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RESEARCH

Location-specific psychosocial 
and environmental correlates of physical activity 
and sedentary time in young adolescents: 
preliminary evidence for location-specific 
approaches from a cross-sectional observational 
study
Adrian Ortega1,2*  , Carolina M. Bejarano3, Christopher C. Cushing1,2,4, Vincent S. Staggs2,5,6, Amy E. Papa2, 
Chelsea Steel2, Robin P. Shook2,6, Terry L. Conway7, Brian E. Saelens8, Karen Glanz9, Kelli L. Cain7, 
Lawrence D. Frank10, Jacqueline Kerr7, Jasper Schipperijn11, James F. Sallis7,12 and Jordan A. Carlson2,6 

Abstract 

Background: A better understanding of the extent to which psychosocial and environmental correlates of physical 
activity are specific to locations would inform intervention optimization.

Purpose: To investigate cross-sectional associations of location-general and location-specific variables with physical 
activity and sedentary time in three common locations adolescents spend time.

Methods: Adolescents (N = 472,Mage = 14.1,SD = 1.5) wore an accelerometer and global positioning systems (GPS) 
tracker and self-reported on psychosocial (e.g., self-efficacy) and environmental (e.g., equipment) factors relevant to 
physical activity and sedentary time. We categorized each survey item based on whether it was specific to a location 
to generate psychosocial and environmental indices that were location-general or specific to either school, non-
school, or home location. Physical activity (MVPA) and sedentary time were based on time/location match to home, 
school, or all “other” locations. Mixed-effects models investigated the relation of each index with location-specific 
activity.

Results: The location-general and non-school physical activity psychosocial indices were related to greater MVPA 
at school and “other” locations. The school physical activity environment index was related to greater MVPA and less 
sedentary time at school. The home activity environment index was related to greater MVPA at home. The non-school 
sedentary psychosocial index was related to less sedentary time at home. Interactions among indices revealed adoles-
cents with low support on one index benefited (i.e., exhibited more optimal behavior) from high support on another 
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Introduction
Adolescents engage in suboptimal levels of physical 
activity, with fewer than 25% of US teenagers meeting 
the national guidelines of 60 minutes of moderate-to-vig-
orous physical activity (MVPA) each day [1]. These low 
prevalence rates pose a significant public health threat 
given that low physical activity during adolescence con-
fers physical and psychosocial health risks, can track into 
adulthood, and are related to future health issues such 
as cardiovascular disease, diabetes, cancer, and obesity 
[2–5]. For sedentary time, although findings have been 
somewhat mixed when using device-based measures, 
some evidence suggests that high sedentary time is asso-
ciated with poor health in youth even when accounting 
for differences in MVPA [6]. Although physical activity 
and sedentary time are interrelated, research supports 
using separate intervention strategies that purposely tar-
get each of these behaviors [7, 8].

Correlates and determinants of adolescent physi-
cal activity and sedentary time span multiple levels of 
influence. Ecological models of health behavior empha-
size the role of individual-level variables, environmental 
variables, and interactions among multilevel variables, 
in shaping physical activity [9–11]. For example, extant 
research indicates individual-level variables such as 
physical activity self-efficacy, social support, decisional 
balance, and enjoyment are related to overall physical 
activity in youth [12–14]. Research on environmental 
correlates has documented benefits of access to outdoor 
locations that include walkable areas, greenspaces, and 
safe environments for supporting higher physical activ-
ity [15–19]. Accordingly, many physical activity-related 
interventions in youth target individual (e.g., self-efficacy, 
motivation) and/or environment variables (e.g., class-
room environment) [20–22].

Interventions for improving physical activity in youth 
generally produce small changes in objectively-assessed 
MVPA [21, 23]. One possible reason is because interven-
tions do not commonly provide strategies for improving 
or sustaining physical activity across multiple settings/
locations. One hypothesis is that interventions with 

location-general approaches (i.e., strategies not adapted 
to or not specific to a certain location), or approaches 
linked to only one or two locations, may have limited 
success across multiple locations due to location-spe-
cific barriers. For example, location-specific strategies to 
increase environmental supports for school-based physi-
cal activity likely do not impact home-based activity, and 
location-general strategies for increasing self-efficacy for 
reducing sedentary time may be overridden by a school 
environment that is highly supportive of sedentary time. 
However, prior to designing interventions that improve 
environments across various locations or seek to aug-
ment psychosocial factors across different locations, it is 
important to understand whether location-general and 
location-specific factors differ in their associations with 
location-specific activity. Few studies [24] have exam-
ined location-general and location-specific influences 
on physical activity and sedentary time within different 
locations. Therefore, more research on the associations 
of location-general and location-specific psychosocial 
attributes and environmental features in relation to ado-
lescents’ physical activity and sedentary behavior could 
inform more targeted and tailored interventions for 
sustaining physical activity as well as interventions for 
reducing sedentary behavior across locations that play a 
large role in adolescents’ lives, such as their homes and 
schools.

Most studies that differentiated between location-gen-
eral and location-specific influences primarily focused on 
environmental variables, such as assessing home neigh-
borhood features and examining their association with 
location-specific (e.g. physical activity that occurs in the 
neighborhood) and overall physical activity accumula-
tion [25]. Only one study could be found that investigated 
location-specific psychosocial correlates of location-spe-
cific physical activity [24]. Ommundsen and co-authors 
[24] found that location-specific psychosocial variables 
such as teacher support were strongly related to youth-
reported school physical activity, while parental support 
for youth physical activity was associated with youth-
reported leisure-time physical activity (i.e., outside of 

index (e.g., higher scores on the location-general PA psychosocial index moderated lower scores on the home PA 
environment index). Concurrent high support on two indices did not provide additional benefit.

Conclusions: No psychosocial or environment indices, including location-general indices, were related to activity 
in all locations. Most of the location-specific indices were associated with activity in the matching location(s). These 
findings provide preliminary evidence that psychosocial and environmental correlates of activity are location specific. 
Future studies should further develop location-specific measures and evaluate these constructs and whether inter-
ventions may be optimized by targeting location-specific psychosocial and environmental variables across multiple 
locations.

Keywords: Obesity, Global positioning systems, Built environment, Psychosocial, Multilevel
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the school setting) but not school-located physical activ-
ity. Physical activity enjoyment, peer social support, and 
perceived competence were assessed in general, not 
specific to a location, and these non-location-specific 
variables were related to both youth-reported school and 
leisure-time physical activity [24]. Relatedly, Cushing and 
co-investigators [26] and Dunton [27] discussed how psy-
chosocial attributes can demonstrate dynamic, time-var-
ying properties within individuals, suggesting that youth 
may be differentially motivated to engage in exercise 
across different contexts (e.g., feeling efficacious about 
physical activity at home, but not at school). Limitations 
of the aforementioned studies included capturing a small 
range of location-specific constructs and relying on self-
reported rather than device-based measures of physical 
activity across locations (e.g., Global Positioning System 
(GPS)).

There is also a gap in the understanding of how psycho-
social and environmental variables interact in relation to 
adolescents’ activity [28]. Previous research has primarily 
been limited to the investigation of interactions between 
psychosocial and home neighborhood environment vari-
ables, [29–34] with less attention to interactions within 
other environments (e.g., school) and interactions 
between location-general and location-specific variables. 
Such information would additionally support a more 
holistic model of the complexity of variables influencing 
adolescents’ activity patterns.

The purposes of the present analyses (using historical 
data) were to investigate the associations of both loca-
tion-general (i.e., across locations or not specific to any 
location such as one’s overall self-efficacy) and location-
specific psychosocial and environmental variables (i.e., 
measures that are specific to a location such as exercise 
equipment at home) with adolescents’ physical activ-
ity and sedentary time at home, school, and all “other” 
locations. In other words, we were interested in com-
paring how measures that are general versus measures 
that are specific to a location relate to physical activity 
and sedentary time across and within locations. It was 
hypothesized that location-specific psychosocial and 
environmental variables would be consistently associated 
with location-specific activity in the matching location 
and not in the mismatching location (e.g., location-spe-
cific school factors would be associated with activity at 
school but not with activity at home). To evaluate this 
hypothesis, we determined the frequency of matches and 
mismatches among the observed location-specific psy-
chosocial/environmental and activity associations. Loca-
tion-general psychosocial variables were not expected to 
generalize across all locations, so, it was hypothesized 
that the location-general variables would not be signifi-
cantly associated with location-specific activity across 

all locations. To better understand the interplay between 
multilevel variables, this study also explored interactions 
between levels of influence (i.e., psychosocial and envi-
ronmental), location-general and location-specific vari-
ables, and location-specific variables linked to different 
locations (e.g., non-school physical activity psychosocial 
variables and school physical activity environment vari-
ables). That is to say that we explored how these general 
versus location-specific measures moderate the impact of 
each other on physical activity and sedentary time. Taken 
together, the findings were expected to inform ecological 
models of health behavior [9] as well as whether, where, 
and which approaches might be needed for testing more 
optimized multilevel and multi-location interventions. 
This exploratory study fills gaps in previous literature on 
location-specific psychosocial and environmental corre-
lates of physical activity by utilizing device-based meas-
ures of physical activity and location and capturing a 
broader range of explanatory constructs.

