kim (2013). Each of the four items of External
Regulation and Intrinsic motivation were modified to represent
two types of motivation (AM and CM) for participation in
physical activity during the COVID-19 pandemic (e.g., during
the COVID-19 pandemic, I (will) participate in physical activity,
because... AM: I find exercise a pleasurable activity, and CM: I feel
under pressure from my friends/family to exercise). To ensure
the simplicity of the model in the current study, the relative
autonomy index (RAI; Grolnick and Ryan, 1987) was calculated
(AM∗ [+2]; CM∗ [−2]). Higher RAI scores indicated greater
levels of self-determination with respect to physical activity
during COVID-19 situations (minimum:−10 to maximum: 10).

TPB Constructs
Items related to TPB and exercise participation used in the study
by Kim and Cheon (2018), were used to measure social cognitive
beliefs and the intention to participate in physical activity.
The items were developed based on TPB (Ajzen, 2002). These
concepts have been evaluated as significant for predicting health-
related behaviors (Hagger et al., 2016). In the current study, each
of four items: Attitude (ATT), Subjective Norms (SN), Perceived
Behavioral Control (PBC), and Intention (INT), were modified
to measure the cognitive belief level and intention to participate
in physical activity during the COVID-19 pandemic (e.g., ATT:
Exercising during the COVID-19 pandemic is valuable and
meaningful to me; SN: most others support me to exercise during
the COVID-19 pandemic; PBC: I feel in complete control over
whether I will exercise during the COVID-19 pandemic; INT:
I will participate in various physical activities within the next
month). The item scores of each construct are aggregated into
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a single score, which is operationally defined as the level of each
belief and intention (0= “not at all” and 5= “very true”).

Data Analysis
Using IBM SPSS (Statistics 25.0 and Amos 23.0, IBM Corp.,
Armonk, NY, USA) and PROCESS 3.5 for SPSS (Hayes, 2018),
statistical analyses were performed to validate the collected
data and research models following these procedures: First,
descriptive statistics (mean, standard deviation, skewness, and
kurtosis) were calculated to verify the normality of the collected
data. Second, to verify the validity of each measurement
tool (questionnaire), a confirmatory factor analysis (CFA)
with maximum likelihood (ML) estimation and an internal
consistency analysis (Cronbach’s α) were conducted, which
supported a set of items parceled for each questionnaire.
Third, a CFA with ML estimation was conducted to verify
the construct validity of the entire measurement model, along
with a check for the goodness-of-fit index (χ2, comparative fit
index [CFI], Tucker–Lewis index [TLI], root mean square error
of approximation [RMSEA]; Hu and Bentler, 1999), construct
reliability (CR), and average variance extracted (AVE), for each
factor (Hair et al., 2010). Fourth, serial multiple mediation
analysis (Model 81 as described in PROCSESS; Hayes, 2018) with
bootstrapping (n = 5,000) was performed to test the research
model, controlling for the potential influence of demographics
(gender, age, marital status, and past physical activity) as
covariates. The statistical significance for all analyses was set at
α = 0.05.

RESULTS

Measurement Tools CFA
The univariate normality of an item was assumed if its skewness
and kurtosis values ranged between −1.96 and +1.96 (Kim,
2013). The preliminary analyses indicated that all the dimensions
of the items achieved univariate normality; skewness values
ranged from −1.199 to 1.157, and kurtosis values ranged from
−1.332 to 0.975.

The results of CFA and Cronbach’s α for each measurement
tool (questionnaire) are as follows:

The second-order CFA for PNSE showed satisfactory fit for
the data, except for nine items (Autonomy: Items 4, 5, 6;
Competence: Items 1, 4, 6; and Relatedness: Items 1, 4, 6) with a
factor loading lower than 0.70 (χ2

= 56.194, df = 24, p < 0.001,
TLI= 0.977, CFI= 0.985, RMSEA= 0.074). The Cronbach’s α for
PNSE was shown to be the overall BPNS (9 items) = 0.935 with
the sub-factors of autonomy (three items) = 0.896, competence
(three items) = 0.939, and relatedness (three items) = 0.935.
Since the higher-order factor structure was supported, the total
BPNS score was utilized in subsequent analyses (Sánchez-Oliva
et al., 2017).

The first-order CFA for BREQ-2 showed an acceptable fit for
the data, except for two items (AM: Item 1; CM: Item 3) with a
factor loading lower than 0.70 (χ2

= 25.290, df = 8, p = 0.001,
TLI = 0.963, CFI = 0.980, RMSEA = 0.095). Cronbach’s α for
BREQ-2 was shown to be the sub-factor of AM (3 items)= 0.928

and CM (3 items)= 0.825. The average score for both factors was
aggregated into the RAI and utilized in subsequent analyses.

The CFA for the TPB constructs (Social Cognitive Beliefs and
Intention) showed an acceptable fit for the data except for one
item (INT: Item 4) with a factor loading lower than 0.70 (χ2

=

255.682, df = 84, p < 0.001, TLI = 0.926, CFI = 0.941, RMSEA
= 0.092). Cronbach’s α for the TPB model was shown to be the
sub-factor of ATT (4 items) = 0.919, SN (4 items) = 0.882, PBC
(4 items)= 0.879, and INT (3 items)= 0.896. Based on the above
results, the item parceling averaging the score for each sub-factor
was applied to the subsequent analysis (Little et al., 2013).

Measurement Model CFA
The CFA for the entire measurement model, including
seven latent variables and 30 observational variables, showed
satisfactory goodness-of-fit (χ2

= 788.211, df = 381, p < 0.001,
TLI = 0.927, CFI = 0.936, RMSEA = 0.066). All factor loadings
(0.728∼0.951) for the items in the measurement model were
significant (p < 0.001), which means that the latent variable
included in the model explains the data well (see Appendix).

Table 2 shows descriptive statistics (M, SD), bivariate
correlations, and a convergent/discriminant validity index (CR,
AVE, and MSV) of latent variables. The correlation between
variables was generally significant except for some values with
CM. BPNS and PBC showed the highest correlation, and PBC
had the highest correlation with the dependent variable INT,
followed by ATT, BPNS, SN, and AM. In addition, CR and AVE
values supported the convergent and discriminant validity of
the measurement model: CR = 0.748–0.940 (≥ 0.70), AVE =

0.617–0.813 (≥ 0.50), and each AVE > eachMSV.

Serial Multiple Mediation Analyses for SDT
and TPB
Table 3, Figure 2 show the serial multiple mediating effects
of RAI and social cognitive beliefs (ATT/SN/PBC) in the
relationship between BPNS and INT (gender, age, marital status,
and past physical activity were controlled as covariates).

