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Abstract

: This study sought to integrate perceived and built environmental and individual factors into the
Theory of Planned Behavior (TPB) model to better understand adolescents' physical activity.

Methods: Participants (n = 110) aged 12 to 17 years (M = 14.6 £ |.55) were recruited from two
large metropolitan high schools in Auckland, New Zealand, were included in the analysis.
Participants completed measures of the revised TPB and the perceived environment. Individual
factors such as ethnicity and level of deprivation were also collected. Geographical Information
Systems (GIS) software was used to measure the physical environment (walkability, access to
physical activity facilities). Physical activity was assessed using the ActiGraph accelerometer and the
Physical Activity Questionnaire for Adolescents (PAQ-A). Data from the various sources were
combined to develop an integrated model integrated for statistical analysis using structural equation
modeling.

Results: The TPB model variables (intention and perceived behavioral control) explained 43% of
the variance of PAQ-A. Unique and individual contributions were made by intention and PBC and
home ownership of home equipment. The model explained 13% of time spent in moderate and
vigorous physical activity (Actigraph). Unique and individual contribution was made by intention.

Conclusion: Social cognitive variables were better predictors of both subjective and objective
physical activity compared to perceived environmental and built environment factors. Implications
of these findings are discussed.
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Introduction

Environmental influences on children's activity

Recent increase in global obesity rates has been proposed
to be related to changes in our physical and social envi-
ronments, which increasingly promote a high energy
intake and sedentary behaviors [1]. The importance of
supportive environments that promote healthy choices is
enshrined within the Ottawa charter [2], and more
recently, sophisticated environmental models have been
developed that describe the interdependent influences of
biological, social, behavioral and environmental factors
on diet [3] and physical activity [4], which are key media-
tors for obesity [5]. Despite these proposed models, few
studies have investigated the interrelationship between
these factors.

In recent years there has been increased research interest
in the potential impact of environmental factors on both
nutrition and physical activity. A review of 19 studies [6]
demonstrated consistent associations between physical
activity and perceptions of accessibility, opportunities,
and the aesthetics of the environment among adults. Envi-
ronmental studies have also reported positive associations
between walking and access to open space and high
neighborhood walkability [7], whereas increased cycling
was associated with absence of busy streets [8] and the
presence of green and recreational space [9]. Generally the
relations between environmental factors and physical
activity have been small in magnitude and often con-
ducted in studies with large sample sizes; and most have
focused on physical activity in adults [10-14] and have
largely overlooked children and adolescents [15-18].
Environmental factors found to be related to physical
activity in children and adolescents include greater access
to recreational facilities, greater opportunities to exercise,
increased time spent outside [19-21]. High crime rates,
personal safety concerns [21,22], and transport infrastruc-
ture (number of roads to cross and traffic density/speed)
[21] have been found to be related to decreased levels of
physical activity.

Environmental and psychosocial factors: a combined
approach?

Ecological models posit that behaviors have multiple lev-
els of influence that include intrapersonal, interpersonal,
policy, and environmental variables [23]. Therefore, a
combination of psychosocial and environmental varia-
bles should best explain physical activity behavior
[4,24,25]. Environmental research studies, if they are to
be of practical use in public health policy, ought to focus
on the environmental influences that may determine par-
ticular behavioral choices [17,18,26]. Understanding the
interaction of an individual with the environment is just
as important as measuring the environment itself. There-
fore combined research of psychosocial and environmen-
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tal influences on these health-related behaviors is
necessary to target interventions appropriately. However,
few studies to date have examined both psychosocial (per-
ceptions) and environmental factors in relation to physi-
cal activity. One cross sectional study of 235 Australian
children aged 5-6 years and 677 children aged 10-12
years [18] found that both environmental and social fac-
tors were related to physical activity (active commuting to
school).