Methods
Participants and procedures
Present analyses involved historical data collected from 
the cross-sectional, observational Teen Environment 
and Neighborhood (TEAN) Study [35]. Participants 
12–16 years of age and one of their parents were recruited 
from 447 census block groups spanning the Baltimore, 
MD-Washington, DC and Seattle-King County, WA 
metropolitan areas from 2009 to 2011. Recruitment 
was balanced by season and evenly stratified across four 
quadrants representing combinations of neighborhoods 
(defined as census block groups) that were high or low 
neighborhood walkability and high or low median house-
hold income [35]. Data collection took place during the 
school year only.

Potential participants were identified through a pur-
chased list from a marketing company and were con-
tacted by phone to gauge their interest in the study and 
complete eligibility screening. Adolescents were excluded 
from the study if they had any physical, medical, or cog-
nitive limitations that would affect their physical activity 
or impact their ability to complete measures. Eligible and 
interested adolescents were instructed to wear an accel-
erometer and GPS tracker for seven days during waking 
hours. A total of 928 adolescents participated. Present 
analyses excluded adolescents who did not receive a GPS 
tracker or record any GPS data (n = 130), whose home 
address was not available in the geocoding database 
(n = 29; e.g., P.O. Box or otherwise failed to geocode), 
or who did not provide their school’s name/address or 
were homeschooled (n = 93). Adolescents who did not 
wear both devices for ≥1 valid school day and ≥ 1 valid 
weekend day (n  = 204) were also excluded to improve 
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the likelihood that data were representative of a typical 
week of activity. Valid days were defined as those with 
≥8 hours of concurrent data from both devices. Valid 
school days were operationalized as weekdays during 
which the participant spent ≥200 minutes at their school 
as measured by the GPS. The present analyses included 
472 adolescents.

Measures
Demographics and anthropometrics
Adolescent-parent dyads self-reported demographic 
information including respective age, sex, and race/
ethnicity (dichotomized as white non-Hispanic versus 
non-white or Hispanic). The parent reported the highest 
education attained by any adult in the household (dichot-
omized as college degree versus less education); paren-
tal marital status (married/living with partner versus 
other); and the approximate annual household income. 
Adolescents self-reported their height and weight using 
provided instructions or, when available, reported 
anthropometric measurements taken at a clinic or school 
within the previous month.

GPS and location assignment
Adolescents wore a GlobalSat DG-100 GPS tracker 
(GlobalSat, New Taipei City, Taiwan), with latitude and 
longitude collected every 30 seconds. Adolescents were 
instructed how to wear the device and given directions 
to charge the device each night. Adolescents’ home and 
school addresses were geocoded in ArcGIS (ESRI, Inc., 
Redlands, CA). Consistent with previous studies [15, 36], 
we classified each adolescents’ home and school loca-
tions by creating a 50-m circular buffer around the point 
resulting from geocoding the home address and a 15-m 
buffer around the geocoded school parcel respectively. 
Each participant’s GPS points were overlayed with their 
location polygons (e.g., home buffer) to determine time 
and activity within each location. These spatial analy-
ses were performed in PostgreSQL (PostgreSQL Global 
Development Group, Berkeley, CA) to categorize each 
GPS point by the following locations: at home (within the 
home buffer), at school (within the school buffer), or all 
“other” locations (i.e., any location other than the home 
and school buffers). Transport/trips outside the home 
and school locations were classified as part of the “other” 
location.

Physical activity and sedentary time
Adolescents wore ActiGraph accelerometers (models: 
7164, 87.8%; GT1M, 8.0%; GT3X, 3.4%) on a belt, with 
the accelerometer positioned on their hip. We defined 
non-wear periods as 30+ minute bouts of consecutive 
epochs with 0 accelerometer counts and subsequently 

excluded these periods from analyses. The Evenson cut 
points [37] were applied to activity counts on the vertical 
axis within each 30-second epoch to classify MVPA, and 
the common cut point of ≤100 counts per minute was 
used to classify sedentary time.

Integration of GPS and accelerometer data
The integration and processing of the GPS and acceler-
ometer data has been previously described [36]. In brief, 
the accelerometer and GPS devices were synchronized by 
time during initialization. Epochs with periods of missing 
GPS data or accelerometer non-wear time were removed 
from the dataset during data processing. The remaining 
GPS and accelerometer data were linked by nearest time 
stamp using the Personal Activity and Location Measure-
ment System (PALMS) Version 4 (Center for Wireless 
and Population Health Systems, La Jolla, CA) and then 
processed to create overall and location-specific MVPA 
and sedentary time variables for each participant. The 
PALMS systems also performed some filtering of inva-
lid GPS fixes caused by satellite interference as described 
PALMS User Guide in Additional  file  1. For the school 
location, variables were derived for school days only (e.g., 
average minutes/day of MVPA across school days). For 
the home and “other” locations, variables were derived 
for a “weighted week”, calculated as ([mean daily values 
across school days*5] + [mean daily values across non-
school days*2]) ÷ 7, to generate an average minutes/day 
of MVPA and sedentary time in these locations, similar 
to previous protocols [15]. If participants did not spend 
≥30 minutes/day in a location on average across days, 
the activity variables for those locations were set to miss-
ing. This location-specific time requirement aimed to 
increase the likelihood the data were representative of 
the adolescent’s typical activity in the location.

Psychosocial and environmental variables
Adolescents self-reported on psychosocial and envi-
ronment variables using previously validated scales 
about physical activity and sedentary behavior that 
were based on Social Cognitive Theory as well as the 
Transtheoretical Model of Health Behavior [38]. The 
psychosocial constructs included self-efficacy for, social 
support for, decisional balance of, and enjoyment of 
physical activity and sedentary behavior (although 
some sedentary scales referred to reducing sedentary 
behaviors). These scales were developed for adolescents 
and have been evaluated among adolescents for test-
retest reliability and construct validity [39]. Environ-
ment scales included measures of the perceived school 
physical activity environment [40], personal electronics 
(sedentary environment) [41], and the home physical 
activity environment, which have all been previously 
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evaluated with adolescents [41–44]. Most items were 
Likert scales with response formats of agreement/disa-
greement or frequency (see Supplementary Table  1 in 
Additional file 2), although some items were checklists 
(e.g., endorsing yes/no on different types of screens in 
the bedroom) and two items captured minutes of physi-
cal activity opportunities in school.

The original scales were not already grouped by loca-
tion (e.g., home, school), so we undertook a process of 
creating the locational-specific subscales and indices 
for the present analyses, as illustrated in Fig. 1. We first 
grouped the items within each of the original scales a pri-
ori into subscales categorized by the locational specificity 
of the item content based on consensus across members 
of the research team. We used the content of the item to 
determine the most relevant location(s) to which the item 
related. For example, the item “How sure are you that you 
can get up early, even on weekends, to do physical activ-
ity?”, which was from the original physical activity self-
efficacy scale, was categorized in the non-school physical 
activity self-efficacy subscale because the item queries 
about activity that would occur outside of school hours. 
We summed the item scores within each subscale to 
calculate the subscale scores. All items within each sub-
scale used the same response format/scale, so each item 
was equally weighted in the subscale score. This process 
resulted in 5 location-general subscales (items that were 
not specific to any location), 3 location-specific school 
subscales (items specific to school), 10 location-specific 
non-school subscales (items that could be linked to the 
home or at least one other specific location that was not 
school), and 1 location-specific home subscale (items 
specific to the home location). Of these 19 subscales, 12 

assessed psychosocial factors and 7 assessed environ-
mental factors.

These subscales were then combined by transform-
ing the values to z-scores and averaging the z-scores to 
create six final indices representing location-general 
and location-specific psychosocial and environmental 
features for physical activity and sedentary time. The 
z-score approach was used so that each subscale would 
be equally weighted in the index scores. Analyzing com-
posite indices was expected to produce more robust 
associations with outcomes than single items or sub-
scales. The six emerging indices included a (A) general 
physical activity psychosocial index, reflecting individual 
attributes for increasing physical activity not specific to 
any location; (B) school physical activity environment 
index, representing the quality of adolescents’ perceived 
school environment for supporting physical activity at 
school; (C) non-school sedentary psychosocial index, cap-
turing individual attributes for reducing sedentary time 
in locations outside school, (D) non-school sedentary 
environment index, indicating the quality of adolescents’ 
environment outside of school for reducing sedentary 
behavior; (E) non-school physical activity psychosocial 
index, assessing adolescents’ psychosocial variables for 
physical activity particular to home and other locations; 
and (F) home physical activity environment index, reflect-
ing home equipment for physical activity. More infor-
mation on the items and scales comprising each index is 
included in Supplementary Table 1 (see Additional file 2). 
Descriptive statistics for psychosocial and environmen-
tal subscales are displayed in Supplementary Table  2 in 
Additional  file  3. The allocation of items to subscales 
and subscales to indices was mutually exclusive, with no 

Fig. 1 Process of creating locational subscales and indices from original scales. Note. Items within the 17 previously-validated (original) scales 
shown in Box 1 were examined for their location specificity and assigned accordingly to the most relevant location-general or location-specific 
subscale in Box 2, which were created specifically for the present analyses. Subscales were then combined by location within activity type (physical 
activity or sedentary) to form the final indices in Box 3. The letters in the parenthesis following the original scales in Box 1 indicate the subscales and 
indices to which items from the original scale were assigned. Appendix Table 6 shows the item content for all items from the original scales in Box 1 
as well as each item’s assigned subscale
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item belonging to more than one subscale and no sub-
scale belonging to more than one index. Prior to creating 
subscales, items were reverse scored as needed to reflect 
positive valences toward promoting more physical activ-
ity and less sedentary time.

