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 27 

Abstract 28 

Objective. Perceived self-control resources, defined as the perceived amount of 29 

energy available for the self to initiate a self-control act, are an important factor for regulating 30 

health behaviors. However, how self-control resources relate to physical activity across a 31 

major context change remains unexplored. This study examined how the association between 32 

self-control resources and physical activity evolved during and after Covid-19 lockdown. In 33 

this major context change, we predicted that self-control resources would be key to engage in 34 

physical activity. We also examined if this association was moderated by usual physical 35 

activity participation before the lockdown. 36 

Design. A seven-wave longitudinal design spanning from the onset of the lockdown 37 

to two months after its end. 38 

Methods. Two hundred fifty-three adults living in France (N = 253, Agemean = 33.43, 39 

67% women) filled up self-reported questionnaires. Questions included moderate-to-vigorous 40 

physical activity, perceived self-control resources operationalised as subjective vitality, and 41 

usual before-lockdown physical activity levels. 42 

Results. Mixed-effects models revealed that self-control resources were significantly 43 

associated with moderate-to-vigorous physical activity, both at the between-person (B = 44 

84.75, p < .001) and within-person (B = 65.85, p < .001) levels. In addition, results showed 45 

significant time  self-control resources interactions at both between-person and within-46 

person levels and simple slope analyses revealed that the strength of the associations between 47 

self-control resources and PA increased over time. We found no evidence that usual before-48 

lockdown physical activity level moderated the associations. 49 

Conclusions. These results provide support to the role of perceived self-control 50 

resources in practicing regular physical activity, especially as the lockdown progressed. 51 
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Finally, we did not find evidence that being usually active before the lockdown reduced the 52 

need to rely upon self-control ressources to engage in physical activity.  53 

Keywords: Self-control resources, physical activity, usual health behavior, Covid-19  54 
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What is already known on this subject? 55 

• Self-control resources are associated with healthy behaviors, such as physical activity. 56 

• Covid-19 lockdown has negatively impacted habits, especially in before-lockdown 57 

active individuals.  58 

What does this study add? 59 

• The strength of the association between perceived self-control resources and physical 60 

activity increased as the lockdown progressed, both at the within and between-person 61 

levels. 62 

• Usual physical activity before the lockdown did not moderate these associations. 63 

• Usually active individuals were more physically active than usually inactive 64 

individuals (when controlling for self-control resources), but only after the end of the 65 

lockdown.66 
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Evolution of the association between self-control resources and physical activity during 67 

a major context change 68 

Self-control, defined as the ability to prioritize distal motivations over conflicting 69 

proximal ones (Fujita, 2011), is a concept that has gained considerable attraction in the past 70 

decades. This ability is related to a host of beneficial outcomes, including academic and 71 

financial success, better interpersonal relations, and healthier behaviors (e.g., physical 72 

activity, healthy eating) (e.g., de Ridder et al., 2012). Different conceptualizations of self-73 

control have been formulated (e.g., Inzlicht et al., 2021). One proposition considers that a 74 

central component of self-control is perceived self-control resources, defined as the perceived 75 

amount of energy available for the self to initiate a self-control act (Clarkson et al., 2016; 76 

Forestier, de Chanaleilles, Boisgontier, et al., 2022). Such resources have been shown to 77 

positively predict self-control success in the health domain (Forestier et al., 2018; Major et 78 

al., 2020; Maltagliati et al., 2022; Rojas-Sánchez et al., 2021; Rouse et al., 2013). For 79 

example, Forestier et al. (2018) and Forestier et al. (2023) observed that self-control 80 

resources were positively associated with physical activity and healthy diet, and negatively to 81 

sedentary behaviors and tobacco consumption. However, the current literature is dominated 82 

by cross-sectional studies that disregard the context in which people behave. The extent to 83 

which self-control resources are needed to engage in a certain behavior may yet vary 84 

depending on the context in which people evolve. The present study investigated if self-85 

control resources predict physical activity during a major context change: the Spring 2020 86 

Covid-19 lockdown.  87 

This context seemed relevant to examine such question as physical activity was 88 

particularly impacted by lockdown restrictions in the country in which the study was 89 

conducted (France),: people were authorized to leave their homes one hour per day only, for a 90 

few reasons including work, basic needs purchases, medical reasons, or physical activity in a 91 
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one-km perimeter from home. As such, most of the stable contextual cues associated with 92 

physical activity disappeared (e.g., time of day, exercise partners, type of physical activity, 93 

location) (e.g., Celina et al., 2021; Furman et al., 2021). This resulted in an overall decrease 94 

of physical activity habits (e.g., Maltagliati et al., 2021), a process by which a stimulus 95 

automatically initiates an impulse towards action, based on learned stimulus-response 96 

association (Gardner, 2015). 97 

In this habit-disrupting context, self-control resources may have been particularly 98 

important to engage in physical activity. Indeed, these resources may facilitate an effortful 99 

regulation of behaviors through self-control acts (Forestier et al., 2023; Maltagliati et al., 100 

2022; Rouse et al., 2013). For example, among adolescents, Maltagliati et al. (2022) observed 101 

that perceived energy, a possible operationalization of self-control resources, was positively 102 

associated with physical activity through the mediating role of action planning and self-103 

monitoring, two self-regulation strategies that necessitate effort to be enacted. Such an 104 

effortful regulation of behavior may be particularly needed when habits are disrupted. Indeed, 105 

people with low healthy habits – be they relate to the eating, sleep or  physical activity 106 

domains – have been shown to need more effort to enact these behaviors, and feel more 107 

tempted by competing ones (snacking and sedentary behaviors), than people with strong 108 

habits (Galla and Duckworth, 2015). The contextual disruption of habits might have precisely 109 

left some individuals unable to rely upon such an effortless and automatic mode of behavioral 110 

regulation (Fujita, 2011; Wood et al., 2005).  111 

Taken together, these results suggest that self-control resources may be an important 112 

predictor of physical activity in a habit-disrupting context such as the lockdown, at least in its 113 

beginning. Then, as the lockdown progressed and people developed new physical activity 114 

habits (e.g., Maltagliati et al., 2021), self-control resources may have become less predictive 115 

of physical activity. 116 
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In addition to examining whether the association between self-control resources and 117 

physical activity evolved as one moved away from the beginning of the lockdown, we 118 

investigated if this association was moderated by usual (or habitual) physical activity 119 

behavior before the lockdown. As people who are frequently active are likely to have 120 

developed stronger physical activity habits than usually inactive people (e.g., Rebar et al., 121 

