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1. Introduction
Research aimed at discovering how the social and physical environment affects health and
well-being has increased rapidly during the last decade. A significant proportion of that
inquiry focuses on the effects of so-called “neighborhoods.” Recognition of concomitant
methodological difficulties in neighborhoods and health research, however, is growing.
Further, such methodological difficulties ultimately impact the quality of inferences with
regard to health outcomes. One of the most compelling challenges to the quality of
inferences from this literature is the definition of the neighborhood as an ecological unit of
analysis (Riva et al., 2007). In this paper, we argue that central among those challenges is
the development of a methodology to create neighborhood boundaries that define areas in a
conceptually valid manner (as opposed to census tracts, for example). Such a method would
also help generate more reliable measures of social ecologies, which can then be linked to a
host of well-being measures. Moreover, the challenge includes the need to balance the
limitations inherent in any such method with the difficulty of use in research. The ultimate
goal in addressing these issues in social epidemiology is to improve inferences about the
relationship between a very important type of place in human experience—the neighborhood
—and various dimensions of health and well-being.

Accordingly, colleagues involved in the Texas City Stress and Health Study developed a
new methodology—the Socio-spatial Neighborhood Estimation Method (SNEM). SNEM
was designed for creating conceptually-informed neighborhood boundaries. This method
became the basis for data collection and, eventually, multi-level modeling of ecological and
individual variables. The SNEM approach employs principles of neighborhood boundary
definition along with remote (aerial or satellite) imagery to draw boundaries and create
neighborhoods for research purposes. Although innovative, the approach is relatively easy to
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employ by any researcher with access to a basic geographical information system in which
to view aerial images of urban space.

In this report, we provide a rationale for this approach and explain its potential significance
for the small area effects (on health) literature. We then describe and illustrate the method.
To test the value of the approach, we report a two-step “ecometric” (Raudenbush and
Sampson, 1999) comparison of ecological measures obtained using the SNEM areas versus
the same measures obtained with census block groups and regular grid cells in the study
area. Comparisons of intra-class correlation coefficients (ICCs) and establishment of
criterion-related validity by way of multi-level models support the conclusion that the areas
created with the SNEM approach are more neighborhood-like and provide a better basis for
measurement and inferences about neighborhood effects than census boundaries or a regular
grid matrix. We conclude with a discussion of the merits and limitations of the SNEM
methodology for health research.

2. Background
The rise of social epidemiology and interest in neighborhoods and health was motivated by
research on stress as well as the re-emergence of ecological thinking in epidemiology
(Berkman and Kawachi, 2000). The synthesis of these two motivating factors indicated that
neighborhoods are an important ecological unit that can act as a stressor, or complex of
stressors, to affect health. Suggestions of causal links between neighborhoods and health
have long extended beyond the stress model to include ideas that neighborhoods might
shape behavior that affects health, or that exposures to risk factors in neighborhoods affects
health (Berkman and Kawachi, 2000). The ecological dimensions of neighborhoods that
could have such affects include the physical (e.g., air, water), built (e.g., housing), services
(e.g., education), sociocultural (e.g., ethnic composition), and reputation (e.g., perceptions of
the area) (Macintyre and Ellaway, 2003). Macintyre and Ellaway (2003) also emphasized
that the differentiation between compositional (population) and contextual (environment)
effects is often overstated. Indeed, some causal models are more sensitive to the interplay of
neighborhood and personal dimensions as well as the social, environmental, and biological
(Daniel et al., 2008). Such model development was driven by findings in the literature that
suggested neighborhood characteristics, ranging from sidewalks to complex social relations,
are associated with a long list of health risks and outcomes, including various diseases,
general measures of mental and physical health, biologic risk factors, health behavior, care
utilization, and mortality (Daniel et al., 2008). The social epidemiology literature, therefore,
offers a wide range of theory and evidence about the many ways in which neighborhoods are
relevant for individual and population health across the life course.

