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bstract Purpose: This study involved an examination of the direct and mediated effects of perceived
equipment accessibility and neighborhood safety on physical activity across a one-year period
among adolescent girls.
Methods: Adolescent girls (N � 1,038) completed self-report measures of perceived environment,
barriers self-efficacy, and physical activity in the Spring semesters of 1999 (baseline) and 2000
(follow-up) when students were in the 8th and 9th grades.
Results: An initial analysis demonstrated that neighborhood safety did not exhibit cross-sectional
or longitudinal direct effects on physical activity, whereas equipment accessibility exhibited a
statistically significant cross-sectional, but not longitudinal, direct effect on physical activity. The
secondary analysis demonstrated that self-efficacy for overcoming barriers mediated the cross-
sectional effect of equiment accessibility on physical activity.
Conclusions: We conclude that the cross-sectional effect of perceived equipment accessibility
on physical activity is mediated by self-efficacy for overcoming barriers among adolescent
girls. This is consistent with the reciprocal relationships among the environment, person, and
behavior described by social-cognitive theory. © 2005 Society for Adolescent Medicine. All
rights reserved.
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The prevalence of inactivity during adolescence is in-
reasing among girls in the United States [1,2]. This in-
rease has heightened the public health interest in the need
or successful physical activity interventions. The provision
f successful physical activity interventions requires the
dentification of variables that predict individual differences

*Address correspondence to: Dr. Robert W. Motl, University of Illinois
t Urbana-Champaign, Department of Kinesiology, 332 Freer Hall, 906 S
oodwin Avenue, Urbana, IL 61801-3895.
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n physical activity. Such variables can be targeted by an
ntervention as mediators of behavioral change for increas-
ng physical activity participation [3–5].

The identification of variables that predict physical ac-
ivity might be facilitated by adopting a social cognitive
erspective [6–8]. For example, physical activity participa-
ion likely depends on environmental (e.g., well-maintained
idewalks) and individual (e.g., self-efficacy) variables [6].
his interaction is the essence of social cognitive theory

7,8]. Social cognitive theory describes the triadic reciprocal

eterminism involving bi-directional influences of environ-

rights reserved.
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ental, personal, and behavioral factors upon one another
7,8]. Accordingly, the environment can have direct or me-
iated influences on physical activity behavior.

Perceived neighborhood safety and equipment acces-
ibility are two physical environmental variables that
ight influence the physical activity behaviors of ado-

escent girls. Neighborhoods that are perceived as unsafe
or walking, bicycling, or jogging because of traffic, lack
f sidewalks, unleashed dogs, and gangs might hinder
hysical activity participation among adolescent girls.
ikewise, the perceived lack of accessible equipment in

he home (e.g., bicycles, balls, skates) and in the com-
unity (e.g., playgrounds, parks, gyms) might impede

hysical activity participation among adolescent girls.
ome research has supported neighborhood safety and
quipment accessibility as correlates of physical activity
mong a population-based sample of adolescents [9,10]
nd among a small sample of adolescent girls [11]. To
ate, no studies have (a) examined environmental predic-
ors of physical activity among adolescent girls using
ongitudinal data or (b) considered personal variables as
ediators of the predictive relationship between the

hysical environment and physical activity.
The influence of the perceived physical environment

n physical activity is likely mediated by personal vari-
bles such as self-efficacy, as predicted based on the
riadic reciprocal determinism among the environment,
erson, and behavior described in social-cognitive theory
8]. Self-efficacy represents “beliefs in one’s capabilities
o organize and execute the courses of action required to
roduce a given attainment” [8] and has been a consistent
orrelate of physical activity among adolescents [5], in-
luding adolescent girls [12]. Based on social-cognitive
heory, environments that are perceived as unsafe or
acking in accessible equipment might be negatively as-
ociated with beliefs of personal efficacy, and the reduc-
ion in efficacy beliefs might, in turn, be associated with
educed physical activity behavior.

Herein, we evaluated the direct and mediated effects
f perceived neighborhood safety and equipment acces-
ibility for predicting physical activity across time among

large cohort of adolescent girls. The initial analysis
nvolved an examination of the direct effects of perceived
eighborhood safety and equipment accessibility on
hysical activity across time. The second analysis in-
olved an examination of self-efficacy for overcoming
arriers as a mediator of the effects of perceived neigh-
orhood safety and equipment accessibility on physical
ctivity. This study is important given recent recommen-
ations for evaluating environmental influences of phys-
cal activity in a broad range of populations, using cross-
ectional and longitudinal data, and in isolation and

