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Abstract 38 

Physical activity (PA) peaks during early adolescence followed by sharp declines. 39 

Understanding factors related to PA during adolescence will help inform strategies to attenuate 40 

such declines. We explored effects of social and physical contexts on moderate-to-vigorous 41 

intensity PA (MVPA) among adolescents using ecological momentary assessment (EMA). In Fall 42 

2019, participants (N=190 adolescents; Mage = 15.8±0.5 years; 83 female; 64% White) from 43 

Southern Ontario, Canada received four EMA surveys daily after-school while wearing an 44 

accelerometer for one week. Time spent in MVPA 60-mins following each EMA prompt was 45 

calculated. A mixed-effects location scale model estimated each person’s mean MVPA and 46 

MVPA variance at between-person and within-person levels. Results showed a statistically 47 

significant within-person interaction between social and physical context such that the fewest 48 

MVPA minutes occurred after participants reported being alone and at home, whereas the highest 49 

amount of MVPA occurred after reports of being away from home and alone. There was a 50 

statistically significant within-person effect of physical context on within-person variance 51 

suggesting more consistent patterns of activity when participants reported being at home relative 52 

to when they were away from home. Gender was a statistically significant covariate in the mean 53 

and within-person models. This study aligns with prior literature examining socio-environmental 54 

factors related to PA during adolescence and is among the first to examine associations between 55 

contextual factors and variability in MVPA.  56 

 57 

 58 

Keywords: exercise, experience sampling methods; youth; MixWILD; variability. 59 
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Introduction 61 

 Current guidelines recommend children and adolescents between the ages of 5 and 17 62 

engage in at least 60 minutes of moderate to vigorous physical activity (MVPA) each day in 63 

addition to several hours of light physical activity (PA) daily for disease prevention and health 64 

promotion (Bull et al., 2020; Tremblay et al., 2016). Despite strong associations between 65 

physical inactivity and increased risk of several chronic diseases and mortality from multiple 66 

causes (Warburton et al., 2006), global estimates suggest 81% of adolescents aged 11-17 years 67 

are insufficiently physically active (Guthold et al., 2018). Furthermore, despite already low 68 

levels of PA among adolescence, evidence suggests PA declines during the adolescent years by 69 

an average rate of 7% per year (Dumith et al., 2011). It has been argued that interventions aiming 70 

to stave off these declines in PA during the adolescent years have the potential for a “triple 71 

benefit” (van Sluijs et al., 2021) by promoting overall health and wellbeing in the present, into 72 

adulthood, and for future generations. Thus, identifying factors that influence MVPA within the 73 

natural day-to-day lives of adolescents is necessary to promote greater engagement in PA for 74 

sustained health and well-being across their lifespan. 75 

Longitudinal studies have consistently shown decreases in energy expenditure and 76 

weekly sessions of MVPA across the youth period (Gordon-Larsen et al., 2004; Kwan et al., 77 

2012; Stearns et al., 2022); however, these results are often based on self-reported surveys 78 

administered at different timepoints estimating cross-sectional changes in MVPA, and do not 79 

account for dynamic changes in MVPA on a smaller time scale such as the within-day level. 80 

Understanding within-day changes in MVPA will help refine existing behavioral theories and 81 

inform the development of dynamic interventions that can adapt to an individual’s changing 82 

context and needs throughout a day. In addition, cross-sectional designs cannot provide insight 83 
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into the contextual factors (i.e., where a person is currently located and who they are currently 84 

with) that are related to adolescents’ engagement in MVPA. Ecological momentary assessment 85 

(EMA) represents a data capture methodology that addresses these limitations, measuring 86 

people’s experiences and behaviours in real-time and in their natural environments through 87 

repeated assessments (Reis, 2012; Shiffman et al., 2008). By administering brief surveys to 88 

people’s personal electronic devices requesting immediate responses, EMA allows for the 89 

evaluation of associations between psychological and contextual experiences with behaviour in 90 

people’s natural environments.  91 

While EMA offers a method to capture real-time determinants of PA, socioecological 92 

frameworks provide a structured approach to categorizing these predictors across multiple levels 93 

ranging from the individual level to public policy (Bronfenbrenner, 1979; McLeroy et al., 1988; 94 

Sallis et al., 2006). For example, the ecological model suggests human development is shaped by 95 

influences and interactions between the individual and their environment over time 96 

(Bronfenbrenner, 1979, 1994). Specifically, levels of influences include one’s immediate 97 

environment including family and peers (i.e., microsystem), connections between microsystems 98 

such as one’s home and school (i.e., mesosystem), processes between two or more environments 99 

external to the individual such as one’s extended family (i.e., exosystems), social and cultural 100 

influences (i.e., macrosystems), and changes or consistencies over time to the person and their 101 

environment (i.e., chronosystems). 102 

The model proposed by Sallis and colleagues (2006) hypothesizes that influences from 103 

various environments and policies uniquely affect behaviour within the active living domains of 104 

recreation, occupation, household, and transport. This includes influences from the perceived 105 

environment (e.g., safety, accessibility), natural environment (e.g., weather), social cultural 106 
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environment (e.g., social support, social norms), information environment (news, mass media), 107 

and policy environment (e.g., the built environment, incentives). More broadly, socioecological 108 

models can be classified based on influences at intrapersonal (e.g., personal characteristics, 109 

attitudes), interpersonal (e.g., formal and informal social networks), environmental (e.g., natural 110 

environment and sociocultural environment), institutional/organizational (e.g., social institutions 111 

with shared characteristics), and policy (e.g., local, national) levels. Previous research examining 112 

intrapersonal-level factors and PA using EMA shows factors such as affect and motivation 113 

predict within-day PA among adolescents. For example, Cushing and colleagues (2018) found 114 

that during moments in the day when adolescents reported greater negative affect, they engaged 115 

in fewer minutes of MVPA in the subsequent 30 minutes. In addition, reporting higher 116 

motivation than one’s average level was associated with engaging in more MVPA in the 117 

subsequent 60 minutes (Harris et al., 2024).  118 

In addition to examining dynamic fluctuations at the intrapersonal level predicting PA in 119 

real time, EMA is also ideal to assess the constantly changing socio-environmental contexts for 120 

which a person is situated on a day-to-day basis consistent with socioecological frameworks. 121 

Specifically, contextual factors may include both social context referring to the people that are 122 

around a person at a given moment in time (e.g., by themselves, with family, with friends, etc.) 123 

and physical context which refers to the physical location of a person (e.g., at home, at school, at 124 

a restaurant, etc.). Prior work investigating the role of physical and social context and PA 125 

behaviors using EMA demonstrates greater engagement in PA when children and youth report 126 

being outdoors and in the company of others such as family and friends (Bourke et al., 2022; 127 

Dunton et al., 2007; Dunton et al., 2011; Dunton et al., 2012), while being at home has been 128 

shown to be associated with greater sedentary behavior (Bejarano et al., 2019). Furthermore, a 129 
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recent review exploring the role of contextual factors on PA in various age groups found being in 130 

the presence of others and being outdoors are associated with increased PA (Papini et al., 2023). 131 