2018), one could expect the former to need less self-control resources to enact physical 122 

activity than the latter in a usual daily life setting. However, during a major context change 123 

where habits are disrupted, whether usually active individuals rely less on self-control 124 

resources to engage in physical activity than usually inactive ones remains an open question.  125 

The present study 126 

We hypothesized that self-control resources would be positively associated with 127 

physical activity during lockdown (H1a), and we expected this association to decrease across 128 

time (H1b). We also explored whether the association between self-control resources and 129 

physical activity would be moderated by before-lockdown usual physical activity (H2a), and 130 

if this interaction would be moderated by time (H2b). To do so, we used a longitudinal design 131 

in which the variables of interest were measured seven times: five times once a week during 132 

the Spring 2020 lockdown (T1 to T5), a few days after the end of this lockdown (T6), and 133 

two months later (T7). All hypotheses were investigated at the between-person and within-134 

person levels, in order to disentangle the role of individual differences in self-control 135 

resources from the role of within-person fluctuations in these resources. 136 

Methods 137 

 Participants and procedure 138 

The Spring 2020 lockdown was implemented from March 17 to May 11, 2020 in 139 

France. Participants residing in France and aged 18 and over were recruited to complete a 140 

first online survey between March 30 and April 10. The questions of this survey included 141 
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intention towards physical activity, controlled and autonomous motivation towards physical 142 

activity, perceived stress and sociodemographic information (these measures are not 143 

presented in this paper). Participants were recruited by word of mouth and on social media 144 

(i.e., Twitter and Facebook). At the end of the questionnaire, participants were asked if they 145 

wanted to complete an additional weekly questionnaire on their physical activity behaviors, 146 

during and after the lockdown. An online informed consent form was read and signed before 147 

completing the questionnaire.  148 

During the lockdown, each participant received an email with an invitation to respond 149 

to four surveys every nine days starting from their first survey completed, and with a delay of 150 

three days to answer it. The sixth measurement wave took place two weeks after the end of 151 

the lockdown, and the final measurement was held two months and a half after the end of the 152 

lockdown (for more details see Figure 1). 153 

Participants who completed the questionnaire at least two times were included in the 154 

study (N = 259; 66% women; Mage = 34.02 years, SDage = 13.41 years). The measurement 155 

times at which the participants reported having no intention at all to do physical activity (i.e., 156 

who answered 1 on the seven-point intention item) were excluded from the analyses 157 

(Nobservations = 27). Indeed, self-control resources are supposed to be needed only when 158 

individuals’ long-term goal confronts competing motivational forces, such as that conflicts 159 

with surrounding temptations (e.g., Forestier, de Chanaleilles, Deschamps, et al., 2022). As 160 

such, people who do not pursue at all the goal to be physically active are unlikely to have to 161 

deal with motivational conflicts when they experience a desire toward sedentary behaviors, 162 

and are therefore unlikely to use their self-control resources in order to overcome it and be 163 

physically active. 164 
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Because of time constraints (i.e., the duration of the lockdown was unknown when the 165 

government announced it, therefore the number of repeated measures was unknown at the 166 

beginning of the study), we were not able to carry an a priori power analysis. 167 

Measures 168 

Physical activity was assessed using an adapted version (Teran-Escobar et al., 2021) of 169 

the International Physical Activity Questionnaire (IPAQ, Craig et al., 2003) at each 170 

measurement time. Precisely, given the movement restrictions imposed by the lockdown, 171 

participants were asked to report the minutes per week spent in six categories of physical 172 

activities: walking outside; running outside; climbing the stairs of their building/housing; doing 173 

muscle strengthening exercises (abs, push-ups, squats) or balance or stretching exercises (tai 174 

chi, yoga); cycling; rowing; or doing cardio activities. These categories were based on Chen et 175 

al. (2020)’s typology of physical activities that can be undertaken during a lockdown. 176 

Participants could also mention any activity that was not included in the list. All activities were 177 

classified into moderate-to-vigorous physical activity when they were superior or equal to 3 178 

METS, according to the compendium of physical activity of Ainsworth et al. (2011). Therefore, 179 

minutes of moderate-to-vigorous physical activity per week was the dependent variable. 180 

Usual physical activity before lockdown was assessed at Time 1, using an adapted 181 

version of the Saltin-Grimby Physical Activity Questionnaire (Grimby et al., 2015), with the 182 

following question: “In general, what did your “profile” look like in terms of physical activity 183 

over the past year? If your activity varied greatly from week to week, try to estimate an 184 

average”. Participants answered this question using the following scale: 1 (almost completely 185 

inactive), 2 (some physical activity), 3 (regular physical activity) and 4 (regular hard physical 186 

activity). 187 

Self-control resources were operationalized by subjective vitality, and was assessed at 188 

each measurement time using the five-item subjective vitality scale (Ryan & Frederick, 189 
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1997), as done in past research to reflect self-control resources (e.g., Emile et al., 2015; 190 

Forestier et al., 2018; Rojas-Sánchez et al., 2021). This scale contains items such as « During 191 

the past seven days, I felt alive and vital”, with answers ranging from 1 (completely disagree) 192 

to 7 (completely agree). This scale showed good reliability in the present sample (α = 0.93, ω 193 

= 0.95). 194 

Intention towards physical activity was assessed at each measurement time using a 195 

single item (Godin, 2012) : “For the next seven days, to what extent do you intend to do 30 196 

minutes of moderate to vigorous physical activity at least 5 days a week, as recommended by 197 

health authorities?”. The scale ranged from 1 (no intention at all) to 7 (very strong intention). 198 