Some researchers tested the effect of defining neighborhoods differently on the relationship
between neighborhood attributes and health, concluding that where boundaries are drawn
and the size of areas do not substantially affect inferences (Haynes et al., 2008; Jones et al.,
2010; Oliver and Hayes, 2007; Reijneveld et al., 2000; Ross et al., 2004; Stafford et al.,
2008; Tarkiainen et al., 2010). Others concluded that modes of determining neighborhood
boundaries that are sensitive to local context can improve inferences into neighborhood
effects on health (Flowerdew et al., 2008; Krieger et al., 2002; Kwan, 2009; Riva et al.,
2008; Riva et al., 2009). There are new methods of defining neighborhood areas for health
research, such as automated zone design that show potential for improved insights into
neighborhoods and health (Cockings and Martin, 2005; Flowerdew et al., 2007; Grady and
Enander, 2009). Such operationalizations appear to be less conceptually-informed than is
optimal, however.
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It is not our purpose to review the burgeoning neighborhoods and health literature, nor is it
our intent to review the various issues that challenge this interesting line of investigation
into health outcomes. Rather, we focus our attention on one particular issue of empirical,
methodological, and theoretical significance: the development of a more refined process of
neighborhood operationalization. Central to the enterprise of assessing statistical
associations between neighborhoods and health, this operationalization process includes (a)
neighborhood conceptualization, (b) determining criteria that reflect the conceptualization,
(c) employing those criteria to define areas in residential areas that represent neighborhoods,
(d) measuring defined neighborhoods’ properties with previously validated instruments, and
(e) assessing those neighborhood measures in order to determine if the new operational
process holds the potential for inferential gains in neighborhoods and health research.
Although until recently the issue of poor operationalization of neighborhoods has been
relatively overlooked, this weakness in the literature potentially renders suspect the findings
from much of the neighborhoods and health research to date. If neighborhoods continue to
be poorly conceptualized and defined, the measures derived to represent them and the
inferences drawn from the analysis of those measures also will be problematic and
questionable—and by extension, our understanding of important processes linking
neighborhood places and health will be weakened. In this section, we lay out the problems
and difficulties inherent in this operationalization challenge and provide an argument for our
unique methodological approach toward its solution.

2.1 Conceptual issues
Neighborhoods continue to be under-conceptualized in the empirical research on
neighborhoods and health (O’Campo, 2003; Diez-Roux, 2007; Riva et al., 2007) and such
conceptualization presents a “vexing problem” based in an “elusive consensus” of what a
neighborhood is and how it might be best operationalized (Gauvin et al., 2007). There are
substantial reasons for researchers to develop a defensible and workable conceptualization.
Among those reasons is the need to theorize from empirical findings—an issue that
continues to suffer in current research as a result of initial, poor conceptualization and
measurement (‘misspecification’) of neighborhoods (Diez-Roux, 2007). Thorough
operationalization of neighborhoods should be based in the translation of abstract concepts
into concrete and measurable representations (Mueller, 2003). Inferences based on
multilevel models using data to represent neighborhood characteristics are of less value if
not conceptualized and operationalized rigorously.

There are useful contributions in the literature from which to base a conceptualization of
neighborhoods. Among them is the work by Galster (2001), who defined neighborhood as
“the bundle of spatially based attributes associated with clusters of residences, sometimes in
conjunction with other land uses” (p. 2112). Galster set out ten types of characteristics that
make up the neighborhood. Among those are structural (e.g., housing) and infrastructural
(e.g., streets) characteristics as well as social, political, economic, environmental and
psychological ones. He hastened to note, however, that his conceptualization does not lead
to the “Holy Grail” of neighborhood analysis, i.e., a way to bound urban neighborhoods for
analysis.

In a similar vein, Chaskin (1997) argued for three essential dimensions of neighborhoods:
social, physical (geographical), and experiential. Like Galster, Chaskin questioned the
ability to derive a universal definition of neighborhood. Moreover, he suggested that
conceptual and operational work on neighborhoods should be based on local contexts and
understanding. Research by Grannis (1998, 2009) offered both theoretical and empirical
support for his argument that neighborhoods (tertiary communities) are shaped largely by
street networks. Larger streets serve as barriers and smaller streets promote cohesion by
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facilitating neighborly contact. Grannis’ insight was that neighborhoods are formed as much
by the larger urban morphology as by internal characteristics.

More directly oriented toward the problem of neighborhoods and health, Sampson,
Morenoff and Gannon-Rowley (2002) reviewed the literature on neighborhood effects and
conclude that, although the literature was inconsistent in conceptual and empirical
approaches as well as findings, four independent and valid classes of neighborhood
mechanisms could be discerned. These features and processes set small residential areas
apart from one another and include: (a) social ties/interactions, (b) social norms and
collective efficacy (i.e., social cohesion), (c) institutional resources, and (d) routine activities
(e.g., land use patterns). Sampson et al. (2002) also noted the definition of neighborhood
boundaries as an important and needed advance, citing Grannis’ work as a fundamental first
step.

These applications of social theory to the problem of neighborhoods and health enable at
least one synthetic conclusion about neighborhoods that assist with the problem of
operationalization. Unlike the inclination to separate the social and the geographical
dimensions of neighborhoods (O’Campo, 1993; Gauvin et al., 2007; Spielman and Yoo,
2009), these conceptualizations promote the idea that the social and spatial are joined in the
entity we call “neighborhoods.” The spatial (e.g., variation in land use and movement
between major streets) and social (e.g., interaction and cohesion) processes influence each
other in an ongoing fashion to create the uniqueness of each neighborhood. The experience
of neighborhood influences, then, is reflexively socio-spatial, a concept with long-standing
currency in the discipline of geography (Soja, 1980).

