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Abstract

Background—Individuals who perceive more neighborhood challenges are less physically
active. Territoriality, an observable positive marker of social presence and defensible space in the
neighborhood, may influence the association between neighborhood challenges and physical
activity. We hypothesized that greater territoriality would reduce the negative effects of
neighborhood challenges on physical activity levels.

Methods—Data were collected by the Healthy Environments Partnership in an urban
Midwestern city. Multilevel regressions were employed to test associations in a sample of 696
White, Black, and Hispanic adults aged 25+.

Results—Territoriality moderated associations between residents’ perceptions of neighborhood
challenges and physical activity. Contrary to our hypothesis, individuals who perceived more
neighborhood challenges and lived in areas with more territoriality markers (e.g. buildings with
decorations, buildings with security signage, neighborhood watch signs) were less physically
active than other respondents. (b= -2.41, SE=0.84, p<0.01).

Conclusions—Our findings suggest that associations between perceived neighborhood
challenges and physical activity are shaped by the context in which the individual lives. Our study
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provides empirical evidence that individual perceptions and observed neighborhood characteristics
are joint contributors to physical activity, and suggest the need for continued research to
characterize the complexity of individual and contextual factors that contribute to physical
activity.

Keywords
Territoriality; neighborhoods; physical activity

The health benefits of regular physical activity (PA) among adults are well established,
including reduced likelihood of obesity (1), heart disease (1), and mood disorders (2). Adult
PA is influenced by individual preferences, interpersonal interactions, and the environmental
context in which individuals live (3-7). Socioecologic models highlight the
interrelationships between multilevel determinants of PA, including both contextual (e.g.
features of the neighborhood environment) and individual factors (e.g. perceptions of the
environment) (6) (8-17).

A significant body of literature has examined associations between individuals’ perceptions
of their neighborhood environments and PA. Several studies have reported inverse
associations between perceptions of neighborhood challenges- both physical and social- and
PA (18). Perceptions of neighborhood physical challenges, including poor housing (19),
sidewalk condition (20), vacant lots (15, 21, 22), heavy traffic (21, 23, 24), and lack of
safety (22, 25-27) have been associated with less PA. Perceived social challenges in the
neighborhood, including the presence of gang activity, prostitution, loitering, drug dealing,
vandalism, adults fighting, along with crime such as robbery and theft (28), have also been
found to be inversely associated with PA (25). One recent qualitative study suggests that
neighborhood residents and institutions may construct socially determined “territories of
concern” with observable markers that influence resident reactions to perceptions of
challenges in the neighborhood (29).

Studies also suggest that well-maintained observable neighborhood features, including
maintenance of sidewalks, are positively associated with PA ((30, 31) (31, 32)), and poorer
observed neighborhood aesthetics have been associated with lower PA (21). Other
commonly used observable measures of the environment, such as physical disorder (28) or
incivilities (33), have been negatively associated with PA (30, 34). Another contextual
feature that has been previously theorized to positively correlate with health is territoriality
(33). Territoriality has been defined as a signal of social investment and organization (or
territorial functioning (35)), and demarcates defensible space within the neighborhood (33,
35, 36). Territoriality measures consists of physical markers of resident social presence and
defensible space, identified by features erected by residents such as fences, gardens, or
signage (36). Primarily examined to date in relation to crime outcomes, territoriality has
been associated with reduced perceptions of crime and improved safety in the neighborhood
(35). As a result, some researchers have proposed that territoriality may be positively
associated with PA (37). However, empirical evidence on how territoriality is associated
with PA is sparse. We identified only one study that examined associations between
territoriality and PA in which territoriality was conceptualized to have protective effects
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Methods

against crime and adverse community events. In that study, the authors reported a null direct
association between territoriality and PA among a sample of pregnant women (38). We
propose that it is also possible that those living in neighborhoods with greater territoriality
may feel more comfortable engaging in PA in the neighborhood even when they perceive
challenges, such as vacant housing, littering, or gang activity.

In this study, we examine the independent and joint relationships of perceptions of
neighborhood challenges and observed territoriality with PA. We had three hypotheses: (1)
more perceived neighborhood challenges are associated with lower PA, (2) greater observed
territoriality is positively associated with PA; and (3) residents who perceive more
neighborhood challenges and live in neighborhoods with higher levels of observable
territoriality will be more physically active compared to those with lower levels of
territoriality.