ombination with psychological variables [13]. a
ethods

articipants

Participants were 8th and 9th grade girls recruited from 24
igh schools (and their associated middle schools) in South
arolina. The high schools were randomly selected from 54 of

he 214 schools within the 91 school districts of South Carolina
hat were eligible and willing to participate in a school-based
ntervention to increase physical activity and fitness. High
chools were matched and randomly assigned to treatment or
ontrol conditions, and only participants from the 12 control
chools were included in this study. There were 1964 girls
nrolled and eligible in the control schools, and 52.9% of the
irls participated in the measurement component of the study
n � 1038). There were 856 girls who provided baseline data
nd 853 girls who provided follow-up data, with 61% of the
irls providing data on both occasions (n � 633). There were
85 girls who provided follow-up, but not baseline, data. The
ombined use of covariance modeling with a full-information
stimator allowed for the use of all available data from the girls
n the analysis (i.e., n � 1038). The sample initially had a mean
ge of 13.6 years (SD � .6) and racial proportions of 40.6%
frican-American, 38.9% Caucasian, and 3% other; 17.5% of

he girls did not report race.

easures

The measure of perceived environment included four items
hat were rated on a 5-point scale with anchors of 1 (Disagree

lot) and 5 (Agree a lot). The items were: (1) At home there
re enough supplies and pieces of sports equipment (like balls,
icycles, skates) to use for physical activity; (2) There are
laygrounds, parks, or gyms close to my home or that I can get
o easily; (3) It is safe to walk or jog alone in my neighborhood
uring the day; and (4) It is difficult to walk or jog in my
eighborhood because of things like traffic, no sidewalks,
ogs, and gangs. Item number four was reverse-scored before
ll analyses. The items on the perceived environment measure
ere best described by two correlated factors, based on an

nitial confirmatory factor analysis with baseline data from this
ample (�2 � .19, df � 1, p � .66, RMSEA � .00 [90% CI �
00–.06], comparative fit index [CFI] � 1.00). The two factors
ere equipment accessibility (items 1 and 2) and neighbor-
ood safety (items 3 and 4). The two-factor model exhibited
vidence of invariant factor structure and factor loadings across
year (�2

diff � .43, df � 2, p � .81) and between black and
hite girls (�2

diff � 1.51, df � 2, p � .47). We note that scales
ith few items likely suffer from issues of weak content

spects of score validity and poor internal consistency.
The measure of self-efficacy for overcoming barriers

i.e., barriers self-efficacy) contained eight items rated on a
-point scale ranging from 1 (Disagree a lot) to 5 (Agree a
ot) [14]. Example items were “I can be physically active
uring my free time on most days,” “I can be physically

ctive during my free time on most days even if it is very
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ot or cold outside,” and “I can be physically active during
y free time on most days even if I have to stay at home.”
he measure of barriers self-efficacy has conformed to a
ni-dimensional model that was invariant across 1 year [14]
nd between black and white girls [15]. The internal con-
istency of the efficacy measure, based on Cronbach coef-
cient alpha, was .78 and .79 for the baseline and follow-up
ata, respectively.

Physical activity was assessed using the 3-Day Physical
ctivity Recall (3DPAR) [16]. The 3DPAR required par-

icipants to recall physical activity behavior from 3 previous
ays of the week (first Tuesday, then Monday, then Sun-
ay); the instrument always was completed on Wednesday.
hose 3 days were selected to capture physical activity on 1
eekend day and 2 weekdays. To improve the accuracy of
hysical activity recall, the 3 days were segmented into 34
0-minute time blocks, beginning at 7:00 a.m. and continu-
ng through to 12:00 a.m. To further aid recall, the 34
0-minute blocks were grouped into broader time periods
i.e., before school, during school, lunchtime, after-school,
upper time, and evening). The 3DPAR included a list of 55
ommonly performed activities grouped into broad catego-
ies (i.e., eating, work, after-school/spare time/hobbies,
ransportation, sleeping/bathing, school, and physical activ-
ties and sports) to improve activity recall. For each of the
4 30-minute time blocks, students reported the main ac-
ivity performed and then rated the relative intensity of the
ctivity. To help students select a relative intensity, the
nstrument included illustrations depicting activities repre-
entative of the various intensities. Based on the specific
ctivity and level of intensity, each 30-minute block was
ssigned a MET value (i.e., physical activity level expressed
s multiples of basal metabolic rate). The MET values were
ummed over each of the 3 days. The 3 days of physical
ctivity were best described by a one-factor model that
xhibited evidence of partial invariant factor structure and
actor loadings across 1 year (�2

diff � 3.13, df � 1, p � .08)
nd between black and white girls (�2

diff � .06, df � 1, p �
82). The validity of the 3DPAR as a measure of usual
ctivity has been established based on correlations with an
bjective measure of physical activity derived from accel-
rometry (i.e., total counts) [16]. The correlations between
ET values and total counts were .51 and .46 for 7 and 3

ays of accelerometer monitoring, respectively [16].