In addition to EMA methodologies, studies have leveraged Global Positioning System (GPS) 132 

data for device-assessed physical location and showed positive associations between time spent 133 

outdoors and MVPA (Klinker et al., 2014; Pearce et al., 2014). Furthermore, Pearce and 134 

colleagues (2014) found that time spent outdoors with friends was associated with MVPA among 135 

children and time spent outdoors with siblings was also associated with MVPA in girls. These 136 

studies provide evidence of associations between both social and physical contexts with PA.  137 

An additional opportunity with EMA methods is the examination of intraindividual 138 

variability within the context of MVPA. The study of intraindividual variability has been a 139 

growing area of interest within psychological research, recognizing the importance of 140 

understanding dynamic patterns of behaviour beyond static averages (Bolger et al., 2003; 141 

Nesselroade, 2004). Notably, it has been argued that between-person differences in variability 142 

have been neglected in psychology research and analyses examining within-person variability 143 

are required for a comprehensive understanding intensive longitudinal data (Bolger et al., 2003). 144 

Typically, data analysis methods have treated the within- and between-person variability as 145 

homogeneous across participants (Hedeker et al., 2008), despite EMA data being able to capture 146 

important differences in variability, yielding potentially new insights.  147 

For example, research examining intraindividual variability in the context of PA has 148 

shown variability in affective states are associated with same-day levels of PA such that beyond 149 

one’s mean affect, greater variability in positive-activated affect and lower variability in 150 

negative-deactivated affect were associated with engaging in greater same-day PA (Do et al., 151 

2024). Thus, as an extension of traditional approaches modelling mean levels of an outcome, 152 
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repeated assessments from intensive longitudinal data further allow for the examination of 153 

between-person and within-person variances to identify unique correlates of behavior (Hedeker 154 

et al., 2008; Dzubur et al., 2020). 155 

As described above, previous studies have examined the effects of socio-environmental 156 

contexts on subsequent MVPA, however, little research has explored the impact of these factors 157 

as it relates to between-person and within-person variance in acute PA behaviours. Specifically, it 158 

remains unclear how physical or social contexts not only affect overall levels of PA, but also the 159 

heterogeneity/homogeneity at the between-person level and consistency/erraticism of 160 

adolescents’ MVPA at the within-person level. Between-person variance assesses how 161 

adolescents differ in their mean MVPA based on contexts (e.g., whether adolescents engage in 162 

similar mean MVPA when alone relative to when they are with others).  Within-person variance 163 

assesses whether an adolescent’s MVPA is more consistent in certain contexts relative to their 164 

own behaviour in other contexts (e.g., whether an adolescent is consistently inactive at home 165 

relative to occasions when they are away from home). Thus, in addition to examining real-time 166 

predictors of mean PA levels, further examination of between- and within-person variances may 167 

offer important insights on PA promotion and intervention development. Specifically, patterns of 168 

variability may help identify contextual influences on behaviour as meaningful targets for both 169 

population-level as well as individual-level interventions.  170 

 For example, between-person differences in variance may show adolescents are more 171 

similar to each other with their PA engagement in certain contexts but more dissimilar or 172 

heterogeneous in other contexts. In contexts with high between-person variance where some 173 

adolescents are highly active while others are minimally active, this may highlight the need for 174 

intervention approaches targeting the less active subgroups to reduce between-person variance. 175 
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In contrast, understanding within-person variance may help identify contexts in which 176 

individuals are consistently active versus contexts in which MVPA is less stable. For adolescents 177 

with high overall MVPA but high within-person variance, interventions may focus on extending 178 

pattens from more active contexts to less active ones to reduce within-person variance and 179 

promote more consistency in MVPA.  180 

Therefore, the purpose of the present study is to examine the role of social (i.e., alone vs. 181 

with others) and physical (i.e., home vs. not home) context on mean MVPA, between-person 182 

variance in MVPA and within-person variance in MVPA among adolescents using EMA. 183 

Consistent with a systematic review of empirical EMA studies in populations across the lifespan 184 

(Papini et al., 2023), it was hypothesized that being with others (i.e., not alone) and being away 185 

from home would be associated with greater MVPA. As no literature to date has been reported on 186 

associations between context variables and between- or within-person variance in MVPA, these 187 

analyses were exploratory and no specific hypotheses were specified. 188 

Methods 189 

Transparency and Openness  190 

We provide full transparency regarding our sample size rationale, inclusion criteria, and 191 

study procedures. The design and data collection protocol for this study align with a previously 192 

published protocol paper (citation to be added post-peer review). Additionally, the study team 193 

has a publication with some data from this research (MVPA) as part of a previous project 194 

(citation to be added post-peer review). The research aims differ as the previous publications 195 

examined psychosocial factors as it relates to acute MVPA and the contextual variables utilized 196 

for this study have not been previously examined. Data, code, and study instruments are 197 

available upon reasonable request. 198 
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Overview 199 

This study draws on baseline data from a subsample of the Application of integrateD 200 

Approaches to understanding Physical activity during the Transition to emerging adulthood 201 

(ADAPT) study, a four-year longitudinal cohort study following youth through their final two 202 

years of high school and the initial years of emerging adulthood (citation to be added post-peer 203 

review). The current study provides a novel contribution by focusing specifically on contextual 204 

predictors of daily life MVPA.  205 

Participants 206 

Participants included a subset of 190 adolescents (Mage = 15.76, SD = 0.47) from a larger 207 

cohort participating in baseline assessment of an intensive sub-study, involving device-assessed 208 

physical activity measurement and EMA. Recruitment was conducted in partnership with a 209 

publicly funded school board in Southern Ontario, whereby students enrolled in a select grade 11 210 

English classes (mandatory for all students) were invited to participate in this data intensive sub-211 

study. This a priori recruitment strategy was guided by pragmatic considerations, including the 212 

typical class size and the limited number of accelerometers available during the rolling 213 

recruitment period. The design aimed to ensure adequate statistical power for multilevel 214 

modeling by targeting repeated assessments within individuals as participants were expected to 215 

receive 28 after-school EMA prompts over a 7-day period, and power calculations assumed a 216 

50% response rate. Due to resource constraints, the same sample was used for the mixed-effects 217 

location-scale analyses. However, simulation studies indicate that approximately 80% power 218 

(alpha = .05) to detect small-to-moderate effects in intra-individual variability have been 219 

observed with level 2 sample sizes around 80 and moderate numbers of repeated observations 220 

per person (Walters et al., 2018). This level of data density was anticipated to provide sufficient 221 
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within- and between-person variability to reliably estimate effects in intensive longitudinal 222 

models. 223 

Study Procedures 224 

In brief, students within the select classes agreeing to participate in the study were 225 

provided with a study package that included a wrist-worn accelerometer (ActiGraph GT9X) and 226 

a personalized login for a custom-built EMA smartphone app (Lumedi EMA; Webility Solutions 227 