Data analytic plan
Sample characteristics were summarized using descrip-
tive statistics. All models were mixed-effects linear 
regression models, fitted with the “MIXED” command 
in SPSS version 24 (IBM SPSS Statistics, IBM Corpora-
tion). A random intercept was included to account for 
the nesting of participants within census block groups, as 
the participant was the unit of analysis. Location-specific 
(school, home, “other” location) MVPA and sedentary 
time were investigated as dependent variables in sepa-
rate models, regressed first on individual-level sociode-
mographic variables (age, sex, race/ethnicity, and parent 
education entered into the same model) and then on 
each of the 6 psychosocial and environmental indices in 
separate models. Another set of models regressed each 
overall and location-specific MVPA and sedentary vari-
able on each of the 19 psychosocial and environmental 
subscales (one model per each dependent variable – sub-
scale combination), which was provided for supplemen-
tal information. Although the study hypotheses revolved 
around location-specific MVPA and sedentary time, 
overall MVPA and sedentary time (across locations) 
were investigated as additional dependent variables using 
the aforementioned modelling approach to contextual-
ize the location-specific findings. A final set of models 
investigated interactions between the psychosocial and 
environmental indices, location-general and location-
specific indices, and location-specific indices in different 
locations in explaining adolescents’ MVPA and sedentary 
time.

All models were adjusted for study design variables 
(neighborhood walkability and income categories); the 
adolescent’s age, sex, and race/ethnicity; parent edu-
cation; ActiGraph model; number of school and non-
school days of device wear; and average minutes/day 
of wear time in the respective location. All dependent 
and independent variables were converted to z scores 
to have a mean of zero (i.e., mean center) and standard 
deviation of one to derive standardized regression coef-
ficients, facilitate comparison of effect sizes across vari-
ables and models, and create orthogonalized interaction 
terms. Benchmarks for interpreting the magnitude of the 
standardized regression coefficients were small (β = .10), 
small-to-moderate (β = .20), and moderate (β = .30) [45].

We labeled significant associations (P < .05) between a 
location-specific index and the corresponding location-
specific activity variable (e.g., school environment with 

school MVPA) as “matches” and significant associations 
between a location-specific index and a non-correspond-
ing location activity variable as “mismatches”. We did 
not label any associations involving overall activity vari-
ables because we did not have hypotheses around overall 
activity. In the results section, we counted the frequency 
of matches and mismatches for the significant location-
specific associations to evaluate our primary hypothesis. 
For interactions, we probed those with P-values ≤0.10 
to determine the pattern and direction of association for 
each independent variable of interest at different levels of 
the other independent variable of interest. This more lib-
eral p-value was selected for probing interactions because 
power to detect interactions is lower than for detecting 
main effects [46], and we sought to minimize risk for 
Type II error when investigating group differences. Plots 
were created by calculating the value of the dependent 
variable based on the regression equation using values 
for the continuous independent variables comprising the 
interaction that reflected 1 SD above and below mean, 
with all continuous and dichotomous covariates mean 
centered. Original metrics (e.g., minutes/day) of the 
activity variables were used when probing interactions. 
We centered the Y axis of these plots at the mean value 
for the dependent variable and adjusted the axis bounds 
to reflect + 1 SD and − 1 SD below the mean.

Results
Sample characteristics and descriptive statistics
On average, adolescents were 14.1 years old (SD = 1.5). 
See Table  1 for a more detailed description of demo-
graphic characteristics of the current sample. Partici-
pants simultaneously wore the accelerometer/GPS for 
5.19 (SD = 1.30) days on average. Over 96% of partici-
pants had ≥3 wear days. Participants’ mean MVPA was 
22.9 (SD = 15.0), 6.6 (SD = 7.1), 15.9 (SD = 16.1), and 39.5 
(SD = 21.5) minutes/day at school, at home, in “other” 
locations, and overall, respectively. Participants’ mean 
sedentary time was 305.2 (SD = 85.2), 135.2 (SD = 98.6), 
135.7 (SD = 96.4), and 483.6 (SD = 80.5) minutes/day at 
school, at home, in “other” locations, and overall, respec-
tively. MVPA and sedentary time were moderately and 
negatively correlated within each location and overall 
(e.g., increases in home MVPA correlated with decrease 
in home sedentary time; Supplementary Table 3 in Addi-
tional  file  4). Adolescent sex, parental marital status, 
parental education, neighborhood walkability, and fam-
ily income were mostly comparable between this analysis 
sample and the full TEAN sample (N = 928). However, 
this study’s sample comprised a significantly greater pro-
portion of White non-Hispanic youth compared the full 
TEAN sample (71.3% vs. 66.3%, P = .006). Demographics 
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for the full TEAN sample can be found in previous 
papers [35].

Subscale model results
The models involving the indices are presented below and 
in Table 2 as the main findings. The results for the sub-
scales were generally consistent with the results for the 
indices; we present these in Table 3 for comprehensive-
ness and to show the drivers of the associations between 
the indices and activity variables. Table  3 also presents 
associations of sociodemographic characteristics with 
activity variables. These sociodemographic models were 
not adjusted for the locational indices/subscales to show 
the general associations between these correlates and the 
locational outcomes.

Location‑specific school environment model results
Higher scores on the school physical activity environ-
ment index were associated with greater MVPA and less 
sedentary time at school (two matches, no mismatches; 
Table 2).

Location‑specific non‑school psychosocial and home 
environment model results
Lower non-school sedentary psychosocial index (less 
psychosocial support for sedentary time) was related 
to less sedentary time at home (match). The non-school 
sedentary environment index was not related to any 

activity variables (neither match nor mismatch). The 
non-school physical activity psychosocial index was 
related to greater MVPA at school (mismatch) and 
“other” locations (match). Lastly, the home physical 
activity environment index was associated with greater 
MVPA at home (match) and “other” locations (mis-
match) as well as less sedentary time at home (match). 
In summary, there were four matches and two mis-
matches for the location-specific non-school indices. 
Combined with the results for the location-specific 
school indices (see previous section), there were a total 
of six matching associations and two mismatching 
associations out of eight potential matches, providing 
support for our first hypothesis (Table 2).

Location‑general psychosocial model results
The general physical activity psychosocial index was 
related to greater MVPA at school and “other” locations 
but not related to MVPA at home (i.e., related in 2 out 
of the 3 locations investigated). Showing moderate sup-
port for our second hypothesis, this index was not sig-
nificantly related to activity variables in all locations.

Interactions results
Statistical significance for tested interactions between 
indices in relation to activity variables is presented in 
Table  4. Five interactions, labeled A-E, had a P value 
< 0.1 and were plotted. All 5 interactions involved a 
psychosocial X environment interaction (28% of all psy-
chosocial X environment interactions tested). Two of 
these involved a location-general psychosocial X loca-
tion-specific environment interaction (14% of all loca-
tion-general X location-specific interactions tested), 
and 0 involved an interaction between location-specific 
indices for different locations (0% of 6 tested) (these 
categories were not mutually exclusive). For all 5 sig-
nificant interactions, having a high value (+ 1 SD above 
mean) on one index was associated with greater MVPA 
and less sedentary time (Fig.  2). This was observed 
regardless of whether the index was psychosocial or 
environmental and regardless of the value on the other 
index. However, there was no/little apparent additional 
benefit of having a high value on both indices on activ-
ity. The effect sizes shown in the plots appear to show 
differences in the outcome variables, with the group 
that had high values on either the environmental or 
psychosocial index (relative to the group with low val-
ues on both) having an additional 4–12 minutes/day of 
total MVPA, 22–30 minutes/day fewer of total seden-
tary time, and 14–18 minutes/day fewer of sedentary 
time at school.

