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oBJECTIVES: To compare adolescents’ physical activity at home, near home, at school, near
school, and at other locations.

MeTHODS: Adolescents (N = 549) were ages 12 to 16 years (49.9% girls, 31.3% nonwhite

or Hispanic) from 447 census block groups in 2 US regions. Accelerometers and Global
Positioning System devices assessed minutes of and proportion of time spent in moderate
to vigorous physical activity (MVPA) in each of the 5 locations. Mixed-effects regression
compared MVPA across locations and demographic factors.

RESULTS: Forty-two percent of adolescents’ overall MVPA occurred at school, 18.7% at home,
18.3% in other (nonhome, nonschool) locations, and 20.6% near home or school. Youth
had 10 more minutes (30% more) of overall MVPA on school days than on nonschool days.
However, the percentage of location time spent in MVPA was lowest at school (4.8% on
school days) and highest near home and near school (9.5%-10.4%). Girls had 2.6 to 5.5
fewer minutes per day of MVPA than boys in all locations except near school.

concLusions: Although a majority of adolescents’ physical activity occurred at school, the
low proportion of active time relative to the large amount of time spent at school suggests
potential for increasing school-based activity. Increasing time spent in the neighborhood
appears promising for increasing overall physical activity, because a high proportion of
neighborhood time was active. Increasing youth physical activity to support metabolic
health requires strategies for increasing use of physical activity-supportive locations (eg,
neighborhoods) and environmental and program improvements in unsupportive locations
(eg, schools, homes).
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physical activity in different locations, but the relative
contribution of different locations is unknown.
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Public health guidelines advise that
children and adolescents should
obtain >60 minutes of moderate to
vigorous physical activity (MVPA)
daily? for physical and mental
health! and cognition and academic
performance.?? Maintaining a
physically active lifestyle*-® and
healthy weight” during childhood
are key factors in chronic disease
prevention. Yet, based on objective
data, only an estimated 8.0% of
youth in the United States meet the
60-minutes-per-day guideline.® US
adolescents are among the least
physically active in the world.?

Physical activity occurs in multiple
settings and locations, and

many public health intervention
recommendations are location
specific (eg, school-based physical
activity, home-based screen time,
neighborhood walking).1'1011 A better
understanding of where youth obtain
and fail to obtain physical activity
can inform public health practice

(eg, promotion, intervention). Most
previous studies investigating
physical activity locations in youth
have used self-report methods and
focused primarily on the home or
school, 1213 with the exception of 2
Global Positioning System (GPS)-
based studies conducted in Europe
and 1 in Canada that may not
generalize to the United States.14-16 It
is possible that different amounts of
physical activity in specific locations
account for some of the demographic
differences often observed in youth
physical activity, so understanding
how locations relate to demographic
differences in youth physical activity
could inform location-specific
intervention strategies to reduce
health disparities.

In the current study, GPS and
accelerometry were used to assess
objectively the amount of time

and physical activity participants
accrued in 5 locations: at home, near
home, at school, near school, and

in all other locations. The aim was
to better understand the relative

importance of each location to
adolescents’ overall physical activity
by comparing across locations

the absolute amount of physical
activity, in minutes per day, and

the proportion of time in a location
spent physically active. Whereas
absolute minutes of activity in

each location helps describe where
adolescents’ physical activity occurs,
the proportion of location time
spent physically active adjusts for
the time spent in each location and
thus better informs location-specific
and time use interventions for
increasing physical activity. Based on
these findings, health interventions
could aim to increase time spent in
locations where a high proportion
of time is spent physically active

and improve environments in
locations where a low proportion of
time is spent physically active. An
additional aim was to investigate
whether physical activity in each
location differed between school and
nonschool days and by participant
demographic and anthropometric
characteristics.

