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Abstract
Purpose—Pathways by which the social and built environments affect health can be influenced
by differences between perception and reality. This discordance is an important for understanding
health impacts of the built environment. This study examines associations between perceived and
objective measures of 12 non-residential destinations, as well as previously unexplored
sociodemographic, lifestyle, neighborhood and urbanicity predictors of discordance.
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Methods—Perceived neighborhood data were collected from participants of the Survey of the
Health of Wisconsin (SHOW), using a self-administered questionnaire. Objective data were
collected using the Wisconsin Assessment of the Social and Built Environment, an audit-based
instrument assessing built environment features around each participant’s residence.

Results—Overall, there was relatively high agreement, ranging from 50% for proximity to parks
to >90% for golf courses. Education, positive neighborhood perceptions, and rurality were
negatively associated with discordance. Associations between discordance and depression, disease
status, and lifestyle factors appeared to be modified by urbanicity level.

Conclusions—These data show perceived and objective neighborhood environment data are not
interchangeable and the level of discordance is associated with or modified by individual and
neighborhood factors, including level of urbanicity. These results suggest that consideration
should be given to including both types of measures in future studies.

Keywords
Epidemiological methods; Environment Design; Obesity; Perception; Validity (Epidemiology);
Rural Population; Urban Population

Introduction
There is growing evidence that the built environment has far-reaching impacts on many
health-related behaviors and outcomes, including physical activity, obesity, mental health,
and quality of life.[1–8] Despite this progress, methodological challenges regarding
measurement and characterization of the built and social environment remain. Although
many types of measures (surveys, geographic information systems (GIS)-based, and
objective audits) have demonstrated associations between various aspects of the built
environment and health outcomes,[1,3,9–12] the relative strengths and weaknesses of each
type of measurement approach in terms of providing reliable and valid measurements, as
well as relative importance in predictability of health impacts, remains unclear. How one
perceives their environment compared to what is observable by others can have different
impacts on health related behaviors and outcomes. Furthermore, the impact of the mismatch
between the two is important in understanding the myriad of pathways by which
neighborhoods can affect health.[13] Improved measurement is needed to disentangle the
complex relationships between how one perceives and responds to their environment and
other social influences relative to actual features, as well as how these relationships operate
in varying geographic and social contexts.[13–16]

Several previous studies have found moderate to poor agreement between perceived and
objectively collected data[17–22] with varying associations of health outcomes with
objectively vs. subjectively measured predictors.[23] Gebel, et. al. provide evidence that
discordance between measurement types is associated with weight gain,[18] suggesting that
characterizing discordance is important for understanding the effect the built environment
has on health. Furthermore, identifying perceived vs. objective determinants of concordance
is important for designing effective interventions aimed at improving health. In some
circumstances, increasing awareness, rather than (or in addition to) modifying the physical
environment may prove more effective.[24] Conversely, it is possible that by modifying
surroundings, behavior changes may follow, regardless of how people perceive their
environment.

Previous studies of predictors of discordance between individual perceptions and objectively
measured built environment features have been mixed. Older individuals, those with low
income and education, less physically active, shorter duration of time in residence, and
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cohabitation have been shown to be associated increased discordance.[8,17,21] However,
these studies collected only basic demographic and other individual characteristics, and
other more detailed information on psychosocial or geographic determinants have not been
explored. This limits the ability to comprehensively assess potential behavioral,
psychosocial and neighborhood level predictors of discordance. In addition, most previous
studies have focused on high density urban areas (characterized by dense housing, grid-like
street networks, and mixed-use zoning;[25]), and few have explored the role of the built
environment in suburban or rural communities.[8,9,24] The built environment varies
dramatically between urban, suburban, and rural settings, and this is a crucial but largely
neglected aspect of built environment research.[3]

This paper presents analysis of associations between perceived and objective measures of
the built environment within a representative sample of the statewide population of
Wisconsin. Levels of agreement between perceived and objective built environment data,
using presence/absence of non-residential destinations, reassessed. Additionally, we explore
whether lifestyle, health status, neighborhood perception and neighborhood-level
characteristics predict or modify the level of discordance between perceived and objective
built environment assessments. The comprehensive datasets used in this study allow for
greater exploration of the effects of individual and neighborhood level predictors on
discordance, including specific behavioral and health predictors, as well as neighborhood
satisfaction variables which have not been examined in previous studies. Furthermore, use
of a statewide survey allows exploration of the effects of urbanicity on discordance between
perceived and objective data.