Table 1 Demographic Characteristics

N Mean (SD) or %

Age 472 14.12 (1.47)

Sex

 Male 233 49.4

 Female 239 50.6

Race/Ethnicity

 Non-white or Hispanic 135 28.7

 White, non-Hispanic 335 71.3

Parent’s Marital Status

 Married or living with partner 391 83.0

 Not married or living with partner 80 17.0

Parental Education

 Completion of college degree or higher 351 74.7

 Other 119 25.3

Neighborhood Walkability

 Low walkability 257 54.4

 High walkability 215 45.6

Approximate Annual Household Income

  < $50,000 67 14.7

 $50,000 - < $100,000 176 38.7

  ≥ $100,000 212 46.6
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Discussion
Our exploratory study tested the value of examining loca-
tion-specific psychosocial and environmental correlates 
of physical activity and sedentary time in adolescents. If 
hypothesis were supported, these findings would suggest 
the need for more location-tailored intervention strate-
gies. Present findings tended to confirm hypotheses that 
location-specific psychosocial and environmental indi-
ces were more consistently related to location-specific 
activity in the matching location(s) than in the unmatch-
ing location(s). These findings also support the need to 
develop additional measures of location-specific psycho-
social and environmental correlates of activity and evalu-
ate their performance to confirm and extend present 
findings. There was a total of eight significant associa-
tions between the location-specific indices and location-
specific activity variables. A majority (six of eight, or 
75%) of the significant associations of location-specific 
variables with location-specific activity were conceptu-
ally matched (i.e., the location linked to the influencing 
factor matched the location in which activity occurred), 

suggesting little carry-over of these location-specific fac-
tors explaining behavior in other (non-matching) loca-
tions. The general physical activity psychosocial index, 
which was the only location-general index investigated, 
was related to physical activity at school and “other” loca-
tions but not home, suggesting moderate support for our 
second hypothesis. This finding implies that an adoles-
cent’s general psychosocial attributes may not generalize 
to all locations or settings, as there might be location-
specific barriers to physical activity in certain locations 
or different individual-level motivations or facilitators of 
activity that are location-specific. Researchers and inter-
ventionists can use this evidence to inform the expan-
sion of location-specific measures of activity correlates 
as well as location-specific intervention strategies. Based 
on the present findings, we hypothesize that efforts to 
optimize interventions by targeting location-specific 
psychosocial and environmental variables across multi-
ple locations may produce the larger impacts on adoles-
cents’ overall activity that location-general independent 
variables. However, experimental studies are needed to 

Table 2 Relations of location-specific and location-general psychosocial and environmental indices with adolescents’ location-specific 
and overall physical activity and sedentary  timea

a All models were adjusted for participant age, sex, race/ethnicity, parent education, study design factors, number of days of accelerometer wear, number of school 
days, and accelerometer wear time in each location. Each index was tested in a separate model;
b Values are standardized regression coefficients (β) and standard errors (SE), with both the independent and dependent variables standardized to have a mean 
of zero and standard deviation of 1. These values represent the standardized increases (positive coefficients) or decreases (negative coefficients) in the outcome 
variables per standard deviation increase on the index variable. Benchmarks for interpreting the magnitude of the coefficients were small (β = .10), small-to-moderate 
(β = .20), and moderate (β = .30);

Bolded cells with × symbol depict significant associations that were categorized as ‘mismatches’ between the location reflected in the index and activity variable, 
there were 2 mismatches in total;

We did not label associations involving overall activity variables because there were no hypotheses around overall activity- these results are presented for context;

*P < 0.05;

**P < 0.01

Βb (SE)

MVPA Sedentary time

School Home Other Overall School Home Other Overall

Location‑general variables
 General physical activ-
ity psychosocial index

0.15** (0.04) 0.03 (0.03) 0.11** (0.04) 0.18** (0.04) −0.04 (0.03) − 0.01 (0.01) − 0.04 (0.02) − 0.07* (0.04)

Location‑specific school variables
 School physical activ-
ity environment index

0.10* (0.04) 0.04 (0.04) −0.01 (0.04) 0.06 (0.04) −0.06* (0.03) 0.01 (0.01) 0.00 (0.02) −0.05 (0.04)

Location‑specific non‑school variables
 Non-school sedentary 
psychosocial index

0.07 (0.04) 0.07 (0.04) 0.04 (0.04) 0.10* (0.04) −0.01 (0.03) −0.03* (0.01) − 0.02 (0.02) −0.07 (0.04)

 Non-school sedentary 
environment index

−0.02 (0.04) 0.00 (0.04) −0.01 (0.04) −0.03 (0.05) 0.01 (0.03) −0.01 (0.01) 0.02 (0.02) 0.02 (0.04)

 Non-school physical 
activity psychosocial 
index

0.13** × (0.04) 0.07 (0.04) 0.15** (0.04) 0.21** (0.04) −0.04 (0.03) −0.01 (0.01) − 0.03 (0.02) −0.09* (0.04)

 Home physical activity 
environment index

0.07 (0.04) 0.12** (0.04) 0.10* × (0.04) 0.16** (0.04) −0.01 (0.03) −0.03* (0.01) − 0.02 (0.02) −0.07 (0.04)
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Table 3 Relations of location-specific and location-general subscales with adolescents’ location-specific and overall physical activity 
and sedentary  timea

β (SE)b

MVPA Sedentary time

School Home Other Overall School Home Other Overall

Sociodemographic variablesc

 Age −0.01 (0.03) − 0.09** (0.03) − 0.07** (0.03) − 0.08** (.03) 0.13** (0.02) 0.05** (0.01) 0.04** (0.01) 0.21** (0.02)

 Sex (Females = 1) −0.56** (0.08) − 0.31** (0.07) − 0.36** (0.08) −0.66** (0.08) 0.34** (0.05) 0.02 (0.02) 0.12** (0.03) 0.41** (0.07)

 Race/ethnicity 
(White, non-His-
panic = 1)

− 0.04 (0.09) 0.05 (0.08) 0.04 (0.09) 0.00 (0.10) 0.09 (0.06) 0.00 (0.03) 0.04 (0.04) 0.12 (0.08)

 Parent education 
(college degree or 
higher = 1)

0.15 (0.10) 0.24** (0.09) −0.03 (0.09) 0.12 (0.10) −0.03 (0.06) − 0.06 (0.03) 0.02 (0.04) −0.07 (0.09)

Location‑general variables
 Physical activity self-
efficacy

0.10* (0.05) 0.03 (0.04) 0.00 (0.05) 0.07 (0.05) −0.02 (0.03) 0.01 (0.01) 0.01 (0.02) 0.01 (0.04)

 Physical activity 
enjoyment

0.02 (0.05) 0.08 (0.04) 0.13** (0.04) 0.13* (0.05) −0.03 (0.03) −0.02 (0.01) − 0.04* (0.02) − 0.08 (0.04)

 Physical activity pros 0.02 (0.04) −0.02 (0.04) − 0.03 (0.04) − 0.02 (0.05) 0.03 (0.03) 0.01 (0.01) 0.00 (0.02) 0.04 (0.04)

 Physical activity 
 consd

−0.01 (0.04) 0.04 (0.04) 0.02 (0.04) 0.02 (0.05) 0.01 (0.03) 0.03 (0.01) 0.01 (0.02) 0.05 (0.04)

 Physical activity 
social support

0.06 (0.05) −0.02 (0.04) 0.06 (0.04) 0.08 (0.05) −0.03 (0.03) 0.01 (0.01) −0.01 (0.02) − 0.02 (0.04)

 General physical 
activity psychosocial 
index

0.15** (0.04) 0.03 (0.03) 0.11** (0.04) 0.18** (0.04) −0.04 (0.03) −0.01 (0.01) − 0.04 (0.02) −0.07* (0.04)

Location‑specific school variables
 PE and recess time 0.23** (0.04) 0.13** (0.04) 0.02 (0.04) 0.18** (0.05) −0.13** (0.03) 0.04 (0.05) 0.00 (0.02) −0.11** (0.04)

 After school environ-
ment

0.03 (0.04) 0.02 (0.04) 0.04 (0.04) 0.06 (0.04) −0.01 (0.03) −0.03 (0.05) − 0.01 (0.02) −0.04 (0.03)

 School physical activ-
ity equipment

−0.08 (0.05) −0.07 (0.04) − 0.07 (0.04) −0.13** (0.05) 0.03 (0.03) 0.01 (0.04) 0.02 (0.02) 0.06 (0.04)

 School physical activ-
ity environment index

0.10* (0.04) 0.04 (0.04) −0.01 (0.04) 0.06 (0.04) −0.06* (0.03) 0.01 (0.01) 0.00 (0.02) −0.05 (0.04)

Location‑specific non‑school variables
 Sedentary reduction 
self-efficacy

0.08 (0.04) 0.01 (0.04) 0.01 (0.04) 0.07 (0.05) −0.04 (0.03) −0.02 (0.01) 0.01 (0.02) −0.06 (0.04)

 Sedentary reduction 
pros

−0.08 (0.04) −0.06 (0.04) − 0.02 (0.04) −0.09 (0.04) 0.05 (0.03) 0.02 (0.01) 0.02 (0.02) 0.09* (0.04)

 Sedentary reduction 
 consd

−0.04 (0.05) 0.00 (0.05) 0.01 (0.05) −0.01 (0.05) 0.00 (0.03) 0.00 (0.01) 0.01 (0.02) 0.01 (0.04)

 Sedentary 
 enjoymentd

−0.08 (0.05) −0.17** (0.04) − 0.06 (0.05) −0.14** (.05) 0.03 (0.03) 0.04** (0.01) 0.04* (0.02) 0.12** (0.04)

 Sedentary social 
 supportd

0.03 (0.04) 0.04 (0.04) −0.01 (0.04) 0.01 (0.04) −0.02 (0.03) 0.00 (0.01) 0.01 (0.02) −0.01 (0.04)

 Non-school seden-
tary psychosocial index

0.07 (0.04) 0.07 (0.04) 0.04 (0.04) 0.10* (0.04) −0.01 (0.03) −0.03* (0.01) − 0.02 (0.02) −0.07 (0.04)