METHODS

Participants and Procedures

Present analyses used data from the
Teen Environment and Neighborhood
(TEAN) study of built environments
and physical activity conducted in the
Baltimore, Maryland-Washington, DC
and Seattle-King County, Washington
metropolitan areas in 2009 to 2011.
TEAN participants were 928 healthy
adolescents ages 12 to 16 years and

1 of their parents, selected from 447
census block groups representing
high or low walkability and high

or low income.l” Walkability is a
concept from city planning that refers
to the ability to walk from home to
nearby destinations. A walkability
index was created in a geographic
information system from net
residential density, road intersection
density, mixed land use, and
pedestrian design of retail space.l”
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The sampling was designed to be
balanced by age and gender and to
approximate the ethnic distribution
of the regions. Data collection
occurred during the school year
and was balanced by season across
the block group types. A total of
2619 households with a child in the
qualifying age range were contacted
by phone, and 36% were enrolled in
the study. Participation rate did not
differ across the 4 block group types.

Present analyses included a
subsample of 549 TEAN participants
who wore an accelerometer and GPS
tracker together for >1 valid school
day and >1 valid nonschool day.
Reasons for exclusion are shown in
Supplemental Table 5. Participant
demographic characteristics and
MVPA did not differ significantly
between the present subsample and
the full sample.

Measures
Demographics and Anthropometrics

Adolescents’ age, gender, and
ethnicity (white non-Hispanic versus
nonwhite or Hispanic) were reported
in an adolescent survey, and parents
reported highest level of education
(college degree versus other) in

the family. Parents were provided
detailed instructions on measuring
and reporting their child’s height (eg,
stand with heels against wall, mark
with pencil, use measuring tape) and
weight (eg, remove shoes, use scale).
BMI percentiles were derived from
US Centers for Disease Control and
Prevention 2000 growth charts.

GPS Tracking

Participants wore a GlobalSat DG-100
GPS tracker (GlobalSat, New Taipei
City, Taiwan), with latitude and
longitude data collected at 30-second
epochs (ie, 1 fix every 30 seconds
when GPS signal was attainable).
Previous studies documented
acceptable performance for tracking
participants’ time and location
patterns in epidemiologic studies.!®
The Personal Activity and Location
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Measurement System?? Version 4
(Center for Wireless and Population
Health Systems, La Jolla, CA) was
used to merge GPS and accelerometer
data and filter invalid GPS fixes
caused by satellite interference. The
devices were time synchronized
during initialization and linked in
the Personal Activity and Location
Measurement System with a time
stamp. Participants whose GPS
indicated they never left their home
over the 1-week monitoring period
were considered to have not worn
the device. Only days with >8 hours
of GPS signal during accelerometer
wear time were included (if
accelerometer criteria were also
met).

Physical Activity

Participants wore an ActiGraph
accelerometer (ActiGraph, Pensacola,
FL) on a belt at their left iliac

crest during waking hours, with
acceleration recorded at 30-second
epochs. Multiple ActiGraph models
were used (7164, 85.2%; 71256,
5.1%; GT1M, 7.2%; GT3X, 2.5%), and
model type was not associated with
MVPA. MVPA was scored with the
Evenson cutoff points for youth,20
divided by 2 (ie, >1148 counts per
30-second epoch denoted MVPA),
which has been shown to have
excellent classification accuracy.?!
Groups of >60 sequential 30-second
epochs with count = 0 were
considered nonwear, thus excluding
nonwear and nonwaking time from
the data.

Analyses

Spatial Analyses to Identify Time and
MVPA in the 5 Locations of Interest

Home and school addresses were
geocoded and incorporated into
ArcGIS (ESRI, Inc, Redlands, CA) to
create buffers defining the 5 locations
of interest: at home (50-m-radius
circular buffer around the point
resulting from geocoding of the home
address), near home (1-km street
network buffer around geocoded
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home point, excluding the at-home
circular buffer), at school (15-m
buffer around geocoded school
parcel), near school (1-km street
network buffer around geocoded
school point, excluding the at-school
parcel buffer), and all other locations
(ie, any location not included in the
aforementioned 4 locations). Next,
the participant-specific location and
GPS information were incorporated
into a PostgreSQL database
(PostgreSQL Global Development
Group, Berkeley, CA), and spatial
analyses were conducted to assess,
for each GPS point and each of the
aforementioned locations, whether
the GPS point was in the location.
This information was used to
calculate minutes per day of time
and MVPA for each location. No
participants had overlap in their
at-home and at-school buffers, and
110 participants had overlap in their
near-home and near-school buffers.
The overlapping time and MVPA was
divided by 2 and split evenly across
the near-home and near-school
buffers. School days were defined

as any weekday the GPS showed

the participant at school for >200
minutes.