rocedure

The procedure was approved by the University of South
arolina Institutional Review Board, and participants and the
arent or legal guardian provided written informed consent.
he measures were administered in groups of 6 to 10 girls by

rained data collectors in the Spring semesters of 1999 (base-
ine) and 2000 (follow-up) when students were in the 8th and

th grades. u
ata analysis

Structural equation modeling (SEM) was performed using
ull-information maximum likelihood (FIML) estimation in
MOS 5.0 (SmallWaters Corporation, Chicago, IL). FIML
as selected because there were missing responses to items on

he questionnaires. The extent of missing data ranged between
0% for the follow-up measure of barriers self-efficacy and
6% for the baseline measure of physical activity. The pres-
nce of missing data was not explainable by race, and it is
ommon in school-based studies of physical activity that in-
olve large samples as a result of being absent on the day of
ata collection and item nonresponse. FIML is an optimal
ethod for the treatment of missing data in SEM that has

ielded accurate parameter estimates and fit indices with up to
5% of simulated missing data [17–19]; we are unaware of
tudies evaluating missing data techniques in SEM with higher
ates of missing data. Other missing data techniques, particu-
arly pairwise and listwise deletion of cases, have yielded
iased parameter estimates and fit indices [17–19].

odel specification. We tested two models with SEM, and
he relationships tested in the models are presented in Figs. 1
nd 2. The first model presented as Fig. 1 included (a) paths
etween the same latent variables assessed at baseline and
ollow-up [20]; (b) paths from neighborhood safety and equip-
ent accessibility to physical activity at baseline and the

-year follow-up; and (c) auto-correlations among the unique-
esses of identical items across time [20]. The second model
resented as Fig. 2 included (a) paths between the same latent
ariables assessed at baseline and follow-up [20]; (b) paths
rom neighborhood safety and equipment accessibility to self-
fficacy and physical activity at baseline and the 1-year follow-

ig. 1. Model illustrating the cross-sectional and longitudinal relationships
mong perceived environmental variables and physical activity tested us-
ng structural equation modeling. D1–D4 represent disturbance terms for
he latent variables. The items and uniquenesses were not presented to
mprove the clarity of the figure.
p; (c) paths from self-efficacy to physical activity at baseline
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nd the 1-year follow-up; and (d) auto-correlations among the
niquenesses of identical items across time [20].

odel fit. Model fit was assessed using the �2 statistic, root
ean square error of approximation (RMSEA), and Compar-

tive Fit Index (CFI). The �2 statistic assessed absolute fit of
he model to the data [21]. The RMSEA represents closeness
f fit, and values approximating .06 and zero demonstrated
lose and exact fit of the model [22,23]. The CFI tested the
roportionate improvement in fit by comparing the target
odel with the independence model [24]. Minimally accept-

ble fit was based on a CFI value of .90 [24]; values approx-
mating .95 indicated good fit [23]. The parameter estimates,
tandard errors, z-statistics, and squared multiple correlations
SMCs) were inspected for sign and/or magnitude.

esults

escriptive statistics

The overall means (computed using unity weights for each
f the observed indicators) and SDs for the environmental,
ocial-cognitive, and physical activity measures are provided
cross time in Table 1. The relationships between study vari-
bles are provided in Table 2.

tructural equation modeling

The first panel model represented an excellent model-data
t (�2 � 78.78, df � 62, p � .07, RMSEA � .02 [90% CI �

00–.03], CFI � 0.99). With the baseline data, there was a
tatistically significant relationship from equipment accessibil-
ty to physical activity (�1,1 � .33), but not from neighborhood

ig. 2. Model illustrating the cross-sectional and longitudinal relationships
mong perceived environmental variables, barriers self-efficacy, and phys-
cal activity tested using structural equation modeling. D1–D6 represent
isturbance terms for the latent variables. The items and uniquenesses were
ot presented to improve the clarity of the figure.
afety to physical activity (�2,1 � �.03). With the follow-up
ata, there were not statistically significant relationships from
quipment accessibility to physical activity (�6,4 � .05) or
eighborhood safety to physical activity (�6,5 � �.03). The
ath between the same latent variables across time (i.e., stabil-
ty coefficients) were statistically significant for equipment
ccessibility (�2,1 � .42), neighborhood safety (�3,2 � .59),
nd physical activity (�4,1 � .46). There were statistically
ignificant correlations among the environmental variables at
aseline (�1,2 � .50) and follow-up (�2,3 � .46).