Testing the Direct Effect
Table 3 indicates the direct path from the predictors. First, BPNS
had a significantly positive effect on RAI, ATT, SN, PBC, and
INT. Second, RAI had a significantly positive effect on ATT, but a
negative effect on SN, and no significant effect on PBC and INT.
Third, for the dependent variable (INT), ATT, and PBC had a
significantly positive effect, but SN had no significant effect. This
partially supports H1 and H2.

In addition, as seen in Figure 2, the direct effect of
the independent variable (BPNS) on the dependent variable
(INT) decreased when mediators (RAI and ATT/SN/PBC) were
included in the model (β = 0.637, p < 0.001 → β = 0.208,
p < 0.01). In the full model, the amount of explanation for the
INT variance from the predictor variables increased from 47%
(R2 = 0.471) to 62% (R2 = 0.618). These results indicate
that RAI and ATT/SN/PBC partially mediate the relationship
between BPNS and INT under the basic assumptions of Baron
and Kenny (1986). Moreover, this result could be interpreted
under the condition in which gender (β = −0.053, p = 0.243),
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TABLE 2 | Means, standard deviations, bivariate correlations, and model validity measures.

Variables BPNS AM CM ATT SN PBC INT M SD

BPNS 0.898 2.83 1.28

AM 0.461*** 0.902 3.25 1.19

CM 0.126 0.133 0.785 1.26 1.56

ATT 0.618*** 0.500*** 0.097 0.861 3.53 1.30

SN 0.514*** 0.332*** 0.374*** 0.515*** 0.814 2.61 1.39

PBC 0.733*** 0.474*** 0.219** 0.687*** 0.641*** 0.805 2.86 1.36

INT 0.674*** 0.425*** 0.145 0.676*** 0.528*** 0.698*** 0.879 3.41 1.33

CR 0.940 0.914 0.748 0.896 0.838 0.827 0.887 – –

AVE 0.806 0.813 0.617 0.743 0.662 0.648 0.772 – –

MSV 0.537 0.224 0.140 0.472 0.411 0.537 0.454 – –

Note 1. The construct labels are as follows: BPNS, Basic Psychological Needs Satisfaction; AM, Autonomous Motivation; CM, Controlled Motivation; ATT, Attitudes; SN, Subjective

Norms; PBC, Perceived Behavioral Control; INT, Intention; M, Mean; SD, Standardized Deviation; CR, Construct Reliability; AVE, Average Variance Extracted; MSV, Maximum

Shared Variance.

Note 2. Bold values in the diagonal represent square root of AVE.

**p < 0.01, ***p < 0.001.

TABLE 3 | Path coefficients of direct effects for mediation model.

Path B β SE t Model-fit

BPNS → RAI 0.548 0.227 0.164 3.331** R = 0.091,

F (5, 237) = 4.739***

BPNS → ATT 0.530 0.521 0.055 9.665*** R = 0.458,

RAI → ATT 0.061 0.144 0.021 2.868** F (6, 236) = 33.209***

BPNS → SN 0.603 0.554 0.067 9.035*** R = 0.297

RAI → SN −0.073 −0.162 0.026 −2.837** F (6, 236) = 16.619***

BPNS → PBC 0.755 0.709 0.053 14.337*** R = 0.544

RAI → PBC 0.002 0.005 0.020 0.100 F (6, 236) = 46.908***

BPNS → INT 0.216 0.208 0.067 3.198** R = 0.618

RAI → INT −0.005 −0.011 0.019 −0.246 F (9, 233) = 41.918***

ATT → INT 0.332 0.326 0.060 5.505***

SN → INT 0.048 0.050 0.054 0.877

PBC → INT 0.310 0.318 0.066 4.662***

Note 1. The construct labels are as follows: BPNS, Basic Psychological Needs Satisfaction; RAI, Relative Autonomy Index; ATT, Attitudes; SN, Subjective Norms; PBC, Perceived

Behavioral Control; INT, Intention.

Note 2. The covariate codes are as follows: Gender = male (1), female (2); Age (yrs) = continuous (19∼60); Marital status = Single (1), With family/partner (2); Past physical activity

(min.) = continuous (0∼1260).

Note 3. All statistics represent direct relationship between variables.

**p < 0.01, ***p < 0.001.

age (β = −0.019, p = 0.672), marital status (β = 0.008, p =

0.862), and past physical activity (β = −0.040, p = 0.355) were
controlled. H3 is partially supported.

Testing the Indirect Effect
Table 4 shows the (total/specific) indirect effects of RAI and
social cognitive beliefs (ATT/SN/PBC) by applying bootstrapping
(n= 5,000) with 95% confidence intervals. First, the total indirect
effect was significant (B = 0.445, 95% C.I = 0.329∼0.560).
Second, the simple mediation path of BPNS→ ATT→ INT (B
= 0.176, 95% CI = 0.087–0.274) and BPNS→ PBC→ INT (B
= 0.234, 95% CI= 0.117–0.347) was significant. Third, the serial
mediation path of BPNS → RAI → ATT → INT (B = 0.011,
95%CI= 0.002–0.027) was significant. These results indicate that
the integrated model of SDT and TPB applied in the COVID-19

context significantly predicted the intention for physical activity,
especially through the path of ATT.

DISCUSSION

This study attempted to explore the social cognitive mechanism
of physical activity participation in the context of COVID-19
based on the integrated model of SDT and TPB proposed by
Hagger et al. (2002a,b) and Hagger and Chatzisarantis (2009,
2016). The overall study results are discussed as follows.

First, the integration of the SDT (increased level of
self-determined motivation according to satisfaction of basic
psychological needs) and TPB (the influence of the attitude,
subjective norms, and perceived behavioral control as close

Frontiers in Psychology | www.frontiersin.org 6 July 2021 | Volume 12 | Article 714865

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Jang et al. Physical Activity During COVID-19 in South Korea

FIGURE 2 | Direct and mediation model with path coefficients. Note 1. The construct labels are as follows: BPNS, basic psychological needs satisfaction; RAI, relative

autonomy index; ATT, attitudes; SN, subjective norms; PBC, perceived behavioral control; INT, intention. Note 2. The covariate codes are as follows: Gender = male

(1), female (2); Age (yrs) = continuous (19∼60); Marital status = Single (1), With family/partner (2); Past physical activity (min.) = continuous (0∼1260). Note 3. All

statistics represent direct relationship between variables. **p < 0.01, ***p < 0.001.