2.2 Operational issues
If one takes a socio-spatial approach to consider how a neighborhood might be defined and
then measured, there are several interrelated operational issues with which to contend. These
include the areal size of a neighborhood, the population of a neighborhood, variation within
and between neighborhoods, and how to go about determining the boundaries. The primary
mode of response to these issues is to ignore them by using available data collected and
coded within predetermined (pre-bounded) geographical units. Research on neighborhoods
and health is dominated by the use of secondary data generated in this manner, and the most
frequent operationalization of the neighborhood in the United States is the census tract.

Although census tract level data are convenient, the census tract itself may comprise an area
much larger than what would represent neighborly social ties and interactions, for example.
Perhaps more significant is the average population size of 4000 persons per census tract.
This population size also represents a group that is relatively large and thus may not reflect
the neighborhood concept, particularly in terms of internal social relations and cohesion.
Bond Huie and colleagues (2001, 2002) also suggested that units other than the census tract
would be more consistent with what constitutes a sociologically meaningful neighborhood:
social contact within a relatively small geographic area. Bond Huie et al. (2002) also argue
in favor of the methodological benefits of using smaller areas in order to enhance within-
area homogeneity and statistical inference. In their research, they used National Health
Interview Survey-defined VSAs (very small areas). VSAs are clusters of 4–8 housing units,
and while we support the argument of Bond Huie and colleagues for alternatives to census
tracts, VSAs are probably too small to be representative of other social and spatial
characteristics of neighborhoods. We hasten to note, however, that Bond Huie et al. echoed
the implicit argument made by other theorists that neighborhoods conceptually represent
places that are distinct from one another and should thus express maximal variation between
each other and minimal variation within.
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An alternative to census tracts and VSAs could be U.S. census block groups. Yet, those pre-
defined areas do not necessarily consider the structural or infrastructural dimensions of a
neighborhood. A potential solution to this problem would be the development of a method to
construct neighborhoods that are sensitive to local context and based in the conceptual
principles of socio-spatial neighborhoods. This potential solution would also need to find a
middle ground between the size and population of census tracts and very small areas.

The issues of areal boundaries and size are by no means agreed upon or solved, and they are
receiving increased attention. We argue, however, that because the issues noted above
remain unresolved, and because methods to address them have rarely been explicit and
thorough in the use of neighborhood theory, a need to develop and test alternative
approaches to neighborhood construction for health studies exists. The remainder of this
article reports the development and assessment of a viable approach to the problem within
the context of a social epidemiologic study.

3. The socio-spatial neighborhood estimation method
With these conceptual and operational issues in mind, we endeavored to develop an
approach to define (bound) neighborhood areas within a study of stress and health. This
section reports the context of the larger study, the goals of the method, the way the method
was conducted, and the data and analysis used to evaluate the method.

3.1 Study, place, and goals
The method was devised within the context of the Texas City Stress and Health Study, a
social epidemiological study undertaken in a mid-sized city on the gulf coast of Texas. One
of the dominant characteristics of Texas City is the large petrochemical complex that
borders the residential part of the city (see Figure 1). The study area was carved out of a
larger residential area and represented a zone of about 20 square kilometers. The
approximate resident population within the study area was 35,000 individuals within
approximately 11,000 dwellings. This zone provided a primarily residential area that varied
significantly by socio-economic status, ethnic background, and exposure to the hazard. We
were interested in examining the relationship of residents to that technological hazard, but
we also desired a way to understand the relationship of neighborhood dimensions to stress
and health across the varied ethnic population in the city. Developing a plan to implement
multilevel modeling techniques was another factor, and thus one important goal was to
define enough neighborhoods to model variation along consistent conceptual and
operational premises.

3.2 The SNEM approach
The method can be considered a form of qualitative GIS (see Cope and Elwood, 2009). This
approach uses imagery to infer qualitative differences between areas—in this case,
neighborhoods. Digital orthographic photography quadrants covering the study area were
obtained from the Texas Natural Resources Information System and processed in ArcGIS to
create one usable image for further analysis. The final image was used to conduct the
analysis of the study area and determine boundaries for neighborhoods within that area.
ArcGIS was used to conduct the first stages of the analysis. Aerial imagery such as that used
in this case allows a viewer to take a bird’s eye view of socio-spatial elements of a city and
begin to discern patterns that can be used to infer neighborhood boundaries. One of the
advantages of the images is the ability to zoom in and out (change the scale of view) in order
to see broader patterns as well details that are useful.
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Based on the conceptual basis of neighborhoods reviewed above, there were five primary
criteria used to discern where boundaries should be drawn to create neighborhoods: (a) street
patterns (physical networks that structure social interaction patterns), (b) residential patterns
(shifts in housing type and density that signal differences in social class and norms), (c) non-
residential land use (barriers to social interaction and signs of resource differences), (d)
landforms (potential barriers to interaction), and (e) that neighborhoods should be relatively
compact, i.e., not geographically elongated. One analyst (the first author) was responsible
for examining the study area image looking for these patterns and features that would
indicate where boundaries should be drawn to form neighborhoods.