ediation model. The second panel model represented a
ood model-data fit (�2 � 660.07, df � 375, p � .0001,
MSEA � .03 [90% CI � .02–.03], CFI � .95). With the
aseline data, there was a statistically significant relation-
hip from equipment accessibility to self-efficacy (�1,1 �
64), but not from neighborhood safety to self-efficacy (�1,2

-.14). In turn, there was a statistically significant rela-
ionship from self-efficacy to physical activity (�2,1 � .35),
ut not from equipment accessibility to physical activity
�2,1 � .13) or neighborhood safety to physical activity (�2,2

.01). Hence, self-efficacy mediated the effect of equip-
ent accessibility on physical activity (indirect effect �

22) in the baseline data.
With the follow-up data, there were statistically significant

elationships from equipment accessibility to self-efficacy (�5,3

.23) and from neighborhood safety to self-efficacy (�5,4 �
11). In turn, there was a statistically significant relationship
rom self-efficacy to physical activity (�6,5 � .14), but not
rom equipment accessibility to physical activity (�6,3 � -.01)
r neighborhood safety to physical activity (�6,4 � -.04).
ence, self-efficacy quite weakly mediated the effect of equip-
ent accessibility (indirect effect � .03) and neighborhood

afety (indirect effect � .02) on physical activity in the fol-
ow-up data. The path between the same latent variables across
ime (i.e., stability coefficients) were statistically significant for
quipment accessibility (�3,1 � .48), neighborhood safety (�4,2

.59), self-efficacy (�5,1 � .54), and physical activity (�6,2 �
43). There were statistically significant correlations among the
nvironmental variables at baseline (�1,2 � .47) and follow-up
�2,3 � .44).

ulti-group invariance. We tested the invariance of the fac-
or structure, factor loadings, and path coefficients in the sec-
nd model between black (n � 421) and white (n � 404) girls
sing a standard procedure [12,21]. The nested analyses pro-

able 1
escriptive statistics for the measures of perceived environment, self-

fficacy, and physical activity at baseline and follow-up

Measure Baseline Follow-up

quipment accessibility 7.8 � 2.0 7.6 � 2.3
eighborhood safety 7.5 � 2.5 7.7 � 2.4
arriers self-efficacy 29.9 � 5.7 29.3 � 5.8
hysical activity (METs) 61.2 � 9.9 61.7 � 9.8
Note: Tabled values are mean � SD. MET � metabolic equivalent.
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ided support for the invariance of the overall structure (�2 �
046.17, df � 750, p � .0001, RMSEA � .02 [90% CI �
02–.03], CFI � .93), factor loadings (�2 � 1097.27, df � 772,
� .0001, RMSEA � .02 [90% CI � .02–.03], CFI � .93),

nd path coefficients (�2 � 1110.38, df � 786, p � .0001,
MSEA � .02 [90% CI � .02–.03], CFI � .93) on the basis
f overlapping fit indices. Hence, the pattern and magnitude of
he relationships among the variables did not differ between
lack and white girls.

iscussion

The primary novel finding of this study was that self-
fficacy for overcoming barriers mediated the cross-sectional
ffect of perceived equipment accessibility on physical activity
mong black and white girls. This pattern of relationships is
onsistent with the tenets of social cognitive theory. Social
ognitive theory describes the triadic reciprocal determinism
nvolving the environment, person, and behavior [7,8]. Essen-
ially, there are bi-directional direct and mediated effects
mong environmental, personal, and behavioral variables [7,8],
nd our data are consistent with such a notion.

Contrary to expectations, perceived neighborhood safety
id not exhibit cross-sectional effects on barriers self-efficacy
r physical activity among the black and white girls. Though
e were initially surprised by the lack of an association, the

dolescent girls generally reported a high degree of neighbor-
ood safety (i.e., M � 7.5 on a scale ranging between 2 and
0). Perhaps such a high level of neighborhood safety, as
bserved in this study, does not facilitate physical activity
mong adolescent girls. Instead, environments that are per-
eived as very unsafe for walking, bicycling, or jogging be-
ause of traffic, lack of sidewalks, unleashed dogs, and gangs
ight hinder physical activity participation among adolescents

irls (e.g., rural vs. urban). Girls who perceive that the envi-
onment is unsafe for physical activity are less likely to be
ctive, whereas a safe environment alone might not necessarily
ncourage activity among adolescent girls. Future research
hould examine the effect of a much lower level of perceived
nvironmental safety on physical activity in adolescent girls.

