
sustainability

Article

A Geographic Information System (GIS)-Based
Analysis of Social Capital Data: Landscape Factors
That Correlate with Trust

Sohrab Rahimi 1, Michael J. R. Martin 2, Eric Obeysekere 3, Daniel Hellmann 3, Xi Liu 4

and Clio Andris 4,*
1 Department of Architecture and Landscape Architecture, The Pennsylvania State University,

University Park, PA 16802, USA; sur216@psu.edu
2 Department of Sociology and Criminology, The Pennsylvania State University, University Park,

PA 16802, USA; mjm842@psu.edu
3 College of Information Sciences and Technology, The Pennsylvania State University, University Park,

PA 16802, USA; ero5004@psu.edu (E.O.); deh198@psu.edu (D.H.)
4 Department of Geography, The Pennsylvania State University, University Park, PA 16802, USA;

xiliu@psu.edu
* Correspondence: clio@psu.edu; Tel.: +1-814-865-1175

Academic Editor: Marc A. Rosen
Received: 2 November 2016; Accepted: 24 February 2017; Published: 2 March 2017

Abstract: The field of community sociology has yielded rich insights on how neighborhoods
and individuals foster social capital and reap the benefits of interpersonal relationships and
institutions alike. Traditionally, institutions and cultural factors have been lauded as catalysts
of community social life and cohesion. Yet, the built environment and configuration of the landscape,
including infrastructure, amenities and population density, may also contribute to community social
capital. In this article, we embedded zip code-level responses from Harvard University’s Saguaro
Seminar’s 2006 Social Capital Community Benchmark Survey with a geographic information system.
Specifically, we correlated responses on residents’ general trust, trust of one’s neighbors, and trust of
members of other racial groups with local urban environmental factors and infrastructural indicators
such as housing and street conditions, land use, city form, amenity access (e.g., libraries and schools),
home vacancy rates, and home value. We conducted these tests at the national level and for Rochester,
NY, due to its many survey responses. We found that housing vacancies drive down levels of social
trust, as captured by homeownership rates and tenure, yielding higher levels of social trust, and that
certain urban facilities correlate with high trust among neighbors. Results can inform urban planners
on the amenities that support sustainable community ties.

Keywords: social capital; urban planning; trust; community sociology; geographic information
systems; community goods; built environment

1. Introduction

The concept of social capital is increasingly gaining momentum among scholars, in part due to its
broad range of applications that includes behavioral sciences, education, public health, political sciences
and economics, as well as its traditional discipline of sociology [1–4]. Social capital can facilitate access
to information, generate power among communities and construct settings for the advancement of
social norms [4–11]. Other benefits of social capital are economic advancement and higher levels of
economic equality [12–15], lower crime rates [14,16,17], inclination towards higher education [5,14],
healthier communities [13,14,18] more responsive governing systems, and increased chance of true
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democracy [14,15,19,20]. Each of these factors is tied to a sustainable society where the community can
prosper and needs can be met without depleting human resources.

Multiple definitions have been proposed for social capital, and we use a loose definition that
describes social capital as a construct manifested as helpful actions and resources within a group of
people that precipitates common benefits [21–25]. Our definition of social capital vis-à-vis sustainability
reflects the strength of connections: high trust levels within communities encourage investments
in activities, infrastructure and public goods [26] that are likely to exist and be maintained in the
future [27]. Social capital is cited as a keystone for sustainable development because it allows for easy
access to external resources and opportunities that can benefit the community [28,29] (see [30] for
a review). In other studies, trust has been seen as a mixed indicator of economic benefit, seemingly due
to a mismatch between economic innovation and the security of existing relationships [31].

An understanding of how the correlation between the built environment and social capital
(i.e., how the built environment can affect the growth of social capital within communities and,
conversely, how social capital manifests itself in the context of built environment) can direct urban
policies towards improving neighborhoods’ quality and health [32]. In the United States particularly,
new policies towards increasing neighborhoods’ social capital are crucial, given a decline in social
capital [16,25] and trust [14] over the past decades. Researchers suggest a number of different
factors, both spatial and non-spatial, have threatened social capital generation and sustenance,
such as lack of residential ownership, fewer marriages and children, extensive use of television [25],
extensive suburbanization [33], and over-crowdedness [34]. Also, higher vacancy rates and lower
housing values are both linked to lower levels of social capital, while higher rates of homeownership are
linked to more social capital as owners are more invested in their neighborhoods [35]. Characteristics of
sustainable neighborhoods include investment in the local community and care of its residential
properties. Developed open spaces, such as yards and parks, also may benefit social capital formation.
Finally, a number of different amenities, such as libraries, museums and schools, may help individuals
develop social contacts within their community and increase their overall levels of trust.