Methods
Data

This study uses data from the Survey of the Health of Wisconsin (SHOW), an ongoing,
annually representative, cross-sectional, statewide household-based interview and
examination survey in Wisconsin that collects data on a wide array of health related topics.
[26] During the summer of 2011 past SHOW participants’ households were revisited, and
the Wisconsin Assessment of the Social and Built Environment (WASABE) audit was
conducted.

Study Sample
A total of 652 households were assessed using the WASABE audit tool during the summer
of 2011, corresponding to 943 individual SHOW participants who are part of the 2010
annual sample. Participants who completed the entire SHOW study in 2010, and for whom
WASABE data were collected, were included in present analysis (n=836).

Perceived Measures of Non-Residential Destination
In addition to a broad range of socio-demographic, psychosocial, and lifestyle factors,
SHOW participants are asked approximately how far twenty non-residential destinations are
from their residence (0–10 minutes, 11–20 minutes, etc.) in walking distance. Participants
are also asked to rate their community as a place which is conducive to physical activity,
safe from crime and traffic, well maintained, and interesting. Measures of perceived
destinations are calculated as binary variables, in which a destination is considered present if
a participant indicated the destination is within a ten minute walk and absent if distance was
reported as missing or greater than a ten minute walk. Safety and aesthetics were measured
by participant’s level of agreement with the statement that the neighborhood is safe from
crime or traffic or well maintained.
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Objective Measures of Non-Residential Destinations
The WASABE instrument gathers objective neighborhood-level data around the household
of each SHOW participant. The instrument includes validated measures of the social and
built environment covering five domains (destinations/land use, connectivity, social
environment, transportation environment, and neighborhood characteristics). A 400-meter
buffer (or about a quarter mile, approximately equivalent to a 5–10 minute walk)[2,7,24]was
drawn using Street Network Analyst in Arc Map 9.3 (ESRI, Redlands, CA). Trained raters
systematically gathered data on the number and type of destinations for each segment within
the specific buffer.

Predictors
Three broad categories of self-reported or exam based predictors of discordance of SHOW
participants’ perceptions with objective assessments were analyzed: sociodemographic/
lifestyle, health and mental health status, neighborhood perception, and urbanicity levels.
Sociodemographic/lifestyle variables analyzed were age, race/ethnicity, gender, marital
status, years of residence in household, number of people in household, and education.
Health status variables included depression,[27] body mass index [BMI, weight (kg) divided
by height (m) squared], chronic disease status, physical activity level,[28] and dog
ownership (as a proxy for neighborhood walking).[29,30] Neighborhood variables included
perceptions of the neighborhood for physical activity based on safety from crime or traffic,
neighborhood well-maintained; and feelings regarding neighborhood as a place to be
physically active.

A narrow definition of “urban,” as a densely populated, urban center with a grid-like street
network[25] adapted for use specifically with Wisconsin US census block groups[31] was
used for this study. This definition, based on a population density approach, focuses on
differentiating between urban, suburban, and rural by accounting not only for the population
density of a specific block group, but also incorporating density measures from surrounding
block groups. This measure was selected, in order to gain insight into generalizability of
results vis-à-vis previously conducted studies in densely populated centers.[3] Finally,
number of destinations was included as an indicator variable to adjust for density and
normalize comparisons of discordance across different geographies.

