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Abstract
Background: Most Americans are not active at recommended levels. Adolescence is a developmental period
when physical activity (PA) decreases markedly.
Methods: This study investigates whether access to environmental PA resources moderates the relationship
between psychosocial resources (social support and perceived competence) and PA among 192 adolescents.
Results: Environmental access to PA resources (determined via GIS-based assessment of the number of gyms,
schools, trails, parks and athletic fields within 0.5 miles of each participant’s home) moderated the association
between social support and PA; among adolescents with high levels of environmental resources, greater social
support was associated with students participating in a greater number of sports in school, whereas no such
relationship emerged among adolescents with low environmental resources.
Conclusions: PA-promotion interventions should aim to enhance both social and environmental resources;
targeting either one alone may be insufficient.
Keywords: physical activity social support, environmental resources, perceived competence

Background
Physical activity (PA) is linked to a wide range of health
benefits including enhanced cognitive function, attention,
and energy levels, improved body composition (i.e. less
body fat, stronger bones, skeletal muscle and cardiovascular
muscle), and prevention of cardiovascular disease, diabetes,
cancer, hypertension, obesity, depression, osteoporosis, and
premature death [1-3]. Conversely, physical inactivity is
associated with increased morbidity, even among young
people [4-6]. Despite the substantial evidence of PA’s health
benefits, adolescence is a time period when many individuals transition from activity to inactivity [7].
Investigations of the drop-off of PA that typically occurs
during adolescence have identified psychological, social,
and environmental factors as influential [see [8] for
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review]. Two psychosocial variables consistently related to
PA among young people are social support [9-11] and perceived physical competence. Support from family members and friends is consistently and positively associated
with PA [8,12-14]. Recent research also has suggested a
positive link between PA and perceived physical competence [8,13,15-17], although several early studies reported
no association between perceived physical competence
and PA [see [18] for review]. A substantial body of literature also supports the link between environmental factors
and adolescent PA [e.g. [19-23]]. A recent review reports
that access to equipment and facilities is a primary factor
related to adolescent PA [24]. Adolescents who reside
within close proximity of amenities like schools and parks
tend to be more physically active than adolescents who
live farther away from these resources [24].
Health behavior theories emphasizing the interrelationships between multiple factors, such as Social Ecological
Theory [25], suggest that determinants at different levels
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(e.g. psychological, social, and environmental) interact
with one another to influence health behaviors like PA.
Research examining interactions between environmental
and individual-level factors as they relate to PA is in its
early stages [see [26]] but this type of research suggests
that environmental features do not impact behavior
equally across individuals. For example, perceived safety
from traffic was only associated with active transportation among youth with low self-efficacy [27], and
expanded access to outdoor individual sports facilities
increased physical activity only among adults who had
low self-efficacy for exercising [28]. These findings are
consistent with Social Ecological Theory and suggest that
the physical environment creates a context within which
individual choices may be exercised; thus, the environment may moderate the relationship between psychosocial factors and PA.
The present study builds on the existing research by
investigating whether environmental and psychosocial
resources interact to influence PA behavior in concert.
Specifically, this study seeks to determine whether environmental access to resources that facilitate PA moderates
the relationship between psychosocial resources (i.e. social
support and perceived competence) and PA behavior
among adolescents. This study extends the literature by
employing an objective measure of environmental
resources for PA (i.e. GIS) as well as multiple measures of
PA, including an objective measure (i.e. accelerometer).
Consistent with prior research, we hypothesized that perceived physical competence, social support for PA, and
environmental PA resources would be directly associated
with PA. It was also hypothesized that access to environmental resources would moderate the relationship
between psychosocial factors and PA because for any
given level of psychosocial resources, those with easier
access to environmental resources face fewer barriers to
being active. Thus, the highest levels of PA were anticipated among those adolescents with high levels of both
psychosocial and environmental resources for PA.

