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odeling Individual and Physical Environmental
actors with Adolescent Physical Activity

ert-Jan de Bruijn, MSc, Stef P. J. Kremers, PhD, Gerty Lensvelt-Mulders, PhD, Hein de Vries, PhD,
illem van Mechelen, MD, PhD, Johannes Brug, PhD

ackground: Recent calls have been made to consider both environmental factors and individual-level
factors in the explanation of physical activity (PA). The present study tested a conceptual
model that integrated past PA, relevant environmental-level and individual-level factors
and their associations with adolescent PA, using the tenets of the Theory of Planned
Behavior (TPB).

ethods: Data were gathered in an adolescent sample (n�221; 60% girls) using questionnaires.
PA was assessed in May 2003 and November 2003. Theory of Planned Behavior
cognitions regarding PA and the environmental factors under study were assessed in
November 2003. Confirmatory factor analyses and path analyses were performed using
AMOS software.

esults: The initial structural model did not provide an acceptable fit to the data. Including a direct
path from past PA to current PA significantly improved model fit to an acceptable fit.
Including a direct path from past PA to environmental perceptions did not significantly
improve model fit. Including a direct path from the environmental variables to current PA
did not significantly improve model fit. Current PA was most strongly influenced by past
PA, while environmental aesthetics and distance to PA opportunities were indirectly related
to adolescents’ intention to be physically active. Significant standardized path coefficients
ranged from 0.14 to 0.34 and explained 17% variance in current PA.

onclusions: Combining past PA, Theory of Planned Behavior cognitions, and environmental factors
increased our understanding of their relative influences on adolescent PA. Implications for
future research on physical activity are discussed.
(Am J Prev Med 2006;30(6):507–512) © 2006 American Journal of Preventive Medicine
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ack of physical activity (PA) among adolescents
presents a major burden to public health,1,2 and
its increasing prevalence rates and associated

ealth risks underline the need to develop interven-
ions that are aimed at increasing adolescents’ PA
evels. Theory provides the foundation for PA interven-
ions3 and one social-cognitive theory that has proven
ts worth in understanding PA is the Theory of Planned
ehavior (TPB).4 Briefly, the TPB proposes that the
ost proximal and intrapersonal determinant of voli-

ional behavior is the intention to perform that behav-
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or. In turn, intention is theorized to be predicted by
hree social-cognitive factors, namely, attitude, subjec-
ive norm, and perceived behavioral control (PBC).
oth quantitative and qualitative reviews of the TPB
rovide support for its use in understanding PA.5–7

evertheless, a large part of the variance generally
emained unexplained,5 leaving researchers to identify
dditional intrapersonal factors that can be usefully
dded to the TPB. Past behavior has frequently been
uggested as one such factor. Empirical evidence shows
esidual effects of past PA on current PA when TPB
ognitions are taken into account,8 –10 indicating that
ast PA is an important intrapersonal determinant of
urrent PA. However, studies investigating the influ-
nce of past PA on adolescents’ current PA are limited
nd generally assessed past PA retrospectively with a
ingle item,8,9 indicating that more research is needed,
sing longitudinal designs and more valid assessments
f PA.
Although inclusion of such additional intraper-

onal factors may allow for better understanding of
he determinants of PA, recent empirical evidence

ighlights the importance of physical environmental

5070749-3797/06/$–see front matter
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nfluences on adolescent PA.11–14 A focus on these
roader determinants of health behavior is consis-
ent with an ecologic perspective of behavior,15 but
here are significant conceptual and methodologic
hallenges in identifying how such physical environ-
ental factors might influence PA,16,17 with many

tudies on PA being atheoretical.16 Because ecologic
odels have generally not included cognitive vari-

bles,18 practical and theoretical progress in under-
tanding PA might benefit from combining the envi-
onmental factors used in ecologic models with the
ehavior-specific cognitive factors used in social-
ognitive models. Although some authors have ar-
ued for the existence of a direct unmediated influ-
nce of environmental factors on PA,4,19 the TPB
ostulates that the influence of environmental fac-

ors is mediated by PBC and intention.4 Mediation by
ocial cognitions may provide a plausible explanation
or why some studies fail to find a strong association
etween environmental factors and physical activi-
y,20,21 but PA determinant studies that have included
oth environmental-level and individual-level vari-
bles22,23 have failed to address social cognitions
s mediating variables in the environment–PA
elationship.

