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Abstract: Subjective neighborhood perceptions (such as attachment or satisfaction) have been linked
to demographic factors and self-reported living conditions. There has been less success to include
census-based variables. One explanation is the frequent a priori application of rigid neighborhood
definitions. We assessed subjective neighborhood relations, demographic information, and self-
defined neighborhoods via a postcard-based, participatory GIS approach. We linked several census-
based variables (e.g., the proportion of seniors or the average members per household) to four
different neighborhood definitions. We found that census-based variables allowed no prediction of
neighborhood relations when adjusted to statistical districts, and a limited prediction when adjusted
to two different-sized buffers. We found the best prediction of neighborhood relations through
census-based variables when they were adjusted to self-defined neighborhoods. Larger households,
fewer households per building, and a higher proportion of seniors benefited neighborhood relations.
Our findings underline the importance of adjusting the definition of ‘neighborhood’ to that of the
residents when studying neighborhood attachment or sense of community.

Keywords: neighborhood attachment; self-defined neighborhoods; buffer-based neighborhoods;
statistical tracts; census data; participatory GIS

1. Introduction

Neighborhoods affect their inhabitants’ life in various ways: they define the accessi-
bility of various social, economic, and healthcare resources [1]; they have been found to
represent an instance of a salient in-group within the social identity theory [2]; and their
attributes can influence health and obesity [3,4]. A large body of research on neighborhood
effects from social epidemiologists aimed at identifying links between the local environment
and their residents for a starting point, see [5]. Neighborhoods have also been intensively
studied as an object of place attachment [6], which has been associated with a wide range
of positive effects [7–9]. However, neighborhood remains “an ambiguous term and there is
no consensus on its definition” [10]. Our understanding of what constitutes the physical
boundaries of “neighborhood” is particularly vague. Consequently, place attachment re-
search has predominantly investigated neighborhoods as a socio-psychological construct
of individuals or groups [6]. Various studies linked neighborhood attachment (but also
related concepts such as sense of community or neighborhood identity) to the demographic
attributes of the individual participant. For example, women (and residents with children)
have been found to report a higher attachment than men and residents without children,
respectively; see for example [11,12]. Similarly, links to socio-demographic circumstances
and self-reported living conditions have been established, showing that place attachment is
higher for home owners and long-term residents, e.g., [7].
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There has been less emphasis on the structure and the character of the neighborhood it-
self. Bonaiuto, Fornara, and Bonnes [13] presented several scales for assessing the perceived
neighborhood quality regarding spatial and functional aspects. Although this approach
represents an account for a neighborhood’s built structure, this assessment is still based
on the purely subjective experience of the individual citizen. Several recent studies aimed
at quantifying neighborhood characteristics more objectively by relying on census-based
variables [11,12,14,15]. Surprisingly, these studies report only few links of census-based
variables (e.g., population density, crime rates, or unemployment rates) to different aspects
of neighborhood relations. This is rather puzzling because it appears implausible that there
should be no effect of the local urban environment on the attitude and the attachment of a
citizen towards this environment.

Most of these studies equally apply some form of a priori definition of ‘neighborhood’
to all of their participants. Bernardo and Palma-Oliveira [2,13], investigated the social
construct of neighborhood attachment by collecting their data from residents living in
selected areas based on administrative neighborhoods. Zahnow and Tsai [14] used a
corresponding approach to link census-based variables to neighborhood attachment. Other
researchers defined “neighborhood” as the area defined by a somewhat arbitrary radius
around each participant’s location of residence. In other words, it is unclear whether the
investigated residents actually refer to the same, or to a completely different area when
talking about “their neighborhood”. In this research, we extend previous approaches on
linking neighborhood relations to objective indicators of living conditions (i.e., variables
derived from census data) by accounting for the area residents themselves identify as
their neighborhood, as compared to neighborhood definitions based on administrative
or buffer-based definitions. In doing so, we aim at grounding neighborhood relations in
structural aspects of the surrounding urban environment, in addition to individual factors
commonly investigated.

1.1. Approaches on Defining Neighborhood Boundaries

Two major approaches are frequently used for an a priori definition of the neighbor-
hood of the residents under investigation (i.e., without actually assessing the individual
resident’s neighborhood concept). Administrative units (e.g., city districts, census tracts,
or census blocks) are an established approach to analyze communal aspects of neighbor-
hood [15]. However, it has been repeatedly shown that administrative units significantly
over- or underestimate self-defined neighborhoods, i.e., people indicating the outline of their
subjectively perceived neighborhood on a map; see [4,9,16]. Cutchin and colleagues [17]
compared neighborhood satisfaction when clustering residents according to block groups
(i.e., administrative units), a regular grid, and a socio-spatial estimation of units, and they
found that the intra-class correlation coefficients of residents’ neighborhood satisfaction
was low for the administrative units.