This study aims to identify urban-scale spatial factors associated with social capital. Theoretically,
this research hinges on the fundamental assumption that accidental or intentional social interactions
between neighbors can improve social capital in a neighborhood if frequent [36]. Moreover,
frequent use of public spaces leads to a common sense of ownership over these spaces which further
leads to development of social capital [37]. The qualitative and quantitative characteristics of the built
environment, such as facilities, infrastructure and city form, can provide apt locales for co-presence
and interaction of neighbors, promoting a healthy environment for relationships and cultivation of
community assets. Increased personal investment in social and physical infrastructure leads to the
upkeep and longevity of a healthy, sustainable community. Accordingly, we are interested in examining
built environment factors that could exert an influence on neighborhood residents’ inclination towards
using common spaces.

1.1. Background

1.1.1. The Spatial Side of Social Capital

The relationship between the built environment and human social behavior includes
a variety of perspectives and topics such as walkability, subjective well-being, access to public
spaces, neighborhood satisfaction, surveillance and perception of safety, neighborhood liveliness,
place attachment, etc. After an extensive literature review, we identify four categories of spatial
variables pertaining to social behavior of neighborhood residents: street condition and spatial quality,
housing conditions, land use and macroscale factors, and urban form and spatiality. In this section we
aim to briefly discuss the previous studies and results with the purpose of identifying the influential
physical factors pertaining to social capital.
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1.1.2. Street Condition and Spatial Quality

Streets are considered to be the hallmark of public spaces. Well-designed streets that attract
populations and increase social interaction can improve social capital within neighborhoods.
People depend on streets for a wide range of activities including travel, commuting, leisure and
social activities [38–45].

Streets provide opportunities for stationary activities, that is, short-term activities where people
linger for more than 15 s [35]. These activities encourage short-term interaction in a space that belongs
to the entire neighborhood [46]. While these short-term interactions do not promise long-term and
in-depth connections among neighbors, exposure to one another is a crucial first step to building local
social capital that cannot be realized through online interactions [47].

Certain types of streets provide these interactions. At the macro-scale, high volumes of traffic
and high-speed vehicles, along with noise and pollution, reduce the potentiality of positive social
interaction [38]. For example, highways are known to be “lifeless” urban elements that cut through
neighborhoods and deteriorate the connectedness of different districts within a neighborhood [48].
Instead, when possible, streets should be designed to facilitate a fine transition between local roads
and major roads and minimize the traffic congestion [49].

On a more detailed level, spaces with convenient seating [43,50–53] or that incorporate natural
elements such as trees, grass, flowers, etc. attract more people to streets and increase chances for
interactions [38,50,52–56]. Jacobs’ The Death and Life of Great American Cities [45] explains the significance
of sidewalks and their role in social life of residents, wherein the notion of “the eyes on street” implies
that constant surveillance of streets can contribute to their safety and usability. When buildings
have windows, a relatively small number of stories (fewer than six), or more than one entrance,
pedestrians and others nearby tend to feel safer [46,54,55].

1.1.3. Housing Conditions and Residential Building Arrangement

A neighborhood’s housing conditions can reflect social, political and economic conditions [57–60].
Housing characteristics directly influence the level of satisfaction reported by residents; less-satisfied
residents are more likely to relocate in pursuit of improved housing conditions [58]. In other words,
attachment to neighborhood is considered to be a positive factor and residents with higher attachment
to a place are more likely to use the common spaces in the neighborhood. Lack of residential ownership
is also known to have negative effects on social capital [25,61].

The physical characteristics of residential buildings also influence the extent and quality of social
interactions within a community [36]. Inadequate open spaces, a problem often associated with large
high-rise residential buildings, affects the use of these spaces. Large buildings with tall, opaque walls
are functionally disconnected from the surrounding streets, which gives residents less control over
the surrounding spaces, thus alienating these spaces [54]. The arrangement of housing blocks can
create semi-private spaces if buildings are strategically juxtaposed, increasing the community’s sense
of ownership over these spaces [58,62]. In terms of mixed land use, researchers argue that residential
buildings collocated with other building types in close proximity could reduce infrastructure costs,
lead to higher transportation efficiency and greater usable open spaces, and consequently create
a greater level of social capital [48,63,64].