variables of intention) structures was still significant in the
context of COVID-19. Kaushal et al. (2020) applied this model by
setting home-based physical activity as the target behavior during
COVID-19 and suggested the importance of access to exercise
equipment and PBC in a limited environment. Chirico et al.
(2020) applied this model to the Italian population and suggested
that anxiety about COVID-19 and its regional differences
could be variables that regulate physical activity intention and
participation. Although these studies present empirical evidence
to show that physical activity during COVID-19 can be explained
based on the proposed integrated model, it does not fully
reflect the motivational mechanisms of SDT. In other words,
the research model includes only one variable representing
SDT—autonomous motivation. Ryan and Deci (2000a,b) set the
social context influencing the motivation process of behavior
as the premise of SDT, which indicates the satisfaction of basic
psychological needs consisting of autonomy, competence, and
relatedness. In the meta review by Hagger and Chatzisarantis
(2009), the independent influence of needs satisfaction was
emphasized as a variable preceding autonomous motivation (or
self-determined motivation). This indicates that manipulation
of environmental variables supporting needs satisfaction could
be a direct intervention to induce changes in health behavior
(Shen et al., 2007). The current study is a valuable approach that
fully includes the mechanisms of SDT (needs satisfaction →

self-determinant motivation) and TPB (beliefs → intention) by
reflecting this basic concept.

Second, the direct pathways between the SDT and TPB
constructs were discussed in comparison with earlier studies. The
significantly positive effect of BPNS on RAI was consistent with
the suggestion of applying SDT to physical activity (Ryan et al.,
2009). The current study supported that the level of autonomy,
competence, and relatedness in relation to physical activity, could
predict autonomous motivation of target behavior even in the
uncontrolled environment of COVID-19. This relationship was
also observed among adults participating in regular physical
activity during COVID-19, which indicated that a high level of
BPNS and SDT predicted sports commitment (Leyton-Román
et al., 2021). Next, the influence of RAI on social cognitive beliefs
was positive in ATT, negative in SN, and insignificant in PBC. The
positive influence onATTwas interpreted as a positive evaluation
of the value of physical activity in an autonomously motivated
state. The negative influence on SNwas interpreted as a reduction
in social pressures caused by voluntary choices (Hagger and
Chatzisarantis, 2009). However, the insignificant effect of RAI
on PBC appeared to reflect the limitations of physical activity in
the COVID-19 situation. In addition, BPNS, ATT, and PBC were
found to be variables that significantly predicted intentions. The
significant positive effects of ATT and PBC were consistent with
the results of the supporting TPB meta-study on health-related
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TABLE 4 | Path coefficients of indirect effects for mediation model.

Path B Boot SE Bootstrapping 95%C.I.

Lower Upper Significance

BPNS → RAI → INT −0.003 0.011 −0.025 0.020 Not sig.

BPNS → ATT → INT 0.176 0.048 0.087 0.274 Sig.

BPNS → SN → INT 0.029 0.038 −0.043 0.107 Not sig.

BPNS → PBC → INT 0.234 0.058 0.117 0.347 Sig.

BPNS → RAI → ATT → INT 0.011 0.007 0.002 0.027 Sig.

BPNS → RAI → SN → INT −0.002 0.003 −0.008 0.004 Not sig.

BPNS → RAI → PBC → INT 0.000 0.004 −0.008 0.009 Not sig.

Total 0.445 0.058 0.329 0.560 Sig.

Note 1. The construct labels are as follows: BPNS, Basic Psychological Needs Satisfaction; RAI, Relative Autonomy Index; ATT, Attitudes; SN, Subjective Norms; PBC, Perceived

Behavioral Control; INT, Intention.

Note 2. The covariate codes are as follows: Gender = male (1), female (2); Age (yrs) = continuous (19∼60); Marital status = Single (1), With family/partner (2); Past physical activity

(min.) = continuous (0∼1260).

Note 3. All statistics represent indirect relationship between variables.

Note 4. Bootstrapping n = 5,000.

behaviors (McEachan et al., 2011). This indicates that positive
attitudes toward physical activity and control over behavior still
acted as powerful predictors of intention in the COVID-19
situation. These results could be interpreted under the condition
in which gender, age, marital status, and past physical activity
were controlled.

Third, gender, age, marital status, and past physical activity,
which were input as covariates, did not significantly affect the
hypothetical pathway of the study. However, these demographics
are considered to be closely related to the SDT and TPB
mechanisms in the context of physical activity (Pettee et al.,
2006; Nigg et al., 2009). Empirical studies on multiple
populations have also reported that changes in physical activity
(frequency/intensity) during pandemics are dynamically related
to demographic variables (Rhodes et al., 2020; McCarthy et al.,
2021; Wilke et al., 2021). In fact, a panel study of over
45,000 UK adults showed that the overall participation in
physical activity and exercise during COVID-19 tends to be
low among older aged individuals, females, and those living
alone (Fancourt et al., 2020). Therefore, an unexpected result
in the current study may be related to insignificant gender
differences in the perception of the vulnerability and severity
of COVID-19 in South Korea (Lee and You, 2020). In the
case of age, it may reflect the characteristics of the sample
in the current study, which was biased for subjects in their
10–20 s. In particular, the level of past physical activity was
reported to strongly predict future behavioral intentions and
behaviors in the preceding integrated model studies (Hagger
and Chatzisarantis, 2009, 2016), but it had no significant effect
in the COVID-19 context. In other words, the current social
cognitive (SDT and TPB) variables related to physical activity
explained the intention for behavior more powerfully than the
experience of physical activity before the pandemic. In fact,
Maltagliati, Rebar, Fessler, Forestier, Sarrazin and Chalabaev
(2021) longitudinal study revealed that physical activity during
COVID-19 was strongly associated with a habit of mid-
lockdown rather than before-lockdown and suggested that an
autonomous motivation toward physical activity may be more

important in interventions aimed at sustaining habits after a
context change.

Fourth, the final research hypothesis, a serial multiple
mediation model, was partially supported, and the role of
ATT was particularly noted. When the influence of RAI
was controlled, the relationship between BPNS and INT was
mediated by ATT and PBC. When the relationship between
BPNS and RAI was premised, only ATT was found to be a
significant mediator. In the COVID-19 situation, BPNS for
physical activity could increase INT through positive evaluation
of ATT and PBC. Moreover, ATT could specify the increase in
INT with an increase in the level of self-determined motivation.
The ATT included in this study could be defined as an evaluation
of the benefits of physical activity in the COVID-19 situation
(see Appendix). Therefore, an approach that emphasizes the
positive benefits of behavior would be a useful intervention in
the self-determined motivation of physical activity during the
COVID-19 situation. In particular, it was found that the ATT
toward physical activity, which is based on health consciousness
during the pandemic, could play a significant role in a healthy
lifestyle, including regular physical activity (Pu et al., 2020; Sang
et al., 2020). The search and identification of the practical values
that constitute such an attitude remain the main tasks of a
follow-up study.