Inc., 2019). The one-week data collection period took place between the months of September 228 

and November. Participants were instructed to wear the device for one week, excluding periods 229 

involving water-based activities, and to respond to EMA prompts throughout the day. Prompts 230 

were delivered at randomized times within predefined time windows – including one sent in the 231 

morning prior to school times, and four across the after-school afternoon (i.e., 3:30pm – 4:30pm 232 

and 5:00pm – 6:00pm) and evening (i.e., 6:30pm – 7:30pm and 8:00pm – 9:00pm) periods. Only 233 

data from the after-school EMA prompts were used in the current analysis due to poor 234 

compliance in the before-school EMA prompt. Each EMA survey contained brief questionnaires 235 

designed to be completed within two minutes, and participants could respond for up to 30 236 

minutes following each initial prompt sent. To compensate for high participant burden, students 237 

received a $100 gift card for participating. This study was approved by both the university and 238 

the school board’s ethics committees.  239 

Measures 240 

Socio-demographic factors. Participants provided sociodemographic information 241 

including age, gender, ethnicity, and highest level of parental/caregiver education when 242 

completing questionnaires during class time.  243 
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Contextual factors. Social context and physical context were assessed using a single 244 

item each. Participants were asked who they were currently with at the time of the prompt. 245 

Response options included: by themself, with friend(s), with family, with classmate(s), with 246 

boyfriend/girlfriend. Participants were also asked where they currently were at the time of the 247 

prompt. Response options included: home, school, outside, café/restaurant, in transportation, 248 

other.  249 

Moderate-to-vigorous physical activity. Moderate-to-vigorous physical activity was 250 

assessed using the ActiGraph GT9X Link accelerometer. Participants were given the 251 

accelerometer to wear on their non-dominant wrist for seven consecutive days and asked to wear 252 

the accelerometer as much as possible (including during their sleep). Participants were instructed 253 

to remove the accelerometer during water-based activities including showering. Wear time was 254 

calculated through CentrePoint (V3) using the Troiano et al. (2008) wear time validation 255 

parameters. Using validated wrist cut points for the GT9X device, vector-magnitude counts per 256 

minute > 5858 were categorized as MVPA (Rhudy et al., 2020). Accelerometer data were 257 

analyzed in 60s epochs, and only observations with non-zero wear time data for the 60 minutes 258 

immediately after the EMA prompt were analyzed (i.e., observations with 0 minutes of wear 259 

time were considered non-valid and excluded from analysis).  260 

Data Preparation and Analysis  261 

Descriptive statistics and preliminary analyses were conducted using STATA version 262 

18.0. To aid interpretation, participant age was mean-centered. Analyses were restricted to after-263 

school EMA responses with non-zero accelerometer wear time in the 60-minutes post-EMA 264 

survey. Observations from participants with less than five valid EMA entries were excluded due 265 

to insufficient variability for modeling. After removing observations with accelerometer non-266 
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wear, the distribution of MVPA in the 60-minute window post-survey prompt was positively 267 

skewed (skewness = 1.61; kurtosis = 5.66; see Supplemental Material 1 for distribution of 268 

MVPA). A square-root transformation (√ [MVPA + 1]) was applied (skewness = .69; kurtosis = 269 

2.89). Frequencies were computed for both social and physical contexts reported at the EMA 270 

prompts.  271 

To examine both the average levels and the within-person fluctuations in MVPA, we 272 

applied a Mixed-Effects Location Scale (MELS) model using MixWILD software (Dzubur et al., 273 

2020). This modeling strategy allows for simultaneous estimation of fixed effects and variance 274 

components at the between-person and within-person levels. Contextual EMA predictors were 275 

decomposed into their respective between-person (BP) and within-person (WP) components, 276 

following established multilevel centering techniques (Curran & Bauer, 2011). Specifically, 277 

individual-level means were calculated to represent BP differences, while WP scores were 278 

derived by subtracting these means from each prompt-level score. R2 measures for the MELS 279 

model were estimated using the R package, r2mels (Shaw et al., 2023; Zang & Hedeker, 2022). 280 

Age, gender, and time of day were included as covariates, and all statistical significance tests 281 

used an alpha threshold of 0.05. 282 

Results 283 

Descriptive Statistics 284 

Descriptive statistics using Year 1 of the ADAPT dataset are previously reported (citation 285 

to be added post-peer review). One hundred and ninety youth had valid accelerometry data and 286 

answered a minimum of one EMA prompt during the study period. The majority of participants 287 

identified as White (63.64%) and resided with a parent who completed college or university 288 

(73.54%). There were a few more boys (53.72%) than there were girls (44.15%) in the study 289 
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sample. Fifty-two percent of participants indicated engaging in organized sport. Full 290 

demographic characteristics are reported in Table 1 (citation to be added post-peer review). 291 

Overall, this was an active sample based on the accelerometer cut-points used (MVPA = 593.9, 292 

SD = 394.9 minutes within the week). The mean compliance to afternoon prompts was 49.9%. 293 

Seventeen percent of participants responded to at least 75% of EMA prompts and 54% responded 294 

to at least 50% of EMA prompts. 295 

Participants most frequently reported being by themselves (M = 48%; SD = 27%, min = 296 

0%, max = 100%), followed by with family (32%) and with friends (15%). Regarding physical 297 

context, participants most frequently reported being at home (M = 79%; SD = 19%, min = 14%, 298 

max = 100%) and the remaining categories were reported in < 7% of observations each. On 299 

average, participants engaged in 9 minutes (SD = 5, min = .1, max = 23) of MVPA within the 60-300 

minutes following EMA prompts. Given challenges with interpreting results from unbalanced 301 

proportions (Yaremych et al., 2023), social context was re-coded as not alone and alone (coded 302 

as 0 and 1, respectively). Similarly, physical context was re-coded as not home and home (coded 303 

as 0 and 1, respectively). On average, participants were at home 79% of the time (SD = 19%, 304 

min = 14%, max = 100%) and alone 48% of the time (SD = 27%, min = 0%, max = 100%). 305 

 306 

Data Availability 307 

Of the 190 participants, there were a total of 2,655 completed EMA prompts during the 308 

after-school period (50% of all prompts). On average, accelerometer wear time was 46.12 309 

minutes (SD = 25.18 minutes) in the 60-minute epoch following EMA surveys. Five hundred and 310 

five surveys were removed for accelerometer non-wear, and an additional 5 observations were 311 

excluded as wear-time was not available. Seventy-seven observations were removed from 312 
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participants with valid data for less than five EMA prompts and thus, limited variability to 313 

model. Twenty-five observations from two participant were excluded from analyses as age was 314 

missing (See Supplemental Material 2 for sensitivity analysis excluding age and gender). Four 315 

observations were excluded for missing physical and/or social context leaving a final sample 316 

including 2,039 observations from 152 participants who responded to at least five prompts with 317 

non-zero wear-time in the 60-minute epoch following the prompt.  318 

Primary Analyses 319 

 Model coefficients are presented in Table 2. Results from the mean model revealed a 320 

significant WP effect of physical context on acute MVPA levels (estimate = -0.82, p < .001) 321 

which was superseded by a significant interaction between social and physical contexts at the 322 

WP level (estimate = -0.75, p < .001).  To decompose this interaction, we conducted simple 323 

effects analyses using the margins command in Stata to examine WP associations between social 324 

and physical contexts and MVPA. Estimates suggest that within adolescents, being at home was 325 

associated with fewer MVPA minutes relative to being away from home for the same individual 326 

when they were with others (estimate = -0.83, SE = .08, p < .001). This negative effect of being 327 

at home was stronger when adolescents reported being alone (estimate = -1.72, SE = 0.23, p < 328 