Recent research studies have examined the relative contri-
bution of psychological, social, individual, and environ-
mental factors on physical activity behaviors and have
shown that after adjustment for other determinants, exer-
cising according to recommendations was more strongly
associated with individual determinants than other social
environmental or physical environmental determinants
[27]. Others have shown that perceived access to opportu-
nities for physical activity, and motivation to be active
were associated with regular vigorous activity among ado-
lescents [28]. Despite these findings, the evidence regard-
ing environmental determinants of energy balance related
behaviors (e.g., physical activity and nutrition) has been
largely based on non-theoretical approaches [29].
Recently, researchers have examined the influence of envi-
ronmental variables on walking behavior using the The-
ory of Planned Behavior (TPB) [30] model as a
framework. According to the TPB, intention is proposed
to be the most immediate determinant of behavior. The
constructs attitude, subjective norm, and perceived behav-
ioral control (PBC) are proposed to influence intention.
PBC s also posited to directly influence behavior. External
factors such as the environment are considered anteced-
ents of the social cognitive factors and should be mediated
by these constructs. External factors may also moderate
the relationship between the social cognitive factors and
behavior. In two separate studies with Canadian adults,
the effect of environmental factors (e.g., neighborhood
aesthetics, retail land-use mix) on walking behavior was
mediated by attitudes [31,32] and intention [32]. Per-
ceived proximity to recreation facilities also moderated
intention-walking relations, with those perceiving a closer
proximity showing a larger intention-walking relation-
ship than those who reported being farther away from rec-
reation infrastructure [31].

To the best of our knowledge only one study has modeled
individual and perceived environmental factors in addi-
tion to the TBP among adolescents [33]. Results showed
that past physical activity had the strongest relationship
with current self-reported physical activity, while per-
ceived environmental aesthetics and distance to activity
opportunities were indirectly related to adolescents'
intentions to be physically active. The model explained
17% of the response variance of physical activity.
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No studies have yet integrated perceived and measured
environmental factors with psychological constructs from
the TPB to determine their contribution to physical activ-
ity behavior among adolescents. The aim therefore of this
study was to examine the feasibility of integrating envi-
ronmental, individual, and psychological variables to bet-
ter understand physical activity in New Zealand (NZ)
adolescents. Specifically, this study sought to integrate
perceived and built environment measures with the TPB
model. Based on previous research [32] we hypothesized
that environmental factors would be correlates of physical
activity but mediated through attitudes and PBC and sub-
sequent intentions to be active.

Methods

Participants and design

Participants were students at two large Metropolitan schools
in the Auckland region of NZ, aged between 12 and 17 years.
All study procedures and related documents were approved
by the regional ethics committee. Contact was initiated with
the school principal to discuss the study purpose and proce-
dures and to obtain consent to approach the students. Once
permission was obtained, a researcher made contact with the
students via a designated teacher. Students were provided
with written and verbal information about all aspects of the
study and offered the opportunity to participate. Interested
participants completed informed consent forms. Parental
consent was also obtained for adolescents aged < 16 years.
Data collection took place during designated classroom
time. Participants completed measures of the TPB model
(attitude, subjective norm, PBC, and intention), perceived
environment, and self-reported physical activity. At the end
of the session, students were fitted with an Actigraph acceler-
ometer, which they were instructed to wear on their right
hip, during all waking hours over 4-consecutive days
(including 2 weekend days). Exceptions to this rule were (a)
all water sports and showering (as the Actigraph is not water
resistant) and (b) any contact sports (e.g., Rugby Union).
Height and weight also were measured. Researchers returned
to the school after four days had elapsed to collect the accel-
erometers.

In total, 170 school students registered interest to participate,
of which 164 were eligible and took part in the study. Six
were ineligible because of age. In NZ, schools have bounda-
ries or zones, in which students must live to attend the
school. It is possible to attend the school if you live outside
the zone under certain circumstances (siblings attending the
school etc.). One hundred and ten students resided within
the respective school zones for which Geographic Informa-
tion Systems (GIS) data were available and were included in
analysis. On average, these students were 14.6 years of age
(SD 1.55), overweight (mean BMI 24.7 kg/m2, SD = 6.7),
predominantly male (57%) and mixed ethnicity. Demo-
graphic details are provided in Table 1 for the total sample
and for each school.
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Measures

Body composition

Height (Harpenden Stadiometer, Chasmors Ltd, London)
weight (Salter scales), and waist circumference were meas-
ured according to standardized procedures [34].

Revised TPB variables

All TPB items were constructed according to Ajzen's rec-
ommendations [35] and to ensure suitability for an ado-
lescent sample and have been used in previous research
with this age group [36]. Researchers administered all
questionnaires. For the TPB questions, regular physical
activity was defined as going any physical activities for a
total of 60-minutes or more per day (on most days of the
week). This definition is based upon New Zealand's phys-
ical activity guidelines for children and young people.