Statistical Analyses

All models were mixed-effects
random intercept linear regression
models, fitted with the “MIXED”
command in SPSS version 22 (IBM
SPSS Statistics, IBM Corporation),22
to account for the nested data
structure. Differences in MVPA
minutes and percentage of location
time in MVPA across locations

were assessed with location as

a categorical repeated-effects
independent variable. Percentage of
location time in MVPA was calculated
as location MVPA =+ location time
*100. Models were estimated
separately for school days, nonschool
days, and a weighted week, which
was calculated as ([mean daily
minutes across school days * 5]

+ [mean daily minutes across
nonschool days * 2] + 7).
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Next, demographic differences were
assessed by regressing minutes per
day of time, MVPA, and percentage of
location time in MVPA (in separate
models) on participant age, gender,
race or ethnicity, and BMI percentile;
parent education; and whether the
participant was at school. Separate
models were estimated for each
location, and models were adjusted
for neighborhood walkability (high
versus low) and household income
(high versus low) because these were
study design factors. All independent
variables were mean centered
(continuous variables) or centered on
zero (dichotomous variables), so the
model intercepts would approximate
the overall sample mean for the
dependent variables. Unstandardized
regression coefficients (B) are
reported and can be interpreted as
minutes per day or percentage of
time in MVPA. Percentage differences
between demographic categories,

or for a 1-year increase in age or
10-percentile increase in BMI, were
calculated by dividing the regression
coefficient by the mean value for
reference group.

Ethics Statement

This study was approved by the
University of California, San Diego
Institutional Review Board. Written
informed assent and parental consent
were provided.

RESULTS

Mean participant age was 14.1

(SD = 1.4) years, 49.9% were girls,
31.3% were nonwhite or Hispanic,
64.7% had a parent with a college
degree, and 10% were obese (mean
BMI percentile = 64.0; SD = 26.6).
Participants wore both the GPS and
the accelerometer for a mean of 7.0
(SD = 1.5) valid days. Across the
weighted week, participants spent
the largest part (42.1%) of their
waking time at school, followed by
at home (27.7%), with less time in
other locations (14.1%), near home



(12.6%), and near school (3.5%;
Supplemental Fig 3 and Supplemental
Table 6). The only participant
characteristic associated with time
spent in any of the locations was
participant age, which was positively
associated with time spent in other
locations (Supplemental Table 7).

MVPA Minutes Overall and in Each
Location (Not Adjusted for Time in
Location)

Participants had a mean of 39.4 (SD

= 20.1) minutes per day of MVPA
across all locations, with 55.2% of
overall MVPA minutes on school days
and 42.4% of overall MPVA minutes
during the weighted week occurring
at school. On nonschool days, the
locations with the most MVPA
minutes were the at-home location
(37.4% of overall MVPA) and other
locations (34.3% of overall MVPA; Fig
1 and Table 1).
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FIGURE 1

MVPA minutes per day accrued in primary and other locations on school and nonschool days (N =

549).