The other approach consists of the application of a Euclidian buffer, that is, a circle
centered at the individual resident’s place of residence, see [4] for an overview. This ap-
proach has been used to link health issues to neighborhood characteristics or to estimate
the accessibility of urban resources of each individual resident [1]. However, there exists no
widely accepted size of this buffer, but throughout several studies, it has been set to a radius
of 400 m to 1.6 km, e.g., [11,12]. Several researchers pointed out that a constant-sized buffer
may not be justified [1], or that the assumption of a circular, home-centered neighborhood
is unwarranted altogether [18,19]. Refinements of the Euclidian buffer include, for example,
network buffers (i.e., a representation of the network of streets). Network buffers appear
to capture self-defined neighborhoods better than Euclidean buffers [20,21]. Other adjust-
ments of the buffer size include accounts for demographic and neighborhood characteristics.
Coulton, Jennings, and Chan [16] found that the area of self-defined neighborhoods de-
creased, for example, with age and population density, but increased for households with
children and the years of residency in the neighborhood. Colabianchi and colleagues [4]
found larger self-defined neighborhoods for older compared to younger adolescents, as
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well as for boys compared to girls. Despite these efforts, the degree of overlap of Euclidian
(or network) buffers with self-defined neighborhoods remains fairly limited, e.g., [1,3,20].

Taken together, it must thus be questioned to what extent we can draw valid conclu-
sions on neighborhood attachment or sense of community based on data from a priori,
‘one-size-fits-all’ definitions of neighborhood.

1.2. Predicting Neighborhood Relations and Satisfaction from Census-Based Variables

Census-based variables provide the possibility to investigate the effect of a resident’s
living conditions with respect to the surrounding social environment, which are more
objective than self-reports by participants. However, the majority of studies who aimed
at linking neighborhood attachment or satisfaction to census-based variables failed to
find significant effects. Lee and colleagues [12] investigated neighborhood satisfaction in
relation to individual demographics and self-reports about participants’ living situation
on the one hand, and census variables such as the unemployment rate or the proportion
of owner-occupied houses within a 1 km network buffer on the other hand. According
to the authors, “the lack of association between objective measures and neighborhood
satisfaction is perplexing” [12]. French and colleagues [11] found that residents’ sense
of community was positively affected by, for example, the neighborhood’s walkability
in a one-mile network buffer. Among several measures capturing aspects of the built
environment (e.g., different forms of land use), a higher population density was found to
have a negative effect on sense of community. Grogan-Kaylor and colleagues [22] aimed at
predicting neighborhood satisfaction based on a number of individual and census factors,
defined by the census tract of the participant’s residence, but they report no significant
effects of the census-based variables. Zahnow and Tsai [14] investigated the relation
of residents’ attachment and aspects of the residential neighborhood. Several variables
(e.g., crimes rates, population density, or language diversity) are extracted from census-
based variables and applied on the level of residential state suburb. With the exception
of a neighborhood disadvantage score, the authors report no effect of factors assessed by
census-based variables on place attachment.

The rather surprising lack of effects of factors derived from census-based variables on
neighborhood relations such as attachment and satisfaction could be explained by these
authors’ conceptualization of neighborhood. As we reported above, administrative units
and buffer boundaries represent poor estimates of residents’ self-defined neighborhood.
Thus, census-based variables may be more likely to provide insight into neighborhood
relations when they are more closely adjusted to the area residents themselves define as
their neighborhood.

1.3. Aims of This Research

In this research, we extend previous approaches by adjusting census-based variables
to the area defined as neighborhood by residents themselves. We expect that census-based
variables are more informative about residents’ neighborhood relations the more they
reflect the area perceived as the neighborhood by the individual resident. Furthermore, we
expect that these variables can predict neighborhood relations in addition to the variance
explained by individual demographics and self-reported living conditions.

2. Materials and Methods
2.1. Study Area

The study took place in Freiburg im Breisgau, Germany, a university city with about
230,000 inhabitants. Data were collected in Haslach-Egerten, a quarter with approximately
6800 inhabitants (about 18% of them of foreign nationalities and 24.6% older than 60 years)
on an area of about 1.09 km2. It also features several allotment areas and parks, as well as
smaller commercial areas.

Conducting the study in Freiburg im Breisgau allowed us to make an informed choice
about the specific quarter selected for the data collection: Haslach-Egerten is separated from
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the neighboring quarters by ‘natural’ boundaries (i.e., a highway and a river on the north
side, and rail tracks on the east side and the west side, see Section 2.2.1). Within Haslach-
Egerten, the old village core is surrounded by very different residential areas (ranging
from areas consisting of single-family houses to recent high-rise housing projects), thus
accounting for the fact that administrative units are poor representatives of the communities
developing within their borders [23]. Furthermore, it facilitated the logistics of distributing
the postcards used as means of the data collection (see Section 2.2.2).