Intention was assessed using three items, "I intend to take
part in regular physical activity next week"; I plan to do
regular physical activity next week"; and I will try to take
part in regular physical activity next week. Items were
rated using a 7-point Likert scale, from -3 (completely dis-
agree) to +3 (completely agree). An overall measure of
intention was generated from the mean of the three items,
with higher scores indicating greater intent to be physi-
cally active.

Attitude towards physical activity was assessed using the
stem item "For me to take part in regular physical activi-
ties during the next week is ...". Six bipolar adjective scales
were scored from 1 to 5. The scales included both experi-
ential (e.g. enjoyable-not enjoyable, pleasant-unpleasant, fun-
boring) and instrumental (e.g. useful-useless, harmful-bene-
ficial) items. The instructions that preceded the adjectives

Table I: Descriptive information of all participants

Variable M SD
Age (years) 14.61 1.55
Height (meters) 1.66 0.1
Weight (kg) 69.06 22.73
BMI 24.7 6.65
NZDep 6.33 3.14

n (%)

Sex Male 64 (58%)

Female 46 (42%)
Ethnicity NZ European 39 (35.5%)

NZ Maori 16 (14.5%)

Pacific 29 (27.3%)

Asian 14 (12.7%)

Other 12 (10.9%)
N=110
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directed the participant to "Please put a tick on the line for
the amount that you agree or disagree with the statement". To
obtain an overall measure of a participant's attitude each
of the five items were summed. Possible scores for the
overall attitude measure could range from 5 to 30.

Subjective norm was assessed using three items. One item
assessed descriptive norms and two items assessed injunc-
tive norms. Descriptive norms were assessed with the item
"People who are important to me (e.g., mum and dad,
guardian, grandparents, other family, friends, teachers
etc) want me to participate in regular physical activities
over the next week'. Injunctive norms were assessed with
the items, "Most of my friends take part in regular physical
activities"; and "My mum/dad (guardian) take part in reg-
ular physical activities". Items were rated on a 7-point
scale, from -3 (completely disagree) to +3 (completely
agree). An overall measure of subjective norm was gener-
ated from the mean of the three items.

Perceived behavioral control (PBC) was measured using
three items "For me to take part in regular physical activi-
ties in the next week would be" -3 very difficult to +3 very
easy; "Whether I do or do not take part in regular physical
activity next week is completely up to me" (-3 completely
false to +3 completely true); "How much control do you
have in taking part in regular physical activity next week",
rated from -3 (no control) to +3 (complete control). A
mean score from the three items was calculated to give an
overall measure of PBC. Internal consistency of all scales
was high (range a = 0.75 - 0.97).

Perceived environment

Items from the Neighborhood Environments Walkability
Scale (NEWS) [37-39] were used to assess perceptions of
access to physical activity facilities as well as ownership of
household-items for recreational use. There is currently a
lack of standardized measurement of the perceived envi-
ronment, however these measures highlight the proximity
of facilities, crime, aesthetics, and safety as key character-
istics to walking and cycling [7,18,32]. Given the impor-
tance of perceived access to facilities and physical activity
resources we chose to use the relevant NEWS items. Some
of the wording was modified to ensure applicability to the
NZ setting (e.g., sidewalks was changed to footpaths, local
shop was changed to dairy).

Perceived access

Participants indicated the duration (in minutes) it would
take them to walk from their home to the closet of 17
facilities for the purpose of physical activity (e.g., public
park, recreation centre, playground etc.). Walking time to
facilities was categorized as 1-5 minutes, 6-10 minutes,
11-29, 21-30, and 30+ minutes. The categorical variable
was used in analysis.
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Perceived ownership and reported use of equipment

Participants indicated (by ticking a yes or no option) the
type of equipment they had in their home or garden for
the purpose of physical activity (e.g., bicycle, swimming
pool, skates etc). Participants also reported the number of
times they had used each item of equipment for the pur-
pose of physical activity in the previous month. The sum
of the number of items owned, and the number of items
used, respectively, were used for analysis.

Perceptions of safety

Specific items were developed to assess participants' per-
ceptions of safety and difficulty for walking and cycling.
Items were based on previous work with Australian chil-
dren by Timperio and colleagues [18]. Participants indi-
cated the level to which they disagreed with nine
statements regarding the difficulty to walk and cycle in
their neighborhood (e.g., there is a high crime rate in my
neighborhood). Items were scored on a scale from 1
(strongly disagree) to 5 (strongly agree).