When studying physical environmental influences
n adolescent PA, most studies to date have focused
n school environments.24 Neighborhood influences
ave rarely been included in studies on adolescent
A,25,26 even though neighborhood influences, such
s attractiveness and proximity to local facilities, have
een found to be positively associated with PA in
dults.27–29

The present study tested a conceptual model that
xplored the relative influences of past PA, neighbor-
ood attractiveness, local facilities, and behavior-spe-
ific cognitions on current PA, using the theoretical
enets of the TPB.

ethods

ata from the SMILE study (Study on Medical Information
nd Lifestyles in Eindhoven [SMILE]), an ongoing prospec-
ive cohort study, were analyzed. The SMILE study is a joint
roject of Maastricht University and 23 general practitioners
GPs) from nine family practice centers (FPC) in Eindhoven,
city of approximately 200,000 inhabitants located in the

outhern part of the Netherlands. The distribution of gender
nd age in Eindhoven is similar to that of the Netherlands.30

he nine participating FPCs cover approximately 50,000
atients. Each patient aged over 12 years registered at the
articipating FPCs is requested every 6 months to complete a
elf-administered questionnaire that is sent to his/her home
ddress. Participant addresses are obtained through the GPs.
nonymity is guaranteed, and respondents are informed that
Ps would not be notified about participation. Present anal-

ses focus on adolescents aged 12 to 18 years. In line with

nformed consent regulations, only adolescents for whom t

08 American Journal of Preventive Medicine, Volume 30, Num
nformed consent was received from both the individual and
heir parents were included in the present study. In May 2003
nd November 2003, 476 (263 girls and 213 boys; mean
ge�15.0 years; SD�2.1) and 507 (303 girls and 204 boys;
ean age�14.9; SD�2.0) adolescents, respectively, com-

leted these questionnaires. Respondents who completed
oth questionnaires (n�221; 51%) were included in the
resent study (88 boys and 133 girls; mean age�15.1;
D�1.9). Attrition analyses revealed no significant differ-
nces in age (odds ratio [OR]�1.09; p�0.06) and past PA
OR�1.00; p�0.53), but boys were less likely (OR�.66;
�0.029) to complete both questionnaires.

easures

hysical activity was assessed in May 2003 and November
003, while environmental perceptions, behavior-specific cog-
itions, age, and gender were assessed in November 2003.
ased on a validated questionnaire31 for assessing adult PA,
espondents were asked to indicate on how many days per
eek and for how many minutes per day they were engaged in
alking, cycling, jogging, swimming, gymnastics, tennis, mar-

ial arts, field sports, and skating. Multiplying frequency and
ime and dividing that score by 7 computed an average PA
core expressed in minutes per day.

Five-point Likert-type scales were used to assess social
ognitions and environmental perceptions. Attitude was as-
essed with two items, tapping the good-bad aspect (�2�very
ood; �2�very bad) and pleasant-unpleasant aspect
�2�very pleasant; �2 very unpleasant) regarding the state-
ent “I believe being physically active is . . ..” Subjective norm
as assessed with the item “people who are important to me
elieve I should be physically active” (�2�yes, definitely;
2�no, definitely not). PBC was assessed with two items

egarding the able-unable aspect (�2�very sure I will be able;
2�very sure I will be unable) and the easy-difficult aspect

�2�very easy; �2�very difficult) of the preceding state-
ent “If I want to be physically active, I am / this will be . . ..”

ntention was assessed with the item “I intend to be physically
ctive in the next 6 months” (�2�yes, definitely; �2�no,
efinitely not).
Based on Pikora and colleagues32 and empirical evi-

ence,29 the environmental characteristics of aesthetics and
he availability of local facilities were used as key indicators of
hysical environmental perceptions. Aesthetics were assessed
ith five items (“My neighborhood is friendly”; “My neigh-
orhood provides a pleasant living environment”; “My neigh-
orhood is attractive”; “I feel safe when I am in my neighbor-
ood; There is a lot of traffic in my neighborhood”). Local

acilities were assessed with two items (“There are enough
port clubs in my neighborhood; there are enough opportu-
ities for PA in my neighborhood”). Respondents were asked

o indicate to what extent they agreed (�2�totally agree;
2�totally disagree) with these statements. Additionally, an
pen-item questioned respondents to indicate how far (in
eters) they lived from the nearest opportunity to be physi-

ally active.