Sociodemographic data included age and gender and were measured at Time 1. 199 

Statistical analysis 200 

Because our data were nested with multiple observations for each subject, hypotheses 201 

were tested with linear mixed-effects models in R studio version 3.4.1 (R Core Team, 2021), 202 

using the lmer and the lme4 packages (Bates et al., 2015). Moreover, the interactions were 203 

decomposed using the interaction package (Long, 2019) to estimate and plot simple slopes of 204 

significant interactions.  205 

The between-person predictor (i.e., subjective vitalitybetween and before-lockdown 206 

usual physical activity) was grand-mean centered (e.g., Iacobucci et al., 2016; Shieh, 2011). 207 

Moreover, the within-person predictor (i.e., subjective vitalitywithin) was centered at the 208 

individual mean as recommended by Enders and Tofighi (2007). 209 

Model 1 tested H1a and H1b by including subjective vitalitywithin, subjective 210 

vitalitybetween, linear time, quadratic time, and the interaction terms between linear time and 211 

subjective vitality, and between quadratic time and subjective vitality as predictors of 212 

physical activity. A statistically significant effect of subjective vitality would indicate that 213 

self-control resources predicted physical activity at the within- and/or between-person levels 214 
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(H1a), and a statistically significant interaction with time (linear or quadratic) would indicate 215 

that these relationships depended on measurement time (linear or quadratic) (H1b). 216 

Model 2 tested H2a and H2b by adding before-lockdown usual physical activity to 217 

Model 1, as well as its interactions with subjective vitality at the between and within-person 218 

levels, time (linear and quadratic), and the three-way interaction between usual physical 219 

activity, subjective vitality, and time (linear and quadratic). A statistically significant 220 

interaction effect between subjective vitality and usual physical activity would indicate that 221 

the relationship between self-control resources and physical activity at the within- and/or 222 

between-person levels differed depending on usual physical activity (H2a). A statistically 223 

significant three-way interaction effect would indicate that this interactive effect differed 224 

depending on the time of measurement (linear or quadratic) (H2b).  225 

Models were inspected using the performance package (i.e., linearity, homogeneity of 226 

variance, collinearity, normality of residuals, normality of random effects and influential 227 

observations, Lüdecke et al., 2021). We also have compared each most constrained model to 228 

the precedent simpler model using an ANOVA (i.e., comparing Model 0 to Model 1, and 229 

comparing Model 1 to Model 2), to evaluate if the augmented model better fit the data 230 

(Bliese, 2005; Finch & Bolin, 2017). 231 

Results 232 

Descriptive statistics and preliminary analyses 233 

The means, standard deviations, intraclass correlations, and the description of our 234 

variables are presented in Table 1. The correlations between variables and boxplots of physical 235 

activity and subjective vitality at each measurement time are displayed in Supplementary 236 

Material (Tables S1, S2 and S3, Figures 2 and 3). 237 
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Were self-control resources positively associated with physical activity (H1a)? Did this 238 

association evolve over time (H1b)? 239 

Model 0 showed that moderate-to-vigorous physical activity was significantly and 240 

positively predicted by linear time (B = 1889.43, 95% CI [1142.99, 2635.86], p < .001), and 241 

quadratic time (B = 691.98, 95% CI [186.37, 1197.59], p = .007). 242 

Model 1 showed that moderate-to-vigorous physical activity was significantly and 243 

positively predicted by linear time (B = 2610.72, 95% CI [1780.50, 3440.95], p < .001), 244 

quadratic time (B = 599.57, 95% CI [26.26, 1172.88], p = .040), subjective vitalitybetween (B = 245 

84.75, 95% CI [54.18, 115.33], p < .001), and subjective vitalitywithin (B = 65.85, 95% CI 246 

[49.41, 82.30], p < .001). Moreover, the interaction between subjective vitalitybetween and 247 

linear time (B = 799.46, 95% CI [48.25, 1550.68], p = .037), and the interaction between 248 

subjective vitalitywithin and linear time (B = 952.92, 95% CI [226.16, 1679.68], p = .010, 249 

conditional R2 = 0.69) were significant (see Table 2). In other words, at the between-person 250 

level, although the association between subjective vitality and physical activity was 251 

significant at all time points, the strength of this association linearly increased over time (see 252 

Figure 2). For example, at Time 1, the slope of the association was b = 55.99 (p < .001), 253 

against b = 84.75 (p < .001) at Time 4, and b = 113.54 (p < .001) at Time 7. At the within-254 

person level, the association between subjective vitality and physical activity also linearly 255 

increased over time and was significant from Time 2 to Time 7 (see Figure 3 and 256 

Supplementary Table S7). No significant quadratic effect of time was found. 257 

Finally, the ANOVA comparing Model 1 with Model 0 showed that the most 258 

constrained model better fitted the data than the simplest model (F = 94.125, p < .001). 259 

Specifically, Model 0 showed that physical activity was significantly associated to time, both 260 

in a linear (B = 1889.43, 95% CI [388.17, 456.26], p < .001) and quadratic (B = 691.98, 95% 261 
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CI [186.37, 1197.59], p = .007) manner (see Supplementary Figure 4). Finally, the robustness 262 

of the model was acceptable (See Supplementary Figure 5). 263 

Was the association between self-control resources and physical activity moderated by 264 

usual physical activity? Did this moderation evolve over time? 265 

Results of Model 2 showed no significant three-way interactions indicating that H2b 266 

was not confirmed. However, two-way interactions were observed between usual regular 267 

physical activity and quadratic time (B = 4274.91, 95% CI [528.26, 8021.56], p = .025, 268 

conditional R2 = 0.66), and between usual regular hard physical activity and quadratic time (B 269 

= 4150.17, 95% CI [322.86, 7977.48], p = .034). Simple slope analyses of these interactions 270 

(see Supplementary Table S8) showed that individuals practicing regular physical activity 271 

before the lockdown tended to do more physical activity than inactive individuals, but only 272 

after the end of the lockdown (Time 6 and 7). For example, at Time 1, the slope of the 273 

association between usual physical activity (regular vs. inactive profiles) and moderate-to-274 

vigorous physical activity was b =-40.30 (p = .741), against b = 226.11 (p = .088) at Time 6 275 

and b = 226.34 (p = .088) at Time 7. In addition, simple slope analyses showed that 276 

individuals regularly practicing hard physical activity were significantly more physically 277 

active than usually inactive individuals only after the end of the lockdown. Specifically, at 278 