Another important finding of this study was that neither

able 2
orrelations among study variables measured on two occasions separated

1 2

. Equipment accessibility, baseline 1.00

. Neighborhood safety, baseline .45* 1.00

. Barriers self-efficacy, baseline .53* .16*

. Physical activity, baseline .30* .13*

. Equipment accessibility, follow-up .40* .18*

. Neighborhood safety, follow-up .19* .59*

. Barriers self-efficacy, follow-up .33* .22*

. Physical activity, follow-up .15* .08*

Note: Correlations computed from an initial confirmatory factor analys
quipment accessibility nor neighborhood safety had signifi- v
ant longitudinal direct effects on physical activity. Both vari-
bles had significant longitudinal direct effects on barriers
elf-efficacy, which in turn had a weak, though statistically
ignificant, longitudinal effect on physical activity. We note,
owever, the mediated effects of equipment accessibility and
eighborhood safety on physical activity in the follow-up were
eak. Overall, this questions the importance of environmental
ariables for the long-term prediction of physical activity in
dolescent girls, though we do recognize that we sampled only
limited set of self-reported environmental influences. Other

nvironmental variables that are measured using more objec-
ive tools such as graphic information systems or with neigh-
orhood crime statistics should be considered as longitudinal
nfluences on physical activity among adolescent girls in future
tudies.

We observed a smaller longitudinal than cross-sectional
ffect of self-efficacy on physical activity. This might be the
esult of the present focus on self-efficacy for overcoming
arriers to being physically active. Bandura [8] has proposed
hat efficacy beliefs about overcoming barriers should predict
xercise adoption, whereas efficacy beliefs more globally con-
erned with self-regulation of behavior should predict long-
erm exercise adherence. Hence, our results suggest that self-
fficacy to overcome barriers might represent an important
nitial target for a physical activity intervention among adoles-
ents, but other forms of efficacy, such as self-regulatory effi-
acy, are more important intervention targets for long-term
hanges in and maintenance of physical activity. Future lon-
itudinal and intervention studies should directly test those
ossibilities.

Our findings provide some basis for targeting perceived
quipment accessibility as a possible means of increasing self-
fficacy for overcoming barriers, and perhaps ultimately in-
reasing physical activity among adolescent black and white
irls. The perception and awareness of accessible equipment in
he home (e.g., bicycles, balls, skates) and in the community
e.g., playgrounds, parks, gyms) might promote physical ac-
ivity participation among adolescent girls by increasing bar-
iers self-efficacy. Increasing the perception of accessible
quipment in the environment might be accomplished by me-
ia-based informational campaigns or policy changes that in-

year

4 5 6 7 8

1.00
.15* 1.00
.04 .42* 1.00
.31* .44* .25* 1.00
.46* .10* .01 .24* 1.00

rmed with FIML estimation in AMOS 5.0. *p � .05.
by one

3

1.00
.41*
.35*
.09*
.61*
.26*
olve the provision of more equipment in the community. For
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xample, a variety of print, graphic, audiovisual, or broadcast
edia programs could be developed that increase awareness of

ccessible equipment within the local community, and such
rograms might be based on social cognitive theory or a social
arketing model. To date, we are unaware of published liter-

ture testing interventions that involve a manipulation of the
hysical environmental on physical activity among adolescent
irls.

There were two primary limitations of this study. One
imitation involves the use of self-report measures of study
ariables, particularly perceptions of one’s environment. Al-
hough we believe that perceptions of one’s environment are
qually as salient as one’s actual environment, future research
hould adopt a measurement approach that uses both self-
eport and objective measures in predicting self-efficacy and
hysical activity. Another limitation involves the possibility of
response bias in self-reported physical activity. Previous

esearch has documented the presence of a response bias in
elf-reported physical activity in a sample of 8- to 10-year-old
frican-American girls [25]. Although scores from the instru-
ent used to assess physical activity were linearly related to

ounts from an accelerometer motion sensor in a prior valida-
ion study that included adolescent girls [16], future research in
his area should include both self-report and objective mea-
ures of physical activity. Finally, we recognize the limited
eneralizability of our findings, particularly aspects of neigh-
orhood safety, in light of the high level of perceived environ-
ental safety reported by the participants in this study.
In summary, our primary novel finding was that self-effi-

acy for overcoming barriers mediated the cross-sectional ef-
ect of perceived equipment accessibility on physical activity
mong black and white adolescent girls. This is consistent with
he reciprocal relationships among the environment, person,
nd behavior described by social-cognitive theory [7,8], and
ncourages the targeting of perceived equipment access as a
eans of increasing barriers self-efficacy, with a possible goal

f ultimately increasing adoption of physical activity among
dolescent black and white girls.
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