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Abstract

The present study examined independent and interacting associations of psychosocial and
neighborhood built environment variables with adolescents' reported active transportation.
Moderating effects of adolescent sex were explored. Mixed-effects regression models were
conducted on data from the Teen Environment and Neighborhood observational study (N=928) in
the Seattle, WA and Baltimore regions 2009-2011. Frequency index of active transportation to
neighborhood destinations (dependent variable) and 7 psychosocial measures were reported by
adolescents. Built environment measures included home walkability and count of nearby parks and
recreation facilities using GIS procedures and streetscape quality from environmental audits.
Results indicated all 3 environmental variables and 3 psychosocial variables (self-efficacy, social
support from peers, and enjoyment of physical activity) had significant positive main effects with
active transportation (Ps<0.05). Three of 21 two-way interactions were significant in explaining
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active transportation (Ps<0.1): self-efficacy X GIS-based walkability index, barriers to activity in
neighborhood X MAPS streetscape scores, and self-efficacy X GIS-based counts of parks and
recreation facilities. In each two-way interaction the highest active transportation was found
among adolescents with the combination of activity-supportive built environment and positive
psychosocial characteristics. Three-way interactions with sex indicated similar associations for
girls and boys, with one exception. Results provided modest support for the ecological model
principle of interactions across levels, highlight the importance of both built environment and
psychosocial factors in shaping adolescents' active transportation, demonstrated the possibility of
sex-specific findings, and suggested strategies for improving adolescents' active transportation
may be most effective when targeting multiple levels of influence.
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Introduction

Increasing emphasis has been placed on achieving national objectives for improving
physical activity of adolescents to prevent chronic diseases and promote health (U.S.
Department of Health and Human Services, 2010). Recommendations for children and
adolescents are to do 60 minutes or more of daily physical activity (U.S. Department of
Health and Human Services, 2008). However, only 27 percent of U.S. children and
adolescents (ages 12—15) met the recommendations based on self-report (CDC, 2015), and
only 8 percent of U.S. adolescents (ages 12—19) achieved the guidelines based on
accelerometers (Troiano et al., 2008).

Active transportation has been identified as an important target for increasing children and
adolescents’ total physical activity (Larouche et al., 2014; Cooper et al., 2005; Davison et
al., 2008; Southward et al.,2012; Carver et al., 2014; Schoeppe et al., 2015; Carlson et al.,
2015; Denstel et al., 2015). Active transportation has numerous health benefits such as
greater fitness (Cooper et al., 2008; Lubans et al., 2011), lower BMI (Jstergaard et al., 2012;
Heelan et al., 2005; Tudor-Locke et al., 2003), lower adiposity (Rosenberg et al., 2006;
Sarmiento et al., 2015), and diabetes prevention (Saunders et al., 2013).1t also has many
economic, social, and ecological co-benefits (Badland et al., 2011; Mackett et al., 2011).

Ecological models are widely used conceptual frameworks for health promotion, can
integrate multiple models and theories, and can serve as meta-models to inform studies and
interventions on health behaviors (Sallis & Owen, 2015). Unlike behavioral models and
theories target individuals, ecological models of physical activity emphasize factors at
multiple levels, such as intrapersonal, interpersonal, social, environmental and policy levels,
influence behavior (Sallis et al., 2006; Sallis & Owen, 2015). Central tenets of ecological
models are that influences from multiple levels can interact and exert synergistic effects on
behaviors, and multilevel interventions should be most effective in changing behavior
(Hovell et al., 2002; Sallis & Owen, 2015; Stokols et al., 1996). Thus, evaluating how
factors from different levels (i.e. environmental and psychosocial) interact could provide
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evidence to guide effective approaches for multi-level interventions to increase physical
activity.