Time 1, the slope of the association between usual physical activity (regular hard vs. inactive 279 

profiles) and moderate-to-vigorous physical activity was b = 42.26 (p = .732), against b = 280 

300.89 (p = .025) at Time 6 and b = 301.11 (p = .025) at Time 7. Finally, the ANOVA 281 

showed that Model 2 was more informative than Model 1 (F = 60.45, p < .001).  Finally, the 282 

robustness of the model was acceptable (See Supplementary Figure 6). 283 
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Discussion 284 

Main findings 285 

The current research investigated whether and among whom self-control resources 286 

predicted physical activity during the Spring 2020 Covid-19 lockdown, a context that was 287 

likely to disrupt healthy habits (e.g., Furman et al., 2021; Maltagliati et al., 2021). Results 288 

revealed that self-control resources positively predicted physical activity at the between- and 289 

within-person levels. In other words, people with higher self-control resources were more 290 

physically active during this period than people with lower resources, and people were more 291 

physically active when they experienced higher self-control resources than their average 292 

level, and conversely, they were less active when they had lower self-control resources than 293 

their average level. These observations corroborate the importance of self-control resources 294 

in regulating health behaviors. Interestingly, and in contrast to our hypothesis, the strength of 295 

these associations increased over time, both at the within and between-person levels. In 296 

addition, theses associations were not significantly moderated by individuals’ usual physical 297 

activity before the lockdown. Finally, individuals being usually active before the lockdown 298 

(at regular and regular hard levels) were more physically active than usually inactive 299 

individuals, but only after the end of the lockdown. 300 

 Comparison with other studies 301 

Although the association between self-control resources and physical activity is in 302 

line with past studies (e.g., Forestier et al., 2018; Maltagliati et al., 2022; Rojas-Sánchez et 303 

al., 2021), the increase in the strength of this association observed throughout the lockdown is 304 

more unexpected. Indeed, one may have expected self-control resources to be more important 305 

at the beginning of the lockdown. At this moment, the contextual cues necessary to trigger 306 

physical activity habits vanished, making an effortful regulation of behavior more needed. 307 
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Then, as time passed and people developed new habits, such effortful regulation – and 308 

therefore self-control resources – may have become less necessary.  309 

Therefore, observing a stronger association between self-control resources and 310 

physical activity at the end of the lockdown than at its beginning may seem surprising. 311 

However, a closer look at the physical activity data may allow to better understand these 312 

findings. As indicated by Model 0, physical activity was lower at the beginning of the 313 

lockdown than at its end. This could suggest that people had other priorities than being 314 

physically active when the lockdown began, such as handling the organizational changes 315 

resulting from lockdown restrictions at work and at home. In this case where physical activity 316 

was not a priority, self-control resources were therefore less necessary. Then, as time passed, 317 

people may have developed a more stable organization of their daily-life activities, and were 318 

therefore more prone to re-engage in healthy behaviors. In this case, self-control resources 319 

may have become more necessary to engage in physical activity.  320 

Our findings also revealed that the association between self-control resources and 321 

physical activity did not depend on usual physical activity before the lockdown. Yet, one may 322 

have expected self-control resources to be less necessary in individuals who adopt physical 323 

activity behaviors more frequently, as they are more likely to adopt an automatic mode of 324 

behavioral regulation than inactive ones (Rebar et al., 2018). These results are however not 325 

surprising in a habit-disrupting context such as the Covid-19 lockdown, as Maltagliati et al. 326 

(2021) observed that physical activity habits were particularly disrupted in people with strong 327 

before-lockdown habits. The non-significant moderation suggests that usual physical activity 328 

did not have a protective role on physical activity during the lockdown. Another explanation 329 

lies in the idea that usual (or habitual) behaviors involve different processes than habits: 330 

while habit is an effortless process, usual behaviors necessitate effortful processes to be 331 

enacted (Gardner, 2015). Therefore, self-control resources may be needed to enact physical 332 
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activity even in usually active people. This may explain why habits, but not usual behaviors, 333 

were shown to moderate the association between self-control resources and healthy 334 

behaviors. 335 

In contrast, we observed that usually active and very active individuals did more 336 

physical activity than inactive ones (when controlling for self-control resources) after the end 337 

of the lockdown. This again suggests that usually active people are not necessarily more able 338 

to adapt their physical activity level in a major change context than inactive ones. However, 339 

once the lockdown ended, usually active and very active individuals became more physically 340 

active again than usually inactive ones. It is probable that finding back the contextual cues 341 

that used to trigger their physical activity habits before the lockdown (e.g., time of day, 342 

exercise partners, type of physical activity, location) helped usually active individuals to 343 

quickly restore their physical activity participation.  344 

Strengths and limitations 345 

At the theoretical level, this study contributes to the self-control literature, by showing 346 

that the strength of the association between self-control resources and physical activity 347 

evolved across a major context change. Future research should identify the mechanisms 348 

underlying this observation (e.g., evolution of the strength of the physical activity goal, or of 349 

the desire strength toward conflicting temptations). In addition, our study shows that being 350 

usually active was not helpful to do more physical activity during the lockdown, 351 

corroborating past research indicating that habits were disrupted during this period (e.g., 352 

Furman et al., 2021; Maltagliati et al., 2021). Interestingly, our results extend this line of 353 

research by revealing that as soon as the lockdown ended, usually active individuals restored 354 

their physical activity levels or at least, the pre-existing difference in physical activity levels 355 

was “back to normal”. This highlights the importance of stable contextual cues triggering 356 

habits in order to perform a habitual behavior. At the methodological level, one main strength 357 
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of this study is its longitudinal design with multiple measures across the 2020 Spring Covid-358 

19 lockdown in France and after the end of the lockdown, which provides a fine-grained 359 

perspective of the evolution of the variables and of their relative association associations at 360 

both between- and within-person levels. However, this study is not exempt of limitations.  361 