The method worked in practice through an iteration of photo analysis and on-the-ground
examination. Figure 2 illustrates the development of the boundaries for neighborhood 7. The
relatively high-resolution imagery allows an analyst to look alternately at larger and smaller
(more detailed) portions of the study area. Initial attention was focused on the street grid,
and the figures show how larger (primary or secondary) streets are readily identifiable in the
image. After checking that interpretation was correct by inspecting other maps, those larger
streets became prime candidates for neighborhood boundaries. Other evidence in the images
needed to be examined to confirm or deny those preliminary and provisional inferences
about boundaries.

Major streets were the primary starting point for determining provisional neighborhood
boundaries. Streets were used as primary in the process for two reasons: (a) they were more
universal across the study area compared to shifts in residential patterns, commercial land
use, and landforms, and (b) other criteria tended to be structured by street patterns; i.e.,
residential development and land use in particular are dependent on street patterns. Where
major streets existed and other criteria did not appear to be present to suggest an alternative
boundary to the street basis, the boundaries were relatively easy to draw. For instance, there
was no discernable shift in lot size, housing density, housing size, or housing type between
neighborhood 7 and 20 (Figure 2; neighborhoods surrounding neighborhood 7 are indicated
by their number but their boundaries not shown). Yet there were differences in the
residential patterns of lot size and housing type, density, or size in neighborhood 7 and those
in numbers 4, 6, and 21. Those differences in residential patterns signaled probable social
class differences between the areas that are manifest in the spatial structure of the
neighborhoods, and they thereby reinforced the street basis for the boundary. Neighborhood
7 also contained commercial properties along the southern border that can be seen in the
image. Such land use most likely served as a buffer between neighborly relations of
residents in neighborhoods 7 and 3, and that criterion was used to confirm the boundary
originally placed along the major street. Other land uses in the image help to confirm the
boundaries suggested initially by the streets. Vacant land in the southwest quadrant and
public use in the northwest quadrant indicate boundaries for other neighborhoods. Industrial
land use (another buffer) on the eastern side of neighborhood 7 also helped confirm the
eastern boundary. Finally, a wide drainage ditch at the far left of the image was used as the
western boundary for neighborhood 8.

Confirmation and disconfirmation of boundaries was employed in a second phase of
analysis. An additional, essential step in the method was to spend time on the ground,
moving through the study area observing the provisional boundary areas and other indicators
that could confirm or suggest corrections to the neighborhood boundaries created for the
entire study area. After closer inspection by car and by foot, several changes to the
boundaries were made. For example, neighborhood 9 was subsumed into neighborhoods 8
and 10. Neighborhood 13 was incorporated into neighborhood 14. Ground-level observation
of similarity in lot size, housing type, size, and age helped to make those determinations.
Other neighborhood boundaries were moved slightly after observations at ground-level
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revealed street widths and traffic patterns suggested that what had seemed to be a major
street in the image was not identified properly.

The final set of 48 neighborhoods is shown in Figure 3. Because census tract boundaries are
so frequently used to define neighborhoods in health studies, in Figure 3 we also show those
boundaries to indicate comparative size and shape. Much smaller than census tracts, the
neighborhoods contained, on average, approximately 230 residential units and 730 residents.
Also apparent on that map are non-residential areas of significant size that were left out of
bounded neighborhoods, primarily because they probably act as buffers to interaction among
residents on different sides of those spaces.

3.3 Assessment of the method
The first objective of assessment was to determine if the SNEM method resulted in socio-
spatial units that have similar characteristics across the particular neighborhood but that are
relatively distinct from other neighborhoods in the urban area. Following the arguments of
“ecometrics” (Raudenbush and Sampson, 1999), intra-class correlation coefficients (ICCs)
of ecological measures that provide a ratio of intra-area to intra- and inter-area variation
offer an appropriate way to assess and then compare SNEM-generated neighborhood
properties to neighborhoods generated with other possible approaches. The higher the ICC
on a given indicator, the better the method’s ability to generate areas that represent the intra-
area homogeneity and inter-area variation aspects of the neighborhood concept.