For physical activity, few published studies with adults (Carlson et al., 2012; Ding et al.,
2012; Rhodes et al., 2006; Kaczynski et al., 2012; Van Dyck et al., 2009), one study with
adolecents (De Meester et al., 2013) and one study with children; (D’Haese et al., 2016))
have reported on interactions between psychosocial variables and built environments, but the
patterns of interactions varied across studies. Literature on correlates of physical activity
indicated built environment variables were less consistently related to youth PA than adult
PA (Bauman et al., 2012), so perhaps examining multi-level interactions is more important
for youth because different subgroups may respond differently to the same built
environments. Present analyses added to the scant literature on interactions across multiple
levels of correlates by focusing on active transportation as the outcome. Built environment
variables have tended to be more consistently related to active transportation than other
physical activity outcomes (Ding et al., 2011), so active transportation may be a more
sensitive outcome for evaluating cross-level interactions of correlates. Because of the
substantial sex differences in physical activity (CDC, 2015; Troiano et al., 2008), sex as a
third-level moderator should be explored.

The aim of the present study was to examine the independent and interacting associations of
psychosocial and built environment variables with adolescents’ active transportation. Based
on an ecological model of physical activity (Sallis et al., 2006; Sallis & Owen, 2015), the
present study had three hypotheses: (1) psychosocial and built environmental factors will
both contribute to explaining adolescents’ active transportation, (2) adolescents’ active
transportation will be explained by the interactions of psychosocial and built environmental
variables; and (3) sex of the adolescent is likely to further moderate some of the interactions
with built environment.

Study Design

The present study used data from the Teen Environment and Neighborhood (TEAN)
observational study (Sallis et al., under review, 2016; Carlson, et al., 2014). Data collection
was conducted in the King County-Seattle, WA and Baltimore-Washington, DC regions
2009--2011. These areas were chosen based on (1) detailed land uses of each parcel and
completeness of GIS databases, (2) consistency in land use data across the metropolitan area
(i.e., across jurisdictions), and (3) variability in built environment walkability across
neighborhoods within the metropolitan area.

A cross-sectional 2x2 design was used to select census block groups of lower versus higher
median household income (based on Census 2000 data) and higher versus lower walkability
(GIS-based measures of built environments), similar to prior studies (Frank et al., 2010;
King et al., 2011).
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Participants

Participants were 928 adolescents (ages 12-16) and one of their parents. They were selected
from 447 census block groups representing high or low walkability and high or low income.
A total of 2619 eligible households were contacted by phone, and the recruitment rate was
36% of those who were contacted and eligible. These adolescent-parent pairs returned both
adolescent and parent surveys to assess demographics, health behaviors, perceived
neighborhood environments, and psychosocial characteristics (available at http://
sallis.ucsd.edu/measure_tean.html).

Measures

Key measures analyzed in the present study were described in Table 1. Active transportation
(dependent outcome) and psychosocial measures (independent variables) were constructed
from survey items self-reported by adolescent participants. Built environment measures were
neighborhood walkability and count of nearby parks and recreation facilities using GIS
procedures and streetscape quality from environmental audits using the validated MAPS
(Microscale Audit of Pedestrian Streetscapes). For each variable, Table 1 includes a
description of the construct, sample items, number of items, response scale, and description
of the score used in analyses. Almost all measures have documented psychometric
properties or have been used in previous studies.

Active transportation was the dependent outcome variable in the present study. It was an
index computed by summing the sample-based z-scores of (a) frequency of active
transportation to 10 non-school destinations, such as shops and parks, and (b) frequency of
active transportation to/from school scale (6 items). The combined measure is an indicator of
overall frequency of active transportation, most of which is likely to occur in the
neighborhood. The active transportation to school scale has evidence of test-retest reliability
(Joe et al., 2012), but the active transportation to non-school destinations scale has not been
evaluated previously. For present analyses, a constant of +10 was added to the summed z-
scores so that all index values were positive. This was done solely to avoid interaction
graphs with “negative activity” values on the y-axis. Adding a constant has no impact on
interpretation of results, and all model statistics (other than for the intercept and y-axis in
plots of interaction effects) are identical when a constant is added to z-scores. Seven
psychosocial variables were measured in the TEAN study, and they are among the most
consistently related to adolescent physical activity (Sallis et al., 2000). Most of the variables
are consistent with social cognitive theory, and most measures of the selected psychosocial
constructs have evidence of reliability and validity, as shown in Table 1. The variables were
self-efficacy, decisional balance for physical activity, barriers to activity in neighborhood,
social support from peers and family, enjoyment of physical activity, and athletic ability.