2.2. Data Collection

The collection of a large body of self-defined neighborhood conceptions represents an
instance of participatory GIS [24]. Participatory GIS approaches aim at providing citizens or
disadvantaged groups (i.e., non-experts) access to GIS tools in order to assess and integrate
their perspectives and needs. The underlying assumption is that individuals (in this case,
the residents) are equipped with the knowledge of local circumstances and indigenous
experiences and are thus in the best position to provide information about their environ-
ment [25]. Urban planning purposes (e.g., community-based planning and neighborhood
revitalization) are one central application for participatory GIS strategies [26,27].

2.2.1. Postcard Design

Adopting an approach by Dalton [28], we prepared a postcard of 21 cm × 12.5 cm
presenting a map of the study area on one side, depicting streets, buildings, and land use
forms (see Figure 1). The most prominent street names were indicated to allow participants
an easier orientation and identification of their home. The top of the front side stated the
following: “Please mark the boundaries of the area you would call your neighborhood on
the map below!”. (This was followed by the request to name and mark three places that felt
important for the person’s neighborhood. We refrained from further analysis for reasons of
space and clarity).
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Figure 1. Illustration of the map as presented on one side of the postcard. ©MapTiler
©OpenStreetMap Contributors.

It is possible that residents living closer to the edges of the shown map are potentially
limited in sketching their neighborhood in certain directions. However, we chose the
quarter of Haslach-Egerten in particular due to its ‘natural’ boundaries. We thus believe
that those residents living closer to the map’s edges were unlikely to extend their self-
defined neighborhoods beyond these natural boundaries.
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The postcard’s backside consisted of a brief explanation of the study’s purpose, in-
cluding the information that the postal charges were covered by our department. This
was followed by items assessing the participant’s age, gender, and mother tongue. These
demographic items were followed by several questions concerning the participant’s living
situation, as well as three items assessing their neighborhood relations (see Table 1 for
details). The order of all items was fixed. The inclusion of more extensive scales was not
possible, due to the limited space on the postcard.

Table 1. Descriptive information about demographic data and the items assessing neighborhood relations.

Short Item Full Item M (SD); Range

Self-Reported Living Conditions

Years of residency 1 How long do you live in your neighborhood? 9.9 (13.1); 0–64
People in household How many people (including yourself) live in your household? 2.5 (1.3); 1–8
Number of minors 2 How many people in your household are minors? 0.5 (1.0); 0–6
People in building How many people live approximately live in the same building as you? 19.8 (23.1); 1–200

Neighborhood relations (assessed on 5-point Likert scales ranging from 1 = ‘not at all’ to 5 = ‘very much’)

Contact I have a lot of contact with my neighborhood 3.4 (1.4); 1–5
Connection I feel attached to my neighborhood 3.6 (1.4); 1–5
Trust I trust people in my neighborhood 3.9 (1.1); 1–5

Notes. 1 We transferred all indications provided by the participants into years. 2 The legal status of adulthood in
Germany begins with the 18th birthday.

2.2.2. Postcard Distribution

The postcards were manually distributed in the study area between October 2019 and
January 2020. In each mailbox of each residential building, we dispensed one postcard
for every indicated initial or single surname. If only the family name was provided, we
dispensed two postcards. We did not dispense postcards for mailboxes belonging to shops,
commercials, etc.

Prior to dispensing a postcard, we marked the respective street segment with a UV
pen (i.e., leaving a hardly visible marking). In this way, we could trace the approximate
location of residence if the postcard was returned, without the need to inquire for the exact
address or to violate the participants’ anonymity.

There was no other advertisement for the study and no compensation for participation.
Thus, responding to the postcard was entirely voluntary and dependent on the individual
resident’s motivation. As a consequence of the chosen approach, we could not specify a
sample size in advance; we were limited to the data we received.

2.2.3. Processing of Returned Postcards

Within about three months after the distribution of the last batch of postcards, we
received about 450 postcards. Some postcards were returned empty, without any infor-
mation provided. In several instances, we were unable to locate the UV line marking the
participant’s location of residence. More importantly, there was a significant proportion
of postcards where participants provided demographic information but did not outline
their neighborhood at all, or they did so in undecipherable fashion. Vice versa, there was a
small number of postcards with analyzable self-defined neighborhoods; the neighborhoods
could not be matched to a statistical district. After identifying the incomplete cases, a final
dataset of 277 postcards remained for further analysis. The spatial distribution of these
postcards is shown in Figure 2.
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mate location of residence is indicated by red circles, together with the number of postcards from
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2.2.4. Demographic Data and Neighborhood Relations

There were postcards from 106 (38.8%) male and 160 (57.8%) female participants (with
11 or 4% missing values). The participants’ average age was 43.9 years (SD = 17.4; range:
8–90; 20% of them 60 years and older). The majority of them indicated German to be their
mother tongue (89.9%). Thus, the sample of valid postcards was somewhat biased towards
residents of female gender, a younger age, and German nationality as compared to the
general population of Haslach-Egerten. Descriptive information about the living situation
as well as the level of neighborhood relations reported by the participants is reported in
Table 1.