TABLE 1 Differences in MVPA Minutes per Day Accrued in Primary and Other Locations on School and Nonschool Days (N = 549)

MVPA min/d in Each Location

Weighted Week Nonschool Days School Days
Mean (SD), % of Significant Mean (SD), % of Significant Mean (SD), % of Significant
min/d Overall Differences? min/d Overall Differences? min/d Overall Differences?
MVPA MVPA MVPA

All locations 39 4(20.1) — — 32.1(21.8) — — 42 0 (22.5) — —
a. At home 4(74) 18.7 b*, ¢”, d” 12.0 (14.1) 374 b” ¢”, d” 5 (6.6) 13.1 ¢”, d”
b. Near home 9 (9.0) 15.0 E 6.8 (11.6) 212 a”, ¢” d”, 4(9.2) 129 ¢, d”
¢. At school 16.7 (10.9) 424 a”, b", d” e” 0.6 (11.6) 18 a”, b", d” e” 25 2 (15.0) 55.2 a”, b", d” e”
d. Near school 22 (3.8) 5.6 a” b” ¢” e” 1.7 (4.9 5.3 a” b” ¢ 4 (4.3) 5.7 a” b” ¢” e”
e. Other locations 7.2 (8.6) 18.3 ¢’ d” 11.0 (15.4) 34.3 b”, ¢, d” 5(9.0) 13.1 ¢” d”

a From mixed-effects linear regression models adjusted for nesting of locations within participants and participants within block groups.

" P<.05
™ P<.001.

The relations of participant
characteristics to minutes per day of
MVPA in each location are presented
in Table 2 for the weighted week.

On school days, participants had
more MVPA minutes per day at
school and near school, and fewer
MVPA minutes per day at home,
near home, and in other locations,

as compared with nonschool days.
Older participants had fewer MVPA
minutes per day at home compared

with younger participants, but age
was not associated with MVPA

in any other location. Girls had
fewer MVPA minutes per day in

all locations as compared with
boys, with the exception of near
school. Participant race or ethnicity
and parent education were not
associated with MVPA minutes per
day in any location. Participant BMI
was associated with overall MVPA
minutes per day across locations.
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Proportion of Time in Each Location
Spent Physically Active

Taking into account time spent in
each location, the proportion of
location time in MVPA was highest
for the near-home and near-

school locations on school days
(10.3%-10.4%) and the weighted
week (9.5%-9.7%), with at school
lower than all other locations except
at home (Fig 2 and Table 3). On
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nonschool days, the proportion

of location time in MVPA was
approximately equal across the
locations (4.6%-7.7%), except near
home had a higher proportion of time
in MVPA than at-home time.

The relations of participant
characteristics to percentage of
location time spent in MVPA are
presented in Table 4 for the weighted
week. The percentage of location
time spent in MVPA was higher

on school days as compared with
nonschool days for the at-home,
near-home, and near-school locations
and lower for the at-school location

. Girls had a lower percentage of
location time spent in MVPA as
compared with boys for all locations
except at home. Participant age, race
or ethnicity, and parent education
were not associated with the
percentage of location time spent in
MVPA in any location.
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FIGURE 2

Proportion of location time spent in MVPA on school and nonschool days (N = 549).

TABLE 3 Differences in Proportion of Location Time Spent in MVPA on School and Nonschool Days (N = 549)

Proportion of Location Time Spent in MVPA

Weighted Week Nonschool Days School Days
N Mean (SD), Significant N Mean (SD), Significant N Mean (SD),  Significant Differences?

Proportion Differences? Proportion Differences? Proportion
All locations 549 4.8% (0.2) — 549 4.3% (2.9) — 549 5.0% (2.6)
a. At home 549 5.3% (10.6) b, d" e” 518 4.6% (9.7) b™ 535 5.0% (12.0) b, d"
b. Near home 549 9.5% (10.9) a’, ¢, e” 522 7.2% (12.7) a” 540  10.3% (12.6) a’, ¢ e”
¢. At school 549 4.8% (2.8) b, d", e 204 7.7% (14.9) None 546 4.8% (2.8) b, d" e
d. Near school 549 9.7% (13.5) a’, ¢, e” 274 6.3% (13.2) None 538  10.4% (14.7) a’, ¢ e”
e. Other locations 549 7.1% (10.2) a”, b’ ¢, d” 473 6.2% (8.1) None 523  7.5% (12.8) b”, ¢, d”

@ From mixed-effects linear regression models adjusted for nesting of locations within participants and participants within block groups.
b|f a participant did not spend any time in a given location on school days or nonschool days, then the “percentage of location time in MVPA” variable was entered as missing. Thus, because
mixed models were used, a participant who was missing a given location still contributed to estimating the parameters for the nonmissing locations.