1.1.4. Land Use and Macroscale Factors

Different aspects of land uses attract people to certain destinations. Most prominently,
neighborhoods with a variety of shops and retail stores bring people to visit their streets [43,53,65–68].
This popularity extends to other third places (i.e., not work or home), such as restaurants, coffee shops,
museums, libraries, churches, local organizations, etc., which attract different groups of people with
similar interests and increase social encounters among individuals [37,42,69–73]. Researchers believe
that open spaces with natural features also play an important role in fostering social interaction among



Sustainability 2017, 9, 365 4 of 16

individuals. For example, spaces with trees attract more heterogeneous age groups than spaces lacking
trees [54]. Due to few open green spaces in cities and their simultaneous use by a number of different
neighborhoods, open spaces play a significant role in bridging neighborhoods [74].

The juxtaposition of different land uses has long been a challenging component of design
process for urban planners. However, there is a general consensus on some primary principles.
For example, a mix of different types of spaces in a neighborhood precipitates more viable and
attractive streets [45,63,75–80]. Yet, some believe that large complexes of shops and retail centers
attract shoppers from adjacent neighborhoods and lead to physical decay in adjacent neighborhoods
by eliminating business opportunities for other retailers in these neighborhoods [74]. The balance of
land use and the distribution of commercial and gathering places is always in flux.

Macroscale spatial factors are those that extend beyond neighborhood boundaries. In some cases,
these factors are not within the planners’ control and involve either long-term policies or, in some
cases, are entirely unmanageable. For example, some factors pertaining to environmental comfort,
such as the region’s climate and temperature [81,82], socioeconomic status and accessibility [83–85],
municipal size [58], noise pollution, air pollution and crowdedness in a neighborhood [38,54,86]
and both psychological and physical safety [66] are important predictors of social behavior in
a neighborhood.

1.1.5. Urban Form and Spatiality

A number of well recognized theories assert that the geometry and configuration of urban
elements influences the likelihood of social encounters [87]. The proximity between certain spaces
is a key factor in community growth [88,89]. For instance, residents within four houses from
each other are more likely to become friends than those beyond four houses [90]. Moreover,
the location of the key common urban spaces and the visual connection between different spaces within
a neighborhood, e.g., visual links between residences, are important factors for social interaction [91,92].
In addition to configuration of spatial elements, the geometry of spaces is also a determinant factor.
For example, large-scale privatization has led to large-grained urban textures—large buildings with
solid windowless walls disconnected from the city [93,94].

2. Materials and Methods

2.1. Data

2.1.1. Social Capital Benchmark Community Survey Data

The Social Capital Benchmark Community Survey is a national scale random telephone survey
conducted in two waves during the spring and summer of 2006 [95] by the Saguaro Seminar at
Harvard University. Data used in this study has been aggregated to the zip code level, as lower
levels were not available. Data were obtained through the Roper Center (housed at the University of
Connecticut at the time of data acquisition). Surveys were conducted in 23 targeted sampling areas
with an additional national sample. Of 33,000 U.S. zip codes, these data cover roughly 3000 zip codes
and 12,098 respondents. Most zip codes had few responses (Figure 1), while others had upwards of
a few hundred. Although we are not permitted to disclose exact values, estimates at the county level
can be found online [95].