Methods
Participants

Participants were 192 adolescents (mean age ± S.D. =
14.79 ± 0.46 years; 55% male) who enrolled in a larger,
laboratory-based study assessing PA, psychosocial constructs, and fitness [see [29] for additional information
about larger study]. Participants were recruited over
four consecutive summers (2005-2008), with approximately fifty adolescents per summer. Participants were
recruited via fliers and class presentations at two Southern California public high schools similar in size, demographic characteristics, academic achievement, and PA
facilities available for student use. Adolescents and their
parents/guardians provided written informed consent to
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the procedures before participating. All procedures were
approved by the University of California Irvine’s Institutional Review Board.
Procedure

During the summer, participants came to the University’s General Clinical Research Center (GCRC) where
height and weight were measured and participants completed a series of questionnaires including multiple measures of PA. Participants were provided with Actigraph®
accelerometers to wear for 7 days to assess PA outside
of the clinic.
Measures
Perceived Physical Competence

Perceived physical competence - the belief in one’s own
athletic/exercise proficiency - was assessed via the “competence” subscale of the Intrinsic Motivation Inventory
[IMI; [30]]. This subscale includes 6 items on which
respondents rate statements such as “I think I am pretty
good at exercising” on a 7 point Likert scale: 1 (not at
all true) to 7 (very true). The scale showed good internal
consistency, with a Cronbach’s alpha of 0.87 in this sample. To create the composite measure used in analyses,
the responses to the 6 items were averaged; the range of
values for this variable among these participants was 1.5
to 7, and the mean was 5.3. Two participants did not
provide responses to this questionnaire, but among the
other 190 participants there were no missing data.
Social Support for PA

Social support for exercise includes the provision of
either emotional encouragement or tangible assistance to
further a PA-related end. Two scales [11] were used to
assess social support for PA: one measured friend support and one measured family support. Each five-item
scale asked respondents about their PA in a typical week
(e.g. how often friends and family members participated
in PA with them or encouraged them to participate in
PA). Response options ranged from 1 (never) to 5 (every
day). The family and friend support measures showed
acceptable internal consistency in this sample, with
Cronbach’s alphas of 0.77 and 0.76, respectively. A combined support variable was created by averaging scores of
all 10 family and friend support items; this variable is
labeled “social support for PA” and was utilized in analyses due to the strong [31] positive correlation (r = 0.54)
between family support for PA and friend support for
PA; also, analyses utilizing the measures separately
demonstrated the same relationships with PA in nearly
all cases. Among these adolescents, the range of scores
on this composite variable was 1.3 to 4.7. Two participants did not provide responses to this questionnaire,
but among the other 190 participants there were no
missing data.
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Geographic Information Systems (GIS) mapping software (ArcGIS, ESRI, Redlands CA) was used to assess
whether adolescents lived within a neighborhood distance [0.5 mile; [32]] of several environmental features
capable of influencing PA. The environmental features
examined have all been linked to PA in recent research
[33-37] and included: paved, off-road bicycle trails;
gyms; parks (traditional open green space parks and
skate parks); athletic fields (baseball diamonds, soccer
fields, etc.); and the adolescents’ schools. A composite
environmental resources score was calculated for each
participant by summing the number of these resources
available within a 0.5 mile radius of his or her home.
When one of these resources was located within the
confines of another (e.g. a baseball diamond or pedestrian trial in a park; an athletic field or gym at a school),
the space was only counted once. Scores on this variable
ranged from 0 to 6; mean, median, and modal values
were all approximately or exactly 2.

Self-reported PA Self-reported PA was assessed via
three questionnaires, which measured: 1) school sports
participation, (i.e. adolescents indicated whether or not
they played each of 14 school sports or others not listed,
which elicited a range from 0 to 5 school sports in this
sample); 2) sports participation outside of school, (adolescents indicated whether or not they played each of 14
non-school sports or others not listed, which produced
a range of 0 to 6 sports in this sample); and 3) the 3Day Physical Activity Recall (3DPAR) self-report assessment, validated by Motl, Dishman, Dowda, and Pate
[41]. The 3DPAR requires participants to report their
activities for each 30-minute block of time between 7:00
am and 11:30 pm on the three previous days. Activities
were converted into metabolic equivalents (METS)
using the compendium published by Ainsworth et al.
[[42], updated [43]], from which average daily minutes
of MVPA (≥3 METS) was calculated. The range of
3DPAR-derived daily MVPA values among these adolescents was 0 to 540 minutes per day.