Physical activity behavior was assessed subjectively by self-
report and objectively by accelerometer. Research has
shown that it is particularly challenging to obtain reliable
and valid measurements of youth PA [40]. Collecting PA
data objectively and subjectively allows for comparison
between the two methods.

Participants completed the Physical Activity Question-
naire for Adolescents (PAQ-A), a validated self-report
seven-day recall physical activity measure, consisting of
nine items that are used to calculate summary activity
scores. Items assess physical activity performed at school
(physical education, recess, lunchtime), right after school,
and at home (organized and recreational) [41]. Each
PAQ-A statement was scored on a five-point scale with
higher scores indicating higher activity levels.

Previous research [42] has reported mean scores of 3.23
(SD 0.78) and 3.35 (0.68) in young Canadians. Partici-
pants were also fitted with an Actigraph Accelerometer
(Model AM7164-2.2C), which measures motion in the
vertical plane, with movement outside of 'normal' motion
being filtered electronically. Students wore the accelerom-
eter during waking hours on their right hip at the mid-
axilla line and activity count data (counts/minute) were
collected over four consecutive days (two weekdays and
two weekend days). Minute-by-minute activity counts
were uploaded to a data reduction program that excluded
all Actigraph outputs that equaled zero for more than 20
consecutive minutes (assuming non-wearing time for that
period). All days with less than ten hours of recorded time
were excluded from analyses. Using these criteria, all par-
ticipants provided at least three valid days (including one
weekend day) for analysis. Time spent in light (< 2.9
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METS), moderate (3.0-5.9 METS), and vigorous (= 6.0
METS) activities were derived from age-specific count cut-
offs developed by Freedson et al [43].

Built environment

Geographical Information Systems (GIS) (ARCGIS) [44]
was used to map neighborhood environments (for those
living within the school zoning area) in terms of the
number, type, and location of activity opportunities (rec-
reation facilities, parks etc) as well as to determine walka-
bility. The addresses of registered recreational facilities
(gyms, sports clubs, public swimming pools etc.) were
derived from secondary data sources (Auckland City
Council, Auckland Public Health Service, Auckland
Regional Council, and the APNfinda) and imported to a
GIS database. Green Space and land use data were derived
from the Auckland City Council district plan. The GIS
database also included New Zealand census and depriva-
tion index data. From these GIS data we generated two
environmental indices.

Accessibility Index

The construction of the indices was based on previous
accessibility measures [45]. Within each neighborhood,
accessibility to each type of facility or location (e.g., play-
ground, swimming pool etc.) was calculated by counting
the number of facilities within a specified time threshold
from the participant's house. We used the roads network
and the assumption that walking speed was 4 km/hr, and
thresholds were defined as <5 minutes, 6-10 minutes,
11-29, 21-30, and 30+ minutes, to be comparable with
the results from the participant's perceived accessibility.

G

(5
0
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The GIS data were integrated with the key facilities identi-
fied in the 'perceptions of the environment' questionnaire
to derive the distance of decay parameters, which was
measured as:

Aizzjm]—/di?

Where A; is a measure of accessibility from each unique
mesh-block i, mj is set to 1 for facilities (in the absence of
data for 'attractiveness' of each facility) and b is the esti-
mated destination-specific distance-decay parameter
between i and j.

Wialkability index

A walkability index was developed to indicate the ease of
walking around a neighborhood and was based on dwell-
ing density, street connectivity, and land attributes.
Because the index was originally developed in the United
States of America modifications were made to ensure spe-
cificity for NZ. A 1-10 score for each measure (dwelling
density, intersection density, and land use) was summed
for each meshblock resulting in a possible score of 3-30.

Deprivation index (NZDep)

The NZDep2001 index of combines nine variables from
the 2001 census which reflect eight dimensions of depri-
vation. NZDep2001 provides a deprivation score for each
meshblock in NZ. Meshblocks are geographical units
defined by Statistics NZ, containing a median of approxi-
mately 90 people in 2001. The NZDep2001 scale of dep-

Walkability x
Reported

21
15
Accessibility

-34

UG

Perceived
access

.26

MZ Dep = MNZ Deprivation Index; PBC = Perceived behavioral control; P AQ-2 = self-reported physical activity

Figure |

Integrated model to predict self-reported behavior (PAQ-A). Note: All effects are standardized. Bold lines indicated

statistically significant relationships (p < 0.05).
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use
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14
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.28

-33
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Perceived
access

45 35
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NZ Dep=NZ Deprivation Index ; PBC = Perceived behavioral control; MYV PA = Moderate vigorous physical activity

{accelerom eter)

Figure 2

Integrated model to predict moderate-vigorous physical activity (MVPA). Note: All effects are standardized. Bold

lines indicated statistically significant relationships (p < 0.05).

rivation from 1 to 10 divides New Zealand into tenths of
the distribution of the first principal component scores.
For example, a value of 10 indicates that the meshblock is
in the least deprived 10 percent of areas in NZ.