.001). The effect of social context showed that within individuals, being alone versus with others 329 

was not significantly associated with MVPA when adolescents reported being away from home 330 

(estimate = -0.09, SE = 0.07, p = .20). In contrast, when adolescents were at home, being alone 331 

was associated with engaging in fewer minutes of MVPA (estimate = -0.97, SE = 0.19, p < .001).  332 

 Together, these results indicate that the reduction in MVPA associated with being at home 333 

is amplified within individuals when they are alone, and being alone predicts lower MVPA only 334 

when adolescents are at home. To aid in interpretation of square-root transformed MVPA data, 335 
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predicted values in each category were squared to estimate minutes. Based on model-predicted 336 

values from the simple effects analysis, at the within-person level, the least amount of MVPA 337 

was estimated in the 60-min epoch after adolescents reported being at home and alone (around 1 338 

minute), whereas the greatest amount of MVPA was estimated after reports of being away from 339 

home and with others (around 8 minutes). 340 

Social context was unrelated to the mean levels of MVPA at the WP and BP levels (ps > 341 

.19).  There was a significant effect of gender (estimate = 0.39, p < .001), suggesting that girls 342 

had higher mean levels of MVPA compared to boys, and a significant effect of time of day 343 

(estimate = -0.12, p < .001), suggesting that MVPA was lower following prompts later in the day. 344 

Age was not a significant covariate (p = .43).  345 

 Results from the submodel examining the association between physical and social 346 

context on between-person variance in acute MVPA found no significant differences based on 347 

physical context (ps > .06), social context (ps > .24), or their interactions (ps > .36). Age, gender, 348 

and time of day were not significant (ps > .59). 349 

Results from the submodel assessing within-person variability in acute MVPA revealed a 350 

significant WP effect of physical location (estimate = -0.57, p < .001), suggesting lower within-351 

person variance of MVPA during observations when participants reported being at home, 352 

compared to observations when they reported being away from home. Exponentiating this 353 

coefficient indicates that within-person variance was approximately 43% lower when 354 

participants reported being home relative to not at home (variance ratio = 0.57, 95% C.I. = 0.46, 355 

0.70). In other words, adolescents were more consistent with their MVPA behavior. There was a 356 

significant effect of gender (estimate = 0.22, p = .01, variance ratio = 1.24, 95% C.I = 1.04, 357 

1.48), suggesting that girls had greater WP variability in MVPA (i.e., less consistent MVPA) 358 
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compared to boys. There was a significant effect of time of day (estimate = -0.08, p = .008, 359 

variance ratio = 0.92, 95% C.I. = 0.86, 0.98) indicating that for a given individual, within-person 360 

variance decreased following prompts later in the day relative to earlier prompts. The BP effect 361 

of physical location (p = .49), BP and WP effects of social context (ps > .36), and the interactions 362 

between physical and social context (ps > .06) and age (p = .64) on within-person variance were 363 

non-significant.  364 

Results from r2mels indicated that the MELS location (mean) submodel explained 11.4% 365 

of the total variance in mean MVPA. Variance decomposition revealed 5.6% of the total variance 366 

in mean MVPA is explained by within-person fixed effects (e.g., physical and social contexts), 367 

1.5% of the variance in mean MVPA is explained by between-person fixed effects (e.g., gender), 368 

and 4.3% of the variance in mean MVPA is explained by between-person differences at baseline. 369 

The scale submodel explained 8.7% of the within-person variance in MVPA.  370 

 371 

Discussion 372 

 The present study investigated the role of physical and social context on acute MVPA in 373 

real-time. Results from the mean model showed a statistically significant WP interaction between 374 

physical and social context on mean MVPA suggesting that the combination of social and 375 

physical context jointly influence momentary physical activity. Results suggest that within-376 

person variability was lower when a person was at home relative to when they were not at home, 377 

such that adolescents were found to have more consistent patterns of MVPA when at home 378 

compared to other contexts. Neither social context, nor the interaction between social and 379 

physical contexts were statistically significantly associated with variability at the between-person 380 

or within-person levels. 381 
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 Overall, study results are in partial alignment with previous work demonstrating external 382 

factors such as physical location are associated with acute PA behaviours among adolescents. 383 

The statistically significant WP interaction effect of physical and social context on MVPA 384 

suggest a combined influence of both environmental factors on subsequent MVPA among 385 

adolescents. Specifically, adolescents engaged in the fewest minutes of MVPA in the 60 minutes 386 

following the survey prompts when they reported being both alone and at home, whereas MVPA 387 

was greatest when they were alone and away from home. Findings are consistent with prior work 388 

showing that adolescents engage in greater sedentary behaviour when indoors at home (Bejarano 389 

et al., 2019; Kracht et al., 2021). It is worth noting that although investigations into physical 390 

contexts most frequently compare outside vs. inside contexts (Papini et al., 2023), only 3% of 391 

observations in the present study were reported as being outside, preventing us from making 392 

similar comparisons. Since indoor contexts may include a combination of home, libraries, and 393 

recreational facilities among other settings, this study provides a valuable contribution to the 394 

literature by demonstrating the independent influence of the home context, specifically, on 395 

MVPA. Results from variance decomposition of effect sizes suggest that physical and social 396 

contexts explained substantially more within-person variability in MVPA than between-person 397 

differences, highlighting the importance of one’s context in shaping adolescents’ MVPA. 398 

 While no main effect of social context on mean MVPA was observed, the statistically 399 

significant WP interaction shows a combined influence of social and physical context on mean 400 

MVPA. Consistent with prior studies demonstrating greater engagement in PA when people are 401 

in the presence of others such as friends and family (Papini et al., 2023), results from the present 402 

study suggest that the greatest engagement in MVPA occurred within the 60-minutes after 403 

participants reported being away from home and with others. The absence of a main effect of 404 
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social context on mean MVPA may be due to differences in PA intensity between studies such 405 

that the present study examined MVPA whereas associations previously reported are often with 406 

lower-intensity PA. For example, Bohnert and colleagues (2013) found that adolescents that 407 

spent a greater percentage of non-school hours with siblings were more likely to engage in light 408 

intensity PA. Similarly, Dunton and colleagues (2012) found that being in the presence of others 409 

rather than alone was associated with greater steps, however, no association was observed 410 

between social context and MVPA. Furthermore, in the present study, the most frequently 411 

reported social context after being alone was with family (32%) with prior work demonstrating 412 

adolescents were more likely to have engaged in sedentary activity in the time following a 413 

prompt when with parents (Bohnert et al., 2013) which may further explain the non-significant 414 

main-effect of social context on mean MVPA.  415 

 Results from the between-person variance submodel showed no significant main or 416 

interactive effects of physical or social context on MVPA. In other words, differences in how 417 

often adolescents were at home, away from home, alone, or with others did not explain 418 

variability in acute MVPA between adolescents. The within-person variance submodel, however, 419 

suggests that there was statistically significantly less variability in acute MVPA behaviours when 420 

adolescents reported being at home. Combined with results from the mean submodel, these 421 

results indicate a pattern of consistent inactivity when adolescents report being at home, 422 

indicating that the home environment may not afford children as many opportunities to engage in 423 