Physical Activity

Parent PA Behavior and Perceptions

Four assessments of PA were obtained: 1) Moderate to
Vigorous Physical Activity (MVPA) via Actigraph ®
accelerometer; 2) 3-Day Physical Activity Recall
(3DPAR); 3) self-reported participation in school
sports; 4) self-reported participation in out-of-school
sports.
Actigraph ® Accelerometers are motion sensors that
record magnitude of acceleration, allowing for the determination of PA intensity as well as quantity. Accelerometers used in the present study were Actigraph ®
waist units (model 7164, ActiGraph, Pensacola, FL),
worn by the participants for a minimum of 4 and a
maximum of 7 days, during all waking hours, except
when swimming or bathing, on a belt with the unit
positioned at the left hip. A review of the objective PA
measurement literature [38] found that the accelerometers used in the present study are the only commercially available devices to correlate with the goldstandard doubly labeled water technique for measuring
energy expenditure. Accelerometers have been validated
for PA measurement in both laboratory and field settings [see [39]] and provide minute-by-minute numerical
descriptions of the activity in which the individual wearing the unit is engaging. Raw data are presented in
counts per minute which, in this study, were converted
to light, moderate, and hard PA based on validated [40]
cutpoints [light activity: < 1952 counts; moderate: 1952
- 5724; hard: > 5724]). Using these levels, total MVPA
was summed over the course of the day and averaged
across all complete days of wear (defined as at least 8
hours of Actigraph® use). Among these adolescents, the
range of accelerometer-derived MVPA values was 6.3 to
176.9 minutes per day.

Parental PA behavior and parental perception of benefits
associated with child’s PA were included as covariates to
control for the possibility that a relationship between
environmental resources for PA and adolescent PA might
represent the influence of physically active parents selfselecting neighborhood environments with greater access
to PA opportunities. This selection bias, coupled with
active parents’ ability to transmit their preference for PA
via both nature and nurture [44,45], could create a spurious PA-environment relationship among adolescents;
thus, parental PA and perceptions were statistically controlled in all analyses.
Parental PA Adolescents were asked: “How often does
each of your parents (or legal guardians) participate in
at least 30 minutes of exercise that is hard enough to
increase breathing and heart rate?” Responses ranged
from 1 (rarely) to 4 (at least 5 times per week) and were
provided for both parents/guardians. Ranges were 1 to 4
for both parents in this sample.
Parental perceptions of benefits attained through child’s
PA One parent/guardian completed a questionnaire that
assessed perceived benefits of PA for their child. Parents
were asked to complete the stem “If my child participates
in regular physical activity or sports, then: “ by endorsing
how strongly (from 1 [strongly disagree] to 5 [strongly
agree]) they agreed with 14 statements describing potential psychological, social, and physical health benefits of
PA (e.g., “S/he will meet new people,” “S/he will feel less
tension and stress.”) This scale was modified from a tool
used with college students [46] and showed good internal
consistency, with a Cronbach’s alpha of 0.91 in this sample. To create the composite measure used in analyses,
the responses to the 14 items were summed; the range of
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values for this variable among these participants was 14 to
70.
Sociodemographic Covariates

Participant age, gender, and race were self-reported.
Socioeconomic status was determined via median
household income for the Census block group (2000
Census) in which the participant lived.
Data Analyses

Primary analyses were three sets of ordinary least
squares regression analyses exploring the relationships
among the following constructs: psychosocial resources
for PA, environmental resources for PA, and PA itself.
All analyses controlled for participant age, gender, race,
parental PA, parental PA perceptions, socioeconomic
status (SES) and body mass index (BMI) percentile,
based on known associations with psychosocial and
environmental predictors. Analyses incorporating Actigraph® data utilized only those participants (n = 130)
who reported at least 8 hours of wear time on at least 4
days, including 2 weekend days and also included the
number of days with complete data as a covariate.
The first set of regression analyses examined the psychosocial variables (social support and perceived physical competence) individually as predictors of each
measure of PA [MVPA(Actigraph® ), MVPA(3DPAR),
school sports, and out-of-school sports].
The second set of regression analyses examined environmental access to PA resources as a predictor of each measure of PA. The third set of analyses examined the
interaction between psychosocial and environmental
resources for PA as a predictor of PA to investigate
whether environmental access to PA resources moderated
the relationships between psychosocial resources and PA.
The environmental and psychosocial variables were centered prior to computing the multiplicative interaction
terms. Each interaction term was tested as a predictor of
each PA variable in models including both of the main
effects comprising the interaction term, again controlling
for sociodemographic and parental variables, as well as
BMI percentile.
To investigate the nature of significant interactions,
regression lines were plotted representing groups high
(one SD above the mean) versus low (one SD below the
mean) on environmental resources at high and low levels
of the psychosocial variable. The simple slopes of the two
lines (high vs. low access) were then calculated and tested
for statistical significance (i.e., whether the slopes were significantly different from zero; see [47].)