Practical Implications
Collectively, this was the first study to identify the social and
cognitive mechanisms of intention to perform physical activity
among South Korean adults. The findings could be used as
an empirical basis for the development of interventions to
maintain or strengthen physical activity during the COVID-
19 situation. As revealed in this study, the attitude toward
physical activity during COVID-19 was found to be a major
variable explaining the serial multiple relationships between the
SDT and TPB constructs. Accordingly, cultivating a positive
attitude toward physical activity would be a requisite for a
healthy life even during a pandemic. Personal attitudes could be
built from our own personal experience or from the influence
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of the environment around us. Therefore, it is suggested that
social and individual efforts to promote physical activity need to
focus on their importance and value. This is supported by the
consistent results of earlier studies emphasizing that TPB-based
interventions in physical activity are associated with positive
changes in attitude (Chatzisarantis and Hagger, 2005; Parrott
et al., 2008; Sanaeinasab et al., 2020).

Limitations and Future Research
This study had several limitations. First, the SDT constructs were
summarized into BPNS and RAI to ensure the simplicity of the
research model. Consideration of the individual influence of the
detailed BPNS (autonomy, competence, and relatedness) and
RAI (autonomous/controlled motivation) indicators on social
cognitive beliefs could have presented more diverse results
(Chemolli and Gagné, 2014). Similarly, TPB, including belief
variables, could be further segmented through an elicitation
study for the composition of beliefs related to the target
behavior (physical activity) in a specific context (COVID-
19), as suggested by Ajzen (1991, 2002). Next, this study
focused only on social and cognitive mechanisms, and failed
to consider actual physical activities set as target behaviors.
This was a choice made by the researchers based on the
judgment that it was inappropriate to set intention-behavior
variables to be measured simultaneously as a causal relationship
according to the cross-sectional study design. However, in the
demographics of the study participants, the proportion of the
South Korean population that met the standard recommended
by the WHO (MVPA 150min./week), has clearly decreased
since the pandemic began (50.2 → 29.2%). Therefore, it
would be better to include longitudinal data such as the rate
of change of target behavior to ensure the predictive validity of
the study (Rhodes and Rebar, 2018). Finally, the sample of the
current study focused on men in their 20 and 30s. Moreover,
the type of person who would be willing to participate in an
online platform such as Google Survey may not be typical
of the population. Thus, it is difficult to sufficiently represent
the South Korean population. For future research, it would
be necessary to consider the dynamic interactions between
demographic variables to understand the more specific effects of
the included covariates.

CONCLUSION

Globally, it is an unprecedented time. Surviving COVID-19
has become a challenge for humanity. Although a vaccine for

COVID-19 has been developed and gradually spread from the

beginning of this year, many countries are still responding
to it through continuous distancing, isolation, and quarantine
measures. The emergence of a highly infectious coronavirus in a
mutated form, which has been reported recently, raises concerns
about a prolonged pandemic (European Centre for Disease
Prevention Control, 2020). At this point, limited opportunities
to participate in physical activity have been considered a public
health issue related to physical or mental damage to individuals,
which can cause vulnerability to COVID-19. The current study
identified that satisfaction with basic psychological needs predicts
the level of self-determinant motivation for physical activity,
which is partially related to the level of social cognitive beliefs and
intentions. This study adds to the expanding body of knowledge
revealing that using the integrated model of SDT and TPB can
explain people’s participation in physical activity during COVID-
19. In particular, the mediating effect of attitude was the most
significant. The findings highlight that the approach to emphasize
a positive attitude toward physical activity would be a useful
intervention in solving those problems.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of the Seoul National
University. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

DJ performed the analysis and interpretation of data and
wrote the manuscript with input from all authors. IK provided
critical feedback and helped shape the research, analysis, and
manuscript. SK designed and directed the project. All authors
have read and approved the final version of the manuscript and
agree with the order of presentation of the authors.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2021.714865/full#supplementary-material

REFERENCES

Abdul, R. (2010). Quality of psychology test between Likert scale 5 and 6 points. J.

Soc. Sci. 6, 399–403. doi: 10.3844/jssp.2010.399.403

Ajzen, I. (1991). The theory of planned behavior. Organ. Behav. Hum. Decis.

Process. 50, 179–211. doi: 10.1016/0749-5978(91)90020-T

Ajzen, I. (2002).Constructing a TPB Questionnaire: Conceptual andMethodological

Considerations. Available online at: https://people.umass.edu/aizen/pdf/tpb.

measurement.pdf (accessed May 27, 2020).

Arora, T., and Grey, I. (2020). Health behaviour changes during COVID-19 and

the potential consequences: a mini-review. J. Health Psychol. 25, 1155–1163.

doi: 10.1177/1359105320937053

Baron, R. M., and Kenny, D. A. (1986). The moderator–mediator variable

distinction in social psychological research: conceptual, strategic,

and statistical considerations. J. Pers. Soc. Psychol. 51, 1173–1182.

doi: 10.1037/0022-3514.51.6.1173

Bates, L. C., Zieff, G., Stanford, K., Moore, J. B., Kerr, Z. Y., Hanson, E. D., et al.

(2020). COVID-19 impact on behaviors across the 24-hour day in children

and adolescents: Physical activity, sedentary behavior, and sleep.Children 7:138.

doi: 10.3390/children7090138

Brand, R., Timme, S., and Nosrat, S. (2020). When pandemic hits:

exercise frequency and subjective well-being during COVID-

19 pandemic. Front. Psychol. 11:570567. doi: 10.3389/fpsyg.2020.