*P<.001.
" p< 05

DISCUSSION

Present findings highlight the relative
importance of various locations

to adolescents’ physical activity,
which informs place-based health
interventions. Youth had more
overall physical activity minutes
at school than in any of the 4 other
locations. However, the proportion
of time at school that was spent
physically active was lower than in
all other locations except at home.

Because adolescents spend so much
time at school, even a small increase
in the proportion of at-school time
spent physically active could lead

to meaningful increases in overall
physical activity and metabolic
health. The home neighborhood
and, to a lesser extent, school
neighborhood appeared to be
promising locations for supporting
increases in physical activity because
a greater proportion of time spent in
these locations was physically
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active, as compared with the

other locations assessed. Gender
differences in physical activity
minutes and proportion of time
spent physically active in a location
were fairly consistent across
locations, with girls having less
physical activity than boys in all
locations. Findings support the call
for interventions across multiple
settings for improving adolescents’
physical activity and health (eg,
National Physical Activity Plan23).

CARLSON et al
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t0 2.6)

to 1.5)

t0 0.8)

to0 1.8)

t00.4)

Hispanic (vs

1.5)

nonwhite or

Hispanic)
Parent >college

.896
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1.3% (=11
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(-09to

478 —0.6% — 490
(—2.4t0
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—0.6%
(—2.3t0

749

(-0.3
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to 1.7)

10 3.7)

10 0.4)

grad (vs parent
<college grad)

0.

.263

—-28

390 —0.2% (-0.5

-20

—0.2% (-0.6

170

2.1

—0.1%
(—=0.2t0 0)

055

—0.3%
(—0.6
to 0)
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2.1 011 0.1% (=0.2

—0.1%
(=0.1t0 0)

BMI

t0 0.1)

t00.2)

to 0.4)

(percentile/10)

From mixed-effects linear multivariable regression models adjusted for neighborhood income and walkability and nesting of days within participants and participants within block groups. B, unstandardized regression coefficient, interpreted as percentage of location time spent in MVPA;

Cl, confidence interval

2 Difference between the 2 demographic categories of interest (reference category is in parentheses) or for a 1-y increase in age or 10-percentile increase in BMI.

The at-school location was clearly
an important contributor to
participants’ physical activity,

with 42% of participants’ weekly
(including nonschool days) physical
activity occurring at school. However,
participants spent a great deal of
their waking time at school (42%

of device wear time), and the
proportion of at-school time being
physically active was the lowest of
all locations (4.8%). It is possible
that some of the at-school physical
activity occurred before or after
school, for example, during sports
or afterschool programs, and that
physical activity minutes and the
proportion of time spent physically
active during school hours was even
lower than reported. Based on the
US average school day length of
6.64 hours,?* youth would need to
spend about 7.5% of their school
time (4.5 minutes/hour) in physical
activity to meet the 30-minutes-
per-day guideline for physical
activity during school.2526 There are
several evidence-based and feasible
approaches for increasing physical
activity at school, including highly
active physical education curricula
and activity breaks in classrooms.11:27

Because youth had >25% more
physical activity on school days than
nonschool days, home environment
and community-based interventions
are particularly needed to support
physical activity on nonschool days.
On nonschool days, a majority of
participants’ overall physical activity
minutes occurred at-home and

at other locations. However, the
percentage of at-home time spent
physically active was as low as that
of at-school time (4.8%). This lack
of activity could have resulted from
competing sedentary activities

in the home and an unsuitable
environment for physical activity
(note that nonwaking hours were
excluded from analyses). It is likely
that physical activity accrued in
other locations, wherein a higher
proportion of time was active



as compared with at-home and
at-school time, included sports and
recreation areas outside the home
and school neighborhoods. Previous
research assessing land use type of
physical activity locations in youth
suggests that nonhome and nonschool
physical activity is spread across
multiple land use types, including
green spaces, streets, retail locations,
and other residential locations.4-16