Data sources and study population

Measures

Data for this study were drawn from the Healthy Environments Partnership (HEP) 2002—
2003 community survey and systematic observation of study neighborhoods and from the
2000 U.S. Census, as described below. The University of Michigan Institutional Review
Board for Protection of Human Subjects approved the study in 2001.

The survey sample is a two-stage equal probability sample of occupied households, with the
goal of obtaining 1000 completed interviews among non-Hispanic Black, non-Hispanic
White, and Hispanic adults aged 25 or older, with the extensive details of the survey
sampling procedures and derived analytic weights described in detail elsewhere (39).
Households were selected to represent similar distributions of socio-economic status (SES)
across racial/ethnic groups in three Detroit communities--the Northwest, Southwest, and
Eastside of Detroit--from March 2002 to March 2003. Households were nested within
census blocks (n=146) and census block groups (n=68); census blocks and census block
groups, in turn, were nested within these three communities. Neighborhoods were defined as
the residential census blocks where at least one HEP survey participant lived (n=146) and
the surrounding blocks that shared at least one common border with the residential blocks
(referred to as “rook” neighbors) (39, 40). For these analyses, each “neighborhood” includes
the study block and its rook neighbors. Face-to-face interviews were completed with 919
participants, with a response rate of 75% of households that were determined to have an
eligible respondent and 55% of households with known or potential respondents (39).

Physical activity (PA)—The outcome for these analyses is PA, assessed by asking how
many days and the amount of time an individual reported walking, moderate-intensity
activities (such as yard work or chores that cause small increases in breathing or heart rate),
or vigorous activities (such as fast walking, running, dancing, or participating in strenuous
sports that cause large increases in breathing or heart rate) in a usual week for at least 10
minutes at a time. These measures were drawn from the Behavioral Risk Factor Surveillance
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Survey (41). Based on Ainsworth’s compendium of activities (42) and the International
Physical Activity Questionnaire (42, 43), an average metabolic equivalent of task (MET)
weighting score was derived for each category (walking, moderate, or vigorous) of PA.
“MET minutes” reflect the amount of activity and the associated energy requirements in a
single measure. These values are multiples of the resting metabolic rate, and a MET minute
is computed by multiplying the MET score of an activity by the minutes of time the activity
is performed (42). For walking, the weighting score was 3.3 METSs, for moderate intensity
activities the weighting score was 4.0 METS, and for vigorous activities the weighting score
was 8.0 METs. MET minutes of each intensity level of activity were calculated for each
participant as the product of the MET weighting score, the number of days active at that
intensity, and the number of minutes per day active at the intensity. The total number of
MET minutes of activity was calculated for each individual as the sum of their MET minutes
for walking, moderate intensity, and vigorous intensity activities per week and scaled by the
standard deviation. Our analysis included participants for whom data were available on
frequency and duration of PA. This measure has been used in previous analyses of the HEP
data (14, 31).

Perceived neighborhood challenges—Perceived neighborhood challenges assessed in
this study (see Table 1) were identified from previous literature as indicators of physical and
social disorder (9, 44). Perceived challenges related to the neighborhood physical
environment consisted of seven items on a 5-point agree-disagree scale ranging from
1=strongly agree to 5=strongly disagree. Perceived challenges related to the neighborhood
social environment were captured through six items rated on a 5-point scale, ranging from
1=never to 5=always for the extent to which each was a problem in their neighborhood.
Items from both scales were recoded such that higher scores were representative of more
neighborhood challenges. The mean of the 13 items across the physical and social aspects of
the environment was calculated and used to represent an overall measure of perceived
neighborhood challenges. Higher scores corresponded to more neighborhood challenges.