570567

Frontiers in Psychology | www.frontiersin.org 9 July 2021 | Volume 12 | Article 714865

https://www.frontiersin.org/articles/10.3389/fpsyg.2021.714865/full#supplementary-material
https://doi.org/10.3844/jssp.2010.399.403
https://doi.org/10.1016/0749-5978(91)90020-T
https://people.umass.edu/aizen/pdf/tpb.measurement.pdf
https://people.umass.edu/aizen/pdf/tpb.measurement.pdf
https://doi.org/10.1177/1359105320937053
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.3390/children7090138
https://doi.org/10.3389/fpsyg.2020.570567
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Jang et al. Physical Activity During COVID-19 in South Korea

Brooks, J. M., Iwanaga, K., Chiu, C. Y., Cotton, B. P., Deiches, J., Morrison, B.,

et al. (2017). Relationships between self-determination theory and theory of

planned behavior applied to physical activity and exercise behavior in chronic

pain. Psychol. Health Med. 22, 814–822. doi: 10.1080/13548506.2017.1282161

Brooks, S. K., Webster, R. K., Smith, L. E., Woodland, L., Wessely, S.,

Greenberg, N., et al. (2020). The psychological impact of quarantine and

how to reduce it: rapid review of the evidence. Lancet 395, 912–920.

doi: 10.1016/S0140-6736(20)30460-8

Carter, S. J., Baranauskas, M. N., and Fly, A. D. (2020). Considerations for obesity,

vitamin D, and physical activity amid the COVID-19 pandemic. Obesity 28,

1176–1177. doi: 10.1002/oby.22838

Chan, D. K. C., Zhang, C. Q., and Weman-Josefsson, K. (2021). Why people

failed to adhere to COVID-19 preventive behaviors? Perspectives from

an integrated behavior change model. Infect. Control Hosp. Epidemiol. 42,

375–376. doi: 10.1017/ice.2020.245

Chatzisarantis, N. L. D., and Hagger, M. S. (2005). Effects of a brief intervention

based on the theory of planned behavior on leisure-time physical activity

participation. J. Sport Exer. Psychol. 27, 470–487. doi: 10.1123/jsep.27.4.470

Chemolli, E., and Gagné, M. (2014). Evidence against the continuum structure

underlying motivation measures derived from self-determination theory.

Psychol. Assess. 26, 575–585. doi: 10.1037/a0036212

Cheval, B., Sivaramakrishnan, H., Maltagliati, S., Fessler, L., Forestier, C.,

Sarrazin, P., et al. (2021). Relationships between changes in self-reported

physical activity, sedentary behaviour and health during the coronavirus

(COVID-19) pandemic in France and Switzerland. J. Sports Sci. 39, 699–704.

doi: 10.1080/02640414.2020.1841396

Chirico, A., Lucidi, F., Galli, F., Giancamilli, F., Vitale, J., Borghi, S., et al. (2020).

COVID-19 outbreak and physical activity in the Italian population: a cross-

sectional analysis of the underlying psychosocial mechanisms. Front. Psychol.

11:2100. doi: 10.3389/fpsyg.2020.02100

Chtourou, H., Trabelsi, K., H’mida, C., Boukhris, O., Glenn, J. M., Brach, M., et al.

(2020). Staying physically active during the quarantine and self-isolation period

for controlling and mitigating the COVID-19 pandemic: a systematic overview

of the literature. Front. Psychol. 11:1708. doi: 10.3389/fpsyg.2020.01708

Dwyer, M. J., Pasini, M., De Dominicis, S., and Righi, E. (2020). Physical activity:

benefits and challenges during the COVID-19 pandemic. Scand. J. Med. Sci.

Sports 30, 1291–1294. doi: 10.1111/sms.13710

European Centre for Disease Prevention and Control (2020).

Risk Assessment: Risk Related to Spread of New SARS-CoV-

2 Variants of Concern in the EU/EEA. Available online at:

https://www.ecdc.europa.eu/en/publications-data/covid-19-risk-assessment-

spread-new-sars-cov-2-variants-eueea (accessed December 29, 2020).

Fancourt, D., Bu, F., Mak, H. W., and Steptoe, A. (2020). COVID-19 social study.

Results Release, 15. Available online at: http://allcatsrgrey.org.uk/wp/download/

public_health/3d9db5_c99f0f8bb89545a6a10040f27949f7f9.pdf (accessed April

2, 2020).

Gao, Z., Lee, J. E., McDonough, D. J., and Albers, C. (2020). Virtual reality exercise

as a coping strategy for health and wellness promotion in older adults during

the COVID-19 pandemic. J. Clin. Med. 9:1986. doi: 10.3390/jcm9061986

Grolnick, W. S., and Ryan, R. M. (1987). Autonomy in children’s learning: an

experimental and individual difference investigation. J. Pers. Soc. Psychol. 52,

890–898. doi: 10.1037/0022-3514.52.5.890

Hagger, M. S., Chan, D. K. C., Protogerou, C., and Chatzisarantis, N. L. D.

(2016). Using meta-analytic path analysis to test theoretical predictions in

health behavior: an illustration based onmeta-analyses of the theory of planned

behavior. Prevent. Med. 89, 154–161. doi: 10.1016/j.ypmed.2016.05.020

Hagger, M. S., and Chatzisarantis, N. L. (2009). Integrating the theory of planned

behaviour and self-determination theory in health behaviour: a meta-analysis.

Br. J. Health Psychol. 14, 275–302. doi: 10.1348/135910708X373959

Hagger, M. S., and Chatzisarantis, N. L. (2016). The trans-contextual model of

autonomous motivation in education: conceptual and empirical issues and

meta-analysis. Rev. Educ. Res. 86, 360–407. doi: 10.3102/0034654315585005

Hagger, M. S., Chatzisarantis, N. L., and Biddle, S. J. (2002a). A meta-analytic

review of the theories of reasoned action and planned behavior in physical

activity: predictive validity and the contribution of additional variables. J. Sport

Exerc. Psychol. 24, 3–32. doi: 10.1123/jsep.24.1.3

Hagger, M. S., Chatzisarantis, N. L., and Biddle, S. J. (2002b). The influence

of autonomous and controlling motives on physical activity intentions

within the theory of planned behaviour. Br. J. Health Psychol. 7, 283–297.

doi: 10.1348/135910702760213689

Hair, J. F., Black, W. C., Babin, B. J., and Anderson, R. E. (2010).Multivariate Data

Analysis: Global Edition. London: Pearson Education Limited.

Hamilton, K., Fleig, L., Henderson, J., and Hagger, M. S. (2018).

Being active in pregnancy: theory-based factors associated with

physical activity among pregnant women. Women Health 59, 1–16.

doi: 10.1080/03630242.2018.1452835

Hayes, A. F. (2018). Introduction to Mediation, Moderation, and Conditional

Process Analysis: A Regression-Based Approach (2nd edition). New York, NY:

Guilford Press.

Hayes, M. (2020). Social media and inspiring physical activity during COVID-19

and beyond.Manag. Sport Leisure 1–8. doi: 10.1080/23750472.2020.1794939

Howell, D. C. (2004). Fundamental Statistics for the Behavioural Sciences (5th

edition). Belmont: Thomson Brookes/Cole.

Hu, L., and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance

structure analysis: conventional criteria versus new alternatives. Struct. Equat.