Despite these strengths, this study is not exempt of limitations. A first limit is the use 362 

of a self-reported measure of physical activity, which may be more biased than device-based 363 

measures (i.e., accelerometry) (Dyrstad et al., 2014; Van Hoye et al., 2014). A second limit is 364 

the imbalance in the number of participants across the four usual physical activity groups. 365 

Indeed, a larger number of people reported being active, which might indicate a bias in the 366 

recruitment of participants and may have biased statistical estimations. A third limit is that 367 

we did not examine the directionality of the relationship between self-control resources and 368 

physical activity. A fourth limit is that we have interpreted a null result (i.e., the absence of 369 

moderation of the self-control resources – physical activity relationship by usual physical 370 

activity), which should be made with precaution, as a null result could be due to a lack of 371 

statistical power to detect it.  372 

Practical implications 373 

In terms of practical implications, this study highlights the importance of self-control 374 

resources to engage or maintain healthy behaviors across a disrupting context. In such 375 

contexts, a main challenge for governments and public health policies is to provide incentives 376 

or opportunities to engage or reengage people in healthy behaviors. For example, it could be 377 

relevant to provide microrewards for returning to physical activities in gyms or other 378 

structures (Milkman et al., 2021), to encourage the engagement in activities that satisfy basic 379 

needs to enhance self-control resources (Ryan & Deci, 2008) or to support the enactment of 380 

self-regulatory skills (e.g., goal setting or action planning), or to insist on the need to perform 381 

healthy behaviors in a regular manner in stable contexts (Hagger, 2019). Future studies and 382 
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interventions need to examine whether targeting self-control resources is efficient for 383 

promoting physical activity and adoption of other health behaviors such as physical activity. 384 

Conclusions  385 

This study examined the evolution of the association between self-control resources 386 

and physical activity during a context likely to disrupt healthy habits: the Covid-19 387 

lockdown. Moreover, we investigated if this association was moderated by the usual before-388 

lockdown physical activity level. Our results indicated that self-control resources positively 389 

predicted engagement in physical activity during and after the lockdown, and more and more 390 

throughout the lockdown. Our findings also indicated that being usually active before the 391 

lockdown was helpful in being physically active only after the end of the lockdown. 392 

 Authors contribution 393 

A.C and C.T.E. formulated research goals and designed the analyses. C.T.E. collected the 394 

data. C.T.E. and C.F. analysed the data. C.T.E., S.M. and A.C. drafted the manuscript. All 395 

authors critically appraised and approved the final version of the manuscript. 396 

Data availability statement 397 

The R code and the dataset for this research can be found in the open platform 398 

OFSHOME: https://osf.io/cjeqz/?view_only=1e7799d6ca6841a4a7dbbeab14ead1b5  399 

Acknowledgements 400 

The authors thank the IDEX Univ. Grenoble Alpes for funding the study. 401 

Conflict of interest 402 

The authors do not have any conflict of interest to declare. 403 

https://osf.io/cjeqz/?view_only=1e7799d6ca6841a4a7dbbeab14ead1b5


19 

Self-control resources and physical activity in a context change 

References 404 

 405 

Ainsworth, B. E., Haskell, W. L., Herrmann, S. D., Meckes, N., Bassett, D. R., Tudor-Locke, 406 

C., Greer, J. L., Vezina, J., Whitt-Glover, M. C., & Leon, A. S. (2011). 2011 407 

compendium of physical activities: A second update of codes and MET values. 408 

Medicine and Science in Sports and Exercise, 43(8), 1575–1581. 409 

https://doi.org/10.1249/MSS.0b013e31821ece12 410 

Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting Linear Mixed-Effects 411 

Models Using lme4. Journal of Statistical Software, 67(1), 1–48. 412 

https://doi.org/10.18637/jss.v067.i01 413 

Bliese, P. D. (2005). Multilevel modeling in R: a brief introduction to R, the multilevel 414 

package, and the NLME package. Downloadbar von Http://Cran. Es. Rproject. 415 

Org/Doc/Contrib/Bliese_Multilevel. Pdf. Abgerufen Am, 15, 2006. http://cran.r-416 

project.org/web/packages/multilevel/index.html 417 

Chen, P., Mao, L., Nassis, G. P., Harmer, P., Ainsworth, B. E., & Li, F. (2020). Wuhan 418 

coronavirus (2019-nCoV): The need to maintain regular physical activity while taking 419 

precautions. Journal of Sport and Health Science, 9(2), 103–104. 420 

https://doi.org/10.1016/j.jshs.2020.02.001 421 

Clarkson, J. J., Otto, A. S., Hassey, R., & Hirt, E. R. (2016). Chapter 10—Perceived Mental 422 

Fatigue and Self-Control. In E. R. Hirt, J. J. Clarkson, & L. Jia (Eds.), Self-Regulation 423 

and Ego Control (pp. 185–202). Academic Press. https://doi.org/10.1016/B978-0-12-424 

801850-7.00010-X 425 

Craig, C. L., Marshall, A. L., Sjöström, M., Bauman, A. E., Booth, M. L., Ainsworth, B. E., 426 

Pratt, M., Ekelund, U., Yngve, A., Sallis, J. F., & Oja, P. (2003). International 427 

physical activity questionnaire: 12-Country reliability and validity. Medicine and 428 



20 

Self-control resources and physical activity in a context change 

 

Science in Sports and Exercise, 35(8), 1381–1395. 429 

https://doi.org/10.1249/01.MSS.0000078924.61453.FB 430 

de Ridder, D. T. D., Lensvelt-Mulders, G., Finkenauer, C., Stok, F. M., & Baumeister, R. F. 431 

(2012). Taking Stock of Self-Control: A Meta-Analysis of How Trait Self-Control 432 

Relates to a Wide Range of Behaviors. Personality and Social Psychology Review, 433 

16(1), 76–99. https://doi.org/10.1177/1088868311418749 434 

Dyrstad, S. M., Hansen, B. H., Holme, I. M., & Anderssen, S. A. (2014). Comparison of Self-435 

reported versus Accelerometer-Measured Physical Activity: Medicine & Science in 436 