MVPA as external environments.  424 

The statistically significant and negative WP effect of physical context on within-person 425 

variance demonstrates that within-person variance decreased when an adolescent reported being 426 

at home, relative to when they are away from home. In other words, relative to when they are 427 
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away from home, adolescents are more consistent in their MVPA when at home and showed 428 

greater moment-to-moment variability in MVPA after reporting being away from home. This 429 

result is not unexpected given the many different contexts that they could have been in away 430 

from home (e.g., at a café/restaurant, library, outdoors). In some of these settings (e.g., outdoors), 431 

adolescents may be more likely to be active such as during active play or transport, or engaging 432 

in organized sports, while in other settings they are more likely to be engaged in sedentary 433 

activities such as studying or socializing at a café or library. These contextual patterns appear to 434 

be similar among our broader adolescent population. Notably, results from the scale model 435 

indicated that contextual factors explained approximately 9% of the within-person variability in 436 

MVPA. This suggests that beyond mean-level effects, contextual factors help explain differences 437 

in the consistency of adolescents’ MVPA within a week. This finding is practically relevant 438 

considering the cumulative benefits of physical activity on health and well-being over time. 439 

Results suggest adolescents’ social and physical environments influence not only how active 440 

adolescents are but how much their MVPA fluctuates within a week.  441 

Several strengths and limitations of the study are worthwhile to note to help inform future 442 

directions. First, the use of location scale modelling should be viewed as a strength as it allows 443 

for the examination of new research questions by modeling the variability of data beyond the 444 

mean levels to advance the field. For example, results from the present study hold important 445 

practical importance for potential targets of interventions aimed to increase MVPA in 446 

adolescents. Specifically, the home context was found to be a context of consistently low levels 447 

of activity in adolescence, which requires further investigation to understand barriers and 448 

facilitators to engaging in home-based MVPA. Use of real-time data capture methods including 449 

EMA and device-assessed MVPA should also be considered a strength of the present study. 450 



CONTEXTUAL FACTORS AND ADOLESCENT MVPA 20 

However, there are several limitations to consider. First, examining associations between 451 

contextual factors and MVPA in isolation of light-intensity PA and sedentary behaviour may be 452 

considered a limitation as it may not fully represent the complex interactions between different 453 

movement behaviours. Using compositional data analysis, Bourke and colleagues (2022) found 454 

adolescents replaced sedentary behaviors with MVPA when in outdoor contexts and replaced 455 

sedentary behavior with light-intensity PA when with others. Thus, it is possible that examining 456 

MVPA in isolation may not adequately capture the complexities of movement behaviours within 457 

a day. Considering the interdependence of movement behaviours, future research should explore 458 

trade-offs between one movement behaviour for another. Second, the quality of social and 459 

physical contexts was not assessed. Regarding quality of social environments, Arigo and 460 

colleagues (2023) showed that at times when participants experienced more pleasant interactions, 461 

their motivation to engage in PA was higher, whereas when they experienced more unpleasant 462 

interactions than usual, their motivation to engage in PA was lower. Additional features of the 463 

quality of social contexts may include one’s familiarity with and perceived importance of the 464 

people they are interacting with (Vogel et al., 2017). Despite physical context being associated 465 

with MVPA, we did not assess factors such as the current weather, neighbourhood safety, or built 466 

environment, which may help better understand the impact of external contextual factors on 467 

behaviour. Future work should consider assessing the impact of perceived quality of various 468 

contexts on MVPA in an adolescent population. Finally, compliance of EMA was modest in the 469 

current study, which poses a threat to validity. Ambulatory assessment literature has 470 

demonstrated that compliance is influenced by both person-level (e.g., individual motivation, 471 

competing demands) and contextual factors (e.g., time of day, social environment), meaning that 472 

missingness is unlikely to be missing completely at random, but instead may be missing 473 
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conditionally at random (Baldwin et al., 2016; Estabrook et al., 2012; Lin et al., 2018; Wang & 474 

Grimm, 2012). This has important implications for interpreting results, as patterns of 475 

nonresponse could systematically bias estimates of within- and between-person variance. Future 476 

research that aims to improve compliance among participants recruited is needed. 477 

The present study aligns with theorizing that behaviour is influenced by independent and 478 

interactive influences across multiple levels as outlined by socioecological frameworks 479 

(Bronfenbrenner, 1979; McLeroy et al., 1988). Specifically, the main effect of physical context 480 

on within-person variability in MVPA suggests independent influences from the organizational 481 

level, encompassing one’s physical environment. In addition, the interactive effect between 482 

physical and social context on average MVPA highlights the combined influence of factors at 483 

interpersonal and organizational levels on adolescents’ behavior. Future research should continue 484 

to examine interactions between levels of socioecological frameworks to provide a more 485 

comprehensive understanding of behavior in real-time by leveraging real-time data capture 486 

methods such as EMA to assess interactive effects between current psychological states and 487 

physical or social environments. 488 

Overall, this study examined associations between physical and social contexts with 489 

MVPA in adolescents. Results showed participants engaged in the fewest minutes of MVPA after 490 

reports of being alone and at home, and the highest amounts of MVPA occurred following 491 

reports of being away from home and alone. At the within-person level, findings show that 492 

MVPA among adolescents was more consistent after adolescents reported being at home relative 493 

to after times when they were not-at home which may reflect consistent patterns of physical 494 

inactivity/low activity when home. Findings demonstrate the utility of novel statistical 495 
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approaches to model variability and suggest the home context may be a valuable opportunity to 496 

target MVPA among adolescents. 497 

498 



CONTEXTUAL FACTORS AND ADOLESCENT MVPA 23 

References 499 

Arigo, D., Brown, M. M., Shank, F., & Young, C. M. (2023). Ecological momentary assessment 500 

of associations between social interactions and physical activity outcomes among women 501 

in midlife with CVD risk conditions. Annals of Behavioral Medicine, 57(1), 50–60. 502 

https://doi.org/10.1093/abm/kaac031. 503 

Baldwin, S. A., Fellingham, G. W., & Baldwin, A. S. (2016). Statistical models for multilevel 504 

skewed physical activity data in health research and behavioral medicine. Health 505 

Psychology, 35(6), 552-562. https://doi.org/10.1037/hea0000292. 506 

Bejarano, C. M., Cushing, C. C., & Crick, C. J. (2019). Does context predict psychological states 507 

and activity? An ecological momentary assessment pilot study of adolescents. Psychology 508 

of Sport and Exercise, 41, 146–152. https://doi.org/10.1016/j.psychsport.2018.05.008.  509 

Bohnert, A., Burdette, K., Dugas, L., Travers, L., Randall, E., Richards, M., & Luke, A. (2013) 510 

Multimethod analyses of discretionary time use and health behaviors among urban low-511 

income African-American adolescents: A pilot study. Journal of Developmental & 512 

Behavioral Pediatrics, 34(8), 589–598. doi.org/10.1097/DBP.0b013e3182a5d297. 513 

Bolger, N., Davis, A., & Rafaeli, E. (2003). Diary methods: Capturing life as it is lived. Annual 514 