Model. 6, 1–55. doi: 10.1080/10705519909540118

Hwang, J., and Kim, Y. H. (2013). Physical activity and its related motivational

attributes in adolescents with different BMI. Int. J. Behav. Med. 20, 106–113.

doi: 10.1007/s12529-011-9196-z

Jeong, C., and Kim, E. (2015). Psychometric properties of the psychological need

satisfaction in exercise scale. Korean J. Measure. Eval. Phys. Educ. Sports Sci. 17,

57–68. doi: 10.21797/ksme.2015.17.1.006

Kaushal, N., Keith, N., Aguiñaga, S., and Hagger, M. S. (2020). Social cognition

and socioecological predictors of home-based physical activity intentions,

planning, and habits during the COVID-19 pandemic. Behav. Sci. 10:133.

doi: 10.3390/bs10090133

Kim, B., and Cheon, S. H. (2018). Relationship between students’ beliefs about

collegiate physical education, intention, and leisure-time exercise behavior:

theory of planned behavior’s perspective. Korean J. Phys. Educ. 57, 305–319.

doi: 10.23949/kjpe.2018.01.57.1.23

Kim, H. Y. (2013). Statistical notes for clinical researchers: assessing normal

distribution (2) using skewness and kurtosis. Restorative Dentistry Endodontics

38, 52–54. doi: 10.5395/rde.2013.38.1.52

Kim, S., Ko, Y., Kim, Y. J., and Jung, E. (2020). The impact of social distancing and

public behavior changes on COVID-19 transmission dynamics in the Republic

of Korea. PLoS ONE 15:e0238684. doi: 10.1371/journal.pone.0238684

Kim, T., and Kim, B. K. (2020). Enhancing mixed accountability for state-society

synergy: South Korea’s responses to COVID-19 with ambidexterity governance.

Inter-Asia Cult. Stud. 21, 533–541. doi: 10.1080/14649373.2020.1835094

Lee, M., and You, M. (2020). Psychological and behavioral responses in South

Korea during the early stages of coronavirus disease 2019 (COVID-19). Int. J.

Environ. Res. Public Health 17:2977. doi: 10.3390/ijerph17092977

Lesser, I. A., and Nienhuis, C. P. (2020). The impact of COVID-19 on physical

activity behavior and well-being of Canadians. Int. J. Environ. Res. Public Health

17:3899. doi: 10.3390/ijerph17113899

Leyton-Román, M., de la Vega, R., and Jiménez-Castuera, R. (2021). Motivation

and commitment to sports practice during the lockdown caused by Covid-19.

Front. Psychol. 11:3846. doi: 10.3389/fpsyg.2020.622595

Little, T. D., Rhemtulla, M., Gibson, K., and Schoemann, A. M. (2013). Why the

items versus parcels controversy needn’t be one. Psychol. Methods 18, 285–300.

doi: 10.1037/a0033266

López, L., and Rodó, X. (2020). The end of social confinement and

COVID-19 re-emergence risk. Nat. Human Behav. 4, 746–755.

doi: 10.1038/s41562-020-0908-8

Maltagliati, S., Rebar, A., Fessler, L., Forestier, C., Sarrazin, P., Chalabaev, A., et al.

(2021). Evolution of physical activity habits after a context change: the case of

COVID-19 lockdown. J. Health Psychol. doi: 10.1111/bjhp.12524. [Epub ahead

of print].

Markland, D., and Tobin, V. (2004). A modification to the behavioural regulation

in exercise questionnaire to include an assessment of amotivation. J. Sport

Exerc. Psychol. 26, 191–196. doi: 10.1123/jsep.26.2.191

Matias, T., Dominski, F. H., and Marks, D. F. (2020). Human needs in

COVID-19 isolation. J. Health Psychol. 25, 871–882. doi: 10.1177/1359105320

925149

Maugeri, G., Castrogiovanni, P., Battaglia, G., Pippi, R., D’Agata,

V., Palma, A., et al. (2020). The impact of physical activity on

psychological health during Covid-19 pandemic in Italy. Heliyon 6:e04315.

doi: 10.1016/j.heliyon.2020.e04315

McCarthy, H., Potts, H. W. W., and Fisher, A. (2021). Physical activity

behavior before, during, and after COVID-19 restrictions: longitudinal

Frontiers in Psychology | www.frontiersin.org 10 July 2021 | Volume 12 | Article 714865

https://doi.org/10.1080/13548506.2017.1282161
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1002/oby.22838
https://doi.org/10.1017/ice.2020.245
https://doi.org/10.1123/jsep.27.4.470
https://doi.org/10.1037/a0036212
https://doi.org/10.1080/02640414.2020.1841396
https://doi.org/10.3389/fpsyg.2020.02100
https://doi.org/10.3389/fpsyg.2020.01708
https://doi.org/10.1111/sms.13710
https://www.ecdc.europa.eu/en/publications-data/covid-19-risk-assessment-spread-new-sars-cov-2-variants-eueea
http://allcatsrgrey.org.uk/wp/download/public_health/3d9db5_c99f0f8bb89545a6a10040f27949f7f9.pdf
http://allcatsrgrey.org.uk/wp/download/public_health/3d9db5_c99f0f8bb89545a6a10040f27949f7f9.pdf
https://doi.org/10.3390/jcm9061986
https://doi.org/10.1037/0022-3514.52.5.890
https://doi.org/10.1016/j.ypmed.2016.05.020
https://doi.org/10.1348/135910708X373959
https://doi.org/10.3102/0034654315585005
https://doi.org/10.1123/jsep.24.1.3
https://doi.org/10.1348/135910702760213689
https://doi.org/10.1080/03630242.2018.1452835
https://doi.org/10.1080/23750472.2020.1794939
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1007/s12529-011-9196-z
https://doi.org/10.21797/ksme.2015.17.1.006
https://doi.org/10.3390/bs10090133
https://doi.org/10.23949/kjpe.2018.01.57.1.23
https://doi.org/10.5395/rde.2013.38.1.52
https://doi.org/10.1371/journal.pone.0238684
https://doi.org/10.1080/14649373.2020.1835094
https://doi.org/10.3390/ijerph17092977
https://doi.org/10.3390/ijerph17113899
https://doi.org/10.3389/fpsyg.2020.622595
https://doi.org/10.1037/a0033266
https://doi.org/10.1038/s41562-020-0908-8
https://doi.org/10.1111/bjhp.12524
https://doi.org/10.1123/jsep.26.2.191
https://doi.org/10.1177/1359105320925149
https://doi.org/10.1016/j.heliyon.2020.e04315
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Jang et al. Physical Activity During COVID-19 in South Korea

smartphone-tracking study of adults in the United Kingdom. J. Med. Internet

Res. 23:e23701. doi: 10.2196/23701

McEachan, R. R. C., Conner, M., Taylor, N. J., and Lawton, R. J. (2011).