The survey asks about 60 questions on civic engagement, including whether the respondent
belongs to certain institutions such as a political club, whether he/she has friends with a vacation
home or on welfare, attitudes on immigrants, inter-racial marriage, and whether he/she patronizes
certain local facilities. Respondents are also asked for their zip code, gender, age range (28–34,
35–49, 50–64, 65+), education level (high school, some college, college degree or more), and white or
non-white race.
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We conducted two different analyses based on these data. First, we used the entire database for
a national-level case study, and second, we performed a case study using one specific city, Rochester, NY.
Rochester was chosen from the 23 targeted sampling areas because it had the most spatially-contiguous
zip codes with over 10 respondents per zip code, while having a clear urban core, unlike rural sampling
areas, which did not have an urban core associated with their contiguous zip codes. More specifically,
land cover and total population count were used to classify individual zip codes in our study areas as
either “urban” or “suburban” via the 2006 National Land Cover Dataset (NLCD) [96] at the 30-meter
raster level was used to classify individual zip codes as “urban” or “suburban”. Each zip code absorbed
land cover types to produce a distribution of the fraction of each land cover type within the zip code.
These results revealed Rochester’s clear urban center based on land cover and population density
variables. Comparing the pattern of zip codes identified in the hot spot analysis of the Saguaro counts,
they appear to coincide with major road and passenger rail network arteries as well.
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Figure 1. Response counts are highest for zip codes in Kansas and Lewiston (ME), with a number of
states reporting a frequent number of survey responses (actual numbers not released). Survey requests
have a similar spatial frequency. Outside of Kansas, Kalamazoo (MI), Baton Rouge (LA), Venice (CA),
Winston-Salem and Greensboro (NC), and Rochester (NY) have the highest response counts from the
U.S. national survey.

2.1.2. Trust

Three fields from the Saguaro Seminar survey were used as independent variables, including
three variables related to trust: general trust, trust of one’s neighbors, and trust of members of other
racial groups.

The questions and possible answers (in parentheses) are listed here:

• Would you say that most people can be trusted or that you can’t be too careful in dealing with
people? (people can be trusted, you can’t be too careful, depends (volunteered information))

• How much you can trust people in your neighborhood (a lot (coded as 1), some (2), a little (3),
not at all (4), does not apply (volunteered information) (5), don’t know (8), refused (9))

• How about white people? (same as neighborhood)
• What about African Americans or blacks? (same as neighborhood)
• What about Asian people? (same as neighborhood)
• How about Hispanics or Latinos? (same as neighborhood)
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The universal survey response for whether most people could be trusted showed that 44% said
people could be trusted, 52% said you can’t be too careful, and 4% volunteered that it depends [95].
Trust has been used as a primary indicator of social capital in many landmark past studies [97],
so we find its use here appropriate as well. The Saguaro Survey asks questions about general
trust, trust of neighbors and trust of different races. We calculated a combined variable that
reflected a respondent’s trust of races other than his or her own race. Our result is three variables:
“Overall Trust”, “Neighborly Trust” and “Trust, Other Races”. In order to present our results intuitively,
we inverted trust variables from their original meanings of 1 = most trust and 4 = least trust so larger
values are equated with higher levels of trust on the same scale. This way, larger values are equated
with higher levels of trust on the same scale. Respondents with missing variable responses were
dropped from all models.

2.1.3. Ancillary Data

Demographic and landscape data are used to contextualize the zip codes in both the National
and Rochester studies. The American Community Survey (ACS), a yearly nationally representative
survey conducted by the U.S. Census, contains information on housing stock, structure and value,
as well as other general demographic characteristics. The ACS provides data for each zip code in detail
but is limited to the 5-year aggregation of data for reliable survey estimates for zip codes and smaller
units. We selected data from the 2007–2011 ACS as it is the closest to when the survey was conducted.
ACS variables were used as dependent variables that may correlate with trust. These variables
represent the state of housing in a zip code and include the vacancy rate of each zip code, the percent
of homes in each zip code that are owner occupied, and the median value of houses in each zip code
(in thousands of USD).

Geolocated points of interest (POIs) including hospitals, schools, shopping centers, churches,
recreation areas, museums, colleges and universities, government offices, and libraries in each zip code
were extracted from online Esri datasets (via http://esri.com). These points were then spatially joined
with zip code polygons, and a binary value for each category was assigned to the zip code where 1
represented the presence of that feature and 0 represented a lack of that feature. The binary values of
the nine categories were then summed together to create a “built environment” variable which can be
thought of as representing the variety of civic-inclined built features in a zip code. Also, the Annual
Average Daily Traffic (AADT) [98] at the zip code level was used. The AADT is a measure used in
transportation analysis and represents the total volume of the main roads divided by 365. The AADT,
collected through the portable traffic counter program, provided inventory counts taken on Federal
and State highway systems at different locations.

2.2. National Study

We analyzed the overall national sample data using survey responses from the Saguaro Seminar
as well as other secondary data from the American Community Survey and Esri. These variables
were used in the regression analysis to account for the influence of the built environment on the
independent variables. We calculated the relationship between landscape and social capital variables
(Table 1) using a series of ordinary least squares (OLS) regression models. These models were adjusted
to account for the survey design, including the sampling units and the unequal probability of selection
for respondents.