Analyses

Structural equation modeling was carried to determine
associations between the environmental variables (GIS
and perceived environment), TBP variables and physical
activity. Structural equation modeling analyses were per-
formed using AMOS 4.0 [46]. All other analyses were con-
ducted using SAS version 9.1.3 (SAS Institute Inc. Cary
NC). All statistical tests were two-tailed and a 5% signifi-
cance level maintained throughout the analyses.

In line with previous research [32] to create a more parsimo-
nious and less complex model the following approaches
were taken. Bivariate correlations of perceived environment,
individual, and built environment variables with measures
of physical activity (PAQ-A, and time spent in MVPA) were
evaluated. Only significant (p < 0.05) bivariate correlations
between these variables were integrated to predict each
measure of physical activity. For the TPB variables, estab-
lished theory was used to identify proposed relationships
with physical activity.

Structural equation modeling [47] with maximum likeli-
hood estimation and a covariance matrix was used to test the
integrated model. Given the exploratory nature of this

research and the complexity of the model we proposed five
separate levels. Level I was the dependant variable (physical
activity). Consistent with the TPB, intention was proposed as
the most proximal determinant of physical activity (level II)
with PBC, PSN, and attitude antecedents of intention (level
IIT). According to the Theory of Planned Behavior external
factors are posited to be antecedents of the social-cognitive
variables, however, it is possible these variables may also
have a direct relationship to physical activity. Therefore, in
the proposed model perceived environment variables (per-
ceptions of safety, ownership and use of recreational equip-
ment) (Level IV) and the built environment (GIS) variables
(walkability and accessibility) (Level V) were proposed to
both influence social cognitive factors and behavior directly.
Ethnicity and deprivation were also considered at level V,
and were set to correlate with each other in the model. How-
ever the perceived environment and social cognitive varia-
bles were freed to correlate amongst each other. For the
latent variables, the loading of the first indicator was set to
1.0. Two models were tested with physical activity measured
using the PAQ-A and accelerometer.

Results

On average, adolescents participated in 74 (SD = 35.96)
minutes of moderate and 8 (SD = 8.35) minutes of vigor-
ous physical activity per day. The mean PAQ-A score was
2.8 (SD = 0.81). Descriptive information and bivariate
correlations of the variables of interest are presented in
Table 1. The social cognitive variables were correlated
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with the subjective (PAQ-A) and objective physical activ-
ity (time spent in moderate/vigorous activity). Perceived
environment variables (perceived ownership of recrea-
tional equipment and perceived access) correlated with
the PAQ-A only. None of the perceived variables were cor-
related with time spent in MVPA. The GIS variables (walk-
ability and accessibility) were not correlated with any of
the physical activity measures. Time spent in MVPA corre-
lated with the PAQ-A (r = 0.50, p < 0.0001).

Structural equation modeling analysis with the PAQ-A as
the dependant variable is presented in Model one (Figure
1). The model resulted in a modest fit of the data [X2 (28)
=82.98; p < 0.0001; CFI = 0.79; RMSEA = .13] using con-
ventional cut-off criteria. Approximately 43% variance of
subjective physical activity (PAQ-A) was explained. Inten-
tion (standardized effect = .51) and PBC (standardized
effect = 0.14) had the strongest direct effects on subjective
physical activity. Of the perceived variables, home owner-
ship of recreation equipment (standardized effect = .26)
had a direct effect on physical activity. Subjective norms
and attitude were related to intention, while PBC was not.
As can be seen in Figure 1, perceived ownership of home
equipment had a direct relationship with all of the TPB
variables except PBC, while reported use of home equip-
ment had a direct effect with attitude. Ethnicity (standard-
ized effect = -.34) was inversely related to perceived home
ownership of recreational equipment.