The second, and more instrumental objective for determining if SNEM could enhance
inferences about neighborhood effects on health, was to compare the performance of
SNEM-generated measures in multi-level models with measures collected through other
neighborhood types. This step was included in order to provide essential criterion-related
validity evidence for the SNEM approach. The comparison was based on whether the
association of SNEM neighborhood properties with an individual-level health outcome
measure (criterion) meets or exceeds that of associations of the criterion with indicator
measures estimated with other neighborhood types. The second analysis aimed to determine
the method’s validity at producing neighborhood-level health predictors vis-à-vis other
neighborhood definition approaches, and it thus aimed to assess whether inferential ability
regarding health is thereby improved by the SNEM approach.

3.3.1 Data collection—Data came from the Texas City Stress and Health Study, part of a
larger Center for Population Health and Health Disparities focusing on health of Hispanics.
The original purpose of the study was to investigate various patterns of ecological,
psychosocial, and biological risk factors and their association with stress and health
outcomes in Texas City (Cutchin, 2007; Cutchin et al., 2008; Mair et al., 2011; Peek et al.,
2008; Peek et al., 2009a; Peek et al., 2009b; Stowe et al., 2010a; Stowe et al., 2010b). There
was a particular emphasis on Mexican-Americans because little is known about that group
vis-à-vis others within those larger patterns. Working neighborhood by neighborhood, the
study began with an exhaustive listing of housing units in the study area. From this listing,
housing units were classified as Hispanic or other households. Hispanic households had at
least one adult who self-identified as Hispanic. The households were divided into three
strata: (a) one in eight non-Hispanic white or non-Hispanic black households were selected,
and one adult 25+ was randomly selected for interview, (b) one adult aged 25–64 was
randomly selected from all Hispanic households with no older adults (65+); and (c) all
Hispanic adults aged 65 and over were selected for interview. Selected and consenting
residents were interviewed in their homes. The interview response rate was 80% producing a
final sample of 2706 respondents. The baseline survey instrument contains scales and items
measuring a wide array of demographic, behavioral, social, and health indicators. The
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institutional review board at the University of Texas Medical Branch approved the study
protocol, and informed consent was obtained from all participants.

3.3.2 Measures—A selection of subjective neighborhood and objective neighborhood
measures were used (see Table 1). The subjective measures were collected with the
perceived neighborhood scale (Martinez et al., 2002). That instrument produces individual-
level perceptions of neighborhood quality and social relations. Besides a comprehensive
score, 4 subscale scores represent the following concepts: (a) perceived crime, (b)
neighborhood satisfaction, (c) social embeddedness (ties/interaction), and (d) sense of
community (social cohesion). Martinez et al. (2002) reported reliability coefficients above .
80 for all scales. When implementing the instrument in the study area, respondents were
asked to rate the area “within a few blocks of their house.” For the data collected in Texas
City, Cronbach’s alphas for all five scores ranged between .80 and .91.

Objective measures of neighborhood quality also were collected throughout the study area.
Observations of the physical and social environment were collected for all 586 census
blocks in the study area using a modified version of an instrument developed and validated
by Caughy et al. (2001). That instrument was designed for use by a trained observer who
walks city streets and rates various aspects of the urban environment. One block observer
was trained in several non-study areas and his work checked and verified. The observer then
rated the study area blocks, and again, his work was checked and verified for accuracy by
two investigators. Factor analysis, based on 537 blocks with complete data provided two
variables for use in this analysis. One was a dimension we named “Territoriality” indicated
by the presence of neighborhood signs, amount of graffiti, and proportion of residences with
yards. A second factor, “Residential Environmental Quality,” was indicated by four
measures: overall condition of most residential units, the type (quality) of building material
used in residences, the overall condition of resident-kept grounds, and the amount of litter
seen in the block. Factor scores were used for both of these variables in the following
analysis.

3.3.3 Analysis—We employed two other modes of neighborhood definition with which to
compare SNEM neighborhoods. One was census block groups as neighborhoods, of which
there were 31 in the study area (Figure 4).1 The other was a regular grid of 48 areas placed
arbitrarily over the study to create spatial units within which individual residences were
aggregated (Figure 5). Grid-based data have been used for years in the Nordic countries for
the organization, release, and analysis of statistical data (Tammilehto-Luode et al., 2000).
The grid was created using a formula that determined what shape and size of grid cells
would allow coverage of the study area with 48 units to match the 48 SNEM units. Although
the cells are not perfectly square, they were compact enough to fairly match the average
SNEM unit.