Covariates

Variables adjusted for in the statistical models included individual-level demographics and
study design factors related to participant recruitment (e.g., living in the Baltimore versus
Seattle regions and a neighborhood quadrant code reflecting high/low walkability and
high/low neighborhood income). Adolescent-reported demographics included: adolescents’
age, sex, race/ethnicity (recoded to white/non-Hispanic or non-white), having a driver’s
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license, job, and being home-schooled (all except age coded as yes or no, 1 or 0), and
calculated BMI z-score based on adolescent self-report of weight and height (using CDC age
and gender standards) (Kuczmarski et al., 2002). Parent-reported household covariates
included parent’s marital status (recoded as married or living with a partner versus other),
highest education of an adult in the household, annual household income, and ratio of
vehicles per licensed driver in the household.

Data Analysis

Results

Mixed-effects regression models were fitted using the MIXED procedure in SPSS 21.0 to
account for participant clustering within census block groups. Three models were tested, one
for each built environment measure. Each full model included all demographic and study
design covariates, all 7 psychosocial measures, all 2-way interactions between the
psychosocial measures and 1 of the 3 built environment measure being examined in the
model, and all 3-way interactions adding sex to each of the 2-way interactions being tested
in each model. Then backwards stepwise elimination procedures were used to eliminate non-
significant (p>.10) interaction terms to produce the reduced models tabled in the Results
section. The dependent variable for all models was the Active Transportation Index score.
The main effects for all 7 psychosocial measures were retained across the 3 models tested,
but only one built environment variable was included in each model. All demographics and
study design factors also were retained across all models to provide consistent covariate
adjustments. All predictors included in models were mean-centered.

To illustrate the patterns indicated by significant interactions, graphs of the associations
between the built environment measure and the Active Transportation index were plotted at
+1 standard deviation and -1 standard deviation values of the moderator variable in the
interaction term.

Participant Characteristics

Participants were adolescents with an average age of 14.1+1.4 years; 50.4% were girls;
66.3% were non-Hispanic white. Roughly half were recruited from the Baltimore/Maryland
region (n =485) and half from Seattle/King County, WA (n= 443). About 5.9% of
adolescents had a driver's license, 4.2% were home-schooled, and 31.0% reported working/
volunteering at a job outside the home. Parents reported 83.4% were married or living with a
partner, the highest education in the household was a college degree for 74%, and there were
an average of 1.1+0.4 motor vehicles per licensed driver. Descriptive statistics of
independent variables and physical activity outcomes are presented in Table 2.

Validity Analysis of Active Transportation Index

Because the active transportation index was new, we conducted additional analyses to
explore its association with an objective measure of active trips. GPS monitoring data were
available for most participants in the TEAN study, and a previous paper reported the
computation of time in various travel modes, including walking and bicycling (Carlson et al.,
2015). A Pearson correlation was computed between GPS-defined minutes of walking and
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bicycling trips and the self-reported active transportation index used in present analysis,
based on the 691 adolescents in the TEAN study with at least three days of GPS monitoring.
The correlation was r=0.334, p<.01. This correlation is similar to validity results for other
adolescent self-reports of physical activity (Ainsworth et al., 2015), supporting the validity
of the active transportation outcome measure.

All three objective built environment measures had significant main effects in the direction
of more activity-supportive built environments associated with more active transportation.
Three of the seven psychosocial measures also had consistent significant main effects across
the three models, all in a positive direction, with higher active transportation associated with
higher self-efficacy, social support from peers, and enjoyment of PA.

Built environment X Psychosocial variable interactions

Three of 21 2-way interactions were significant (p<.10); one in each of the 3 models (Table
3). The interactions were: self-efficacy X Walkability Index, barriers to activity in the
neighborhood X MAPS Active Travel Score, and self-efficacy X Parks and Recreation
Facilities.

There were no significant 3-way interactions with sex for the walkability index or Parks and
Recreation Facilities GIS measures with any of the psychosocial measures. There was one 3-
way interaction in the MAPS Active Travel Score model: Sex X MAPS active travel X
Athletic Ability. This 3-way interaction reflected a significant (p=.054) interaction between
MAPS Active Travel Score X Athletic Ability for boys (i.e., boys perceiving higher athletic
ability had a stronger association between MAPS streetscape scores and active
transportation than boys perceiving lower athletic ability) but a non-significant interaction
for girls (p=.754). [Insert Table 3 here.]