Sports & Exercise, 46(1), 99–106. https://doi.org/10.1249/MSS.0b013e3182a0595f 437 

Emile, M., D’Arripe-Longueville, F., Cheval, B., Amato, M., & Chalabaev, A. (2015). An 438 

Ego Depletion Account of Aging Stereotypes’ Effects on Health-Related Variables. 439 

Journals of Gerontology - Series B Psychological Sciences and Social Sciences, 440 

70(6), 876–885. https://doi.org/10.1093/geronb/gbu168 441 

Enders, C. K., & Tofighi, D. (2007). Centering Predictor Variables in Cross-Sectional 442 

Multilevel Models: A New Look at an Old Issue. Psychological Methods, 12(2), 121–443 

138. https://doi.org/10.1037/1082-989X.12.2.121 444 

Finch, W. H., & Bolin, J. E. (2017). Multilevel modeling using Mplus. In Multilevel 445 

Modeling Using Mplus. https://doi.org/10.1201/9781315165882 446 

Forestier, C., Chanaleilles, M. de, Bartoletti, R., Cheval, B., Chalabaev, A., & Deschamps, T. 447 

(2023). Are trait self-control and self-control resources mediators of relations between 448 

executive functions and health behaviors? Psychology of Sport and Exercise, 102410. 449 

https://doi.org/10.1016/j.psychsport.2023.102410 450 

Forestier, C., de Chanaleilles, M., Boisgontier, M. P., & Chalabaev, A. (2022). From Ego 451 

Depletion to Self-Control Fatigue: A Review of Criticisms Along With New 452 



21 

Self-control resources and physical activity in a context change 

 

Perspectives for the Investigation and Replication of a Multicomponent Phenomenon. 453 

Motivation Science, 8(1), 19–32. https://doi.org/10.1037/mot0000262 454 

Forestier, C., de Chanaleilles, M., Deschamps, T., & Chalabaev, A. (2022). Moving forward 455 

with health behaviour change interventions: Considering the plurality of motivational 456 

forces driving health behaviours and motivational conflicts [Preprint]. PsyArXiv. 457 

https://doi.org/10.31234/osf.io/qvrzw 458 

Forestier, C., Sarrazin, P., Allenet, B., Gauchet, A., Heuzé, J.-P., & Chalabaev, A. (2018). 459 

“Are you in full possession of your capacity?”. A mechanistic self-control approach at 460 

trait and state levels to predict different health behaviors. Personality and Individual 461 

Differences, 134, 214–221. https://doi.org/10.1016/j.paid.2018.05.044 462 

Fujita, K. (2011). On Conceptualizing Self-Control as More Than the Effortful Inhibition of 463 

Impulses. Personality and Social Psychology Review, 15(4), 352–366. 464 

https://doi.org/10.1177/1088868311411165 465 

Furman, C. R., Volz, S. C., & Rothman, A. J. (2021). Contextual disruption and exercise: 466 

Mapping changes to exercise routines and engagement during the COVID-19 467 

pandemic. Psychology & Health, 0(0), 1–19. 468 

https://doi.org/10.1080/08870446.2021.2008393 469 

Galla, B. M., & Duckworth, A. L. (2015). More than resisting temptation: Beneficial habits 470 

mediate the relationship between self-control and positive life outcomes. Journal of 471 

Personality and Social Psychology, 109(3), 508–525. 472 

https://doi.org/10.1037/pspp0000026 473 

Gardner, B. (2015). A review and analysis of the use of ‘habit’ in understanding, predicting 474 

and influencing health-related behaviour. Health Psychology Review, 9(3), 277–295. 475 

https://doi.org/10.1080/17437199.2013.876238 476 



22 

Self-control resources and physical activity in a context change 

 

Godin, G. (2012). Les comportements dans le domaine de la santé. In Les comportements 477 

dans le domaine de la santé. https://doi.org/10.4000/books.pum.8822 478 

Grimby, G., Börjesson, M., Jonsdottir, I. H., Schnohr, P., Thelle, D. S., & Saltin, B. (2015). 479 

The ‘Saltin-Grimby Physical Activity Level Scale’ and its application to health 480 

research. Scandinavian Journal of Medicine and Science in Sports, 25, 119–125. 481 

https://doi.org/10.1111/sms.12611 482 

Hagger, M. S. (2019). Habit and physical activity: Theoretical advances, practical 483 

implications, and agenda for future research. Psychology of Sport and Exercise, 42, 484 

118–129. https://doi.org/10.1016/j.psychsport.2018.12.007 485 

Iacobucci, D., Schneider, M. J., Popovich, D. L., & Bakamitsos, G. A. (2016). Mean 486 

centering helps alleviate “micro” but not “macro” multicollinearity. Behavior 487 

Research Methods, 48(4), 1308–1317. https://doi.org/10.3758/s13428-015-0624-x 488 

Inzlicht, M., Werner, K. M., Briskin, J. L., & Roberts, B. W. (2021). Integrating Models of 489 

Self-Regulation. Annual Review of Psychology, 72(1), 319–345. 490 

https://doi.org/10.1146/annurev-psych-061020-105721 491 

Long, J. A. (2019). interactions: Comprehensive, User-Friendly Toolkit for Probing 492 

Interactions. R. package version 1.1.0. https://cran.r-project.org/package=interactions 493 

Lüdecke, D., Ben-Shachar, M., Patil, I., Waggoner, P., & Makowski, D. (2021). performance: 494 

An R Package for Assessment, Comparison and Testing of Statistical Models. Journal 495 

of Open Source Software, 6(60), 3139. https://doi.org/10.21105/joss.03139 496 

Major, B., Rathbone, J. A., Blodorn, A., & Hunger, J. M. (2020). The Countervailing Effects 497 

of Weight Stigma on Weight-Loss Motivation and Perceived Capacity for Weight 498 

Control. Personality and Social Psychology Bulletin, 46(9), 1331–1343. 499 

https://doi.org/10.1177/0146167220903184 500 



23 

Self-control resources and physical activity in a context change 

 