Discordance
Discordance between perceived and objective data is the primary outcome for analysis in
this study. For example, a participant who perceives that a grocery store is within a 10-
minute walk, but no grocery store is recorded in the objective audit would be coded as
discordant. Discordance is defined as presence of such a discrepancy for two or more
destinations vs. no discrepancy or discrepancy on only one measure.

Statistical Analysis
All analyses were run using SAS 9.3 (SAS Institute, Cary, NC). The SURVEYFREQ and
the SURVEYLOGISTIC procedures in SAS (including strata, units, and weights statements)
were used in order to account for the cluster random selection sampling design of SHOW.

Percent Agreement
The twelve destination types for this analysis were selected based on comparability between
the objective and perceived datasets, as well as relevance to potential impacts on physical
activity and quality of life.[7,11,19,23,32,33] Presence/absence of each type of non-
residential destination within the 400-meter buffer (WASABE) or 10-minute walk of the
household (participant’s perception) was compared. In most cases, wording between the
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WASABE instrument and the SHOW neighborhood perceptions questionnaire was similar.
However, in a few cases variables were aggregated to make wording more similar (Table 1).

Due to limited variability and relative rarity of the destination variables, percent agreement
and positive percent agreement were used to evaluate concordance instead of Cohen’s
kappa.[34–36] Additionally, sensitivity and specificity of the perceived information, using
the objective audit as the gold standard, were also estimated.

Regression Analyses
Univariate and multiple-logistic regression analyses were conducted to examine predictors
of discordance. Potential individual, neighborhood, and geographic predictors were selected
for inclusion in the analyses either because they have been previously found to be associated
with health outcomes and/or with perceptions of the built environment. They were also
identified based on theory as potentially important predictors not yet explored but having the
potential to modify one’s perception of the environment such as depression, anxiety or stress
or behavior. Statistically significant predictors were included in subsequent regression
models. Interaction terms were included in the fully adjusted model, and regression models
stratified by urbanicity were also estimated to determine if effect modification was present.
This was to assess whether associations between predictors and discordance also vary by
urbanicity.

Results
Percent Agreement between Perceived and Objective Measures

Overall presence of destinations (based on objective audit) ranged from 1.3% of households
reported as having a golf course to 24.4% for schools (Table 2).All but two of the 12 items
analyzed had agreement >70%; four had agreement >80%. Discordance between objective
and perceived presence of destinations was always the result of presence of a destination in
the perception questionnaire which was not identified during the objective audit (Table 2).

Percent agreement was higher when including destinations that were not identified by either
the audit or questionnaire. As was expected, the destinations with lowest prevalence (parks,
golf courses, and pools) also had the lowest positive percent agreement (11%– 15%), and
the most common destinations (religious centers, trails, and schools) had the highest positive
percent agreement (ranging from 46% – 55%). Only pharmacies and pools had both
sensitivity and specificity over 80% (Table 2).

Urban, Suburban and Rural Differences in % Agreement
Percent agreement, rather than positive percent agreement, was used for the stratified
analysis to facilitate comparisons with previous studies.[17,37] Percent agreement was
consistently higher for households located in rural areas for all destination types (Table 2).
The discrepancy between rural compared to suburban and urban was particularly clear for
parks (66% vs. 30% and 34%, respectively).

Prevalence and Predictors of Discordance
Discordance varied significantly by levels of several lifestyle, health, and neighborhood
predictors (Table 3), including marital status, household size, education, and length of
residence, depression, dog ownership, chronic disease status, and belief that one’s
neighborhood is conducive for physical activity, safe from traffic, and is well maintained.

Table 4 shows the results for the three logistic regression models examining odds of
discordance according to significant predictors. Marital status, household size, and length of
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residence were significantly associated with discordance in the unadjusted and partially
adjusted models. However, significant attenuation of these three predictors occurred in the
fully adjusted model. Low education was associated with lower odds of discordance in all
three models, although the OR was not statistically significant in the fully adjusted model.