The three items concerning contact, attachment, and trust were thought to assess re-
lated, but different aspects of the participants’ relations to their self-defined neighborhoods.
A reliability analysis indicated a high internal consistency in the participants’ responses to
the three items (Cronbach’s α = 0.89). We thus subsumed them into a combined measure
of neighborhood relations (M = 3.6; SD = 1.2; range: 1–5), derived from the mean of all
three ratings.

2.2.5. Digitalization and Definition of Neighborhood Boundaries

We aimed to compare links between census-based variables and neighborhood rela-
tions based on different neighborhood definitions, namely self-defined, buffer-based, and
administrative.

We created a software tool to manually transfer the shape of the self-defined neighborhoods
as indicated by the participants to a digital map for further computations and analysis (see
Figure 3). We computed the area of each self-defined neighborhood in km2 (M = 0.14 km2;
SD = 0.24; range: 0.00–1.20 km2).
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Figure 3. Illustration of two self-defined neighborhoods, digitalized via our software tool. A line
(orange and green, respectively) indicates the approximate home address; the outline of the respective
self-defined neighborhood is presented in the same color. The dotted lines in black and blue outline
buffers around the home address with a radius of 208 m and 500 m, respectively. Fat black lines
outline statistical districts; thin black lines outline building blocks. The colored background indicates
the number of inhabitants per building block. ©OpenStreetMap.

We computed two different Euclidian buffers. The first consisted of a 500 m buffer
around the line approximating the home address. The second was thought to account for
the fact that in our sample, the area of the self-defined neighborhoods consisted of, on
average, only a fraction of a 500 m buffer. Based on a circle derived from the average area
across all self-defined neighborhoods, we thus computed a second 208 m buffer.

Each postcards’ home address was also linked to one of five statistical districts, as
defined by the municipality of Freiburg and thus an instance of an administrative neigh-
borhood definition.

2.2.6. Inclusion of Census-Based Variables

The following variables are based on data provided by the ‘Office of citizen service
and information management’ of the municipality of Freiburg. For its own purposes,
this office has defined ‘building blocks’ based on a combination of residential blocks,
intersecting streets, rail roads, and waters similar to the approach described by [17]. Several
demographic data are recorded and updated bi-annually. In accordance with the time of
the data collection, we used the respective dataset valid for the first half of 2019.

For the purpose of this research, we extracted the following variables for each building block:

1. Proportion of German residents: The number of residents with a German nationality
divided by the total number of residents.

2. Average number of people per household: The dataset provided information about the
number of people per household in the following categories: 1 person; 2 persons;
3 persons; 4 persons; 5 persons and more persons. As an approximation of the average
household size in a given neighborhood, we multiplied the value of each category
(i.e., 1 for one person, 2 for two persons, etc.) with the respective number of residents
in this category and divided the sum of these multiplications by the total number of
residents in this building block. This variable also reflects the proportion of families
with children.

3. Average number of homes per building: The dataset provided information about the
number of homes per building in the following categories: 1–2 homes; 3–5 homes;
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6–7 homes; 8–9 homes; 10 and more homes. Corresponding to the method described
above, we computed an estimate of the average number of homes per building by
multiplying the lowest value of each category (e.g., 3 for the category ‘3–5 homes’)
with the respective number of residents in this category, relative to the total number
of residents in this building block. Using the lowest value of each category under-
estimates the true number of homes per building and should thus be treated as a
rough estimate rather than a precise measure. However, this was the most consistent
approach we could think of.

4. Proportion of seniors: The dataset provided only very rough information about the
residents’ age. The most relevant and clearly identifiable variable was the number of
elderly people (60+ years). We computed the proportion of seniors by dividing the
number of residents aged 60 years and older by the total number of residents.

Unfortunately, the office of citizen service and information management was unable to
provide sufficiently granular information concerning some variables that have previously
been investigated, for example, the unemployment rates or crime rates, e.g., [11,12,14,22].
(Please note that, for example, unemployment rates are available for the entire quarter of
Haslach. However, this information is too coarse to be linked to the neighborhood concepts
investigated in this research.)

Next, we linked the census data of the building blocks to the four different neighbor-
hood boundaries. For each participant, we computed the proportion of each building block
located within the respective neighborhood boundary and combined the census variables
according to the proportions of all involved building blocks. (If, for example, a self-defined
neighborhood consisted of 50% of one building block with 10% seniors and 50% of a second
building block with 30% seniors, this would result in 20% seniors for the entire self-defined
neighborhood. If the 208 m buffer of the same participant would consist of 25% of the
building block with 10% seniors and 75% of the second building block with 30% seniors,
this would result in 25% seniors for the entire neighborhood based on a 208 m buffer.)
Descriptive census-based variables, separately for all four neighborhood boundaries, are
presented in Table 2.

Table 2. Information concerning the census-based variables, separately for all four neighborhood
boundaries. The first block presents their descriptive statistics (M (SD; range)). The second block
presents the proportional overlap of the self-defined neighborhoods with the other three neighbor-
hood definitions (M (SD; range)). The third block presents the Pearson correlation coefficient of the
self-defined neighborhoods with the other three neighborhood definitions, separately for all four
census-based variables (** = p < 0.01, *** = p < 0.001).