Review of Psychology, 54, 579–616. 515 

https://doi.org/10.1146/annurev.psych.54.101601.145030  516 

Bourke, M., Patten, R. K., Hilland, T. A., & Craike, M. (2022). Within-person associations 517 

between physical and social contexts with movement behavior compositions in 518 

adolescents: An ecological momentary assessment study using a compositional data 519 

analysis approach. Journal of Physical Activity and Health, 19(9), 615–622. 520 

https://doi.org/10.1123/jpah.2022-0233. 521 

https://doi.org/10.1093/abm/kaac031
https://doi.org/10.1037/hea0000292
https://doi.org/10.1016/j.psychsport.2018.05.008
http://doi.org/10.1097/DBP.0b013e3182a5d297
https://doi.org/10.1146/annurev.psych.54.101601.145030
https://doi.org/10.1123/jpah.2022-0233


CONTEXTUAL FACTORS AND ADOLESCENT MVPA 24 

Bronfenbrenner, U. (1979). The ecology of human development: Experiments by nature and 522 

design. Harvard University Press.  523 

Bronfenbrenner, U. (1994). Ecological models of human development. In International 524 

Encyclopedia of Education, Vol. 3, 2nd Ed. Oxford: Elsevier. Reprinted in: Gauvain, M. & 525 

Cole, M. (Eds.), Readings on the development of children, 2nd Ed. (1993, pp. 37-43). NY: 526 

Freeman. 527 

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., ... & 528 

Willumsen, J. F. (2020). World Health Organization 2020 guidelines on physical activity 529 

and sedentary behaviour. British Journal of Sports Medicine, 54(24), 1451–1462. 530 

https://doi.org/10.1136/bjsports-2020-102955. 531 

Curran, P. J., & Bauer, D. J. (2011). The disaggregation of within-person and between-person 532 

effects in longitudinal models of change. Annual Review of Psychology, 62, 583–619. 533 

https://doi.org/10.1146/annurev.psych.093008.100356. 534 

Cushing, C. C., Bejarano, C. M., Mitchell, T. B., Noser, A. E., & Crick, C. J. (2018). Individual 535 

differences in negative affectivity and physical activity in adolescents: An ecological 536 

momentary assessment study. Journal of Child and Family Studies, 27, 2772–2779. 537 

https://doi.org/10.1007/s10826-018-1128-y.  538 

Do, B., Hedeker, D., Wang, W.-L., Mason, T.B., Belcher, B.R., Miller, K.A., Rothman, A.J., 539 

Intille, S. S., & Dunton, G.F. (2024). Investigating the day-level associations between 540 

affective variability and physical activity using ecological momentary assessment. 541 

Psychology of Sport & Exercise, 70, 102542. 542 

https://doi.org/10.1016/j.psychsport.2023.102542  543 

https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1146/annurev.psych.093008.100356
https://doi.org/10.1007/s10826-018-1128-y
https://doi.org/10.1016/j.psychsport.2023.102542


CONTEXTUAL FACTORS AND ADOLESCENT MVPA 25 

Dumith, S. C., Gigante, D. P., Domingues, M. R., & Kohl III, H. W. (2011). Physical activity 544 

change during adolescence: A systematic review and a pooled analysis. International 545 

Journal of Epidemiology, 40(3), 685–698. https://doi.org/10.1093/ije/dyq272.  546 

Dunton, G. F., Kawabata, K., Intille, S., Wolch, J., & Pentz, M. A. (2012). Assessing the social 547 

and physical contexts of children’s leisure-time physical activity: An ecological 548 

momentary assessment study. American Journal of Health Promotion, 26(3), 135–142. 549 

https://doi.org/10.4278/ajhp.100211-QUAN-43.  550 

Dunton, G. F., Liao, Y., Intille, S., Wolch, J., & Pentz, M. A. (2011). Physical and social 551 

contextual influences on children’s leisure-time physical activity: An ecological 552 

momentary assessment study. Journal of Physical Activity and Health, 8(S1), S103–S108. 553 

https://doi.org/10.1123/jpah.8.s1.s103.  554 

Dunton, G. F., Whalen, C. K., Jamner, L. D., & Floro, J.N. (2007). Mapping the social and 555 

physical contexts of physical activity across adolescence using ecological momentary 556 

assessment. Annals of Behavioral Medicine, 34(2), 144–153. 557 

https://doi.org/10.1007/BF02872669.  558 

Dzubur, E., Ponnada, A., Nordgren, R., Yang, Ch.-H., Intille, S., Dunton, G., & Hedeker, D. 559 

(2020). MixWILD: A program for examining the effects of variance and slope of time-560 

varying variables in intensive longitudinal data. Behavior Research Methods, 52, 1403–561 

1427. https://doi.org/10.3758/s13428-019-01322-1.  562 

Estabrook, R., Grimm, K. J., & Bowles, R. P. (2012). A Monte Carlo simulation study of the 563 

reliability of intraindividual variability. Psychology and Aging, 27(3), 560–564 

576. https://doi.org/10.1037/a0026669. 565 

https://doi.org/10.1093/ije/dyq272
https://doi.org/10.4278/ajhp.100211-QUAN-43
https://doi.org/10.1123/jpah.8.s1.s103
https://doi.org/10.1007/BF02872669
https://doi.org/10.3758/s13428-019-01322-1
https://doi.org/10.1037/a0026669


CONTEXTUAL FACTORS AND ADOLESCENT MVPA 26 

Gordon-Larsen, P., Nelson, M. C., & Popkin, B. M. (2004). Longitudinal physical activity and 566 

sedentary behavior trends: Adolescence to adulthood. American Journal of Preventive 567 

Medicine, 27(4), 277–283. https://doi.org/10.1016/j.amepre.2004.07.006.  568 

Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. C. (2018). Global trends in insufficient 569 

physical activity among adolescents: A pooled analysis of 298 population-based surveys 570 

with 1.6 million participants. The Lancet Child & Adolescent Health, 4(1), 23–35. 571 

https://doi.org/10.1016/S2352-4642(19)30323-2. 572 

Harris, S., Brown, D. M. Y., King-Dowling, S., Cairney, J., & Kwan, M. Y. W. (2024). 573 

Examining real-time physical activity in adolescents using the Multi-Process Action 574 

Control Model: An ecological momentary assessment study. Current Issues in Sport 575 

Science, 9(1), Article 005. https://doi.org/10.36950/2024.9ciss005. 576 

Hedeker, D., Mermelstein, R. J., & Demirtas, H. (2008). An application of a mixed-effects 577 

location scale model for analysis of ecological momentary assessment (EMA) data. 578 

Biometrics, 64(2), 627–634. https://doi.org/10.1111/j.1541-0420.2007.00924.x 579 

Klinker, C. D., Schipperijn, J., Kerr, J., Ersbøll, A. K., & Troelsen, J. (2014). Context-specific 580 

outdoor time and physical activity among school-children across gender and age: Using 581 

accelerometers and GPS to advance methods. Frontiers in Public Health, 2, 20. 582 

https://doi.org/10.3389/fpubh.2014.00020. 583 

Kracht, C. L., Beyl, R. A., Maher, J. P., Katzmarzyk, P. T., & Staiano, A. E. (2021). Adolescents’ 584 

sedentary time, affect, and contextual factors: An ecological momentary assessment 585 

study. International Journal of Behavioral Nutrition and Physical Activity, 18, 53. 586 

https://doi.org/10.1186/s12966-021-01121-y. 587 

https://doi.org/10.1016/j.amepre.2004.07.006
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.36950/2024.9ciss005
https://doi.org/10.1111/j.1541-0420.2007.00924.x
https://doi.org/10.3389/fpubh.2014.00020
https://doi.org/10.1186/s12966-021-01121-y