ata Analyses

ecause structural equation modeling can be employed to

est hypotheses about mediator variables,33 path analyses were

ber 6 www.ajpm-online.net
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erformed using AMOS 4.0 (Smallwaters, Chicago IL, 1999).
tructural equation modeling allows for assessment of overall
odel fit, the statistical significance tests for theorized rela-

ions in the model, and the estimation of latent concepts free
f measurement error. Because there were some missing
esponses (�1%), full-information maximum likelihood
FIML) was used to estimate parameters. FIML is an optimal
ethod for treatment of missing data34 and has shown more

ccurate fit indices than pairwise deletion, listwise deletion,
r mean-imputation.35

Based on the recommendations by Anderson and Gerbing,36

two-step procedure was followed. In the first step, confirmatory
actor analysis was used to test an overall measurement model,
onsisting of four latent variables (i.e., attitude, PBC, aesthetics,
nd local facilities) and five indicators (i.e., current PA, past PA,
ntention, subjective norm, and distance to local facilities),
hich were allowed to correlate. For the latent variables, the

oading of the first indicator was set to 1 in order to create its
etric. The measurement model served as the baseline model

or the path analyses in the structural model.
The fit of these models was evaluated using the chi-square

oodness-of-fit test, which assesses the adequacy of the theo-
ized model’s covariance matrix in comparison with the
bserved covariance matrix. Because the chi-square test has
een criticized for its dependence on sample size, including
bsolute and incremental fit indices is recommended.37 The
oot mean square of error approximation (RMSEA)37 was
sed as an absolute fit index, while the normed fit index
NFI) and comparative fit index (CFI)38 were used as indices
f incremental fit. An adequate model fit is obtained when
he NFI and CFI are �0.90 and the RMSEA is �0.08,37 while
good model fit is obtained when the NFI and CFI are �0.95
nd the RMSEA is �0.05.37,39

A stepwise procedure was followed in which nested models

able 1. Mean scores, standard deviations, factor loadings fo
easurement model

Mean (SD)
Factor
loading 1

. Past physical activity 72.67 (76.81) 1

. Current physical activity 65.55 (50.61) .37**

. Intention 0.44 (1.14) .04

. Attitude .17*
Good–bad 1.26 (0.67) .72***
Healthy–unhealthy 0.95 (0.82) .88***

. Subjective norm 0.19 (1.07) �.04

. Perceived behavioral
control

.26**

Able–unable 0.94 (0.94) .92***
Easy–difficult 0.56 (0.98) .76***

. Aesthetics �.05
Friendly 0.85 (0.91) .73***
Pleasant 0.85 (0.94) .92***
Attractive 0.44 (1.05) .76***
Safe 0.73 (0.92) .70***

. Local facilities 0.76 (0.96) .04

. Distance to nearest
opportunity

250.99 (551.99) .06

p � 0.05;
*p � 0.01;
**p � 0.001 (all bolded).
D, standard deviation.
ere tested. Based on the proposed relations in the TPB,4 the t

une 2006
rst model included (1) paths from past PA and environmental
ariables to attitude, subjective norm, and PBC; (2) paths from
ttitude, subjective norm, and PBC to intention; (3) paths from
ntention and PBC to PA; (4) correlations between TPB cogni-
ions; and (5) correlations between environmental variables.
he second model differed from the first model by freeing the
irect effect of past PA on current PA. The third model differed
rom the second model by freeing the effect of past behavior on
nvironmental perceptions. The fourth model differed from the
hird model by freeing the direct effects of the environmental
actors on current PA. Alternative models were compared with
hi-square difference test.39 Cohen’s effect sizes40 were used as
he informational source for the explanatory value of the model.
he data analysis was conducted in 2005.

esults
escriptives

ean total physical activity per day was 65.6 minutes
SD�50.6) and 72.7 minutes (SD�76.8) per day for
urrent and past PA, respectively (Table 1). Most com-
on activities for past and current PA were cycling, field

ports, and gymnastics. Adolescents who were currently
ore physically active had a more positive attitude and

erceived more behavioral control and less subjective
orm toward being physically active. Additionally, they
eported living farther away from the nearest opportunity
o be physically active.