 Personal electronics d −0.06 (0.04) 0.01 (0.04) −0.05 (0.04) −0.07 (0.05) 0.06* (0.03) 0.02 (0.01) 0.02 (0.02) 0.08* (0.04)

 Screens in bed-
room d

0.07 (0.05) 0.00 (0.04) 0.05 (0.04) 0.09 (0.05) −0.06* (0.03) −0.01 (0.01) − 0.03 (0.02) −0.09* (0.04)

 Sedentary time rules −0.02 (0.04) 0.01 (0.04) −0.02 (0.04) −0.01 (0.05) 0.01 (0.03) 0.00 (0.01) 0.01 (0.02) 0.01 (0.04)

 Non-school seden-
tary environment index

−0.02 (0.04) 0.00 (0.04) −0.01 (0.04) −0.03 (0.05) 0.01 (0.03) −0.01 (0.01) 0.02 (0.02) 0.02 (0.04)

 Physical activity self-
efficacy

0.12** (0.04) 0.04 (0.04) 0.16** (0.04) 0.21** (0.04) −0.03 (0.03) −0.01 (0.01) − 0.04* (0.02) −0.08* (0.04)
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test this hypothesis. For example, a study comparing an 
intervention with location-specific approaches targeting 
how to improve MVPA and reduce sedentary time across 
locations in which adolescents typically spend time com-
pared to an intervention that did not include strategies 
specific to locations could yield insight on the benefits of 
a location-optimized intervention.

The purpose of investigating associations between the 
indices and overall (cross-location) physical activity and 
sedentary time was to contextualize the location-specific 
findings, as an observed association for overall activ-
ity could be driven by associations with behavior in any 
number of individual locations. We observed several 
associations between the indices and overall activity, 
though none of the associations with overall activity were 
also found with activity in all three locations. Yet, there 
was some evidence of carry-over across locations as indi-
cated by the 2 mismatches. Similarly, although we found 
moderate support for our second hypothesis due the 
lack of associations between the general physical activ-
ity psychosocial index and physical activity in all three 
locations, the observation of associations with behavior 
in two of three locations (school and “other”), provides 
some additional evidence of carry-over across locations. 
The lack of association with home activity suggests there 
may be particular barriers to being active at home that 
warrant better understanding through future research. 
The carry-over of environmental variables into “other” 
locations was more surprising than the carry-over of 

psychosocial variables, as the latter are characteristics 
of the individual (who cross locations) rather than the 
environment (which is unique in location). However, the 
home physical activity environment index that exhib-
ited some carry-over included portable equipment (e.g., 
bikes), which may be used away from the home environ-
ment, as described below.

Present findings regarding the value of location speci-
ficity are generally in alignment with previous studies that 
observed associations of environmental or psychosocial 
variables with physical activity only in specific locations 
or that were greater in magnitude for physical activity 
in specific locations as compared to overall (across loca-
tions) [24, 25, 47]. While most previous studies were lim-
ited to school-based or neighborhood-based activity, the 
present study builds on this research by including activity 
measures in three location categories that together com-
prised all of adolescents’ time and included device-based 
specificity for location. Taken together, these findings 
suggest there is generally more support for location-
specific effects than carry-over across all locations, and 
potential carry-over is likely to relate more to psychoso-
cial than environmental variables.

The present study expands the large body of evidence 
and public health recommendations [48] on the impor-
tance of the school environment in relation to school 
activity. In this study, the school physical activity envi-
ronment index was related to both physical activity and 
sedentary time at school and not significantly related 

a All models were adjusted for participant age, sex, race/ethnicity, parent education, study design factors, number of days of accelerometer wear, number of school 
days, and accelerometer wear time in each location;
b Values are standardized regression coefficients (β) and standard errors (SE), with both the independent and dependent variables standardized to have a mean 
of zero and standard deviation of 1. These values represent the standardized increases (positive coefficients) or decreases (negative coefficients) in the outcome 
variables per standard deviation increase on the index variable. Benchmarks for interpreting the magnitude of the coefficients were small (β = .10), small-to-moderate 
(β = .20), and moderate (β = .30);
c Sociodemographic variables were analyzed first as a separate group of predictors without the index scales in the models to obtain these values and show general 
associations between sociodemographic correlates of physical activity and the outcome variables;

*P < 0.05;

**P < 0.01;
d Variable was reverse coded when calculating index score

Table 3 (continued)

β (SE)b

MVPA Sedentary time

School Home Other Overall School Home Other Overall

 Physical activity 
social support

0.03 (0.04) 0.04 (0.04) 0.01 (0.04) 0.04 (0.05) −0.02 (0.03) −0.01 (0.01) 0.00 (0.02) −0.03 (0.04)

 Non-school physical 
activity psychosocial 
index

0.13** (0.04) 0.07 (0.04) 0.15** (0.04) 0.21** (0.04) −0.04 (0.03) −0.01 (0.01) − 0.03 (0.02) −0.09* (0.04)

 Home physical activ-
ity equipment

0.07 (0.04) 0.12** (0.04) 0.10* (0.04) 0.16** (0.04) −0.01 (0.03) −0.03* (0.01) − 0.02 (0.02) −0.07 (0.04)

 Home physical activ-
ity environment index

0.07 (0.04) 0.12** (0.04) 0.10* (0.04) 0.16** (0.04) −0.01 (0.03) −0.03* (0.01) − 0.02 (0.02) −0.07 (0.04)
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to MVPA or sedentary time for any other location or 
overall. As school environmental supportiveness of 
activity has been shown to vary widely across schools 
[49, 50], efforts should continue to improve environ-
ments and opportunities for activity at schools. Beyond 
the inclusion of quality physical education, recess time, 
and before- and after-school physical activity program-
ming, classroom-based physical activity interventions 
[51] may serve as another potential way to support 
more physical activity and less sedentary time at school 
although this is not something we assessed in the cur-
rent study. Previous research demonstrates that class-
room modifications to bolster these behaviors include 

re-organizing the classroom furniture, larger classroom 
sizes, standing desks, and other ergonomically-friendly 
furniture to support reductions in sedentary time [52]. 
Schools may also consider identifying more indoor and 
outdoor facilities and amenities that would encourage 
adolescents’ physical activity. It is important to note 
that although adolescents generally have less autonomy 
to engage in activity at school than in many other loca-
tions, present findings suggest that psychosocial vari-
ables are also relevant to adolescents’ activity at school. 
This was primarily indicated by the finding that the 
general physical activity-related psychosocial index was 
most strongly related to MVPA at school, but school-
specific psychosocial variables were not available.

Table 4 Interactions between indices in relation to adolescents’ location-specific and overall physical activity and sedentary  timexy

a Interaction A
b Interaction B
c Interaction C
d Interaction D
e Interaction E
x All models were adjusted for participant age, sex, race/ethnicity, parent education, study design factors, number of days of accelerometer wear, number of school 
days, and accelerometer wear time in each location;
y Empty cells reflect models that were not investigated due to the activity location (e.g., school MVPA) being a mismatch with the location reflected in one or both of 
the location-specific indices comprising the interaction (e.g., non-school physical activity psychosocial index);
z  Values are standardized regression coefficients (β) and standard errors (SE) representing the interaction effect, with both the independent and dependent variables 
standardized to have a mean of zero and standard deviation of 1; Benchmarks for interpreting the magnitude of the interaction coefficients were small (β = .10), small-
to-moderate (β = .20), and moderate (β = .30); Refer to Fig. 2 for interpretation of the interaction effects

NA = Interaction not explored because location of one of the indices did not match location of the activity variable;

*P < 0.1;

**P < 0.01

β (SE)z

MVPA Sedentary time

School Home Other Overall School Home Other Overall

Interactions
 General physical activity psychosocial 
index
X non-school physical activity psycho-
social index

NA − 0.02 (0.04) 0.01 (0.04) 0.00 (0.04) NA 0.01 (0.01) −0.02 (0.02) − 0.02 (0.03)

 General physical activity psychosocial 
index
 X school physical activity environ-
ment index

0.01 (0.04) NA NA −0.03 (0.04) 0.03 (0.03) NA NA a0.11** (0.04)

 General physical activity psychosocial 
index
X home physical activity environment 
index

NA −0.05 (0.04) NA b-0.07* (0.04) NA 0.02 (0.01) NA 0.03 (0.04)

 Non-school physical activity psycho-
social index
X school physical activity environment 
index

−0.06 (0.04) NA NA c-0.07* (0.04) d0.04* (0.03) NA NA e0.10** (0.04)

 Non-school sedentary psychosocial 
index
X non-school sedentary environment 
index

NA −0.01 (0.03) 0.01 (0.04) 0.01 (0.04) NA 0.01 (0.01) 0.01 (0.01) 0.04 (0.03)
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Given that previous research showed teens gener-
ally accrued most of their activity at school and loca-
tions outside the home [36], the home appears to be a 
high-risk setting for inactivity and requires more atten-
tion from interventions. The general lack of meaning-
ful associations between home physical activity and all 
psychosocial indices in the present study suggests that 
supporting adolescents to be active at home may be 
challenging, as there are likely additional and powerful 

barriers that need to be addressed. As the home physi-
cal activity environment index was the only measure 
statistically associated with home physical activity, 
interventions targeting greater access to physical activ-
ity equipment at home appear promising. The non-
school sedentary environment (which could include 
home), which predominantly reflected screen-based 
technology in the present study, was not statistically 
related to home MVPA or sedentary time, perhaps 

Fig. 2 Plots of interactions with patterns depicting the benefit of having a high (favorable) value on one index when the value on the other index 
is low
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due to the ubiquity of screens in the home. However, 
the association between greater non-school psychoso-
cial supports and less home sedentary time suggests 
screen-based activities are important to address in 
health interventions. Since these psychosocial items 
were primarily about TV and screen time, effective 
intervention strategies are likely to be those that focus 
on an individual’s response to the screen-based envi-
ronment. Present findings around both physical activ-
ity and sedentary time at home align with previous 
qualitative studies on how adolescents perceive less 
structure for physical activity at home [53] and suggest 
interventions should target increasing opportunities 
for physical activity while addressing barriers to reduc-
ing screen-based time. Effective interventions targeting 
these elements are likely to involve parents, as a recent 
meta-analysis concluded physical activity interventions 
targeting families more holistically produced the larg-
est effect sizes [21]. Family intervention components 
could include increasing family social support, adding 
structure or scheduling activity, and implementing par-
ent managed rewards [54, 55].