The ecometric approach to analysis used a linear mixed model to calculate ICCs for all
measures across the three neighborhood types. Mixed models partitioned the variance in
objective and subjective neighborhood measures into individual- and neighborhood-level
components. Unconditional means models containing only a neighborhood-level random
intercept were used to estimate the ICCs, which were calculated as the ratio of the
neighborhood-level variance component to the total variance. The ICC represents the ratio

1U. S. Census block groups compose census tracts and typically contain a population between 600 and 3,000 persons (Iceland and
Steinmetz, 2003). In the study area in Texas City, the average was approximately 1,150 people per block group. Boundaries of both
census tracts and block groups were originally drawn up by local committees in metropolitan areas concerned with collecting
administrative and health data for planning purposes (Krieger, 2006). The specific practices used to create the original boundaries are
unclear.
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of between-neighborhood variance to the sum of between- and within-neighborhood
variance for each of the subjective and objective measures. Our hypothesis was that SNEM
neighborhood measures would have overall higher ICCs, indicating the method results in
socio-spatial areas that are more reflective of the conceptualization of neighborhood.

For the determination of criterion-related validity, we estimated multi-level models using the
same subjective and objective neighborhood measures. The models were estimated in
STATA (v. 11.1) using XTMIXED with random effects for the neighborhood units. Each
model included the neighborhood-level independent variable (e.g., neighborhood aggregate
mean of individual scores on perceived crime) and individual-level independent variables of
age (continuous), gender, marital status (married or not), education (less than high school,
high school graduate, some college, college graduate), race/ethnicity (non-Hispanic black,
non-Hispanic white, native Hispanic, immigrant Hispanic), and the individual score on the
subscale (or the factor score for the block where the individual lived). The SF-36 v.2 (Ware,
2000) summary scores for the physical and mental components of health-related quality of
life were used as dependent variables in the models. The SF-36 is widely used in population
health and clinical studies, and it contains eight dimensions: physical functioning, role-
physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental
health. Reliability and validity across population groups has been well established. The
resulting z-score coefficients for the neighborhood-level variables were then compared
across different neighborhood types to assess whether the SNEM approach led to improved
inferences about neighborhoods and health relationships. We hypothesized that SNEM
neighborhood measures would exhibit a pattern of more statistically significant relationships
with the health-related quality of life scores.

4. Findings
Table 2 shows the ICCs estimated for all measures and neighborhood types. The SNEM
neighborhoods produced better ICCs for subjective measures in all cases except for the
social embeddedness score, where block groups performed better. Objective measures
results also indicate good performance by SNEM neighborhood units relative to the other
two neighborhood types.

Table 3 reports the results of the criterion-related validity assessment. The boldface z-scores
indicate statistically significant relationships between the neighborhood-level variables and
the health-related quality of life scores from the SF-36. Noteworthy are the four significant
findings for the SF-36 physical component score using the SNEM-based independent
variables (perceived crime, neighborhood satisfaction, sense of community, and residential
environmental quality). Block group and grid cell-level independent variables were not
significantly associated with the physical component score. When modeling the SF-36
mental component score, block group and grid cell-level measures of sense of community
were significant, but while the same measure using SNEM neighborhoods was not
significant, it was close (1.85) to the threshold of 1.96. Because of the number of significant
effects discovered that would have been undetected using measures created with the other
neighborhood types, these results indicate the potential utility of the SNEM approach.

5. Discussion and conclusion
The ICC comparison supports our hypothesis that the SNEM approach results in socio-
spatial areas that are more reflective of the neighborhood concept. We should note, however,
that the geographical basis for the neighborhood perception items—asking respondents to
rate an area a few blocks around their home—probably created some error in those
aggregated measures. However, the fact that our SNEM ICCs on the two objective measures
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were much larger than those for the other units of analysis is noteworthy. Because the
qualitative assessment of residential differences and associated social class differences is an
important feature of the method, we should be able to discern more abrupt changes in
objective neighborhood characteristics. The relatively large ICCs from objective measures
support the conclusion that the method works particularly well to demarcate the space of
neighborhoods that are more distinct in a socio-structural way compared to the space of
those we obtain via pre-determined boundaries.

Our additional assessment and findings of the relative criterion-related validity of the SNEM
approach were perhaps more important. That evidence suggests that the method is more
valid than common alternative approaches for drawing inferences about neighborhood and
health relationships. Based on our findings, SNEM measures of neighborhood
characteristics appear to be more frequently related to health-related quality of life measures,
especially for the physical health dimension of the SF-36. If we had used block groups or
grid cells as proxies for neighborhoods, we would have in effect committed Type II errors in
drawing inferences about the significant relationships between our subjective and objective
measures and health-related quality of life. By assessing SNEM-based measures against the
same measures collected with different approaches to neighborhood operationalization, we
have additional evidence that the new neighborhood operational process holds potential for
inferential gains in neighborhoods and health research.