Observed territoriality—Territoriality was captured using the Neighborhood Observation
Checklist (NOC) (45), a systematic social observation data collection instrument. The NOC
assessed aspects of the social and built environments for each neighborhood, including
condition of homes and businesses, vacant lots, streets and sidewalks, traffic patterns, and
parks and recreational facilities (39, 46). Trained observers collected data during a 15-week
period in the summer and early fall of 2003 (39, 46) on each neighborhood. Territoriality
was conceptualized as characteristics of the neighborhood environment that reflect social
presence or defensible space, following the literature (33). Our measure was constructed
from the indicators shown in Table 2. Our initial step was to calculate the proportion of
block faces within each neighborhood with each territoriality marker. Our final measure
reflects the average of those nine proportions for each neighborhood, with higher
territoriality scores indicative of a greater number of territoriality markers within the
neighborhood.

Covariates—~Preliminary analyses of these data have identified a number of correlates of
PA in this sample, and they are included here. Individual level covariates included age (in
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years), length of residence in the neighborhood (in years), gender, education (less than high
school diploma or high school diploma or more), poverty to income ratio (PIR <1 or PIR =
1), labor force participation (currently in the labor force or not in the labor force), car
ownership status (yes or no), home ownership status (yes or no), marital status (married or
not married), physical limitations, defined by having difficulty with doing heavy work (e.g.
washing walls, shoveling snow), climbing flights of stairs, walking several blocks, or
difficulty bathing), and self-reported race/ethnicity (non-Hispanic white, Latino, or non-
Hispanic black) were included in analyses.

At the census block group level, models accounted for neighborhood poverty, which was
defined as the proportion of households with incomes below the poverty line, and was based
on 2000 census data.

Data Analysis

Results

All analyses were performed in HLM 7.0. Multiple imputation using IVEware (47) was
performed to account for missing data in the analyses, as well as to account for the sampling
design in analyses (48). Weights were created to ensure appropriate representation of racial
and ethnic groups across socioeconomic statuses in the sample, and were applied to adjust
for probabilities of selection within strata and to match the sample to Census 2000
population distributions of the study communities as well (39). Details of the multiple
imputation process and survey methodology have been reported elsewhere (39). The
imputations and appropriate weighting procedures were applied in HLM 7.0 to accurately
reflect the intended socioeconomic and racial/ethnic distribution of the study communities.

Weighted multilevel linear regression models of PA were used to test the hypotheses. All
continuous measures at the individual level were group mean centered to allow for unbiased
estimation of cross-level interactions (49), and both neighborhood (census block) and census
block group level measures were grand mean centered. Fixed effects at the individual, block,
and block group levels were estimated in the analyses. Main effects and a product-term
interaction effect of observed territoriality and perceived neighborhood challenges models of
PA were tested and evaluated at a=0.05. Model assumptions were tested. Although the PA
scores were slightly left skewed, transformation of the data did not result in improved model
fit. The untransformed models results are presented to facilitate interpretability of the
results.

Descriptive statistics

The analytic sample included 696 individuals nested in 137 census blocks and 68 census
block groups. Among the 223 individuals excluded, 71 were chair or bed bound, and 152
individuals did not provide information to calculate their PA level. Respondents who
provided information to calculate their PA and were physically inactive had calculated MET
scores of zero, and were included in analyses. Chi-square and t tests suggested respondents
who were not chair or bed bound but had missing data (h=152) were comparable to the
analytic sample (n=696) on all demographic measures.
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Descriptive characteristics of the analytic sample are shown in Table 3, including sample
frequencies, weighted proportions, means, and standard errors for census block group,
neighborhood, and person level variables. Among the 68 census block groups, on average,
32.2% of the households had incomes below the federal poverty level (standard error (SE) =
11.7%). Across the 137 neighborhoods, the mean proportion of block faces within each
neighborhood with territorial markers was 0.21 (SE = 0.06). Within the census blocks,
racial/ethnic and socioeconomic characteristics were relatively homogenous, but varied
significantly across census blocks and block groups because they were intentionally sampled
to represent various communities in Detroit as of 2000 (39).

For the 696 respondents, the mean age was 45.4 (SE = 0.88) years; the majority was female
(52.1%); and most had at least a high school diploma (67%). Most of the respondents lived
above the poverty line based on household size and income (PIR = 1, 66.3%). Respondents
tended to be in the labor force (69.6%) and own a car (70.0%); about half of the sample
reported that they owned their homes (49.4%). A majority of participants reported their race
as non-Hispanic black (56.9%), and about a quarter indicated that they were currently
married (28.6%). The mean standardized amount of PA was 1.36 (SE = 0.04) MET minutes
per week. The mean perceived neighborhood challenges score was 2.92 (SE = 0.05).
Calculation of the intraclass correlation for PA within the sample indicated the
neighborhood (level 2) variance to be 6.5% and the block group (level 3) variance to be
3.2%.