CONTEXTUAL FACTORS AND ADOLESCENT MVPA 27 

Kwan, M. Y., Cairney, J., Faulkner, G. E., & Pullenayegum, E. E. (2012). Physical activity and 588 

other health risk behaviors during the transition into early adulthood: A longitudinal 589 

cohort study. American Journal of Preventive Medicine, 42(1), 14–20. 590 

https://doi.org/10.1016/j.amepre.2011.08.026.  591 

Kwan, M. Y. W., Dutta, P., Bray, S. R., Brown, D. M. Y., Cairney, J., Dunton, G. F., Graham, J. 592 

D., Rebar, A. L., & Rhodes, R. E. (2020). Methods and design for the ADAPT study: 593 

Application of integrateD approaches to understanding physical activity during the 594 

transition to emerging adulthood. BMC Public Health, 20, 426. 595 

https://doi.org/10.1186/s12889-020-08484-0.  596 

Lin, X., Mermelstein, R., & Hedeker, D. (2018). A shared parameter location scale mixed effect 597 

model for EMA data subject to informative missing. Health Services and Outcomes 598 

Research Methodology, 18, 227–243. https://doi.org/10.1007/s10742-018-0184-5  599 

McLeroy, K. R., Bibeau, D., Steckler, A., & Glanz, K. (1988). An ecological perspective on 600 

health promotion programs. Health Education & Behavior, 15(4), 351–377. 601 

https://doi.org/10.1177/109019818801500401. 602 

Nesselroade, J. R., (2004). Intraindividual variability and short-term change. Gerontology, 50(1), 603 

44–47. https://doi.org/10.1159/000074389   604 

Papini, N. M., Yang, C.-H., Do, B., Mason, T. B., & Lopez, N. V.  (2023). External contexts and 605 

movement behaviors in ecological momentary assessment studies: A systematic review 606 

and future directions. International Review of Sport and Exercise Psychology, 16(1), 337–607 

367. https://doi.org/10.1080/1750984X.2020.1858439.  608 

Pearce, M., Page, A. S., Griffin, T. P., & Cooper, A. R. (2014). Who children spend time with 609 

after school: Associations with objectively recorded indoor and outdoor physical activity. 610 

https://doi.org/10.1016/j.amepre.2011.08.026
https://doi.org/10.1186/s12889-020-08484-0
https://doi.org/10.1007/s10742-018-0184-5
https://doi.org/10.1177/109019818801500401
https://doi.org/10.1159/000074389
https://doi.org/10.1080/1750984X.2020.1858439


CONTEXTUAL FACTORS AND ADOLESCENT MVPA 28 

International Journal of Behavioral Nutrition and Physical Activity, 11, 45. 611 

https://doi.org/10.1186/1479-5868-11-45.    612 

Reis, H. T. (2012). Why researchers should think ‘real-world’: A conceptual rationale. In M. R. 613 

Mehl & T. S. Conner (Eds.), Handbook of research methods for studying daily life. (pp. 614 

3–21). The Guilford Press. 615 

Rhudy, M. B., Dreisbach, S. B., Moran, M. D., Ruggiero, M. J., & Veerabhadrappa, P. (2020). 616 

Cut points of the Actigraph GT9X for moderate and vigorous intensity physical activity at 617 

four different wear locations. Journal of Sports Sciences, 38(5), 503–510. 618 

https://doi.org/10.1080/02640414.2019.1707956.  619 

Sallis, J. F., Cervero, R. B., Ascher, W., Henderson, K. A., Kraft, M. K., & Kerr, J. (2006). An 620 

ecological approach to creating active living communities. Annual Review of Public 621 

Health, 27, 297–322. https://doi.org/10.1146/annurev.publhealth.27.021405.102100.  622 

Shaw, M., Rights, J.D., Sterba, S.S., Flake, J.K. (2023). r2mlm: An R package calculating R-623 

squared measures for multilevel models. Behavior Research Methods, 55(4), 1942–1964. 624 

https://doi.org/10.3758/s13428-022-01841-4. 625 

Shiffman, S., Stone, A. A., & Hufford, M. R. (2008). Ecological momentary assessment. Annual 626 

Review of Clinical Psychology, 4, 1–32. 627 

https://doi.org/10.1146/annurev.clinpsy.3.022806.091415.  628 

Stearns, J. A., Bélanger, M., O’Loughlin, J., & Brunet, J. (2022). Change in the social context of 629 

physical activity across adolescence and its association with moderate-to-vigorous 630 

intensity physical activity. Psychology of Sport and Exercise, 60, 102170. 631 

https://doi.org/10.1016/j.psychsport.2022.102170. 632 

https://doi.org/10.1186/1479-5868-11-45
https://doi.org/10.1080/02640414.2019.1707956
https://doi.org/10.1146/annurev.publhealth.27.021405.102100
https://doi.org/10.3758/s13428-022-01841-4/
https://doi.org/10.1146/annurev.clinpsy.3.022806.091415
https://doi.org/10.1016/j.psychsport.2022.102170


CONTEXTUAL FACTORS AND ADOLESCENT MVPA 29 

Tremblay, M. S., Carson, V., Chaput, J. P., Connor Gorber, S., Dinh, T., Duggan, M., ... & Zehr, 633 

L. (2016). Canadian 24-hour movement guidelines for children and youth: An integration 634 

of physical activity, sedentary behaviour, and sleep. Applied Physiology, Nutrition, and 635 

Metabolism, 41(6), S311–S327. https://doi.org/10.1139/apnm-2016-0151. 636 

Troiano, R. P., Berrigan, D., Dodd, K. W., Mâsse, L. C., Tilert, T., & Mcdowell, M. (2008). 637 

Physical activity in the United States measured by accelerometer. Medicine & Science in 638 

Sports & Exercise, 40(1), 181–188. https://doi.org/10.1249/mss.0b013e31815a51b3.  639 

Vogel, N., Ram, N., Conroy, D. E., Pincus, A. L., & Gerstorf, D. (2017). How the social ecology 640 

and social situation shape individuals’ affect valence and arousal. Emotion, 17(3), 509–641 

527. https://doi.org/10.1037/emo0000244. 642 

Van Sluijs, E. M. F., Ekelund, U., Crochemore-Silva, I., Guthold, R., Ha, A., Lubans, D., … & 643 

Katzmarzyk, P. (2021). Physical activity behaviours in adolescence: Current evidence and 644 

opportunities for intervention. The Lancet, 398(10298), 429–442. 645 

https://doi.org/10.1016/S0140-6736(21)01259-9. 646 

Walters, R. W., Hoffman, L., & Templin, J. (2018). The power to detect and predict individual 647 

differences in intra-individual variability using the mixed-effects location-scale model. 648 