In contrast to the home location, adolescents’ physical 
activity in “other” locations was related to both general 
and non-school physical activity psychosocial variables. 
“Other” locations are likely to include neighborhoods, 
parks, sports areas, and friends’ and relatives’ homes, 
and some of these locations may have fewer screen-based 
barriers to activity relative to the home. Thus, interven-
tions to improve psychosocial factors may be important 
for capitalizing on adolescents’ autonomy and capacity 
when in other locations. These interventions may also 
be important for supporting adolescents to seek out sup-
portive locations for physical activity, which is in align-
ment with previous research [56]. Such interventions 
could involve teaching adolescents location-specific strat-
egies to overcome barriers in physical activity-compro-
mising locations (e.g., friend’s houses, after school clubs), 
prompting them to pursue enjoyable opportunities for 
physical activity when in physical activity-supporting 
locations such as in their neighborhoods, parks, and via 
active transportation, and encouraging adolescents to 
seek out preferred places for physical activity. Parents are 
likely to play an important role in influencing activity in 
“other” locations and could support adolescents’ auton-
omy and independence by providing opportunities to 
socialize with peers in active spaces (e.g., encouragement 
to participate in sports), safely and actively commuting 
to places, and independently doing physical activities 
outside the home [57–59]. The unexpected association 
of more supportive home physical activity environment 
variables with greater physical activity in “other” loca-
tions (one of two mismatches) could have been due to 

home physical activity equipment being used for activity 
outside of the home, further highlighting the importance 
of this facilitator.

For all significant interactions, having high support-
iveness (higher values) on one index appeared to make 
up for low supportiveness on another index. The indi-
ces were not synergistic or additive in their associations 
with activity, which is often posited based on ecological 
perspectives on health behavior [9]. However, the com-
pensatory nature of the interactions (i.e., one making up 
for a lower value in the other) suggests that successfully 
improving only environmental or only psychosocial vari-
ables alone can provide benefits. This does not necessary 
mean that only one level needs to be targeted, as target-
ing both levels might increase the likelihood of success-
fully affecting at least one level of influence. For example, 
when environmental modifications are not feasible or 
attempts have not been successful (e.g., in schools) [60], 
targeting psychosocial strategies may be particularly 
important for facilitating activity improvements. Simi-
larly, wide reaching environmental interventions would 
be likely to provide benefits to all users of a setting, 
regardless of their psychosocial supports. However, it is 
important to note that interactions were only observed 
for a subset of the indices and activity measures (i.e., 5 of 
24 [21%] of the tested interactions). It is notable that all 
of the significant interactions, except one, was for overall 
MVPA or overall sedentary time and not location-spe-
cific MVPA or sedentary time. Overall, present findings 
are in alignment with an accumulation of evidence show-
ing that multilevel interventions are likely to be more 
impactful than those targeting only one level [9].

Limitations and future directions
Because the original survey items did not cover all 
locations, as they were not originally intended to sur-
vey location-specific facets of psychosocial correlates 
of physical activity/sedentary time, we were unable to 
investigate psychosocial and environmental indices for 
all included locations. For example, we did not capture 
school-specific physical activity psychosocial variables or 
school-specific sedentary psychosocial or environmen-
tal variables. One potential impact of these imbalances 
between psychosocial and environment composites for 
physical activity versus sedentary time, between location-
specific vs. location-general indices, and across locations, 
is type II error (i.e., failure to detect some associations). 
Since the items were developed from previous measures 
and were not designed to reflect the locations included 
this study, these items likely do not capture the specific-
ity of locations as compared to a purposefully developed 
tool. It is possible that employment of established loca-
tion-specific measures would reveal more associations 
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between those location-specific measures and locational 
outcomes. Still, our measures were able to appropriately 
detect location-specific associations given our ratio of 
matches to mismatches. Although the location-specific 
variables included in the current study were derived from 
previously established and validated scales, the inter-
nal consistency properties or factor structure of these 
location-specific subscales and indices were not tested 
because many subscales were measured with few items. 
Given that few to no comprehensive survey-based meas-
ures of location-specific psychosocial variables exist, 
future studies should develop and psychometrically test 
expanded location-specific measures to improve the 
measurement of each location-specific construct and 
capture more locations with greater comprehensive-
ness and specificity. Location-specific measures that are 
more comprehensively developed and psychometrically 
established across diverse samples would allow for more 
robust research in this area. Methods focused on under-
standing interactions between adolescents and contexts, 
such as Ecological Momentary Assessment, would also 
be useful for improving understanding of location-gen-
eral vs. location-specific correlates of activity.

The effect sizes as indicated by the standardized regres-
sion coefficients for associations between some indices 
and location-specific sedentary time were small, as low 
as 0.03. Although such small associations may not be 
clinically meaningful for an individual adolescent, loca-
tion-specific associations could add up to create larger 
impacts at the day level (across locations) and population 
level.

With regards to the behavioral specificity of the asso-
ciations, the physical activity indices were generally 
more consistently and strongly related to the greater 
physical activity than to less sedentary time, with a few 
exceptions. The moderate correlations between MVPA 
and sedentary time within locations and overall may 
have slightly impacted results such that greater MVPA 
in a location could have displaced sedentary time in 
that location. However, we only observed two associa-
tions when a location-specific physical activity index 
was significantly related to that location’s sedentary 
time. Although there appears to be some interconnect-
edness between physical activity and sedentary time (as 
indicated by these correlations), present findings are 
generally in agreement with prior evidence showing a 
person can be both highly physically active and highly 
sedentary (i.e., less time in light activity) [7, 8] and sug-
gest that interventions aiming to impact both behaviors 
need to target each with specificity and across multiple 
locations. The present study only included two sed-
entary indices as compared to four physical activity 
indices, so although the indices showed similarly few 

associations with both physical activity and sedentary 
time (one association for each behavior), we are not 
able to draw strong conclusions around this finding. 
As indicated earlier respective to the home location, 
correlates of sedentary time are likely to be complex, 
which could explain the general lack of associations 
observed between the sedentary psychosocial/envi-
ronmental indices and sedentary time. Other variables 
not measured in this study should be investigated in 
future studies, such as psychosocial supports for reduc-
ing sedentary time at school and availability of move-
ment-supporting furniture at home and school [61, 62] 
to more comprehensively assess sedentary time across 
and within locations and would build upon current 
findings.

Although care was taken to address GPS satellite inter-
ference (e.g., large buffers, up to 2 epochs allowed outside 
of the location before breaking up a bout), errant GPS 
scatter may have erroneously linked epochs of activity 
with the wrong location. Since the “other” location was 
broadly defined, limited inferences can be made about 
how location-specific psychosocial and environmental 
variables relate to physical activity and sedentary time in 
specific locations within the “other” category (e.g., parks, 
friends’ homes). We were unable to parse out these spe-
cific locations within the “other” category due to the use 
of historical data in the current study as the data needed 
to parse these locations were not collected in the original 
TEAN study. However, a previous study showed a large 
portion of the “other” category comprised the home and 
school neighborhood (including active transport) [63], 
specifically 53% of “other” location MVPA occurred in 
the home or school neighborhood) [15]. This suggests 
that intervention strategies for the “other” location might 
include encouraging more physical activity near the 
home and school neighborhoods. These locations might 
be more convenient for adolescents compared to a park 
or recreation facility and therefore future interventions 
should capitalize on these places for sustaining MVPA. 
Still, future research should aim to parse out the specific 
locations within the “other” category. Present findings 
were cross-sectional and do not suggest these location-
general or location-specific psychosocial or environmen-
tal variables caused physical activity or sedentary time. 
Instead, they highlight important correlates of activity 
that should be tested in prospective and intervention 
studies. Due to the large number of statistical tests con-
ducted, we would expect some findings to be significant 
simply by chance. Therefore, we focused more on inter-
preting patterns across associations (e.g., this was the 
focus of our hypotheses) than individual associations, 
which is particularly appropriate for a preliminary study 
such as the present one.
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Conclusion
A majority of the location-specific variables investi-
gated were related to activity in the matching location 
and not in non-matching locations, providing some 
support for the concept of location-specificity among 
correlates. Assessment of location-specific psycho-
social and environmental variables can offer a more 
comprehensive understanding of adolescents’ activ-
ity within a variety of locations, further tests of loca-
tion-specific associations have the potential to inform 
more-tailored intervention strategies for improving 
and sustaining physical activity and sedentary behavior. 
Interventions that are multilevel, location-specific, and 
target multiple locations may have greater impacts than 
interventions that target only single locations, general 
variables, or a single level of influence.