Results
Descriptive Statistics

Participant characteristics are provided in Table 1 for all
sociodemographic, psychosocial, PA, and parent variables
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involved in analyses. There were no statistically significant differences for any of the predictor or control variables between the subset of participants with complete
Actigraph® data and those with incomplete Actigraph®
data. Thus, analyses of all four measures of PA appear to
reflect the characteristics of the complete sample. The
most commonly played school sports were swimming/
diving, track/field, and football. The sports most commonly played outside of school were swimming/diving,
soccer, and tennis. Table 2 provides a complete listing of
sports played in- and out-of-school for both males and
females.
Psychosocial Variables Predicting Physical Activity

Regression analyses examining the psychosocial variables
(perceived competence and social support for PA) in
relation to PA revealed that both of the psychosocial
variables predicted all four measures of PA in the
expected, positive direction, and accounted for between
2.6% and 17.7% of the variance in physical activity (see
Table 3). All relationships were statistically significant at
the p < 0.05 level.
Environmental Access Predicting Physical Activity

Regression analyses examining GIS-measured environmental access to PA resources (gyms, schools, trails,
parks and athletic fields) in relation to PA indicated that
environmental access was not a statistically significant
predictor at the p < 0.05 level of any of the four measures of PA (see Table 3). Environmental access predicted school sports participation and accelerometerdetermined MVPA at trend levels (p < 0.08).
Environment as Moderator of Relationship between
Psychosocial Resources and PA

Tested next was whether access to environmental PA
resources moderated the observed relationships between
psychosocial resources and PA. The interaction between
environmental resources and mean social support for PA
was a statistically significant predictor of school sports
participation (b = 0.35, SE = 0.16, p < 0.05). Plotting this
interaction (see Figure 1) revealed the nature of the moderation: among adolescents with a relatively high level of
environmental resources, greater social support was associated with higher levels of sports participation (b = 0.49,
SD = 0.18, p < 0.01). This relationship was absent among
adolescents with relatively low environmental resources
(b = -0.03, SD = 0.15, p = 0.82). Environmental PA
resources did not moderate any of the other relationships
between a psychosocial measure and a PA measure. Posthoc analyses revealed statistically significant correlations
between participation in school sports and measures of
both aerobic fitness and body composition. Specifically,
there were moderately sized correlations between school
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Table 1 Sample Descriptive Characteristics
Total Sample n = 192
Male

Participants with Completea Actigraph® Data n = 130

N (%)

N (%)

105 (54.7%)

69 (53.5%)

Race
African American

1 (0.5%)

0 (0%)

Asian/Asian American

17 (8.9%)

12 (9.3%)

White

130 (67.7%)

87 (67.4%)

Other Race

26 (13.5%)

19 (14.7%)

Decline to State
School Sports

18 (9.4%)

11 (8.5%)

0 sports:

67 (34.9%)

49 (38.0%)

1 sport:

69 (35.9%)

41 (31.8%)

>1 sport:

56 (29.2%)

39 (30.2%)

Out-of-School Sports
0 sports:

40 (20.8%)

31 (24.0%)

1 sport:

78 (40.6%)

49 (38.0%)

>1 sport:

74 (38.6%)

49 (38.0%)

Mean (SD)

Mean (SD)

Age (Years)

14.79 (0.46)

14.81 (0.47)

Household Income by Block

$88,774.50

$86,755.05

Group (U.S. Dollars, 1999)

($28,881.82)

($27,306.47)

Perceived Physical Competence

5.27 (1.21)

5.21 (1.18)

Social Support for PA
Combined Support:

3.14 (0.73)

3.12 (0.76)

Family Support:
Friend Support:

3.03 (0.89)
3.25 (0.76)

3.01 (0.93)
3.23 (0.77)

Environmental PA resources

2.20 (1.45)

2.22 (1.48)

3DPAR (MVPA min/day)
Actigraph® (MVPA min/day)

211.09 (115.81)
NAa

199.38 (119.59)
44.15 (27.06)
21.93 (3.57)

BMI

21.99 (3.77)

BMI Percentile

60.38 (27.34)

60.66 (27.58)

Parental PA (mother)

2.33 (1.06)

2.40 (1.09)

Parental PA (father)
Parental value of PA

2.34 (1.07)
62.26 (7.76)

2.36 (1.08)
62.00 (8.42)

Actigraph® data were considered complete if data were recorded for ≥8 hours on ≥4 days, including 2 weekend days.

a

sports participation and both cycle ergometer-derived
VO2peak (r = 0.36) and Dual Energy X-ray Absorptiometry (DEXA; r = -0.26).