Line graphs plotted at “higher” (+1 standard deviation) and “lower” (-1 standard deviation)
above and below the mean of the psychosocial measure indicate the patterns of association
for each significant interaction (see Figure 1 to 5).

Discussion

The present study examined the independent and interacting associations of psychosocial
and built environment variables with adolescents’ reported active transportation. Results
showed all three built environment and three psychosocial variables (self-efficacy, social
support from peers, and enjoyment of physical activity) had significant independent main
effects with active transportation. As for three objective built environment measures, the
present study found higher scores on each of walkability, MAPS Active Travel Score, and
number of public parks and private recreation facilities was related to higher levels of
adolescents’ active transport. These findings are generally consistent with evidence from the
adult (Bauman et al., 2012; Heath et al., 2006; Gebel et al., 2007; Saelens et al., 2008) and
youth literature (Ding et al., 2011). The walkability main effect suggests the overall design
of neighborhoods is important for adolescent active transportation, and the MAPS
association indicates an apparent role of the design of streetscape features, such as sidewalks
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and street crossings. The association of proximity of recreation facilities with adolescent
active transport was less expected, but could be explained by recreation facilities being
common destinations of adolescents (Grow et al., 2008). In addition, recreation facilities
were among the destinations included in the active transport index.

The present study also found 3 psychosocial measures had significant independent
associations with active transportation. All these effects were in the expected positive
direction, with higher frequency of active transportation associated with higher self-efficacy,
social support from peers, and enjoyment of PA, consistent with previous studies (e.g.,
Ghekiere et al., 2016). Perhaps these three psychosocial variables are more relevant to active
transportation than the others, though psychosocial variables have generally been
conceptualized as correlates of leisure-time physical activity. Social support from peers for
being more active could stimulate adolescents to travel to nearby destinations to be active
with friends. Self-efficacy for, and enjoyment of, physical activity could be positive beliefs
that generalize across physical activity for leisure and transport purposes. On the other hand,
parental support could include driving adolescents to places where they can be active.
Decision balance may be more relevant to choice-based leisure-time physical activity than to
active transportation, which is often a necessity. The third findings of present study is three
of 21 2-way interactions were significant and these interactions showed a similar synergistic
pattern in which the built environment seems to have stronger facilitating effects on active
transportation among adolescents who had favorable psychosocial characteristics, namely
higher self-efficacy for physical activity and lower perceived neighborhood barriers. This
finding provided limited support for the ecological model principle of interactions cross
levels of influence (Sallis & Owen, 2015). The pattern of interactions suggest improving
environments could be expected to be most helpful to those who have higher self-efficacy
for physical activity and fewer perceived neighborhood barriers. The implication is that
multi-level interventions that enhance both self-efficacy and improve built environment to be
more supportive of active transportation may have even better outcomes than either approach
separately. The small number of significant interactions does not support a broad conclusion
that built environment and psychosocial variables often work together to facilitate adolescent
active transport, but the main effects indicate the independent relevance of both levels of
influence and support the promise of multi-level interventions.

Perceived neighborhood barriers to physical activity was the only variable with a two-way
interaction with the built environment (MAPS score) but not a significant main effect with
active transport. It appears the effect of an objectively-supportive environment is amplified
when the neighborhood is perceived as activity-supportive; that is, with fewer barriers. The
interaction of perceived barriers with the MAPS score suggests that deficiencies in the
pedestrian environment (e.g., sidewalk presence and quality) and safety of street crossings
could be perceived as barriers. Findings of the present study had similarities and differences
with previous studies of the interactions of built environments and psychosocial variables,
though the studies used different physical activity outcomes. De Meester et al. (2013)
reported walkability had stronger association with adolescents’ total physical activity when
psychosocial characteristics (i.e., perceived barriers and benefits) were less favorable. This
pattern was found only in the lower-income subgroup. A different pattern was found in the
present study, with stronger built environment associations when psychosocial
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characteristics (i.e., self-efficacy, barriers) were favorable. The additive pattern in the present
study was similar to that in the study of older adults’ walking for transportation by Carlson
and colleagues (2012). In the Carlson et al. (2012) study there was also an interaction of
walkability with social support, but the present analysis found no interactive effects of social
support. The study of younger adults by Ding and colleagues (2012) found no significant
interactions for transport walking, though there were interactions between built environment
and psychosocial attributes in explaining leisure walking. The study of children’s total
physical activity by D’Haese et al. (2016) did not find a consistent pattern of interactions.
The different patterns of findings across studies could possibly be explained by the different
age groups, outcomes, and psychosocial factors explored.