Maltagliati, S., Papaioannou, A., Tessier, D., Carraro, A., Pons, J., Demirhan, G., Ramis, Y., 501 

Appleton, P., Joao, M., Escriva-Boulley, G., Chalabaev, A., Cheval, B., Krommidas, 502 

C., & Sarrazin, P. (2022). Antecedents and mediators of the association between 503 

adolescents’ intention and physical activity. International Journal of Sport and 504 

Exercise Psychology. https://doi.org/10.1080/1612197X.2023.2196670 505 

Maltagliati, S., Rebar, A., Fessler, L., Forestier, C., Sarrazin, P., Chalabaev, A., Sander, D., 506 

Sivaramakrishnan, H., Orsholits, D., Boisgontier, M. P., Ntoumanis, N., Gardner, B., 507 

& Cheval, B. (2021). Evolution of physical activity habits after a context change: The 508 

case of COVID‐19 lockdown. British Journal of Health Psychology, bjhp.12524. 509 

https://doi.org/10.1111/bjhp.12524 510 

Milkman, K. L., Gromet, D., Ho, H., Kay, J. S., Lee, T. W., Pandiloski, P., Park, Y., Rai, A., 511 

Bazerman, M., Beshears, J., Bonacorsi, L., Camerer, C., Chang, E., Chapman, G., 512 

Cialdini, R., Dai, H., Eskreis-Winkler, L., Fishbach, A., Gross, J. J., … Duckworth, 513 

A. L. (2021). Megastudies improve the impact of applied behavioural science. Nature, 514 

600(7889), 478–483. https://doi.org/10.1038/s41586-021-04128-4 515 

R Core Team. (2021). R: A language and environment for statistical computing. R 516 

Foundation for Statistical Computing. https://www.R-project.org/ 517 

Rebar, A. L., Gardner, B., Rhodes, R. E., & Verplanken, B. (2018). The Measurement of 518 

Habit. In B. Verplanken (Ed.), The Psychology of Habit: Theory, Mechanisms, 519 

Change, and Contexts (pp. 31–49). Springer International Publishing. 520 

https://doi.org/10.1007/978-3-319-97529-0_3 521 

Rojas-Sánchez, A., Sarrazin, P., Joët, G., Major, B., & Chalabaev, A. (2021). Motivational 522 

processes of the relationship between weight stigma and physical activity: A 523 

comparison between France and Mexico. International Journal of Sport and Exercise 524 

Psychology, 0(0), 1–16. https://doi.org/10.1080/1612197X.2021.1956565 525 



24 

Self-control resources and physical activity in a context change 

 

Rouse, P. C., Ntoumanis, N., & Duda, J. L. (2013). Effects of motivation and depletion on the 526 

ability to resist the temptation to avoid physical activity. International Journal of 527 

Sport and Exercise Psychology, 11(1), 39–56. 528 

https://doi.org/10.1080/1612197X.2012.717779 529 

Ryan, R. M., & Deci, E. L. (2008). From Ego Depletion to Vitality: Theory and Findings 530 

Concerning the Facilitation of Energy Available to the Self: From Ego Depletion to 531 

Vitality. Social and Personality Psychology Compass, 2(2), 702–717. 532 

https://doi.org/10.1111/j.1751-9004.2008.00098.x 533 

Shieh, G. (2011). Clarifying the role of mean centring in multicollinearity of interaction 534 

effects: Mean centring. British Journal of Mathematical and Statistical Psychology, 535 

64(3), 462–477. https://doi.org/10.1111/j.2044-8317.2010.02002.x 536 

Teran-Escobar, C., Forestier, C., Ginoux, C., Isoard-Gautheur, S., Sarrazin, P., Clavel, A., & 537 

Chalabaev, A. (2021). Individual, Sociodemographic, and Environmental Factors 538 

Related to Physical Activity During the Spring 2020 COVID-19 Lockdown. Frontiers 539 

in Psychology, 12, 593. https://doi.org/10.3389/fpsyg.2021.643109 540 

Van Hoye, A., Nicaise, V., & Sarrazin, P. (2014). Self-reported and objective physical 541 

activity measurement by active youth. Science & Sports, 29(2), 78–87. 542 

https://doi.org/10.1016/j.scispo.2013.01.010 543 

Wood, W., Tam, L., & Witt, M. G. (2005). Changing circumstances, disrupting habits. 544 

Journal of Personality and Social Psychology, 88(6), 918–933. 545 

https://doi.org/10.1037/0022-3514.88.6.918 546 

547 



25 

Self-control resources and physical activity in a context change 

 

Tables 548 

Table 1 549 

Means, standard deviations, and description of variables 550 

Variable Mean  SD Median Min-Max Range/unit 

Outcome 

MVPA  440.1 402.43 359.5 0 – 4050 Minutes per week 

Predictors 

Usual PA before the lockdown 

Inactive  10 (3.95%) 

Some PA 52 (34.78%) 

Regular PA 102 (40.32%) 

Regular hard PA 88 (20.55%) 

Subjective vitality 4.58 1.39 4.8 1 – 7 1 – 7 

Sociodemographic variables 

Age 34.43 13.94 30.00 18 – 81  

Gender  

Men 83 (32.8%) 

Women 170 (67.2%) 

Note: N = 253, MVPA = Moderate-to-vigorous physical activity, PA = Physical activity, 551 

Mean = Grand mean, SD = Standard Deviation. 552 

 

  553 
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Table 2 554 

Results of the linear mixed-effects models testing the hypotheses of interest 555 

Predictor b [95% CI] SE p 

Model 0: PA depending on time 

Intercept 
422.22*** 

[388.17, 456.26] 

17.35 
<.001

***
 

Time 
1889.43*** 

[1142.99, 2635.86] 

380.36 
<.001

***
 

Time2 
691.98** 

[186.37, 1197.59] 

257.64 
.007

**
 

Model 1: PA depending on subjective vitality  time  

Intercept 
454.62*** 

[421.27, 487.96] 

16.99 
<.001

***
 

Time 
2610.72*** 

[1780.50, 3440.95] 

423.03 
<.001

***
 

Time2 
599.57* 

[26.26, 1172.88] 