Weighted multilevel regression modeling results

Regression analyses (Table 4) showed non-significant associations of both perceived
neighborhood challenges (Model 1: b = 0.01, SE = 0.05, p = 0.81) and territoriality (Model
2: b=-0.15, SE=0.77, p=0.84) with PA in models adjusted for demographic and other
covariates. Results of Model 3, which included both measures, indicated similar non-
significant associations between neighborhood challenges (b = 0.04, SE = 0.68, p = 0.54)
and territoriality (b=-0.15, SE=0.77, p=0.84) with PA, adjusted for demographic and other
covariates.

A significant negative interaction was found between territoriality and perceived
neighborhood challenges with PA (Model 4: b = -2.41, SE = 0.84, p < 0.01). At any given
level of perceived neighborhood challenges, residents of neighborhoods with higher levels
of territoriality were less physically active compared to those with lower levels of
territoriality. Further, those individuals who perceived more neighborhood challenges and
lived in areas with more territoriality markers (e.g. buildings with decorations, buildings
with security signage, neighborhood watch signs) were less physically active than other
respondents. We interpreted the interaction with territoriality presented at lowest and highest
quintiles for respondents who, on average, reported that they strongly agreed (many
challenges) or strongly disagreed (few challenges) about their perceived neighborhood
challenges, in relation to a standardized measure of PA. While reporting many (compared to
few) challenges was associated with lower PA in the sample, the decline in PA was greater,
at 2.74 standardized MET minutes, for those who lived in neighborhoods with more
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territoriality (highest quintile) than the 1.19 standardized MET minute decrease in PA for
those who lived in neighborhoods with territoriality scores in the lowest quintile.

Discussion

We hypothesized higher observed territoriality in the neighborhood environment would be
positively associated with PA and would buffer the negative effects of perceived
neighborhood challenges on PA. Contrary to our hypothesis, we found that territoriality
seemed to amplify the negative association between perceived neighborhood challenges and
PA. Residents who reported higher levels of neighborhood challenges and who resided in
neighborhoods with high levels of territorial markers reported lower levels of PA compared
to those living in neighborhoods with lower levels of territoriality. Thus, rather than making
residents feel more comfortable engaging in outdoor PA due to the claiming of space and
investment, it is possible that territoriality markers reflect heightened crime and other
challenges (e.g., vacant housing, loitering) to which residents may respond by creating
territorial markers. Specifically, previous work suggests that territoriality markers that
indicate defensible space (e.g. bars on windows) have been associated with increased
perceptions of crime intensity that possibly reflect reactions to past problems (35). As a
result, some markers of territoriality may reflect past crime, exacerbate negative perceptions
of the neighborhood, and result in lower PA.