The neighborhoods we generated using the SNEM approach are smaller than those usually
employed in neighborhoods effects studies. As Haynes et al. (2007) have pointed out,
studies using smaller areas tend to find higher ICCs because of lower intra-area variation.
Therefore, our ICCs, especially those for the objective measures, may be advantaged by the
small size of our created neighborhoods. We note, however, that the block groups in our
study are not that much larger than our neighborhoods and the grid cells are very close to the
same size. Yet, the question of the modifiable areal unit problem (MAUP) remains—the
documented effect that size of the spatial unit containing aggregated data will influence the
correlations within it. The problem has two dimensions, scale and zoning (Fotheringham et
al., 2000). That is, both the size of the area and the shape (or location) of its boundaries may
bias statistical estimates. Further, as of yet there is no good solution to the problem
(Fotheringham et al., 2000).

We reiterate that there are other approaches to generating neighborhoods for health research.
One type is automated zone design, a general quantitative approach of finding optimal
boundaries for small areas based on the distribution of underlying data (Haynes et al., 2007).
Although varied in specifics of how this general type of approach is employed, researchers
pre-specify criteria for how the zone design models will operate and thus express some
conceptualization of what neighborhood attributes may be relevant to health. Nonetheless, it
appears that in most uses the selection of those criteria are not as strongly influenced by
theory as the SNEM approach. In the SNEM approach, the method of neighborhood
definition flows from a socio-spatial theorization of neighborhood processes—with the
understanding that, as with automated zone design, there is an inability to fully represent the
complexity of neighborhood processes in operationalization. Moreover, it might be possible
to automate at least part of the SNEM approach, although we argue that observation on the
ground would remain necessary to confirm or adjust boundaries.

Another approach is to focus on social networks, agency, and agent-based modeling
(Entwisle, 2007). Those such approaches allow behavior to enter the frame more clearly
than our approach or that of automated zone design, but agent-based modeling also tends to
overlook some of the fundamental, structural features of neighborhoods suggested by
SNEM, such as residential social class opportunities in the housing market and land use
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patterns (the attention to variation in lot size, housing type, housing size, and commercial
and traffic buffers). We suggest that although the ‘fit’ between structural patterns and social
relations in urban space is not a perfect one, the compromise made with the SNEM approach
is to use the probability that patterns indicate relations and provide a method that is
comparatively easy for researchers use. Moreover, as a socio-spatial approach, SNEM has a
strong conceptual basis that interweaves social and spatial processes and is sensitive to
details of local context.

The socio-spatial neighborhood estimation method and our assessment of it have limitations.
Only one analyst implemented the method (and he also developed the method). A team
approach to determine neighborhood boundaries using imagery would most likely enhance
the validity of neighborhood boundaries. Because the method is largely an inductive one
similar to qualitative analysis of text, it is unclear if an inter-rater reliability process would
be more valuable than discussion and consensus building to decide boundaries. Nonetheless,
there is a need for replication of the SNEM approach and the results we report here. Use of
other instruments that capture neighborhood compositional and contextual information
would enhance assessment. Another limitation is that only one mid-sized city was used to
develop and demonstrate the method. While we believe the method has transferability to
other types of urban environments, this has yet to be demonstrated. We see no reason to
suggest the method would not work in other cities, but we also note that the SNEM approach
might find utmost utility in studies of relatively smaller geographical areas and where
primary data collection is used.

Those limitations noted, we conclude with the suggestion that the socio-spatial
neighborhood estimation method shows promise for use in studies of neighborhood effects.
The method incorporates conceptual bases of neighborhoods that are both social and spatial
in order to better operationalize their measurement and enhance inferences about
neighborhood effects. Research design in this area continues to struggle with both
conceptual and measurement issues, and the SNEM offers a useable and logical way to
move forward.
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Figure 1.
Texas City Stress and Health Study Area

Cutchin et al. Page 15

Health Place. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Showing neighborhood no. 7’s boundaries based on analytical criteria.
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Figure 3.
Study area SNEM-generated neighborhoods and census tracts.
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Figure 4.
Study area census block groups and SNEM-generated neighborhoods.
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Figure 5.
Uniform grid neighborhoods and SNEM-generated neighborhoods.
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Table 1

Subjective and Objective Neighborhood Measures

Subjective Neighborhood Measures (Perceived Neighborhood Scale, Martinez et al., 2002)

(a) Perceived Crime Response Scale (1–5, “strongly agree” to “strongly disagree”)