Neighborhood
Boundary

Statistical Block
(Used in Model 3)

500 m Buffer
(Used in Model 4)

208 m Buffer
(Used in Model 5)

Self-Defined
(Used in Model 6)

Census Variable

Proportion of Germans 0.82 (0.06; 0.65–0.87) 0.79 (0.03; 0.73–0.87) 0.81 (0.07; 0.63–0.91) 0.82 (0.07; 0.48–0.97)
People per household 1.77 (0.26; 1.39–2.06) 1.77 (0.18; 1.54–2.22) 1.77 (0.33; 1.38–2.55) 1.82 (0.48; 1.19–2.91)
Homes per building 4.75 (0.69; 4.05–5.81) 4.29 (1.11; 2.28–5.85) 4.65 (1.27; 1.95–7.78) 4.93 (1.75; 1.93–9.10)
Proportion of seniors 0.14 (0.03; 0.08–0.20) 0.14 (0.02; 0.07–0.17) 0.18 (0.06; 0.05–0.34) 0.14 (0.08; 0.01–0.70)

Overlap with self-defined neighborhood

0.29 (0.33; 0.00–1.00) 0.11 (0.15; 0.00–0.77) 0.28 (0.28; 0.00–1.00)

Correlation with self-defined neighborhood

Proportion of Germans r = 0.37 *** r = 0.11 r = 0.42 ***
People per household r = 0.61 *** r = 0.78 *** r = 0.82 ***
Homes per building r = 0.18 ** r = −0.07 r = 0.09
Proportion of seniors r = 0.12 r = 0.27 *** r = 0.46 ***
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3. Results
3.1. Neighborhood Size and Shape

In a first step, we took a closer look at the shape and size of the self-defined neighbor-
hoods. The area defined as neighborhood (M = 0.14 km2; SD = 0.24; range: 0.00–1.20 km2)
was on average about as large as four of the five statistical districts (0.11–0.16 km2, with the
fifth district covering 0.58 km2) and comparable to that of the 208 m buffer (M = 0.19 km2;
SD = 0.02; range: 0.14–0.24 km2), but much smaller as compared to the area of a 500 m buffer
(M = 0.91 km2; SD = 0.06; range: 0.80–1.06 km2. The variance in size of the buffer-based
neighborhood areas resulted from the different length of the street segments we identified
as the residents’ home address). The overlap of the self-defined neighborhoods with the
statistical districts and especially with the 500 m buffer was rather limited (see Table 2).
However, even after accounting for the average area of the self-defined neighborhoods, the
overlap of the resulting 208 m buffer with the self-defined neighborhoods remained poor.

It could be argued that the limited overlap does not matter, because the census-
based variables presented in Table 2 do not appear to vary greatly between the different
neighborhood definitions. However, when we computed Pearson correlations between
the census variables adjusted to the self-defined neighborhoods and the same census
variables adjusted to the other three neighborhood definitions, respectively, we found
very heterogeneous correlation coefficients, ranging from very high fits to no fit at all. The
average number of people per household was the only census variable showing consistently
high (although still far from perfect) correlations.

Taken together, and in line with previous findings, e.g., [1,3,18–20], it is safe to say
that neither administrative definitions of neighborhood nor fixed Euclidian buffers are
representative for the area residents themselves define as their neighborhood.

This begs the question of which factors affect and determine the size and shape of self-
defined neighborhoods. Detailed investigations of the neighborhoods’ shape were beyond
the scope of this research. However, we decided to take a closer look at the size of the self-
defined neighborhoods (i.e., their area). Previous studies already showed that demographic
variables affect the area an individual resident defines as neighborhood [4,16]. Adding the
census-based variables to such an analysis should provide first evidence whether variables
derived from census data have an effect on residents’ conceptions of their neighborhood on
a physical level. Thus, we constructed a linear mixed model with the area of the self-defined
neighborhoods as the dependent variable (Model 1). Independent variables of this model
are as follows:

1. Neighborhood relations. The compound measure consisting of the self-reported levels
of contact, attachment, and trust.

2. Demographics and self-reported living situation. Gender and mother tongue were treated
as categorical factors. The number of children was turned into a categorical variable
(no children vs. one or more children) due to the odd distribution, with 69.7% of the
participants stating that no minors lived at their household. All other variables were
treated as continuous factors.

3. Census-based variables, as reported in the previous section, and adjusted to the area of
the self-defined neighborhood of each participant.