A second model (Figure 2) was tested with objective phys-
ical activity (accelerometer) as the dependant variable
(time spent in MVPA). The model again resulted in a
modest fit of the data [X2 (29) = 78.04; p < 0.0001; CFI =
.70; RMSEA = .12]|, with approximately 13% of the
response variance of objective physical activity explained.
Intention (standardized effect = .30) and PBC (standard-
ized effect = .17; p = 0.09) had the strongest direct effects
on objective PA. None of the perceived or built environ-
ment variables were directly related to accelerometer
measured PA.

An alternative model was tested in which the individual
variables (ethnicity and NZDep) were freed to correlate;
however this did not improve the overall fit (AX2 (6) =
0.85; p > 0.05).

Mediation analysis
None of the environmental variables met the criteria for
mediation [48].

Discussion

This study sought to examine the feasibility of integrating
environmental (perceived and GIS measured), individual,
and psychological variables to better understand physical
activity in NZ children. Overall, our results showed that is

http://www.ijbnpa.org/content/6/1/19

possible to integrate these variables to examine their con-
tribution to physical activity. In general, results showed
that the TPB variables were the most proximal determi-
nants of both subjective and objectively measured physi-
cal activity. The perceived environmental variables
(reported home ownership and use of sport and recrea-
tion equipment) were related to the TPB variables and
self-reported PA. Built environment variables were not
directly or indirectly related to the PA measures.

Differences were found between the various measures of
physical activity. The integrated model explained 43% and
13% of self-reported physical activity (PAQ-A), time spent
in MVPA, respectively. The TPB variables contributed most
to the prediction of these behaviors. Intention and PBC pre-
dicted self-reported behavior (PAQ-A), whereas only inten-
tion predicted accelerometer-derived behavior. These
findings are consistent with social cognitive theory, which
posits that intention is the most proximal determinant of
physical activity and that PBC is directly related to behavior
as well as intention. The difference in findings between self-
reported and objective physical activity suggest that differ-
ent psychological variables may be salient for different
aspects of physical activity. Specifically, it is likely that
greater congruence exists between self-report measures of
physical activity such as the PAQ-A and the items used to
measure constructs such as intention, attitudes etc. Whereas
accelerometers capture all activities (including incidental),
which may be less volitional and therefore TBP items may
be less likely to capture.

Although the two activity measures were correlated (r =
0.50, p < 0.01) indicating shared variance, they also
clearly assess separate aspects of physical activity. Much of
the physical activity assessed with the PAQ-A could be
considered structured either by time (i.e. during PE class,
straight after school, in the evening, and in the weekend)
or by specific activity (i.e. physical education, sports
teams, dance etc.). Hence, participants are more likely to
remember and report such activities, and forget the spon-
taneous, unstructured activities (captured by accelerome-
ters).

Only the perceived environmental variables were directly
related to the self-report measures of physical activity.
Specifically, reported home ownership was directly
related to the PAQ-A measure. These finding suggest that
greater access to sport and recreation equipment within
the home may increase opportunities to be active, which
in turn encourages participation in physical activities; or
those who intend to be active may have more home
equipment. These findings are contrary to those of a sys-
tematic review [49], which reported that four out of six
studies found no association between home equipment
and children's physical activity. In contrast, two studies
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[50,51] found that the number pieces of exercise equip-
ment in the home was positively and significantly associ-
ated with higher self-reported physical activity among
adolescents girls and boys and young adolescent girls (but
not boys). However availability of sporting equipment
(ball, bats, etc,) has been shown to be related to children's
physical activity within the school environment [21].
Home ownership was not related to accelerometer meas-
ured physical activity. The reason for this is not clear, and
may be related to the fact that the systematic bias associ-
ated with self-reported ownership is the same associated
with self-reported behavior. Therefore congruence in
measurement is more likely with self-report than objec-
tively assessed behavior. However, intuitively, it makes
sense that access to activity promoting toys is likely to be
related to increased physical activity participation. Inter-
estingly, all TPB variables (except PBC) were related to
home ownership of sport and recreation equipment.