Discussion
This study examined the relationship between psychosocial resources (perceived physical competence and social
support for PA), environmental resources for PA, and
measures of PA. Consistent with hypotheses and previous
research, higher levels of social support and perceived
competence were associated with higher levels of PA
(assessed via in-school and out-of-school sports participation, accelerometry, and self-reported PA recall). Interestingly, environmental resources did not display a direct
relationship with any of the PA variables in this study.
However, there was a significant interaction between

environmental access and social support. Specifically,
among adolescents with high levels of environmental
resources, greater social support was associated with students participating in a greater number of sports in
school, whereas no such relationship emerged among
adolescents with low environmental resources.
Evidence that adolescents with high levels of both social
support and environmental PA resources participated in
the most school sports, whereas adolescents with low
levels of one or both of these variables were significantly
less likely to participate in school sports has important
implications. This finding supports the calls by Leonard
Epstein [48] and others [see [24,49]] for interventions
aimed at increasing PA that address both environmental
influences on PA and mobilization of support for PA
from members of participants’ social support networks.
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Table 2 School Sports and Out-of-School Sports Participation by Gender
Sport

School Sports Participants

Aerobics

Out-of-School Sports Participants

Male

Female

Male

Female

0

0

4

7

Base/Softball

4

3

9

4

Basketball

11

6

14

9

Bicycling

0

0

1

3

Cheerleading

0

5

0

3

Color guard

0

2

0

1

Cross country
Dancing

5
0

7
0

0
0

0
17

Football

20

0

10

0

Golf

4

3

6

2

Gymnastics

0

0

2

6

Hockey

2

0

3

0

Horseback riding

0

0

0

2

Lacrosse

5

3

3

2

Martial arts
Paintball

0
0

0
0

8
1

8
0

Pilates

0

1

0

2

Rugby

1

0

0

0

Running

0

0

9

6

Skating

0

0

0

0

Skiing

0

0

5

4

Soccer

7

11

16

20

Surfing
Swimming/Diving

0
12

0
14

0
20

1
24

Tennis

2

6

11

13

Track and field

13

11

0

0

Volleyball

6

5

4

5

Water polo

11

7

8

4

Weightlifting

1

0

0

0

Wrestling

10

1

3

1

Table 3 Psychosocial and Environmental Predictors of Physical Activitya (n = 190b)
MVPA (Actigraph®)c

MVPA (3DPAR)

School Sports

Out-of-School Sports

b(se)

Semi-partial
corr2 d

b(se)

Semi-partial
corr2 d

b(se)

Semi-partial
corr2 d

b(se)

Semi-partial
corr2 d

Perceived
Competence

0.043*
(0.020)

0.030

1.991**
(0.745)

0.037

0.303***
(0.045)

0.177

0.183***
(0.045)

0.073

Social Support

0.063*
(0.032)

0.027

2.639*
(1.186)

0.026

0.474***
(0.072)

0.173

0.313***
(0.071)

0.086

Environmental
Resources

0.096~
(0.052)

0.023

0.954
(2.006)

0.001

0.234~
(0.133)

0.015

0.046
(0.125)

0.001

~p < 0.08; p < 0.05*; p < 0.01**; p < 0.001***
a
Regression equations predicting PA included gender, age, race, BMI percent, household income, parental PA and parental value of PA as covariates.
b
Two participants did not provide any responses to the Perceived Competence and Social Support questionnaires, for a total sample size of 190.
c
Analyses using Actigraph® data were performed on a subsample of adolescents (n = 130) who had ≥4 complete days of data (≥8 hours of wear-time), including
2 weekend days. These analyses also included the number of complete days as a covariate.
d
Squared semi-partial correlations represent the proportion of the variance in MVPA(Actigraph®), MVPA(3DPAR), school sports participation, and out-of-school
sports participation explained by perceived competence and social support for PA.
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School Sports

2.5

*

2
1.5

Low Social
Support

1

High Social
Support

0.5

High
Environmental
Resources

Low
Environmental
Resources

0

Figure 1 Predicted School Sports Participation for Adolescents
with High vs. Low Social Support by Environmental Resources.
*p < 0.05 Analyses were conducted using continuous variables,
which were centered on their mean values; predicted levels of
school sports participation were plotted for both high and low
environmental resources for PA for subjects scoring 1 standard
deviation above and below the mean level of social support for PA
for illustrative purposes.