onfirmatory Factor Analyses

he overall measurement model provided good fit to

nt variables, and interfactor correlations from the overall

3 4 5 6 7 8 9

.11 1

.31*** .58*** 1

.14* .29*** .10 1

.23*** .34*** .50*** �.04 1

.03 .00 .18* �.14 .00 1

.01 �.02 .09 �.03 .07 .30*** 1

.14* .10 .15* .00 .11 �.19** �.33*** 1
r late

2

* 1

�
*

he data (�2�100.53, degrees of freedom [df]�73,

Am J Prev Med 2006;30(6) 509
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�0.02; NFI�0.97; CFI�0.99; RMSEA�0.04), but
ncluded two items (“There is a lot of traffic in my
eighborhood” and “There are enough sports clubs

n my neighborhood”) with inadequate (�0.40) fac-
or loadings. Deletion of these two items and re-
stimating the measurement model provided good fit
o the data (�2�64.40, df�47, p�0.05; NFI�0.98;
FI�0.99; RMSEA�0.04) with all factor loadings
0.70. Mean scores, standard deviation, factor load-

ngs for the latent variables, and interfactor correla-
ions for the final measurement model are shown in
able 1.

ath Analyses

ecause the sample size was insufficient for latent
ariables,41 path analyses were performed using ob-
erved variables. Mean scores for the multi-item scales
f attitude, PBC, and aesthetics were computed using
PSS Version 11.0.4 (SPSS Inc, Chicago IL, 2005).
nternal consistency analyses revealed good psychomet-
ic properties (attitude: ��0.77; PBC: ��0.82; aesthet-
cs: ��0.86). Mean score for attitude was 1.10
SD�0.80); for PBC .74 (SD�0.89); and for aesthetics
.72 (SD�0.80).
Except for the RMSEA, the first model provided a

ood fit to the data (�2�47.32, df�14, p�0.001;
FI�0.97; CFI�0.97; RMSEA�0.10). The second
odel, where the direct effect of past PA on current

A was freed, resulted in a significantly better
�2�difference�26.3) model fit (�2�21.02, df�13,
�0.07; NFI�0.98; CFI�0.99; RMSEA�0.05). The
hird model did not significantly improve model
t (past PA�aesthetics: �2�difference�0.53; past
A�distance: �2�difference�1.16; past PA�local fa-
ilities: �2�difference�1.21). The fourth model also
id not significantly improve model fit
aesthetics�PA: �2�difference�0.57; distance � PA:
2�difference�1.46; local facilities�PA: �2�differ-
nce�0.07). Consequently, the second model pro-
ided the best fit to the data. The structure and path
oefficients of this model are shown in Figure 1.
nvironmental aesthetics were a significant positive
redictor of attitude (��0.16; p�0.02), while dis-

ance to PA opportunities was a significant positive
redictor of both attitude (��0.19; p�0.005) and
BC (��0.14; p�0.04). Past PA was a significant
redictor of attitude (��0.14; p�0.03), PBC
��0.23; p�0.001), and current PA (��0.34;
�0.001). Intention was most strongly influenced by
ttitude (��0.45; p�0.001) and subjective norm
��0.24; p�0.001). Intention did not significantly
redict current PA. This final model accounted for a

otal of 34% of the variance in intention and 17%
ariance in current PA, indicating medium effect

izes.40 a

10 American Journal of Preventive Medicine, Volume 30, Num
iscussion

n line with recent calls for advancing research meth-
dologies and integrating theoretical approaches in the
tudy of determinants of PA,17,19,33 the present study
ought to identify determinants of adolescent PA by
ntegrating relevant individual-level and environmen-
al-level factors in a single study, using the theoretical
elationships of the TPB.

Results regarding the individual-level factors showed
hat past PA was a significant unmediated predictor of
urrent PA, replicating earlier findings in similar age
roups.8,9 However, the direct influence of past behav-
or has frequently been dubbed an “empty” con-
ept.4,42,43 One of the mechanisms that may account
or this direct influence is habit strength.44 Empirical
ndings45,46 indicate the additional explanatory value
f habit in PA-related behaviors. While TPB-based

nterventions are generally based on informational
trategies (i.e., providing people with information on
he health outcomes of being physically active), attitu-
inal and subsequent behavioral change will occur only

f the recipient of the message is likely to pay attention
o the new information.47 Yet, research indicates lim-
ted and selective information processing when behav-
or is guided by strong habits rather than intentions46

igure 1. Standardized regression coefficients for final
odel. Solid lines indicate paths; dashed lines indicate non-