To analyze nationwide data, we used OLS with “Overall Trust”, “Neighborly Trust” and “Trust,
Other Races” as our dependent variables. We regressed each response variable independently in
a separate model. To account for the contextual effects and sampling procedures, we used cluster
robust standard error [99]. Our response variables were reported on a Likert scale. However,
we aggregated them at the zip code level, using the summary statistics of average. The aggregated
scale is uni-dimensional, more reliable and has no fixed intervals between values. Accordingly,
we treated response variables (i.e., the trust measures) as continuous values [100,101]. Each model was

http://esri.com
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regressed on two predictor matrices: first, with only contextual variables (i.e., model 1) and second,
including individual variables in addition to the context variables (i.e., model 2) (Table 2).

Table 1. Descriptive statistics for landscape and social capital variables by zip code.

N Mean Standard
Deviation Minimum Maximum

Landscape variables
Vacancy rate 12,098 11.54 7.57 0.00 78.71

Percent owner occupied 12,098 65.83 14.76 0.00 100.00
Median home value 12,094 $181,284 $121,980 $16,600 $1,000,001

Diversity of social amenities 12,098 6.59 2 0 9
% Developed, open land 12,098 12.83 10.18 0.00 64.61

Measures of social capital
Overall trust 12,000 1.03 1 0 2

Trust in neighbors 11,865 2.34 1 0 3
Trust, other races 10,703 2.11 1 0 3

Table 2. Regression results for model 1(contextual only) and model 2 (contextual and individual)
(N = 3000).

Zip Code Context Overall Trust Neighborly Trust Trust. Other Races

1 2 1 2 1 2

Vacancy rate −0.005 *** (0.001) −0.004 * (0.002) −0.003 † (0.002) −0.002 * (0.001) −0.003 * (0.001) −0.002 ** (0.001)

Percent owner
occupied 0.003 *** (0.001) −0.002 * (0.001) 0.010 *** (0.001) 0.001 (0.000) 0.003 *** (0.001) −0.001 † (0.000)

Median home
value (thousands) 0.000 *** (0.000) 0.000 (0.000) 0.000 ** (0.000) 0.000 * (0.000) 0.000 *** (0.000) 0.000 (0.000)

Diversity of social
amenities 0.050 *** (0.009) 0.025 ** (0.007) 0.057 *** (0.009) 0.016 * (0.006) 0.025 ** (0.007) 0.005 (0.007)

% Developed,
open land 0.003 † (0.001) 0.000 (0.001) 0.003 * (0.001) −0.001 (0.001) 0.001 (0.001) −0.002 * (0.001)

Total population
(logged) −0.131 *** (0.026) −0.079 *** (0.019) −0.152 *** (0.018) −0.058 *** (0.013) −0.078 *** (0.013) −0.024 * (0.011)

Time in the
community − 0.017 * (0.008) − 0.015 (0.009) − 0.003 (0.005)

Quality of life − 0.168 *** (0.026) − 0.360 *** (0.013) − 0.199 *** (0.012)

Owns home − −0.039 (0.034) − 0.155 *** (0.039) − −0.016 (0.03)

Neighborly social
contact − 0.021 *** (0.004) − 0.065 *** (0.004) − 0.027 *** (0.007)

Number of close
friends − 0.103 *** (0.014) − 0.140 *** (0.013) − 0.127 *** (0.015)

Group
participation index − 0.061 † (0.035) − −0.010 (0.017) − 0.0320 * (0.015)

Social activity
index − 0.0370 (0.022) − 0.028 * (0.012) − 0.043 * (0.017)

Income
(categorical) − 0.045 *** (0.009) − 0.041 *** (0.006) − 0.012 * (0.005)

Age − 0.004 ** (0.001) − 0.006 *** (0.001) − 0.003 *** (0.001)

Bachelor’s degree − 0.324 *** (0.027) − 0.104 *** (0.018) − 0.111 *** (0.025)

Black race − −0.323 *** (0.035) − −0.283 *** (0.039) − −0.150 *** (0.037)

Hispanic ethnicity − −0.226 *** (0.056) − −0.327 *** (0.05) − −0.158 *** (0.033)

Asian race − −0.255 † (0.131) − −0.191 † (0.100) − 0.057 (0.066)