Perceived safety was not related to physical activity or any
of the TPB variables. The lack of association with physical
activity is consistent with previous research in children
(see Davison [21] for a review). However, among adoles-
cents perceived neighborhood safety was associated with
higher self-reported outdoor physical activity for girls but
not boys [21] as well as vigorous activity [53]. The lack of
support for perceived safety may be reflected in the meas-
urement of general levels of physical activity, which may
or may not be linked with neighborhood safety given that
children can be active outside their neighborhood. Of
more surprise was the lack of relations between perceived
safety and the TPB variables. According to theory, we
hypothesized that perceived variables would act as ante-
cedents of the TPB variables, which was not the case. A
small (r = .12, p = 0.09) correlation was found between
perceived safety and PBC, however due to the small sam-
ple size this was statistically non-significant.

Contrary to previous research, walkability was not related
to self-reported or objectively measured physical activity

http://www.ijbnpa.org/content/6/1/19

behavior. There a number of possible explanations for
this lack of relationship. First and foremost the walkabil-
ity of a neighborhood may have very little effect on free-
living physical activity behavior. Previous studies in adults
have found small correlations between walkability and
self-reported walking [7], which may just as likely be a
function of large n size. It is also likely that neighborhood
walkability may be more related to walking behavior than
general levels of physical activity measured (e.g., PAQ-A
and accelerometer). Other explanations include the small
sample size, and clustering effect of children from similar
school classes, which may have diminished the impact of
built environmental variables given the close proximity
and likely geographical similarity of the neighborhoods

In the present study, the measured accessibility index was
not related to any of the physical activity measures. This
was surprising given that the index included all neighbor-
hood facilities. The lack of associations between the meas-
ured environment factors and physical activity suggest
that these variables are not related and physical activity
does not necessarily occur in the neighborhoods that peo-
ple reside. These findings also highlight the lack of sophis-
tication and precision associated with the way we
currently measure these environmental variables.

The integrated model included the individual (or demo-
graphic) variables ethnicity and deprivation index, which
were both inversely related to home ownership of sport
and recreation equipment. According to how these varia-
bles were coded, Maori and Pacific and those with greater
deprivation were less likely to report ownership of sport
and recreation equipment in the home, highlighting the
issue of disparity of access to opportunities to be active.

According to conventional criteria the model fit was mod-
est at best; however this study sought to assess the feasibil-
ity of integrating these data and was limited by the small
sample size given the complexity of the proposed model.
However, structural equation modeling provides a suita-

Table 2: Correlations of social cognition, perceived environment, built environment and individual factors with physical activity

Mean SD PAQ-A MVPA
Intention 1.70 1.30 667 .38
Perceived behavioral control 1.64 1.12 36+ 28+
Attitudes 4.30 0.71 A5wE 3w
Subjective norm 1.31 1.23 48+ 35w
Perceived safety 3.32 0.66 -0l -0l
Reported ownership of home equipment 4.75 2.41 A% .12
Reported use of home equipment 0.73 0.29 23% .06
Perceived access 15.73 4.53 -26%* -0l
Walkability 6.14 3.28 -.04 -.03
Accessibility 1.18 0.45 .02 -.08
NZ Deprivation (NZDEP) 6.33 3.14 .06 -0l
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ble approach to examine the complex interdependent
relations between the social, behavioral, and environmen-
tal factors on physical activity. Consistent with theory, our
model considered the TPB variables as the proximal corre-
lates of behavior, with external factors such as the per-
ceived and built environment as antecedents of the TPB
variables but also as more distal correlates of physical
activity. Alternative models could equally have been pro-
posed and tested. For example, Bandura proposed an
interrelationship between the person, environment, and
behavior (triadic determinism).

This study is not without limitations and should be con-
sidered within the context of these. First, this was a feasi-
bility study and therefore had a small sample size given
the number of variables examined. Second, participants
were from two metropolitan schools in NZ which limits
the generalizability of the findings. Third, we used a cross
sectional design and therefore cannot infer causation.
Notwithstanding these issues, this study used a theoretical
approach to integrate perceived and GIS-measured envi-
ronment, and individual factors within the TPB model to
predict physical activity in adolescents.

Conclusion

A model that integrated the TPB, perceived and GIS-meas-
ured environment and individual factors found that self-
reported physical activity and MVPA are largely intention
and control-based behaviors, with an additional inde-
pendent contribution from home ownership of sport and
recreation equipment. Taken together, these findings sug-
gest that theory-based interventions focused on enhanc-
ing intentions, perceived control as well as perceptions of
the environment may have positive impacts on physical
activity. Future work should focus on developing alterna-
tive models where the role of the environmental variables
can play a greater role in predicting physical activity.
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