292.13 
.040

*
 

Subjective vitalitybetween 
84.75*** 

[54.18, 115.33] 

15.58 
<.001

***
 

Subjective vitalitywithin 
65.85*** 

[49.41, 82.30] 

8.38 
<.001

***
 

Time  Subjective vitalitybetween 
799.46* 

[48.25, 1550.68] 

382.78 
.037

*
 

Time2  Subjective vitalitybetween 
37.19  

[-480.85, 555.23] 

263.97 
.888 

Time  Subjective vitalitywithin 
952.92* 

[226.16, 1679.68] 

370.32 
.010

**
 

Time2  Subjective vitalitywithin 
-506.84  

[-1249.43, 235.75] 

378.38 
.181 

Model 2: PA depending on subjective vitality  time  usual PA  

Intercept 
379.88*** 

[167.60, 592.16] 

108.16 <.001
***

 

Time 
835.00  

[-4867.97, 6537.97] 

2905.86 .774 

Time2 
--3109.43t 

[-6718.88, 500.01] 

1839.14 .091t
 

Subjective vitalitywithin 
57.02  

[-67.73, 181.78] 

63.57 .370 

Subjective vitalitybetween 
90.48 

[-128.71, 309.68] 

111.69 .418 

Some PA 
56.77  

[-176.88, 290.41] 

119.05 .634 

Regular PA 
78.14  

[-141.45, 297.73] 

111.89 .485 

Regular Hard PA 
157.24 

[-64.43, 378.91] 

112.95 .164 

Some PA  Subjective vitalitywithin 
15.96 

[-116.14, 148.06] 

67.31 .813 
 



27 

Self-control resources and physical activity in a context change 

 

 

Regular PA  Subjective vitalitywithin 
12.50 

[-115.62, 140.62] 

65.28 .848 

Regular Hard PA  Subjective vitalitywithin 
-1.48  

[-131.15, 128.19] 

66.07 .982 

Some PA  Subjective vitalitybetween 
34.36  

[-200.09, 268.80] 

119.46 .774 

Regular PA  Subjective vitalitybetween 
 -6.63  

[-231.74, 218.48] 
114.70 .954 

Regular Hard PA  Subjective vitalitybetween 
-27.18 

[-255.05, 200.70] 

116.11 .815 

Time  Subjective vitalitywithin 
-1487.60  

[-6327.98, 3352.77] 

2466.34 .547 

Time2  Subjective vitalitywithin 
-522.15 

[-5213.77, 4169.48] 
2390.55 .827 

Time  Subjective vitalitybetween 
-1859.86 

[-8456.73, 4737.01] 
3361.34 .580 

Time2  Subjective vitalitybetween 
-2389.42  

[-7195.81, 2416.98] 

2449.03 .329 

Some PA  Time 
3584.18 

[-2618.83, 9787.19] 
3160.65 .257 

Some PA  Time2 
1233.87 

[-2862.54, 5330.28] 

2087.26 .555 

Regular PA  Time 
2169.61  

[-3706.95, 8046.17] 

2994.31 .469 

Regular PA  Time2 
4274.91* 

[528.26, 8021.56] 

1909.05 .025*
 

Regular Hard PA  Time 
1448.88  

[-4512.71, 7410.47] 

3037.64 .633 

Regular Hard PA  Time2 
4150.17* 

[322.86, 7977.48] 

1950.15 .034*
 

Some PA  Subjective vitalitywithin  Time 
1599.26 

[-3630.41, 6828.93] 

2664.70 .549 

Some PA  Subjective vitalitywithin  Time2 
-2163.92 

[-7272.46, 2944.62] 

2602.98 .406 

Regular PA  Subjective vitalitywithin  Time 
2449.27 

[-2573.42, 7471.97] 
2559.24 .339 

Regular PA  Subjective vitalitywithin x Time2 
189.88  

[-4690.12, 5069.87] 

2486.53 .939 

Regular Hard PA  Subjective vitalitywithin  
Time 

3790.59 
[-1255.57, 8836.74] 

2571.19 .141 

Regular Hard PA  Subjective vitalitywithin  

Time2 

1224.74  
(-3684.05, 6133.52] 

2501.20 .624 

Some PA  Time  Subjective vitalitybetween 
3222.63 

[-3640.05, 10085.32] 
3496.78 .357 

Some PA  Time2  Subjective vitalitybetween 
502.89  

[-4580.53, 5586.31] 

2590.18 .846 

Regular PA  Subjective vitalitybetween  Time 
2868.95  

[-3852.95, 9590.85] 
3425.04 .402 

Regular PA  Time2  Subjective vitalitybetween 
1866.40 

[-3029.13, 6761.9] 
2494.44 .455 

Regular Hard PA  Subjective vitalitybetween  

Time 

2959.67  
[-3835.57, 9754.92] 

3462.41 .393 
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Regular Hard PA  Time2  Subjective 

vitalitybetween 

2867.64  
[-2057.78, 7793.07] 

2509.68 .253 

Dependent variable is minutes of moderate-to-vigorous physical activity per week 556 

transformed in squared root. N of participantsModel0 = 250, N of participantsModel1 = 250, N of 557 

participantsModel2 = 251.  N of observationsModel0 = 963, N of observationsModel1 = 936, N of 558 

observationsModel2 = 950.  PA = Physical Activity, B = raw coefficient, SE= Standard error of 559 

betas, * represents p < .05, ** p < .01, *** p < .001. The reference group for Some PA, Regular 560 

PA, and Regular Hard PA before lockdown is inactive individuals. Values between brackets 561 

represent confidence intervals. 562 
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Figures 563 

 564 

Figure 1. Time schedule of the study.  565 

 566 

Figure 2. Time  subjective vitalitybetween on minutes of moderate-to-vigorous physical 567 

activity (MVPA) per week. The shaded areas indicate 95% confidence intervals. 568 

 569 

 570 
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  571 

Figure 3. Time  subjective vitalitywithin on minutes of moderate-to-vigorous physical activity 572 

(MVPA) per week. The shaded areas indicate 95% confidence intervals. 573 

 574 
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