Other race − −0.203 *** (0.029) − −0.117 ** (0.034) − −0.093 *** (0.024)

Intercept 1.609 *** (0.229) 0.401 * (0.161) 2.642 *** 0.507 *** (0.134) 2.429 *** (0.150) 1.140 *** (0.130)

R2 0.014 0.149 0.046 0.373 0.012 0.171

*** p < 0.001, ** p < 0.01, * p < 0.05, † p < 0.1; 1 Standard errors in parentheses.

These individual variables include time in community, quality of life, home ownership,
neighborly social contact, number of close friends, group participation index, social activity index,
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income, age, bachelor’s degree, and black, Hispanic and Asian ethnicities. These variables are
taken directly from the Saguaro Seminar individual responses. Importantly, these variables are
non-geographic/non-contextual, in that they do not reflect the surrounding landscape, but the
demographics and attitudes of the individual respondents.

2.3. Rochester, NY Analysis

An urban-scale analysis of neighborly trust and social capital was also conducted in order to
address the main perspectives of the spatial side of social capital as described in the introduction.
We focused on housing information and residents’ accessibility to urban facilities. In the nationwide
analysis, the number of schools, stores and hospitals within the built environment in each zip code were
investigated, but the location of these facilities within each zip code was not investigated. We therefore
analyzed individuals’ access to these facilities by computing the service area of these features.

We focused on 15 zip codes of Rochester, NY, including zip codes in Genesee, Livingston,
Monroe, Ontario, Orleans and Wayne Counties, totaling 700 surveyed individuals. This survey
was oversampled to ensure that 100 Hispanics and 100 African Americans were represented in the
sample [95,102]. Local facilities were classified into five categories, including parks (recreational areas,
parks, amusement parks and lakes), schools (primary schools, high schools, colleges, universities,
and recreational training clubs), stores (grocery stores and supermarkets), educational public places
(libraries and museums) and worship places (churches and other religious places). For facility type,
a service area was computed in ArcGIS with serving distances of 500 m, 1 km and 3 km. For each zip
code, the area accessible to an urban facility within travel distances of 500 m, 1 km or 3 km illustrates
service areas (Figure 2).
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distances of 500 m, 1 km and 3 km.

The average AADT traffic count per zip code and U.S. Census [89] factors such as population
density (i.e., estimated population divided by zip code area), vacancy rate, home ownership rate as
well as the percentage of households with children, were used to describe socio-economics in zip
codes. Since these factors are likely collinear, an ordinary least squares (OLS) model would cause
multicollinearity and a considerable increase in variation inflation factor. To avoid these issues, we used
a partial least squares (PLS) model which performs significantly better in such cases [103] as well as
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for small samples with relevantly high variance in both dependent and independent variables (the
Rochester study has 15 zip codes with variance in variables).

We chose trust level between neighbors as the dependent variable in the final PLS model as this
variable is representative of the social ties between neighbors, which is more likely to be affected by
the built environment conditions than the other three trust factors.

3. Results

3.1. National-Level Results: The Effect of Landscape on Trust

Regressing trust variables on our chosen set of independent variables demonstrates a number
of significant relationships in the direction we expect (Table 2). Model 1 includes only contextual
variables and model 2 incorporates a number of individual characteristics found to be associated with
social trust.

Geographic context has a significant association with overall trust. Coefficients for our
independent variables in the model are small, but recall that trust ranges from 1 to 4, with 4 indicating
the highest amount of trust. Vacancy rate, homeownership rate, median housing value, and diversity
in social amenity types all are significantly correlated with trust; the percent of land that is developed
open space narrowly misses significance (p = 0.057). These associations occur in the expected direction.
Of these contextual variables, diversity in amenity type is most strongly associated with social trust,
as each additional amenity type is associated with a 0.05 increase in overall trust score.

In addition, overall population size plays a significant part in predicting social trust, with
trust scores decreasing as the logged total population increases. Larger urban environments may
lead to individuals becoming more disconnected with social groups, and therefore becoming less
trusting. Among other important individual variables, the length of time a respondent lived in their
community and the frequency with which they socialize with neighbors both play important roles
in increasing general trust. These variables identify the degree to which an individual is embedded
within their community, likely increasing the respondent’s investment in and sense of ownership
over their neighborhood. Despite the significance of zip code context in model 1, resulting R2

values are quite low but increase roughly tenfold when we include individual determinants of trust.
This means that contextual variables, although significant, do not explain variance in the data as well
as individual factors.