The present study made an important contribution by examining 3-way interactions with sex
of the adolescent. Because only 1 of 21 3-way interactions was significant, the main
conclusion is that both independent and interactive associations of environmental and
psychosocial variables with adolescents’ active travel are similar for girls and boys. The one
significant 3-way interaction indicated a significant 2-way interaction between MAPS
Active Travel Score and Athletic Ability for boys but a non-significant interaction for girls.
A possible interpretation is that boys with high perceived athletic ability were motivated to
take advantage of safe and attractive streetscapes to go places to play sports or be active.
Perhaps girls were restricted by their parents from traveling on their own even when streets
were safe and girls were motivated to go play sports.

Limitations

The present study was cross-sectional in design and can only support inferences about
associations with adolescents’ active transportation. The small number of interactions could
be related to use of a novel active transportation index, and may be influenced by the
limitations manifested from self-report methodology, especially in adolescents. Although
active transportation was self-reported, there was evidence to support the validity of the
reports. Though Global Positioning Data (GPS) were collected in this study, they were only
available for a subset of participants, so they were not used as the outcome. Psychosocial
variables are usually designed to explain leisure-time physical activity, so they may not be
well suited to active transportation, which is often less subject to choice and motivation.
Some of the psychosocial variables were based on single items, which limited statistical
power. Development of psychosocial variables tailored to active transportation outcomes of
adolescents is recommended. Present analyses were based on a conceptualization that
psychosocial variables could moderate built environment effects. Another possibility is that
psychosocial variables could be mediators of the relation of built environments and active
transportation, raising the possibility of intervening on psychosocial mediators to enhance
the use of built environments.

Conclusions

All three objective built environment variables and 3 of 7 psychosocial variables were
significantly related to the frequency of adolescents' active travel, supporting population-
wide importance of these variables. There were only three significant 2-way interactions of
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psychosocial attributes and built environment explaining adolescents’ active transportation.
The pattern of interaction effects was similar across all 3 interactions, indicating adolescents
with the most frequent active travel had most activity-supportive built environments and
more favorable psychosocial attributes. The exploration of three-way interactions involving
sex of the adolescents indicated similar associations for girls and boys, with one exception.
Findings based on the main effects and interactions indicated that to maximize active
transportation in adolescents, both favorable built environments and psychosocial resources
are needed. The few significant interactions provided modest support for the ecological
model principle of interactions across levels. However, the interactions, in combination with
the several main effects, highlight the importance of both built environment and
psychosocial attributes in facilitating or hindering adolescents’ active transportation. An
implication of the overall findings is that to increase adolescents’ active transportation,
interventions are most likely to be effective when they combine the complementary strengths
of physical environment interventions, with expected long-term effects in large populations
(Sallis & Owen, 2015) and psychosocial interventions, with strong short-term effects on
individuals (Spence et al., 2003). This hypothesis could be tested by evaluating whether built
environments moderate effects of psychosocial interventions with adolescents, especially
those designed to build self-efficacy.
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Highlights

Three of 21 2-way interactions were significant in explaining active
transportation.

Youth were most active when environment and psychosocial variables were
favorable.

Results suggest interventions that change environments and people are most
promising.

Prev Med. Author manuscript; available in PMC 2018 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Wang et al.

Page 14

9.2

o
[oe]
I

.
S

x
[o)}
1

o
[\S]
I

Active Transportation Index
[o0]
AN

oo}

—&— Low PA Self
Efficacy

---- High PA Self
Efficacy

Low Walkability High Walkability
Index Index

"High" = +1 SD
"Low" =-1SD

Fig. 1.

Plotting significant Walkability Index X Self Efficacy interaction on active transportation
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Girls Only: No Interaction
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