People who perceive their neighborhood to be unfriendly for physical activity, unsafe from
traffic, and poorly maintained had lower odds of discordance compared to those who
perceive their neighborhood positively in each of these categories (OR = 0.54 [0.17 – 1.16],
0.44 [0.21 – 0.93], and 0.54 [0.21 – 1.36], respectively). In the fully adjusted model
suburban and urban compared to rural had 3 and 5 times higher odds, respectively, of being
discordant. Similarly, the odds of discordance increased as number of destinations increased.

Effect Modification of Predictors of Discordance
Interactions terms in the fully adjusted model between urbanicity and marital status, length
of residence, household size, depression, and chronic disease status were all significant at
p<0.0001. Table 5 presents stratified ORs, rather than interaction terms, for ease of
interpretation. The urban and suburban subgroups were collapsed into one category, because
of lack of power resulting from small sample sizes in both the urban and suburban strata.

The significant attenuation of association between depression and discordance in the fully
adjusted model was partially due to effect modification by urbanicity. People who live in
rural areas and are depressed were more likely to have discordant perceptions (OR = 2.7 [1.2
– 5.9]) than non-depressed people in rural areas, whereas people who are depressed and live
in suburban areas were less likely to discordant, although the latter association was not
statistically significant (OR = 0.8 [0.3 – 2.8]). As shown in Table 5, urbanicity also appears
to modify the “effect” of chronic disease status, length of residence, and household size.

Discussion
The characteristics of the built environment and how one perceives them as assets may
facilitate or inhibit healthy living. Modifying the built environment is a utilitarian
intervention with broad population reach; however, the effectiveness and behavior change
associated with modifications to the built environment to some extent hinges on the
residents’ perceptions, i.e., their awareness of opportunities and barriers for certain
behaviors. Objective and perception data have been shown to have different associations in
several studies.[23] Furthermore, discrepancies between perceived and measured built
environment characteristics have been associated with health outcomes.[18] Thus, better
understanding of the relationship between perceived and objective built environment data is
important not only in future studies of the associations with health outcomes but also in
developing successful evidence-based interventions that take into consideration both the
objective and the subjective perceptions. Our study tries to address this gap by examining
predictors of discrepancy in more depth and in more varied types of geographical
environments than previous research.

Our results suggest that agreement between objective and perceived data is not uniform
across urbanicity level, and can vary by features. Percent agreement was higher in this
analysis for most measures than has previously been reported, potentially due to the fact that
previously conducted studies were conducted primarily in urban areas, which had lower
agreement in this analysis than other geographic regions.[8,9,38] Parks had a much lower
percent agreement than any other destination in this study, particularly in urban and
suburban areas, which is consistent with previously conducted studies,[19,37] and with the
notion that the “risk” for discordance inherently increases with density of destinations within
the buffer. However, in our analyses, several individual and contextual predictors remained
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significantly associated with discordance after adjusting for number of destinations,
suggesting discordance is associated with more than just the number of destinations.
Previous studies also found that lower levels of physical activity and obesity were associated
with a higher likelihood of discordance.[8,17] However, this analysis found no such
association.

Length of residence and education were both significant predictors of discordance in the
partially adjusted model; however, the associations of both were no longer significant in
fully-adjusted models. As education is related to geographic mobility,[39] it may be less
educated individuals live in their neighborhoods for longer, and that our study population is
less geographically mobile than previously studied populations, and the fully-adjusted model
may therefore be over-adjusted.

Stratified analyses show that associations between some individual predictors and
discordance are different for participants living in urban/suburban vs. rural areas, suggesting
that the relationship between objective vs. perceived measurement is different for urban
compared to rural residents. Given that differences exist between objective and perceived
data in urban compared to rural populations, associations between the measured built and
social environment and health related outcomes may also be different for those living in
rural communities. Furthermore, urbanicity remained significantly positively associated with
discordance when included in the model with destinations, suggesting that urbanicity and
number of destinations are independently associated with discordance, and that people living
in rural areas have lower odds of being discordant than their urban counterparts, after
adjusting for number of destinations. Our results suggest that much of the previous built
environment literature that included either or both perceived and objective outcomes and has
focused on urban areas,[3] might not be generalizable to rural populations and that future
research should be aimed at specific characterizations of influence and perceptions of the
built environment in rural settings.