Trust in neighbors shows similar, though stronger, results. The percent of land devoted to
developed open spaces, while not significant for overall trust, is linked to slightly increased trust
in one’s neighbors. Amenity diversity is the most important positive coefficient in the first model.
In the second model, while contextual variables become less important, diversity of amenities still
shows significant positive association. Like with general trust, our findings reflect the literature:
individuals trust their neighbors more in zip codes with smaller overall populations, more yards and
parks, and a higher diversity of social amenities. Interestingly, the length of time one lived within their
community does not have a significant effect on neighborly trust. This could be due to differences
in how people conceptualize their community from their neighbors. Regarding the non-geographic
variables, the frequency of neighborly socialization and diversity of social activity participation both
have positive significant effects on neighborly trust, indicating that social embeddedness does in fact
improve social capital with respect to trusting one’s neighbors. Both contextual (R2 = 0.0456) and
individual variables (R2 = 0.3729) explain substantially more of the variance in neighborly trust than
their counterparts for overall trust or trust of other races. In addition, contextual variables explain
a bigger share of the variance in our final models.

Out of the three trust variables, the relationship between spatial context and trust of members
of other races is the weakest. As with general and neighborly trust, residents of more populated zip
codes are less trusting, and higher vacancy rates also decrease trust of other races. Social amenities,
homeownership rate and median housing value all increase trust in members of other races. However,
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most of these relationships become insignificant when we include individual variables. Only vacancy
rate and total population remain significant with coefficients operating in the expected direction.
The percent of land comprised of developed open space becomes significant and negatively associated
with trust of other races.

3.2. Rochester, New York Case Study

Given the different measurement units for the variables, we standardized the data before fitting
the PLS model. The results from the PLS model with 10 principal components explain 99.68% of the
variance (R2 = 0.978). However, using 10 principal components causes overfitting. Since our model is
designed for descriptive purposes and not prediction, cumulative explained variance of above 80% is
acceptable [104]. Accordingly, we used five components in our final PLS regression model. This model
explains 88% of the variance (R2 = 0.864). At last, we used the variable importance in projection (VIP)
measure to investigate the extent of importance for each variable. We use a VIP of 1 as the cut-off point,
that is, variables with VIPs larger than 1 are considered to be important factors [105]. Table 3 indicates
the results of this regression.

The results indicate that home value is unequivocally the most important factor in determining
the neighborly trust in Rochester, NY (VIP = 1.359). The higher the home value in a neighborhood
in Rochester, the higher the average neighborly trust in that neighborhood. Neighborhoods with
a high rate of families with children also show an important positive association with neighborly trust
(VIP = 1.151). Accessibility of the worship places and library/museums are both important variables,
resulting in positive association with worship places (VIP = 1.138) and negative with library/museums
(VIP = 1.118). Although the negative association of libraries and museums seems to be counterintuitive,
it should be noted that there is a high correlation between the libraries/museums variable and traffic
variable, which is also an important negative factor (VIP = 1.004). In other words, libraries and
museums are located in crowded locations, which seems to have a negative association with trust.
This correlation between different factors can be seen in the correlation circle (Figure 3).
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Table 3. Partial least squares (PLS) regression coefficients, variable importance in projection (VIP) and
first two principal components with five components for neighborly trust in Rochester, NY.

Variable Coefficients VIP First Component
(Var = 0.321) 1

Second Component
(Var = 0.224)

Population Density 0.105 0.943 0.344 −0.051
Households with children 0.416 1.151 * 0.029 0.248

Home Ownership −0.203 0.818 −0.446 −0.259
Vacancy Rate 0.358 0.719 0.447 0.417
Home Value 0.82 1.359 * 0.222 −0.055

Schools 0.272 0.941 −0.382 0.604
Parks 0.175 0.472 −0.293 −0.481

Worship Places 0.369 1.138 * −0.258 0.614
Libraries/Museums −0.296 1.118 * −0.239 0.392

Stores −0.108 0.723 −0.044 0.695
Traffic −0.358 1.004 * 0.336 0.311

* Significant variables; 1 variance explained by the component.