Abbreviations
GPS: Global positioning system; PA: Physical activity; MVPA: Moderate-to-vigor-
ous physical activity; TEAN: Teen environment and neighborhood.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12966- 022- 01336-7.

Additional file 1. PALMS User Guide. Includes a technical guide regarding 
the integration of GPS and accelerometer information.

Additional file 2: Supplementary Table 1. Items categorized by scales 
and indices. Includes table which was too long to submit in the manu-
script text.

Additional file 3: Supplementary Table 2. Descriptive statistics for psy-
chosocial and environmental subscales comprising the indices. Includes 
table as supplemental information.

Additional file 4: Supplementary Table 3. Partial correlations between 
physical activity and sedentary time within locations. Includes partial cor-
relations for outcome variables as supplemental information.

Additional file 5. STROBE Statement—checklist of items that should 
be included in reports of observational studies. STROBE Checklist for the 
study.

Acknowledgements
None.

Authors’ contributions
AO, CB, CC, RPS and JAC conceptualized the aims; AO and JAC drafted the 
initial manuscript; AP and CS assisted with data processing; AO, JAC, and VSS 
carried out the statistical analyses; JK, BES, LDF, KG, TLC, and JFS conceptual-
ized and designed the TEAN study and created GIS spatial data layers on the 
built and natural environment; JS assisted with the GPS analyses; KLC coordi-
nated and supervised data collection; and all authors critically reviewed and 
approved the final manuscript as submitted.

Funding
This study was funded by NIH grants HL083454 (project design, data col-
lection) and HD096097 (paper conceptualization, secondary data analysis, 
writing). The funder had no role in the study design and implementation, data 
collection and analysis, interpretation of the results, manuscript preparation, 
or decision to publish.

Availability of data and materials
The data and research materials can be obtained by contacting the last two 
authors of this paper (JFS & JAC).

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. This study was approved by 
the sponsoring institution’s human subjects’ protection committee (San Diego 
State University and University of California, San Diego Human Research 
Protections Program; IRB protocol #1294). All parents or legal caregivers of 
the adolescent participants provided informed consent to participate and all 
adolescent participants provided informed assent to participate.

Consent for publication
Not applicable.

Competing interests
LDF owns Urban Design 4 Health, Inc. and performed the work on this project 
as a contractor. JFS receives royalties and honoraria from Gopher Sport Inc. 
and the San Diego State University Research Foundation related to SPARK 
physical activity programs. All other authors have no conflicts of interest to 
declare.

Author details
1 Clinical Child Psychology Program, University of Kansas, 2005 Dole Human 
Development Center, 1000 Sunnyside Ave, Lawrence, Kansas, USA. 2 Center 
for Children’s Healthy Lifestyles and Nutrition, Children’s Mercy, Kansas, MO, 
USA. 3 Cincinnati Children’s Hospital Medical Center, Division of Behavioral 
Medicine & Clinical Psychology, Cincinnati, USA. 4 Schiefelbusch Institute 
for Lifespan Studies, University of Kansas, Lawrence, Kansas, USA. 5 Biosta-
tistics & Epidemiology, Health Services & Outcomes Research, Children’s 
Mercy, Kansas, MO, USA. 6 School of Medicine, University of Missouri-Kansas 
City, Kansas City, MO, USA. 7 Herbert Wertheim School of Public Health 
and Human Longevity Science, University of California, La Jolla, San Diego, 
California, USA. 8 Department of Pediatrics, University of Washington & Seattle 
Children’s Research Institute, Seattle, Washington, USA. 9 Perelman School 
of Medicine and School of Nursing, University of Pennsylvania, Philadelphia, 
PA, USA. 10 School of Community and Regional Planning, University of British 
Columbia, Vancouver, British Columbia, Canada. 11 Department of Sports 
Science and Clinical Biomechanics, University of Southern Denmark, Odense, 
Denmark. 12 Mary MacKillop Institute for Health Research, Australian Catholic 
University, Melbourne, Australia. 

Received: 31 March 2022   Accepted: 14 July 2022

References
 1. Katzmarzyk PT, Denstel KD, Beals K, et al. Results from the United States 

2018 report card on physical activity for children and youth. J Phys Act 
Health. 2018;15:S422–4.

 2. Telama R. Tracking of physical activity from childhood to adulthood: A 
review. Obes Facts. 2009;2:187–95.

 3. Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Impact 
of physical inactivity on the world’s major non-communicable diseases. 
Lancet. 2012;380:219.

 4. Corder K, Winpenny E, Love R, Brown HE, White M, Van SE. Change in 
physical activity from adolescence to early adulthood: A systematic 
review and meta-analysis of longitudinal cohort studies. Br J Sports Med. 
2019;53:496–503.

 5. Hayes G, Dowd KP, MacDonncha C, Donnelly AE. Tracking of physical 
activity and sedentary behavior from adolescence to young adulthood: A 
systematic literature review. J Adolesc Health. 2019;65:446–54.

https://doi.org/10.1186/s12966-022-01336-7
https://doi.org/10.1186/s12966-022-01336-7


Page 16 of 17Ortega et al. Int J Behav Nutr Phys Act          (2022) 19:108 

 6. Tremblay MS, LeBlanc AG, Kho ME, et al. Systematic review of sedentary 
behaviour and health indicators in school-aged children and youth. Int J 
Behav Nutr Phys Act. 2011;8.

 7. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: The 
population health science of sedentary behavior. Exerc Sport Sci Rev. 
2010;38:105–13.

 8. Owen N, Sparling PB, Healy GN, Dunstan DW, Matthews CE. Sedentary 
behavior: Emerging evidence for a new health risk. Mayo Clin Proc. 
2010;85:1138–41.

 9. Sallis JF, Owen N, Fisher E. Ecological Models of Health Behavior. In: Glanz 
K, Rimer BK, Viswanath K, editors. Health Behavior: Theory, Research, and 
Practice. 5th ed. San Francisco: Jossey-Bass; 2015. p. 43–64.

 10. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecologi-
cal approach to creating active living communities. Annu Rev Public 
Health. 2006;27:297–322.

 11. Wang X, Conway TL, Cain KL, et al. Interactions of psychosocial factors 
with built environments in explaining adolescents’ active transportation. 
Prev Med (Baltim). 2017;100:76–83.

 12. Lawman HG, Wilson DK, Van Horn ML, Resnicow K, Kitzman-Ulrich H. The 
Relationship between Psychosocial Correlates and Physical Activity in 
Underserved Adolescent Boys and Girls in the ACT Trial. J Phys Act Health. 
2011;8:253–61.

 13. Van Der Horst K, Paw MJCA, Twisk JWR, Van Mechelen W. A brief review 
on correlates of physical activity and sedentariness in youth. Med Sci 
Sports Exerc. 2007;39:1241–50.

 14. Harrington DM, Gillison F, Broyles ST, et al. Household-level correlates 
of children’s physical activity levels in and across 12 countries. Obesity. 
2016;24:2150–7.

 15. Carlson JA, Schipperijn J, Kerr J, et al. Locations of physical activity as 
assessed by GPS in young adolescents. Pediatrics. 2016;137.

 16. Klinker CD, Schipperijn J, Christian H, Kerr J, Ersbøll AK, Troelsen J. Using 
accelerometers and global positioning system devices to assess gender 
and age differences in children’s school, transport, leisure and home 
based physical activity. Int J Behav Nutr Phys Act. 2014;11:8.

 17. Rainham DG, Bates CJ, Blanchard CM, Dummer TJ, Kirk SF, Shearer CL. 
Spatial classification of youth physical activity patterns. Am J Prev Med. 
2012;42:e87–96.

 18. Jones AP, Coombes EG, Griffin SJ, van Sluijs EMF. Environmental sup-
portiveness for physical activity in English schoolchildren: A study using 
Global Positioning Systems. Int J Behav Nutr Phys Act. 2009;6.

 19. Dunton GF, Whalen CK, Jamner LD, Floro JN. Mapping the social and 
physical contexts of physical activity across adolescence using ecological 
momentary assessment. Ann Behav Med. 2007;34:144–53.

 20. Wilson DK. New perspectives on health disparities and obesity interven-
tions in youth. J Pediatr Psychol. 2009;34:231–44.

 21. Cushing CC, Brannon EE, Suorsa KI, Wilson DK. Systematic review and 
meta-analysis of health promotion interventions for children and adoles-
cents using an ecological framework. J Pediatr Psychol. 2014;39:949–62.