Prospective prediction of health-related behaviours with the Theory of

Planned Behaviour: a meta-analysis. Health Psychol. Rev. 5, 97–144.

doi: 10.1080/17437199.2010.521684

Meyer, J., McDowell, C., Lansing, J., Brower, C., Smith, L., Tully, M., et al. (2020).

Changes in physical activity and sedentary behavior in response to COVID-19

and their associations with mental health in 3052 US adults. Int. J. Environ. Res.

Public Health 17:6469. doi: 10.3390/ijerph17186469

Min, K. D., Kang, H., Lee, J. Y., Jeon, S., and Cho, S. I. (2020). Estimating the

effectiveness of non-pharmaceutical interventions on COVID-19 control in

Korea. J. Korean Med. Sci. 35:e321. doi: 10.3346/jkms.2020.35.e321

Ministry of Culture, Sports, and Tourism of The Republic of Korea. (2019).

Survey on Citizens’ Sports Participation. Seoul: Korean Gov Pint Office, p.

11-1371000-000289-11. Available online at: https://www.sports.re.kr/front/

board/bs/boardView.do?board_seq=74&pageNo=1&menu_seq=865&con_

seq=4081&keyKind3=&keyKind4=&keyKind5=&keyKind6=&keyKind7=&

keyKind=TITLE&keyWord (accessed May 7, 2020).

Moore, S. A., Faulkner, G., Rhodes, R. E., Brussoni, M., Chulak-Bozzer, T.,

Ferguson, L. J., et al. (2020). Impact of the COVID-19 virus outbreak on

movement and play behaviours of Canadian children and youth: a national

survey. Int. J. Behav. Nutr. Phys. Activ. 17:85. doi: 10.1186/s12966-020-00987-8

Mutz,M., andGerke,M. (2021). Sport and exercise in times of self-quarantine: how

Germans changed their behaviour at the beginning of the Covid-19 pandemic.

Int. Rev. Sociol. Sport 56, 305–316. doi: 10.1177/1012690220934335

Narici, M., Vito, G. D., Franchi, M., Paoli, A., Moro, T., Marcolin, G.,

et al. (2020). Impact of sedentarism due to the COVID-19 home

confinement on neuromuscular, cardiovascular and metabolic health:

Physiological and pathophysiological implications and recommendations

for physical and nutritional countermeasures. Eur. J. Sport Sci. 21, 614–635.

doi: 10.1080/17461391.2020.1761076

Nigg, C. R., Lippke, S., and Maddock, J. E. (2009). Factorial invariance

of the theory of planned behavior applied to physical activity across

gender, age, and ethnic groups. Psychol. Sport Exerc. 10, 219–225.

doi: 10.1016/j.psychsport.2008.09.005

Parrott, M. W., Tennant, L. K., Olejnik, S., and Poudevigne, M. S.

(2008). Theory of planned behavior: Implications for an email-

based physical activity intervention. Psychol. Sport Exerc. 9, 511–526.

doi: 10.1016/j.psychsport.2007.07.002

Pedersen, B. K., and Saltin, B. (2015). Exercise as medicine—Evidence for

prescribing exercise as therapy in 26 different chronic diseases. Scand. J. Med.

Sci. Sports 25(Suppl. 3), 1–72. doi: 10.1111/sms.12581

Pettee, K. K., Brach, J. S., Kriska, A. M., Boudreau, R., Richardson, C.

R., Colbert, L. H., et al. (2006). Influence of marital status on physical

activity levels among older adults. Med. Sci. Sports Exerc. 38, 541–546.

doi: 10.1249/01.mss.0000191346.95244.f7

Pu, B., Zhang, L., Tang, Z., and Qiu, Y. (2020). The relationship between

health consciousness and home-based exercise in China during the

COVID-19 pandemic. Int. J. Environ. Res. Public Health 17:5693.

doi: 10.3390/ijerph17165693

Rhodes, R. E., Liu, S., Lithopoulos, A., Zhang, C. Q., and Garcia-Barrera, M. A.

(2020). Correlates of perceived physical activity transitions during the COVID-

19 pandemic among Canadian adults. Appl. Psychol. Health Well Being 12,

1157–1182. doi: 10.1111/aphw.12236

Rhodes, R. E., and Rebar, A. L. (2018). “Physical activity habit: complexities and

controversies, “in The Psychology of Habit, ed B. Verplanken (Cham: Springer),

97–109.

Romero-Blanco, C., Rodríguez-Almagro, J., Onieva-Zafra, M. D., Parra-

Fernández,M. L., Prado-Laguna,M. D. C., andHernández-Martínez, A. (2020).

Physical activity and sedentary lifestyle in university students: changes during

confinement due to the COVID-19 pandemic. Int. J. Environ. Res. Public Health

17:6567. doi: 10.1007/978-3-319-97529-0_6

Ryan, R. M., and Deci, E. L. (2000a). Intrinsic and extrinsic motivations:

classic definitions and new directions. Contemp. Educ. Psychol. 25, 54–67.

doi: 10.1006/ceps.1999.1020

Ryan, R. M., and Deci, E. L. (2000b). Self-determination theory and the facilitation

of intrinsic motivation, social development, and well-being. Am. Psychol. 55,

68–78. doi: 10.1037/0003-066X.55.1.68

Ryan, R. M., Williams, G. C., Patrick, H., and Deci, E. L. (2009). Self-determination

theory and physical activity: the dynamics of motivation in development and

wellness. Hellenic J. Psychol. 6, 107–124. http://selfdeterminationtheory.org/

SDT/documents/2009_RyanWilliamsPatrickDeci_HJOP.pdf
Sallis, J. F., Adlakha, D., Oyeyemi, A., and Salvo, D. (2020). An international

physical activity and public health research agenda to inform coronavirus

disease-2019 policies and practices. J. Sport Health Sci. 9, 328–334.

doi: 10.1016/j.jshs.2020.05.005
Sanaeinasab, H., Saffari, M., Dashtaki, M. A., Pakpour, A. H., Karimi Zarchi,

A., O’Garo, K. N., et al. (2020). A theory of planned behavior-based

program to increase physical activity in overweight/obese military personnel:

a randomised controlled trial. Appl. Psychol. Health Well Being 12, 101–124.

doi: 10.1111/aphw.12175
Sánchez-Oliva, D., Morin, A. J. S., Teixeira, P. J., Carraça, E. V., Palmeira, A. L.,

and Silva, M. N. (2017). A bifactor exploratory structural equation modeling

representation of the structure of the basic psychological needs at work scale. J.