Accessibility to stores and parks does not show any significant association with trust.
Regarding schools (VIP = 0.941) and density (VIP = 0.943), the association is positive but the VIP
is just smaller than 1. Vacancy rate and home ownership do not seem to be important factors.
The interpretation of the predictor loadings shows that first and second principal components explain
32% and 20% of the variance, respectively. Home ownership and vacancy rate have the highest impacts
in the first component. Home ownership is associated negatively with neighborly trust in both first
and second components, although the second component’s loading for ownership is not significant.
Vacancy rate, on the other hand, shows a constantly positive and significant association with the first
two components (Table 3). However, considering all five principal components, these two factors are
not statistically significant because they have too many outliers in components three–five. A closer
look at Rochester, NY reveals some general geographic patterns in the neighborly trust (Figure 4).
Most zip codes close to the downtown area perform poorly in terms of trust.
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4. Discussion and Conclusions

Our results show some promise in analyzing the effect of the built environment and community
context on social capital using a geographic information system (GIS). We modeled the civic landscape
in tandem with salient social capital survey responses on trust rates. In our nationally representative
study, we found that diversity of social amenities is frequently associated with higher levels of trust.
Local access to some amenities was also associated with neighborly trust in our case study of Rochester,
NY. Housing vacancies and larger populations both drove down levels of social trust, as these hinder
the formation of social ties, especially with their neighbors. Social disorganization in larger urban
environments as represented by vacant homes or lots, as well as crime, may disrupt the ability for
people to increase their social capital. Investment in one’s community, as captured by homeownership
rates (at the zip code level) and length of time spent living in a community (at the individual level),
was largely associated with higher levels of social trust [25,57].

In Rochester, NY, the proximity of some urban facilities correlated with higher trust level among
neighbors. Our studies showed that neighborhoods with a higher trust level among neighbors are
more likely to have certain urban facilities such as worship places and schools [73]. This analysis did
not reveal any association between accessibility to stores and parks as suggested by some studies [51]
but revealed negative impacts of crowdedness and traffic on the social climate [34]. Unlike in the
national study, in Rochester most important factor correlating with neighborly trust was median home
values, which highlights the importance of residential condition in neighborhoods as suggested by
previous work [54,56]. Although this result is at odds with our national analysis, this could be the
effect of the geographic context. Through this work, an offshoot of the scale problem known as the
modifiable areal unit problem (MAUP), which challenges how areas or regions are defined as affecting
data aggregation, is relevant to understanding a research question [106]. Accordingly, zip codes are
a somewhat arbitrary level of measurement and may not represent one’s neighborhood context well.

Also, in Rochester, NY, houses with high values are in the periphery, which might not be the case
for other cities. Our research indicated that zip codes in suburban Rochester perform better in terms of
neighborly trust. This finding is consistent with the impacts of some macroscale factors on the social
climate of neighborhoods discussed in the previous research [34,51,62,79]. Unlike the national analysis,
home ownership does not seem to affect neighborly trust in Rochester. Again, this issue might be
due to the specific socio-spatial context of the study area.

Both studies indicated an association between the characteristics of the built environment and
social capital. However, our research did not delineate whether certain spatial characteristics in the zip
codes can actively improve social capital or these spatial characteristics are merely consequences of the
social factors within a neighborhood. This issue opens up a horizon for future research to identify the
spatial factors that could actively improve the social capital within communities as an important factor
in sustainable development [29,30].

Among the limitations of this study, access to useful and suitable ancillary data posed a problem
for some thematic interests. For instance, zip code-level data related to pollution, safety, noise,
and crime were remarkably difficult to locate or develop. This is likely a result of government and
management disconnects between mail and census management as opposed to law enforcement and
public safety. While we were able to adapt a few important and impactful datasets to support the
national level analysis (land cover and institutions), leveraging the Saguaro data in future studies will
require unusually creative and targeted data development.

Another key limitation of this study related to ancillary data access is the temporal disconnect
between the 2006-era Saguaro data collection and temporal resolution of ancillary data used in
this study. In most cases, we focused on sourcing data collected or developed between 2004
and 2006, but even this proved difficult, especially with transportation networks and flow data,
American Community Survey (ACS) data, and real estate or institutional data. In some cases, we had
no choice but to accept temporal displacement of as much as 8–9 years, creating internal validity
issues within our results. Future studies could overcome this by investing resources in procuring or



Sustainability 2017, 9, 365 13 of 16

developing data with a 2006-era ground truth, but in the context of this study, those limitations are
a substantial caveat.
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