Limitations
One limitation of this study is the slight discrepancy between the phrasing of questions/items
in the objective audit and the perceptions instruments. These instruments were designed to
be used together and the differences are minimal, and unlikely to be differential according to
the predictors examined. Additionally, the 400-meter distance that defined the objective
buffer and self-report perceptions of differences may vary than perceptions of distance of
destination. Given individual variability in walking speed, it is unlikely that even those
participants who were accurately assessing a 10-minute walk radius were assessing exactly
400 meters.

Furthermore, although the WASABE audit tool was tested for validity and reliability (and
improved based on results of these tests) and data collectors were trained extensively, the
objective data is prone to error because it only encompasses destinations seen from the
street. Therefore, it is not be a perfect gold standard. Future research should incorporate GIS
and other administrative level data, in order to better assess the validity of the objective
audit tool for evaluating non-residential destinations in the built environment. Additionally,
although WASABE was used as the gold standard, there may be studies in which perception
data is a more health-relevant measurement tool.

Strengths
Despite these limitations, this study has several strengths. SHOW is a population based
study that recruits from a representative sample of residents in an entire state across all
socioeconomic and urbanicity strata, allowing for greater range of types of environment than
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previous study samples, including areas of low-income underserved rural populations
(including eleven American Indian tribes)[40] and some of the most segregated urban
communities in the country with a high proportion of African American and Hispanics in
Milwaukee and surrounding areas.[41,42] The external validity of our findings should thus
compare favorably to that of most previous studies have that have targeted study populations
selected from within specific, narrowly defined, neighborhoods in urban cities[2,12,43–46]
or specific sub-populations, such as the elderly.[47,48] The individual level data collected
through SHOW allows for analysis of predictors of discordance which have not been
previously examined.

Conclusions
Similar to previous studies, analysis of the data presented demonstrates only moderate
agreement between objective and perceived built environment measures. The results also
demonstrate that urbanicity level is highly associated with discordance. That discordance is
so much greater in urban compared to rural areas suggests that the built environment of rural
areas may need to be studied in a different manner than urban communities. Furthermore,
this study presents evidence that individual and neighborhood factors may predict
discordance between measurement types. Given that discordance has been shown to be
associated with health outcomes, furthering understanding of the source of this discordance
is critical to accurately ascertaining the relationship between the built environment and
health and to design more effective and comprehensive interventions.
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Table 1

Relationship between perceived and objective destination variables

Study Variable Perception (SHOW) Objective (WASABE)

Question Phrasing: About how many minutes would it take to walk
from your home to the nearest of these facilities?

How many of each type of non-residential building are present in
the segment?

Parks Parks, playgrounds, or playing field Playground or splash pad; Sports/playing field, courts, or track;
Park listed in comments

Trails Trail for walking or biking Off-road walking/biking trail or path

Recreation Center Public recreation center Non-religious community center

Fitness Center Private fitness center; Indoor fitness center Indoor fitness facilities

Fast Food Fast food restaurant Fast food restaurants

Restaurant Other restaurants Other restaurants

Grocery Store Convenience or small grocery store; Supermarket Specialty/Ethnic food store; Food supermarkets or grocery stores;
Convenience stores or gas station stores

Place of Worship Place of worship Church, synagogue, mosque, other religious center

School Elementary school; Other school Educational facilities

Golf Course Golf course Golf course

Pharmacy Pharmacy or drug store Pharmacies, drug stores

Pool Public indoor pool; Public outdoor pool Pool (indoor or outdoor)
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