All statistical details concerning Model 1 are presented in Table 3. (Please note that
15 cases were not included in Model 1, Model 5, and Model 6 due to missing values for
single variables.) In line with Coulton and colleagues [16], the self-defined neighborhoods
grew smaller with the resident’s age. Contrasting Coulton and colleagues [16], we found no
evidence that the participants’ gender, children in the household, or the years of residency
had an impact on the neighborhood area. However, residents reporting to live in larger
households defined smaller areas as their neighborhood. The model shows no significant
evidence of a link between neighborhood relations and the area of the self-defined neigh-
borhood. More importantly, there were several significant effects linked to the census-based
variables: a higher proportion of German residents and a higher average number of people
per household resulted in smaller self-defined neighborhoods. A higher proportion of
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senior citizens increased the area defined as neighborhood. In other words, Model 1 pro-
vided strong evidence that attributes of the surrounding urban environment as captured
by census-based variables have an effect on how residents define their neighborhood.

Table 3. Parameter estimates of the linear mixed model testing links between demographic factors
and census-based variables to the area defined as neighborhood (Model 1). * = p < 0.05, ** = p < 0.01.

Model 1

Model Information

AIC −49.45
Nagelkerke’s Pseudo R2 0.78

B (SE) Lower 95% CI Upper 95% CI t
Constant term

0.59 (0.21) 0.18 1.00 2.83 **
Neighborhood parameters
Neighborhood relations 0.02 (0.01) 0.00 0.05 1.67
Demographic variables and self-reported living conditions
Gender: men . . . .
Gender: other −0.11 (0.02) −0.43 0.20 −0.73
Gender: women −0.02 (0.03) −0.04 0.07 0.54
Children: one or more . . . .
Children: no children −0.01 (0.04) −0.07 0.09 0.26
Mother tongue: German . . . .
Mother tongue: other −0.002 (0.05) −0.10 0.11 0.04
Age −0.003 (0.001) −0.01 0.00 −2.91 **
Years of residency 0.001 (0.001) 0.00 0.00 0.95
People in household −0.04 (0.01) −0.07 −0.02 −3.17 **
People in building 0.00 (0.001) 0.00 0.00 0.74
Census-based variables
Proportion of Germans −0.53 (0.24) −0.99 −0.06 −2.23 *
People per household 0.06 (0.05) −0.04 0.17 1.20
Homes per building −0.02 (0.01) −0.04 −0.01 −2.65 **
Proportion of seniors 0.95 (0.32) 0.32 1.58 2.96 **

3.2. Neighborhood Relations

We now turn towards the question to what extent different conceptualizations of
‘neighborhood’ can predict neighborhood relations. For this purpose, we constructed four
linear mixed models with neighborhood relations as the dependent variable, and the four
census-based variables as independent variables. In Model 2, the census-based variables
were linked to a resident’s statistical district. In Model 3, the census-based variables were
defined by a 500 m buffer around a resident’s home address. The census-based variables of
Model 4 reflected a 208 m buffer. In Model 5, the census-based variables were linked to the
self-defined neighborhoods. All statistical details for these models are presented in Table 4.

The results of Models 2–5 are in line with our hypotheses. Census-based variables
based on administrative units failed to predict neighborhood relations (Model 2). When
based on a 500 m buffer (Model 3), we found that both a higher proportion of Germans
and a larger number of people per household increased neighborhood relations. We found
corresponding effects when adjusting the buffer to a radius of 208 m in Model 4, with an
additional effect indicating a lower number of homes per building benefiting neighborhood
relations. Finally, when we predicted neighborhood relations from census variables based
on the actual self-defined variables in Model 5, we observed strong effects for both the
number of people per household and the number of households per building. Additionally,
there was a somewhat curious and positive effect for the proportion of seniors. Contrasting
Models 3 and 4, there was no effect for the proportion of Germans. The comparison of
the parameter estimates already suggests that the prediction of neighborhood relations
increases with a better approximation of the residents’ neighborhood. This interpretation
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is further strengthened by the model fit—whereas Nagelkerke’s Pseudo-R2 was about
comparable for Models 2–4, it was noticeable increased in Model 5.

Table 4. Parameter estimates of the linear mixed models testing links between neighborhood rela-
tions and census-based variables derived from four different neighborhood boundary definitions.
* = p < 0.05, ** = p < 0.01, *** = p < 0.001.