The fact that adolescents with high levels of either environmental resources or social support were no more
active than adolescents with low levels of both suggests
that social support and environmental resources may
each be necessary but not sufficient conditions for promoting adolescent PA. Thus, interventionists may see
improved success in promoting PA by addressing the
dual goals of increasing social support for PA and
increasing access to PA opportunities.
One surprising result was that the relationship between
perceived competence and PA was not moderated by
access to environmental PA resources. Adolescents with
higher levels of perceived physical competence showed
higher levels of PA than adolescents with lower levels of
perceived competence whether they had access to environmental resources or not. One possible explanation is
that individuals with high perceived physical competence
may not see environmental deficits as insurmountable
roadblocks and may be more willing to go out of their
way to be active. This result was unexpected given the
recent reports of interactions between environmental
variables and self-efficacy, a construct similar to perceived competence, in relation to PA [27,28].
However, the present study differed from these earlier
studies in important ways beyond examining competence
as opposed to self-efficacy. The current study objectively
measured the environment in the United States, whereas
these other studies measured the environment subjectively, and examined residents of Australia and Belgium.
It is possible that these differences and others may help
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explain the differing results. It is also worth noting that
the sample size of the present study is substantially smaller than the samples studied by Cerin and colleagues [28]
and Deforche and colleagues [27], and that the relatively
smaller sample size may help explain why the present
study did not produce statistically significant links
between the environment and PA as reported in these
other studies, despite comparable effect sizes across all 3
studies.
Another surprising finding was that although all four
measures of PA had strong positive relationships with
both psychosocial measures, only one of these relationships (i.e. social support and school sports participation)
was moderated by environmental resources. It is possible
that school sports participation is a unique and important
predictor. Indeed, research suggests that involvement in
organized sports as a child and adolescent increases the
likelihood for a physically active lifestyle into adulthood
[50]. It is also possible that idiosyncrasies of each of the
other PA assessments, discussed below, could make
school sports participation the most representative measure of PA among these adolescents and could help
explain why the hypothesized moderation was seen for
school sports participation but not for any of the other
PA measures used in the present study.
The self-reporting involved in the 3DPAR may have
been subject to recall bias or inflated reporting of time
spent engaging in PA. Adolescents self-reported about 3
hours more MVPA per day on the 3DPAR than was
recorded via accelerometry (see Table 1). Additionally, the
3DPAR and accelerometer data reflect only a small slice of
time in the lives of these adolescents, which may not be
highly representative of their year-round PA. Further, the
outside-of-school-sports questionnaire elicited a range of
responses (e.g. paintball, surfing, horseback riding) that
likely varied a great deal more in terms of intensity and
frequency than did participation in a school sport.
It is also worth noting that the 3DPAR and accelerometer data reflect PA patterns during the summer,
which may differ from year-round PA behavior. Summer
in Southern California is marked by high beach traffic,
and it is possible that these teens were traveling to beaches for some of their PA (e.g. surfing, swimming) rather
than using environmental resources nearer to their
homes. Further research could investigate this possibility
by objectively recording (e.g. via Global Positioning System; GPS) physical activity location. Participation in
water sports has additional ramifications for the data collected by the accelerometers, which were not waterproof.
Many participants reported removing the Actigraph ®
during times that they were active, thus affecting the
representativeness of the accelerometer data. However,
analyses were also run using an accelerometer variable
that adjusted for missing data based on participant report
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of when the accelerometers were removed to participate
in water sports, and the results were not significantly different from those reported here.
Taken together, these factors may help explain why
school sports participation (which reflects PA behavior
during the majority of the year) was the PA measure in
this study that behaved as hypothesized whereas the other
PA measures did not; however, the measure of school
sports used here was also not without flaws. The measures
of sports participation did not gauge the frequency or
intensity of PA and thus were not directly translatable to
minutes of MVPA to compare with Actigraph ® and
3DPAR data. Nor did these measures distinguish between
training activities for a sport (e.g. weight-lifting) and playing the sport itself, so participants may have inconsistently
categorized their-sport related training as part of the sport
or as another activity entirely. However, it should be noted
that there was objective biological evidence suggesting
that those adolescents participating in more school sports
were, in fact, more active than those who participated in
fewer or no school sports; specifically, participation in
school sports was correlated with both physical fitness
(ergometer-determined VO2peak) and body composition
(DEXA-determined percent body fat).
The present study provides insight into the ways in
which environmental and psychosocial factors can impact
adolescent PA, but there are limitations to consider
beyond the possible lack of year-round representativeness
of some of the PA measures. First, the median household
income for the participants in this study was $87,133
(range: $41,591 to $182,300), which is higher than the
national median household income ($51,425) as well as
the median for California ($61,154); however it is closer to
the median for Orange County, where the participants
resided ($75,176) [51]. In addition, the racial composition
of this sample does not mirror the racial distribution
across the U.S. (although the percentage of Caucasian participants in this study [68%] was not drastically dissimilar
from the percentage of Caucasians living in California
[61%], where the data were collected, or from the national
average [74%; [51]]).
These demographic characteristics limit the generalizability of these results to other groups of adolescents;
however, as reported elsewhere [52], these adolescents
are quite representative of the American adolescent
population in other important ways (e.g. body composition and cardiovascular fitness). It should be noted that
SES was assessed at the aggregate level (i.e. each participant’s SES was determined by the median household
income in his or her Census block group), and likely differed from any individual participant’s family income.
However, there was a moderate correlation between selfreported income and median household income (r =
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0.46, p < 0.01) among the final cohort of participants,
from whom individual-level income information was
collected.
Parent PA was reported by the child and may not have
been an accurate representation of parental PA. In addition, although parental perceptions of PA benefits for
their child were provided by a parent, these responses
were only collected from one parent per participant, and
thus may not reflect the perceptions of both parents. It is
important to recognize that youth PA may relate to perceptions held by both parents as well as other unassessed
family variables like living situation and family structure
[53]. Future research might benefit from assessing these
family variables as well as from collecting data from two
parents when possible to evaluate additional questions
regarding the associations between PA and parent-child
relationships (e.g. do PA-related behaviors/attitudes of
the same-sex parent have a stronger association with
youth PA than those of the opposite-sex parent?). These
questions could not be effectively addressed in the present research as only one parent completed a questionnaire per adolescent participant, and only 17.7% (n = 34)
of parental respondents were male.
In addition, PA and psychosocial data were collected
from 4 cohorts of adolescents over 4 consecutive years
(2005 - 2008), but environmental data were all gathered
at one time (2008). It is possible that some gyms, trails,
parks and fields were opened or closed during the four
years that individual-level data were collected. These
changes in environmental access to PA resources cannot
be examined in the present data. Relatedly, only proximity was assessed in relation to environmental PA
resources. Usability was not measured in any other way.
It must be acknowledged that factors other than proximity (e.g. safety, attractiveness) can impact use of environmental PA amenities. Finally, in light of the present
results, future research assessing social support provision
related to specific types of PA (e.g. transportation to
school sport activities vs. non-school sport activities)
might be a fruitful line of inquiry.