ignificant paths. Underlined values indicate explained vari-
nce. For reasons of clarity, covariance and uniqueness are
ot shown. Chi-square�21.02; degrees of freedom�13;
�0.07; normed fit index�0.98; comparative fit index�0.99;
oot mean square error of approximation�0.05.
A, physical activity; PBC, perceived behavioral control.
nd suggests the necessity of additional strategies be-

ber 6 www.ajpm-online.net
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ond merely providing information.48 Although using
ast behavior as a measure of habit strength has been
riticized by Ajzen,49 Verplanken and Orbell44 have
rgued that habit is a psychological construct rather
han mere past behavioral frequency and have devel-
ped a script-based measure of habit to stimulate
urther development of habit research and theory.
mpirical evidence of this measure in determinant

tudies of adolescent PA is lacking, but because these
esults indicated that intention did not significantly
nfluence PA, one may question the tenet that adoles-
ent physical activity is largely explained by their per-
onal motivation. Habit includes factors such as auto-
aticity and unawareness44 and the inclusion of habit

trength in future studies may provide a more sufficient
ccount of the individual-level determinants of adoles-
ent PA.

Regarding the environmental variables, freeing the
irect effect of past PA on current environmental
erceptions did not significantly increase model fit,
uggesting that an adolescent’s previous PA does not
nfluence current environmental perceptions. Addi-
ionally, these environmental perceptions were not
irectly related to current PA, but adolescents who

ived in a more attractive neighborhood had a more
ositive attitude toward being physically active. In con-
rast, adolescents who indicated that the nearest oppor-
unity for PA was farther away also had a more positive
ttitude and perceived more control toward being
hysically active. Because TPB cognitions and environ-
ental factors were assessed simultaneously in this

tudy, this finding may reflect an inverse cause-and-
ffect relationship. Those who perceived a greater
ehavioral control and who had a more positive atti-
ude may have been more likely to seek out more
onvenient opportunities for PA, beyond the opportu-
ities provided by the immediate neighborhood. In-
eed, Bandura50 has conceptualized the influence of
elf-efficacy beliefs on one’s perceptions of environ-
ental barriers and opportunities.
The present study is subject to certain limitations.

irst, the study cohort consisted of more females than
he general Dutch population. Because females were
lso more likely to respond to both questionnaires,
aution is needed to generalize findings. Second, al-
hough PA was assessed using frequency and duration
or a wide range of common activities in Dutch adoles-
ents, the questionnaire was validated in an adult
ample. Third, perceived environmental factors were
sed, as opposed to objective environmental factors.
hile a recent study21 reported some similar associa-

ions between perceived and objective environmental
actors with PA, little is known about the accuracy of
uch perceived environmental survey data.51 As noted,
elf-efficacy beliefs influence environmental percep-
ions and underline the need for objective measure-
ents in the study of environmental influences on PA.

une 2006
inally, TPB cognitions were assessed with few and fairly
rude items that did not fully comply with Ajzen and
ishbein’s52 recommendations. Theoretically, physical
ctivity should be considered as a behavioral category
ather than a single act,52,53 and, therefore, cannot
erve as an attitude object. However, considering the
imited space available in the questionnaire and avoid-
ng questionnaires that are too long for adolescents to
omplete,53 direct measures of cognitions regarding
being physically active” were chosen.

In past decades, the TPB has provided researchers
ith a plausible mechanism to account for reasoned
ction in PA, but many scientists agree that such a
ocial-cognitive theory falls short of capturing all of the
ssues and domains that are specific to PA.54 On the
ther hand, relatively broad conceptual models of
utative environment–behavior relationships are cur-
ently being used to guide research.17 For instance, in
ine with the results of this study, a recent study55 found
nvironmental aesthetics to be unrelated to PA. The
urrent results, however, showed that aesthetics had an
ndirect positive influence on adolescents’ intention to
e physically active, underlining the need for targeting
oth environments and individuals in order to increase
urrent low activity levels. Future studies on physical
ctivity determinants need to extend beyond behavioral
ciences alone54 and include environmental factors and
ocial-cognitive factors in a single study.17,48 Moreover,
ocial-cognitive factors should be used to test and
xplain the relationship between the physical environ-
ent and physical activity.

his study is part of the NRG project, funded by the Nether-
ands Heart Foundation (2000Z002/2000T201). The authors
ould like to thank the general practitioners of the Corpora-

ion of Family Practices in Eindhoven (SGE) for their
ooperation.
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f this paper.
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