Model 2 Model 3

Neighborhood boundary Statistical block 500 m buffer

Model information

AIC 828.2 827.7

Nagelkerke’s R2 0.176 0.178

B (SE) Lower 95%
CI

Upper 95%
CI t B (SE) Lower 95%

CI
Upper 95%

CI t

Constant term

−8.74
(37.50) −82.24 64.76 −0.23 −13.37

(6.65) −26.42 −0.33 −2.01 *

Census-based variables

Proportion of Germans 5.29
(25.04) −43.79 54.38 0.21 10.78

(4.46) 2.04 19.52 2.42 *

People per household 3.01
(5.43) −7.63 13.66 0.56 3.60

(1.17) 1.31 5.89 3.08 **

Homes per building 0.63
(2.86) −4.98 6.24 0.22 −0.27

(0.23) −0.18 0.72 1.18

Proportion of seniors −1.83
(42.67) −85.46 81.81 −0.04 7.03

(4.18) −1.16 15.21 1.68

Model 4 Model 5

Neighborhood boundary 208 m buffer Self-defined neighborhood

Model information

AIC 829.2 817.1

Nagelkerke’s R2 0.173 0.211

B (SE) Lower 95%
CI

Upper 95%
CI t B (SE) Lower 95%

CI
Upper 95%

CI t

Constant term

−0.38
(1.29) −2.90 2.15 −0.29 0.19

(0.86) −1.49 1.87 0.22

Census-based variables

Proportion of Germans 4.86
(1.45) 2.02 7.71 3.35 *** 1.22

(1.04) −0.82 3.26 1.17

People per household 0.69
(0.26) 0.18 1.21 2.65 ** 1.35

(0.19) 0.99 1.72 7.26 ***

Homes per building −0.14
(0.06) −0.26 −0.02 −2.24 * −0.10

(0.04) −0.18 −0.03 −2.74 **

Proportion of seniors −2.84
(1.81) −6.38 0.71 −1.57 3.58

(1.20) 1.22 5.94 2.97 **

It could be argued that the identified links between census-based variables and neigh-
borhood relations are of little use. If we need to collect data (i.e., the self-defined neighbor-
hood) from the individual citizen for a more precise prediction of neighborhood relations,
we may as well collect information demographics and self-reported living conditions as
more established indicators of neighborhood relations. Thus, the question is whether



Sustainability 2022, 14, 4434 12 of 16

local urban characteristics as captured in census-based variables can provide insights into
neighborhood relations beyond demographic factors and self-reported living conditions.

We addressed this issue by testing the effects of demographic variables and self-
reported living conditions on neighborhood relations with Model 6. As can be derived
from Table 5, we found better neighborhood relations for women as compared to men, for
residents with children as compared to those without, and for those reporting German to be
their mother tongue, also see [11,14]. Furthermore, neighborhood involvement increased
with the residents’ age. Taken together, Model 6 shows a very plausible pattern concerning
the effects of demographic factors but less evidence for effects of self-reported living
conditions on neighborhood relations.

Table 5. Parameter estimates of two linear models testing links between neighborhood relations and
demographic factors (Model 6), as well as demographic factors and census-based variables (Model 7).
* = p < 0.05, ** = p < 0.01, *** = p < 0.001.

Model 6 Model 7

Model Information

AIC 773.57 747.69

Nagelkerke’s R2 0.366 0.447

B (SE) Lower 95%
CI

Upper 95%
CI t B (SE) Lower 95%

CI
Upper 95%

CI t

Constant term

1.37
(.62) 2.02 3.43 7.59 *** 0.63

(0.95) −1.24 2.49 0.66

Demographic variables and self-reported living conditions

Gender: men . . . . . . . .

Gender: other 0.59
(0.75) −0.89 2.06 0.78 0.57

(0.73) −0.86 2.01 0.78

Gender: women 0.30
(0.13) 0.04 0.56 2.25 * 0.35

(0.13) 0.11 0.60 2.81 **

Children: one or more . . . . . . . .

Children: no children −0.66
(0.18) −1.03 −0.30 −3.60

***
−0.34
(0.18) −0.70 0.02 −1.89

Mother tongue: German . . . . . . . .

Mother tongue: other −0.68
(0.25) −1.18 −0.19 −2.70 ** −0.49

(0.24) −0.97 −0.01 −2.01 *

Age 0.02
(0.00) 0.01 0.03 4.58 *** 0.01

(0.00) 0.00 0.02 2.14 *

Years of residency 0.003
(0.01) −0.01 0.02 .46 0.01

(0.01) 0.00 0.03 2.01 *

People in household 0.10
(0.06) −0.02 0.23 1.61 0.02

(0.06) −0.11 0.14 0.28

People in building −0.003
(0.002) −0.01 0.00 −1.15 −0.003

(.002) −0.01 0.00 −1.05

Census-based variables

Proportion of Germans 0.44
(1.09) −1.68 2.58 0.41

People per household 1.16
(0.23) 0.71 1.61 5.05 ***

Homes per building -0.07
(0.04) −0.15 0.00 −1.92

Proportion of seniors 2.36
(1.47) −0.52 5.24 1.61
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Next, we ran Model 7, which included the census-based variables (adjusted to the self-
defined neighborhood, thus corresponding to the data used in Model 5) in addition to the
demographic factors tested in Model 6. There were slight changes concerning the effects of
demographic variables. The difference between residents with children and those without
missed significance (p = 0.06). However, the combined model indicates a positive effect of
the years of residency on neighborhood relations, which we did not observe in Model 6.
The parameter estimates of the census-based variables resemble those of Model 5, with a
significant positive effect of the average number of people per household, and a negative
effect of the homes per building just missing significance (p = 0.06). However, the effect
resulting from the proportion of seniors observed in Model 5 did not appear in Model 7.
More importantly, a model comparison indicated that the addition of census-based vari-
ables in Model 7 predicted neighborhood relations significantly better than demographic
variables alone (as is also evident from the increase of Nagelkerke’s Pseudo-R2).