Vocat. Behav. 98, 173–187. doi: 10.1016/j.jvb.2016.12.001
Sandford, A. (2020). Coronavirus: Half of Humanity Now on Lockdown as 90

Countries Call for Confinement. Euro News. Available online at: https://www.

euronews.com/2020/04/02/coronavirus-in-europe-spain-s-death-toll-hits-

10-000-after-record-950-new-deaths-in-24-hou (accessed April 3, 2020).
Sang, X., Menhas, R., Saqib, Z. A., Mahmood, S., Weng, Y., Khurshid, S.,

et al. (2020). The psychological impacts of COVID-19 home confinement

and physical activity: a structural equation model analysis. Front. Psychol.

11:614770. doi: 10.3389/fpsyg.2020.614770
Shen, B., McCaughtry, N., and Martin, J. (2007). The influence of self-

determination in physical education on leisure-time physical activity behavior.

Res. Q. Exerc. Sport 78, 328–338. doi: 10.1080/02701367.2007.10599430
Tison, G. H., Avram, R., Kuhar, P., Abreau, S., Marcus, G. M., Pletcher, M. J., et al.

(2020). Worldwide effect of COVID-19 on physical activity: a descriptive study.

Ann. Intern. Med. 173, 767–770. doi: 10.7326/M20-2665
Van Bavel, J. J. V., Baicker, K., Boggio, P. S., Capraro, V., Cichocka,

A., Cikara, M., et al. (2020). Using social and behavioural science to

support COVID-19 pandemic response. Nat. Human Behav. 4, 460–471.

doi: 10.1038/s41562-020-0884-z
Venkatesh, V. (2020). Impacts of COVID-19: a research agenda

to support people in their fight. Int. J. Inf. Manage. 55:102197.

doi: 10.1016/j.ijinfomgt.2020.102197
Wilke, J., Mohr, L., Tenforde, A. S., Edouard, P., Fossati, C., González-Gross,

M., et al. (2021). A pandemic within the pandemic? Physical activity levels

substantially decreased in countries affected by COVID-19. Int. J. Environ. Res.

Public Health 18:2235. doi: 10.3390/ijerph18052235
Wilson, P. M., Rogers, W. T., Rodgers, W. M., and Wild, T.

C. (2006). The psychological need satisfaction in exercise

scale. J. Sport Exer. Psychol. 28, 231–251. doi: 10.1123/jsep.2

8.3.231
Woods, J. A., Hutchinson, N. T., Powers, S. K., Roberts, W. O., Gomez-

Cabrera, M. C., Radak, Z., et al. (2020). The COVID-19 pandemic and

physical activity. Sports Med. Health Sci. 2, 55–64. doi: 10.1016/j.smhs.2020.

05.006
World Health Organization (2019). Global Action Plan on Physical Activity

2018−2030: More Active People for a Healthier. World. Geneva: World

Health Organization.

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Jang, Kim and Kwon. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 11 July 2021 | Volume 12 | Article 714865

https://doi.org/10.2196/23701
https://doi.org/10.1080/17437199.2010.521684
https://doi.org/10.3390/ijerph17186469
https://doi.org/10.3346/jkms.2020.35.e321
https://www.sports.re.kr/front/board/bs/boardView.do?board_seq=74&pageNo=1&menu_seq=865&con_seq=4081&keyKind3=&keyKind4=&keyKind5=&keyKind6=&keyKind7=&keyKind=TITLE&keyWord
https://www.sports.re.kr/front/board/bs/boardView.do?board_seq=74&pageNo=1&menu_seq=865&con_seq=4081&keyKind3=&keyKind4=&keyKind5=&keyKind6=&keyKind7=&keyKind=TITLE&keyWord
https://www.sports.re.kr/front/board/bs/boardView.do?board_seq=74&pageNo=1&menu_seq=865&con_seq=4081&keyKind3=&keyKind4=&keyKind5=&keyKind6=&keyKind7=&keyKind=TITLE&keyWord
https://www.sports.re.kr/front/board/bs/boardView.do?board_seq=74&pageNo=1&menu_seq=865&con_seq=4081&keyKind3=&keyKind4=&keyKind5=&keyKind6=&keyKind7=&keyKind=TITLE&keyWord
https://doi.org/10.1186/s12966-020-00987-8
https://doi.org/10.1177/1012690220934335
https://doi.org/10.1080/17461391.2020.1761076
https://doi.org/10.1016/j.psychsport.2008.09.005
https://doi.org/10.1016/j.psychsport.2007.07.002
https://doi.org/10.1111/sms.12581
https://doi.org/10.1249/01.mss.0000191346.95244.f7
https://doi.org/10.3390/ijerph17165693
https://doi.org/10.1111/aphw.12236
https://doi.org/10.1007/978-3-319-97529-0_6
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1037/0003-066X.55.1.68
http://selfdeterminationtheory.org/SDT/documents/2009_RyanWilliamsPatrickDeci_HJOP.pdf
http://selfdeterminationtheory.org/SDT/documents/2009_RyanWilliamsPatrickDeci_HJOP.pdf
https://doi.org/10.1016/j.jshs.2020.05.005
https://doi.org/10.1111/aphw.12175
https://doi.org/10.1016/j.jvb.2016.12.001
https://www.euronews.com/2020/04/02/coronavirus-in-europe-spain-s-death-toll-hits-10-000-after-record-950-new-deaths-in-24-hou
https://www.euronews.com/2020/04/02/coronavirus-in-europe-spain-s-death-toll-hits-10-000-after-record-950-new-deaths-in-24-hou
https://www.euronews.com/2020/04/02/coronavirus-in-europe-spain-s-death-toll-hits-10-000-after-record-950-new-deaths-in-24-hou
https://doi.org/10.3389/fpsyg.2020.614770
https://doi.org/10.1080/02701367.2007.10599430
https://doi.org/10.7326/M20-2665
https://doi.org/10.1038/s41562-020-0884-z
https://doi.org/10.1016/j.ijinfomgt.2020.102197
https://doi.org/10.3390/ijerph18052235
https://doi.org/10.1123/jsep.28.3.231
https://doi.org/10.1016/j.smhs.2020.05.006
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

	Motivation and Intention Toward Physical Activity During the COVID-19 Pandemic: Perspectives From Integrated Model of Self-Determination and Planned Behavior Theories
	Introduction
	Present Research

	Methods
	Study Area
	Procedures and Participants
	Measurements
	Basic Psychological Needs Satisfaction (BPNS)
	Self-Determined Motivation
	TPB Constructs

	Data Analysis

	Results
	Measurement Tools CFA
	Measurement Model CFA
	Serial Multiple Mediation Analyses for SDT and TPB
	Testing the Direct Effect
	Testing the Indirect Effect


	Discussion
	Practical Implications
	Limitations and Future Research

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