Conclusions
The present research makes significant contributions to
the literature examining determinants of PA. These
results underscore the importance, highlighted by Social
Ecological Theory, of examining interactions between
variables at different levels of influence. Social Ecological
Theory emphasizes the importance of examining multiple methods and levels of analysis as well as considering
human-environment interactions and the contexts in
which these interactions occur. The interactive influence
of environmental- and individual-level predictors on PA
reported in this study provide reason to believe that a
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multi-level, interactive model like that posited by Social
Ecological Theory is useful in understanding human
physical activity behavior.
Future research should investigate interactions between
additional PA-related psychosocial (e.g. intentions, sensation seeking) and environmental variables (e.g. perceived
access to PA resources, environmental safety) as they
relate to PA. Effective promotion of PA has the capacity
to significantly enhance public health; an improved
understanding of the interrelationships between adolescent PA determinants and outcomes will help to inform
researchers and policymakers in designing more inclusive
and effective interventions among this important population. The results of the present study (i.e. that higher
levels of PA are seen only among those adolescents with
both environmental resources and social support; either
type of resources on its own is insufficient) suggest that
existing intervention strategies (e.g. support groups) may
not be effective on their own. Provision of environmental
resources to facilitate PA may enhance the effectiveness
of activity-promotion programs. Thus, future activity
promotion efforts may benefit from collaboration
between intervention designers and urban planners, and
future investigations of determinants of health behaviors
like PA may benefit from considering the multiple and
interactive factors that contribute to behavior.
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