1 There are troublemakers hanging around in my neighborhood.

2 There is public drinking in my neighborhood.

3 There is open drug abuse or drug dealing in my neighborhood.

4 It is safe to walk along in my neighborhood at night.

5 Some of my friends and relatives won’t visit me because they don’t feel safe in my
neighborhood.

6 People are afraid of being robbed in my neighborhood.

(b) Neighborhood Satisfaction Response Scale (1–5, “strongly agree” to “strongly disagree”)

7 My neighborhood is a good place to live.

8 My neighborhood has been getting worse recently.

9 The buildings and yards in my neighborhood are really run down.

10 If I could I would move out of my neighborhood.

11 There is a good place for children to play in my neighborhood.

12 My neighborhood is a good place to raise a family.

(c) Social Embeddedness Response Scale (1–5, “very likely” to “very unlikely”)

13 How likely is it that you would help a neighbor by watching their place if they’re away or
taking care of their child if they are sick?

How likely is it that a neighbor…

14 Would loan you a few dollars if you needed it in an emergency?

15 Would ask you to borrow some good if he/she needed some in an emergency?

16 Would watch your place if you’re away or take care of your child when you’re sick?

Response Scale (1–5, “very often (daily)” to “never”)

How often do you…

17 Greet your neighbors when you see them?

18 Have casual visits with neighbors either in their home or in yours?

19 Go to activities like church fairs, neighborhood meetings, or sports events?

20 Exchange/share child care?

21 Talk to your neighbors?

(d) Sense of Community Response Scale (1–5, “strongly agree” to “strongly disagree”)

22 Among my neighbors there are people I can rely on.

23 People in my neighborhood trust each other.

24 I feel I belong in my neighborhood.

25 I care about what my neighbors think of how I dress and how my house looks.

26 I have a close relationship with some of my neighbors.

27 People in my neighborhood are usually warm and friendly.

28 In my neighborhood people help each other out.

Objective Neighborhood Measures (adapted from Caughy et al., 2001)
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Subjective Neighborhood Measures (Perceived Neighborhood Scale, Martinez et al., 2002)

(a) Territoriality (factor score) 1 Signs denoting neighborhood name (0–1, no or yes)

2 Proportion of residences with front yards (1–4, none to more than half)

3 Amount of graffiti (1–4, considerable amount to none)

(b) Residential Environmental
Quality (factor score)

1 Overall condition of most residential units (1–4, poor to excellent)

2 Type (quality) of building material used in residences (1–6 with proportion of wood to
proportion brick or stone [and other materials in between)

3 Overall condition of resident-kept grounds (1–4, poor to excellent)

4 Amount of litter seen in the block (1–4, considerable amount to none)
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Table 2

Intra-class correlation coefficients of subjective and objective measures using SNEM neighborhood (NH),
block group (BG) and grid units of analysis

Subjective Measures NH ICC BG ICC Grid ICC

Perceived crime 0.276 0.227 0.221

Satisfaction 0.228 0.185 0.168

Social embeddedness 0.043 0.060 0.034

Sense of community 0.060 0.044 0.055

Perceived NH Scale 0.192 0.164 0.158

Objective Measures

Territoriality 0.906 0.347 0.573

Residential environmental quality 0.711 0.556 0.600
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Table 3

Z-score coefficients from multilevel models.*

SF-36 Physical Component Score

SNEM (n = 48) Block Group (n = 31) Grid (n = 48)

Perceived crime (n = 2249) 2.22 0.90 1.16

Satisfaction (n = 2351) 3.44 1.66 1.87

Social embeddedness (n = 2236) 1.32 1.53 0.30

Sense of community (n = 2220) 3.22 1.44 1.76

Territoriality (n = 2334) −0.37 −0.44 −0.13

Residential environmental quality (n = 2317) 2.67 0.63 1.61

SF-36 Mental Component Score

SNEM Block Group Grid

Perceived crime (n = 2249) −0.57 −0.53 −0.01

Satisfaction (n = 2351) 0.88 −0.25 −0.07

Social embeddedness (n = 2236) −0.23 1.40 0.51

Sense of community (n = 2220) 1.85 2.41 2.11

Territoriality (n = 2334) −0.76 1.21 −1.45

Residential environmental quality (n = 2317) 0.51 0.83 1.19

*
Estimated in STATA using XTMIXED with random effects for areal units. Each z-score was estimated with one model using the neighborhood-

level independent variable and including individual-level independent variables of age (continuous), gender, marital status (married or not),
education (less than high school, high school graduate, some college, college graduate), race/ethnicity (non-Hispanic black, non-Hispanic white,
native Hispanic, immigrant Hispanic), and the individual score on the subscale (or the factor score for the block where the individual lived). Bold
z-scores are significant at the p ≤ .05 level. Sample sizes for models vary based on areal units (noted in column headers) and individuals without
missing data (noted in row labels).
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