This work contributes to the extremely sparse research on the associations between
territoriality and PA. The limited work in this area resulted in our comparison to the two
other studies we identified on this topic. Laraia and colleagues examined observed
neighborhood features and physical activity among pregnant women, but found no
statistically significant bivariate associations between territoriality and physical activity and
therefore did not perform regression analyses (38). Further, our study evaluates the impact
of territoriality, as a marker of territorial functioning and defensible space, which has been
hypothesized to reduce crime and improve perceived safety in previous literature (33, 35),
on the association between resident perceptions of neighborhood challenges and PA. We
expected that greater territoriality would represent greater resident social presence that
would make individuals more comfortable engaging in PA in the face of challenges related
to the neighborhood social and physical environments. One of the previous studies
undertaken by several of the co-authors of this study examined the association between
territoriality and physical activity (13), which also used data from the 2002 wave of the HEP
survey and found significant interactions of territoriality with reach- a measure of
connectivity to other areas of the city- in relation to PA (13). The authors suggested that
areas with high reach and high territoriality may have had lower levels of resident physical
activity due to residents’ need to claim space from non-community members (e.g. to
minimize perceived threats to their safety) (13). One potential interpretation of the findings
reported here then is that territorial markers are indicative of residents’ response to social
challenges in the neighborhood. This would be consistent with the finding that, holding
perceived neighborhood challenges constant, residents of neighborhoods with higher levels
of territoriality reported lower levels of PA compared to those in neighborhoods with lower
territoriality.
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Strengths of our study include that it is one of few to directly assess the role of territoriality
in PA. Further, the data allowed for distinctions between resident perceptions and observed
indicators of neighborhood conditions in relation to PA. Limitations of our study include
that the data were cross-sectional in nature, limiting our ability to distinguish the temporality
of the associations observed. PA was self-reported in these analyses, and could represent
overestimates among sample participants; however, the level of PA among the sample was
relatively low, which may limit the generalizability of the study findings (particularly to
more physically active samples). In addition, the internal consistency of scale measures
based on systematic observational data in previous studies has been found to vary, ranging
from moderately to highly reliable (9, 50). Our ability to assess territoriality in the models,
with moderate reliability, remains a strength of our analyses. Finally, the dimensions of the
neighborhood reflected in our measure of territoriality captured both measures of
territoriality of residents (e.qg., resident installed fencing or gardens) and indicators of
maintenance for otherwise unclaimed space (e.g. vacant lots with gardens). Future work is
warranted to investigate in relation to other correlates of PA. This future work could employ
multiple mediator and moderated mediator models to address the role of social relationships
and social support at the individual level among neighborhood residents as explanatory
factors on the pathway by which territoriality influences PA.

Conclusions

Residents who report perceptions of more neighborhood challenges and who reside in
neighborhoods with more compared to fewer indicators of territoriality, report lower levels
of PA. Our findings are consistent with previous literature that suggest an effect of the
neighborhood environment on individual health behaviors, but also show that people
respond to their environments in ways that influence the behavior of others, thus creating a
reciprocal effect. Residents living in neighborhoods with many challenges--including high
crime and less safety--may react to their environment by erecting new territorial markers
that can influence the actions and preferences of other neighborhood residents. Our study
provides empirical evidence that individuals perceptions and observable neighborhood
characteristics are joint contributors to PA, and suggest the need for continued research to
characterize the complexity of individual and contextual factors that contribute to PA.
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Table 1

Perceived Neighborhood Challenges

Page 12

Physical environment

Social environment

. . . . *
Houses in my neighborhood are generally well maintained.

There is heavy car or truck traffic in my neighborhood.

My neighborhood has a lot of vacant lots or vacant houses.

There is air pollution like diesel from trucks or pollution from factories or incinerators in my
neighborhood.

Streets, sidewalks and vacant lots in my neighborhood are kept clean of litter and dumping.*

There is a lot of loud noise from cars, motorcycles, music, neighbors, or airplanes in my neighborhood.
There is contaminated land in my neighborhood.

Gang activity in your neighborhood.

Drug dealings or drug dealers

Gunfire or shootings in your neighborhood.
Prostitutes or cars driving through looking for prostitutes

People loitering or hanging around on the street.
Theft, vandalism, or arson in your neighborhood.

Mean (SD)
2.54 (1.36)
3.97 (1.34)
3.48 (1.55)
2.89 (1.55)

2.88 (1.50)

3.57 (1.44)
2.51 (1.53)
217 (1.23)
3.02 (1.37)

2.85(1.21)

2.44 (1.43)
2.90 (1.41)
2.53 (1.22)

*
All positively worded items were reverse coded such that higher scale scores were representative of greater frequency of neighborhood

challenges.
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Table 2

Observed Territoriality Indicators

Mean (SD)
More than 50% of the buildings within the neighborhood had decorations 0.28 (0.19)
More than 50% of buildings within the rook had security markers (e.g., bars on windows) | 0.37 (0.20)
Presence of vacant lots with gardens 0.02 (0.02)
Presence of vacant lots with furniture 0.02 (0.03)
Presence of vacant lots in good condition 0.24 (0.14)
Presence of neighborhood watch signs 0.11 (0.10)
Presence of security signs 0.74 (0.27)
No trespassing signs 0.13 (0.09)
No dumping signs 0.01 (0.02)
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