 22. Physical Activity Guidelines for Americans Midcourse Report Subcommit-
tee of the President’s Council on Fitness Sports & Nutrition: Physical Activ-
ity Guidelines for Americans Midcourse Report: Strategies to Increase 
Physical Activity Among Youth. 2012; .

 23. Metcalf B, Henley W, Wilkin T. Effectiveness of intervention on physical 
activity of children: systematic review and meta-analysis of con-
trolled trials with objectively measured outcomes (EarlyBird 54). BMJ. 
2012;345:e5888.

 24. Ommundsen Y, Klasson-Heggebø L, Anderssen SA. Psycho-social and 
environmental correlates of location-specifc physical activity among 9- 
and 15- year-old Norwegian boys and girls: The European Youth Hearth 
Study. Int J Behav Nutr Phys Act. 2006;3.

 25. Coombes E, Jones A, Cooper A, Page A. Does home neighbourhood 
supportiveness influence the location more than volume of adolescent’s 
physical activity? An observational study using global positioning sys-
tems. Int J Behav Nutr Phys Act. 2017;14:1–9.

 26. Cushing CC, Monzon A, Ortega A, Bejarano CM, Carlson JA. Commentary: 
identifying opportunities for pediatric eHealth and mHealth studies: 
Physical activity as a case example. J Pediatr Psychol. 2019;44:269–74.

 27. Dunton GF. Sustaining Health-Protective Behaviors Such as Physical Activ-
ity and Healthy Eating; 2018.

 28. Hall KL, Oh A, Perez LG, et al. The ecology of multilevel intervention 
research. Transl Behav Med. 2018;8:968–78.

 29. D’Angelo H, Fowler SL, Nebeling LC, Oh AY. Adolescent physical activity: 
Moderation of individual factors by neighborhood environment. Am J 
Prev Med. 2017;52:888–94.

 30. Perez LG, Conway TL, Arredondo EM, et al. Where and when adolescents 
are physically active: Neighborhood environment and psychosocial cor-
relates and their interactions. Prev Med (Baltim). 2017;105:337–44.

 31. Colabianchi N, Clennin MN, Dowda M, et al. Moderating effect of the 
neighbourhood physical activity environment on the relation between 
psychosocial factors and physical activity in children: A longitudinal 
study. J Epidemiol Community Health. 2019;73:598–604.

 32. De Meester F, Van Dyck D, De Bourdeaudhuij I, Deforche B, Cardon G. Do 
psychosocial factors moderate the association between neighborhood 
walkability and adolescents’ physical activity? Soc Sci Med. 2013;81:1–9.

 33. D’Haese S, Gheysen F, De Bourdeaudhuij I, Deforche B, Van Dyck D, 
Cardon G. The moderating effect of psychosocial factors in the relation 
between neighborhood walkability and children’s physical activity. Int J 
Behav Nutr Phys Act. 2016;13:128.

 34. Carlson JA, Sallis JF, Kerr J, et al. Built environment characteristics and 
parent active transportation are associated with active travel to school in 
youth age 12-15. Br J Sports Med. 2014;48:1634–9.

 35. Sallis JF, Conway TL, Cain KL, et al. Neighborhood built environment and 
socioeconomic status in relation to physical activity, sedentary behavior, 
and weight status of adolescents. Prev Med (Baltim). 2018;110:47–54.

 36. Ortega A, Bejarano CM, Cushing CC, et al. Differences in adolescent 
activity and dietary behaviors across home, school, and other locations 
warrant location-specific intervention approaches. Int J Behav Nutr Phys 
Act. 2020;17.

 37. Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of 
two objective measures of physical activity for children. J Sports Sci. 
2008;26:1557–65.

 38. Carlson JA, Sallis JF, Wagner N, et al. Brief physical activity-related psy-
chosocial measures: reliability and construct validity. J Phys Act Health. 
2012;9:1178–86.

 39. Norman GJ, Sallis JF, Gaskins R. Comparability and reliability of paper- and 
computer-based measures of psychosocial constructs for adoles-
cent physical activity and sedentary behaviors. Res Q Exerc Sport. 
2005;76:315–23.

 40. Durant N, Kerr J, Harris SK, Saelens BE, Norman GJ, Sallis JF. Environmental 
and safety barriers to youth physical activity in neighborhood parks and 
streets: reliability and validity. Pediatr Exerc Sci. 2009;21:86–99.

 41. Rosenberg DE, Sallis JF, Kerr J, et al. Brief scales to assess physical activity 
and sedentary equipment in the home. Int J Behav Nutr Phys Act. 2010;7.

 42. Sallis JF, Nader PR, Broyles SL, Berry CC, et al. Correlates of physical activity 
at home in Mexican-American and Anglo-American preschool children. 
Health Psychol. 1993;12:390–8.

 43. Ramirez ER, Norman GJ, Rosenberg DE, et al. Adolescent screen time and 
rules to limit screen time in the home. J Adolesc Health. 2011;48:379–85.

 44. Millstein RA, Strobel J, Kerr J, et al. Home, school, and neighborhood 
environment factors and youth physical activity. Pediatr Exerc Sci. 
2011;23:487–503.

 45. Cohen J. A power primer. Psychol Bull. 1992;112:155–9.
 46. McClelland GH, Judd CM. Statistical difficulties of detecting interactions 

and moderator effects. Psychol Bull. 1993;114:376–90.
 47. Carlson JA, Sallis JF, Norman GJ, et al. Elementary school practices and 

children’s objectively measured physical activity during school. Prev Med 
(Baltim). 2013;57:591.

 48. Centers for Disease Control: Comprehensive School Physical Activity 
Programs: A Guide for Schools. 2018; .

 49. Carlson JA, Mignano AM, Norman GJ, et al. Socioeconomic disparities 
in elementary school practices and children’s physical activity during 
school. Am J Health Promot. 2014;28:S47–53.

 50. U.S. Department of Health and Human Services: Results from the School 
Health Policies and Practices Study 2016. 2016; .

 51. Centers for Disease Control and Prevention (CDC): Comprehensive 
School Physical Activity Programs: A Guide for Schools 2013; .

 52. Brittin J, Sorensen D, Trowbridge M, et al. Physical activity design guide-
lines for school architecture. PLoS One. 2015;10.

 53. Martins J, Marques A, Sarmento H. Carreiro da Costa F: Adolescents’ per-
spectives on the barriers and facilitators of physical activity: a systematic 
review of qualitative studies. Health Educ Res. 2015;30:742–55.



Page 17 of 17Ortega et al. Int J Behav Nutr Phys Act          (2022) 19:108  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 54. Epstein LH, McCurley J, Wing RR, Valoski A. Five-year follow-up of family-
based behavioraltreatments for childhood obesity. J Consult Clin Psychol. 
1990;58:661–4.

 55. Rhodes RE, Naylor PJ, McKay HA. Pilot study of a family physical activity 
planning intervention among parents and their children. J Behav Med. 
2010;33:91–100.

 56. Ennis CD. Educating Students for a Lifetime of Physical Activity: 
Enhancing Mindfulness, Motivation, and Meaning. Res Q Exerc Sport. 
2017;88:241–50.

 57. Ornelas IJ, Perreira KM, Ayala GX. Parental influences on adolescent physi-
cal activity: A longitudinal study. Int J Behav Nutr Phys Act. 2007;4:3.

 58. Brown HE, Atkin AJ, Panter J, Wong G, Chinapaw MJM, van Sluijs EMF. 
Family-based interventions to increase physical activity in children: 
a systematic review, meta-analysis and realist synthesis. Obes Rev. 
2016;17:345–60.

 59. Corder K, Sallis JF, Crespo NC, Elder JP. Active children use more locations 
for physical activity. Health Place. 2011;17:911–9.

 60. Nathan N, Elton B, Babic M, et al. Barriers and facilitators to the implemen-
tation of physical activity policies in schools: A systematic review. Prev 
Med (Baltim). 2018;107:45–53.

 61. Temmel CSD, Rhodes R. Correlates of sedentary behaviour in children 
and adolescents aged 7-18: A systematic review. Heal Fit J Canada. 
2013;6:119–99.

 62. Marsh S, Foley LS, Wilks DC, Maddison R. Family-based interventions for 
reducing sedentary time in youth: a systematic review of randomized 
controlled trials. Obes Rev. 2014;15:117–33.

 63. Carlson JA, Saelens BE, Kerr J, et al. Association between neighborhood 
walkability and GPS-measured walking, bicycling and vehicle time in 
adolescents. Health Place. 2015;32:1–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Location-specific psychosocial and environmental correlates of physical activity and sedentary time in young adolescents: preliminary evidence for location-specific approaches from a cross-sectional observational study
	Abstract 
	Background: 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Participants and procedures
	Measures
	Demographics and anthropometrics
	GPS and location assignment
	Physical activity and sedentary time
	Integration of GPS and accelerometer data
	Psychosocial and environmental variables

	Data analytic plan

	Results
	Sample characteristics and descriptive statistics
	Subscale model results
	Location-specific school environment model results
	Location-specific non-school psychosocial and home environment model results
	Location-general psychosocial model results
	Interactions results

	Discussion
	Limitations and future directions
	Conclusion
	Acknowledgements
	References