Multivariate Behavioral Research, 53(3), 360–649 

374. https://doi.org/10.1080/00273171.2018.1449628 650 

Wang, L. P., & Grimm, K. J. (2012). Investigating reliabilities of intraindividual variability 651 

indicators. Multivariate Behavioral Research, 47(5), 771-652 

802. https://doi.org/10.1080/00273171.2012.715842 653 

https://doi.org/10.1139/apnm-2016-0151
https://doi.org/10.1249/mss.0b013e31815a51b3
https://doi.org/10.1037/emo0000244
https://doi.org/10.1016/S0140-6736(21)01259-9
https://doi.org/10.1080/00273171.2018.1449628
https://doi.org/10.1080/00273171.2012.715842


CONTEXTUAL FACTORS AND ADOLESCENT MVPA 30 

Warburton, D. E. R., Nicol, C. W., & Bredin, S. S. (2006). Health benefits of physical activity: 654 

The evidence. Canadian Medical Association Journal, 174(6), 801–809. 655 

https://doi.org/10.1503/cmaj.051351.  656 

Yaremych, H. E., Preacher, K. J., & Hedeker, D. (2023). Centering categorical predictors in 657 

multilevel models: Best practices and interpretation. Psychological Methods, 28(3), 613–658 

630. https://doi.org/10.1037/met0000434.  659 

Zhang, X., & Hedeker, D. (2022). Defining R-squared measures for mixed-effects location scale 660 

models. Statistics in Medicine, 41(22), 4467–4483. https://doi.org/10.1002/sim.9521.  661 

662 

https://doi.org/10.1503/cmaj.051351
https://doi.org/10.1037/met0000434
https://doi.org/10.1002/sim.9521


CONTEXTUAL FACTORS AND ADOLESCENT MVPA 31 

Table 1. Descriptive statistics for study participants (N = 190). 663 

 Mean (SD) 

Age 15.76 (.47) 

Weekly moderate-to-vigorous intensity physical 
activity 

593.92 (394.92) 

 n (%) 

Grade  

     10 1 (.53%) 

     11 186 (98.94%) 

     12 1 (.53%) 

Gender  

     Male 101 (53.72%) 

     Female 83 (44.15%) 

     Prefer not to answer 4 (2.13%) 

Ethnicity  

     Aboriginal People of Canada 5 (3.03%) 

     Indigenous (Outside of Canada) 1 (0.61%) 

     Arab 7 (4.24%) 

     Black 5 (3.03%) 

     Chinese 1 (0.61%) 

     Filipino 7 (4.24%) 

     Korean 1 (0.61%) 

     Latin, Central, or South American 4 (2.42%) 

     South Asian 4 (2.42%) 
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     Southeast Asian 1 (0.61%) 

     West Asian 1 (0.61%) 

     White  105 (63.64%) 

     None of the above 23 (13.94%) 

Parental education  

     Some Secondary 18 (11.04%) 

     Completed Secondary 11 (6.75%) 

     Some College 6 (3.68%) 

     College 55 (33.74%) 

     Some University 8 (4.91%) 

     Completed University 65 (39.88%) 

Participation in organized sport  

     Yes 83 (51.88%) 

     No 76 (47.50%) 

     Prefer not to answer 1 (0.62%) 
Note. Reprinted from [details to be added post-peer review], licensed under CC BY-NC 4.0 664 
(https://creativecommons.org/licenses/by-nc/4.0/). M = mean, SD = standard deviation. Age was 665 
missing for 4 participants. Grade was missing for 2 participants. Gender was missing for 2 666 
participants. Ethnicity was missing from 25 participants. Ethnicity was dichotomized as White 667 
and Non-White in analyses. Parental education was missing from 27 participants. Participation in 668 
organized sport was missing from 30 participants. 669 

670 

https://creativecommons.org/licenses/by-nc/4.0/
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Table 2. Physical and social context predicting acute moderate-to-vigorous physical activity 671 

(MVPA). 672 

 Estimate (Standard Error) p 

Predictors of Mean Level of Acute PA (beta)   

     Alone 

BP effect -0.53 (1.59) .74 

WP effect -0.09 (0.07) .20 

     Home 
BP effect -1.62 (0.96) .09 

WP effect -0.82 (0.10) < .001 

     BP alone * BP home 0.69 (1.77) .70 

     WP alone * WP home -0.75 (0.21) < .001 

     Age -0.09 (0.11) .43 

     Gender 0.39 (0.10) < .001 

     Time of day -0.12 (0.02) <.001 

     Intercept 4.13 (0.84) <.001 

Predictors of BP Variability in Acute PA (alpha)   

     Alone BP effect -2.29 (2.73) .40 
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WP effect -0.41 (0.35) .25 

     Home 
BP effect -3.12 (1.75) .07 

WP effect -0.19 (0.56) .73 

     BP alone * BP home 2.58 (3.33) .44 

     WP alone * WP home -0.91 (1.00) .36 

     Age .20 (0.37) .59 

     Gender -0.05 (0.36) .90 

     Time of day -0.05 (0.12) .68 

     Intercept 1.40 (1.35) .30 

Predictors of WP Variability in Acute PA (tau)   

     Alone 
BP effect 0.68 (0.85) .43 

WP effect 0.08 (0.09) .36 

     Home 
BP effect -0.34 (0.49) .49 

WP effect -0.57 (0.11) < .001 

     BP alone * BP home -0.70 (0.98) .47 

     WP alone * WP home -0.39 (0.21) .07 

     Age -0.05 (0.10) .64 
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     Gender 0.22 (0.09) .01 

     Time of day -0.08 (0.03) .008 

     Intercept 0.59 (0.41) .15 

Note: BP = between-person. WP = within-person. Level 2 N = 152, Level 1 N = 2039.  673 

674 
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Figure S1.   675 

Distribution of Physical Activity Minutes Within 60-Minute Epochs 676 

 677 

 678 

679 
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Table S1. Physical and social context predicting acute moderate-to-vigorous physical activity 680 

(MVPA). 681 

 Estimate (Standard Error) p 

Predictors of Mean Level of Acute PA (beta)   

     Alone 

BP effect -0.90 (1.64) .58 

WP effect -0.10 (0.07) .16 

     Home 
BP effect -1.71 (1.02) .09 

WP effect -0.80 (0.10) < .001 

     BP alone * BP home 1.06 (1.85) .57 

     WP alone * WP home -0.73 (0.21) < .001 

     Time of day -0.12 (0.02) <.001 

     Intercept 4.42 (0.88) <.001 

Predictors of BP Variability in Acute PA (alpha)   

     Alone 
BP effect -2.64 (2.60) .31 

WP effect -0.40 (0.30) .18 

     Home BP effect -2.36 (1.59) .14 
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WP effect 0.05 (0.54) .92 

     BP alone * BP home 2.72 (3.16) .39 

     WP alone * WP home -0.64 (0.93) .49 

     Time of day -0.02 (0.10) .87 

     Intercept 1.03 (1.25) .41 

Predictors of WP Variability in Acute PA (tau)   

     Alone 
BP effect 0.49 (0.89) .58 

WP effect 0.08 (0.09) .36 

     Home 
BP effect -0.46 (0.52) .37 

WP effect -0.58 (0.10) < .001 

     BP alone * BP home -0.48 (1.02) .64 

     WP alone * WP home -0.40 (0.21) .05 

     Time of day -0.08 (0.03) .008 

     Intercept 0.80 (0.43) .06 

Note: BP = between-person. WP = within-person. Level 2 N = 154, Level 1 N = 2064.  682 