Although a small amount of overall
physical activity occurred near
home and near school (ie, the home
and school neighborhoods), these
locations may be the most promising
for intervention. This is because the
proportion of location time spent in
physical activity for the near-home
and near-school locations, ~10%, was
higher than for the other 3 locations
assessed. This neighborhood-based
physical activity probably included
active travel to and from school

and recreational activities in the
neighborhood. Thus, increasing time
in home and school neighborhoods
might increase physical activity, partly
by reducing time spent in less active
locations. Supporting neighborhood-
based activity through organized
programs and informal supervision
could improve parents’ perceptions
of safety and may lead them to allow
their adolescents to spend more
time outdoors being active in the
neighborhood. Increasing active travel
remains an intervention priority,
because active travel is a significant
contributor to overall physical
activity, but current rates are low.282°
Safe Routes to School programs have
been effective in increasing walking
and bicycling to and from school.3031

The present finding that boys had
more minutes per day of physical
activity than girls, not only overall
but also in each location, indicates
that gender disparities must be
addressed in all settings. Active
Physical Education3? is an example
of a setting-specific evidence-based
intervention shown to provide similar
amounts of physical activity for both

genders. Similar to the findings on
gender differences, the BMI-physical
activity association did not appear
to be location specific, although the
associations in each location were
small, and only the association across
all locations was significant.

A positive finding was that neither
race and ethnicity nor parent
education differences were found for
overall or location-specific physical
activity. However, this sample used a
stratified design, with socioeconomic
status being distributed equally
across high- and low-walkable
neighborhoods. So it is possible that
socioeconomic status disparities exist
but were not observed in this sample.

The current study used GPS and
accelerometry to objectively assess
physical activity locations in a large
sample of adolescents in 2 US regions.
Besides improving understanding of
the relative importance of various
locations to total physical activity,
location-specific measures allow
more precise investigation of
environmental influences on physical
activity and evaluation of setting-
based interventions. It is common
for GPS signals to be somewhat
unreliable when indoors, so there
could have been misclassification
when assessing whether participants
were at home versus near home

and at school versus near school.
Some GPS devices (not the device
used in this study) allow assessment
of when participants are indoors

or outdoors, which could be used

in future studies to minimize
misclassification of physical activity
locations and support investigation
of indoor versus outdoor activity. The
observational nature of this study
limits understanding of whether
spending more or less time in specific
locations would lead to increases

in adolescents’ physical activity (ie,
mobility bias).33 Lack of specificity
about the nature of other locations
was a limitation. The sample was

not selected to be spatially or
otherwise representative but rather
was recruited to ensure variability
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in neighborhood walkability
environment and income.

CONCLUSIONS

Supporting youth to meet the
recommended 60 minutes/day

of physical activity! requires a
coordinated approach that enables
youth to incorporate physical activity
in multiple locations. Effective
intervention strategies probably
differ by location. The consistency
of gender disparities in physical
activity across locations suggests
that gender-specific strategies are
needed in all settings. Although a
large amount of participants’ overall
physical activity occurred at school,
the low proportion of at-school time
spent physically active suggests
room for improvement through
implementation of evidence-based
school-focused strategies.2” The

low proportion of at-home time
spent physically active suggests

that interventions to increase
in-home physical activity are
needed. The low rates of active
travel and neighborhood-based
physical activity require multilevel
interventions targeting built
environment improvements and
social support. Health care providers
can advocate for youth physical
activity by engaging in local planning
and decision-making processes

to increase use of neighborhood
locations that support physical
activity and to improve facilities

and physical activity programs in all
settings. Health care providers can
advise parents to encourage their
children to spend less time at home
and more time in home and school
neighborhoods where youth are more
likely to engage in physical activity.

ABBREVIATIONS

GPS: Global Positioning System

MVPA: moderate to vigorous
physical activity

TEAN: Teen Environment and
Neighborhood
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