4. Discussion

In the present research, we collected a dataset of self-defined neighborhoods, together
with self-reports on demographic factors, living-conditions, and neighborhood relations
(derived from three items assessing the level of contact with and trust in neighbors, as well
as the attachment to the residential neighborhood). We aimed at contrasting the self-defined
neighborhoods with three different neighborhoods defined by the statistical district, and
a 500 m buffer as well as a 208 m buffer, each depending on the resident’s home address.
Furthermore, we linked several census-based variables (e.g., the proportion of seniors or
the average household size) to the different neighborhood definitions.

We found that the area of the self-defined neighborhoods covered only a fraction of
the frequently assumed neighborhood definitions defined by administrative units or fixed
buffers of 500 m or more. The spatial overlap of the area based on the different boundaries
with the area of the self-defined neighborhoods was on average very limited in line with, for
example, [20,21]. In other words, our findings provide strong evidence that one-size-fits-all
approaches are not sufficient to capture the individual resident’s neighborhood definitions.
In line with Coulton and colleagues [16], we found that the area defined as neighborhood
was affected by demographic factors. More importantly, we also observed strong effects
of census-based variables. These effects underline that the structure and attributes of the
urban environment affect residents’ perceptions of their neighborhood.

After adjusting several census-based variables to the shape and size of the different
neighborhood definitions, we aimed at predicting the residents’ neighborhood relations
from these variables. In short, we found that census-based variables allow for a better pre-
diction of neighborhood relations, the closer the census-based variables are adjusted to the
neighborhood definition of the individual resident. Furthermore, census-based variables
explained variance of neighborhood relations in addition to the residents’ demographic
factors and self-reported living conditions.

Taken together, our findings underline the importance of adjusting the concepts of
‘neighborhood’ underlying one’s research to those of the residents under investigation,
in particular when studying neighborhood attachment or sense of community but also
see [29], for a different approach based on social networks. The pattern of the different
neighborhood definitions suggests that assuming a more-narrow area as neighborhood
than frequently assumed (e.g., buffers of 500 m or 1 mile) allows better predictions of
neighborhood relations from census-based variables.

4.1. Limitations

Our postcard-based approach for the data collection allowed for only a minimum of
items. Thus, we were not able to rely on established and more extensive questionnaires
assessing neighborhood attachment or sense of community (see [6], for an overview).
However, our findings on demographic factors are very much in line with those reported
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by previous research [12,14], and we are thus confident that we successfully tapped into
concepts closely related to the participants’ neighborhood attachment.

A further restriction was imposed by the fixed area and scale of the map printed
on the postcards. It is possible that some participants were biased when defining their
neighborhood. However, the great variability of the areas and shapes of the self-defined
neighborhoods imply that the vast majority of the participants was not limited by the
presented format. Most of the self-defined neighborhoods also covered only a fraction of
the postcard. Finally, we deliberately chose Haslach-Egerten because we assumed that
railroads and a river provided strong ‘natural’ boundaries for those residents living closer
to the edges of the map shown on the postcard.

Participation in the study was voluntarily, and we cannot exclude potential biases
elicited by socio-demographic groups that were more (or less) inclined to return the post-
card. The demographic distribution of residents returning valid postcards was somewhat
skewed (with a higher proportion of female and younger participants, as well as a higher
proportion of residents with a German nationality) but not entirely off-balanced when
compared to the general population of Haslach-Egerten. Although it is possible that the
self-defined neighborhoods of potentially under-represented socio-demographic groups
differ from those we invested, we do not believe that this invalidates our main conclusion.
We cannot think of a reason why administrative units or buffer-based neighborhood defini-
tions should be more appropriate for these groups as compared to those who participated
in the study.

Unfortunately, we were unable to obtain census data concerning some variables
that have previously been investigated and identified as important for neighborhood
relations in the necessary spatial resolution, for example, unemployment and crime rates,
e.g., [11,12,14,22]. We assume that the general pattern of a closer adjustment to the self-
defined neighborhood allowing a better prediction of neighborhood relations from census-
based variables extends to these variables as well.

4.2. Towards Identifying Individual and Shared Neighborhood Cores and Boundaries

We assume that although residents’ self-defined neighborhoods living in the same
area are highly individual, that they are also are affected by the same parameters, and
that their neighborhood concepts should thus show some level of convergence. Next to
census-based variables, these parameters may encompass demographic factors [30,31]; the
accessibility of urban resources and institutions [1,31]; and physical cues such as roads,
large building complexes, or waters, e.g., [30,32]. Indeed, several attempts of aggregating
across self-defined neighborhoods imply the existence of neighborhood boundaries and
cores mutually shared by the majority of the local residents [28,30,31,33–35]. These findings
support the idea of using participatory GIS approaches in community-based planning and
neighborhood revitalization programs [26,27], as well as with the assumption of a ‘spatial
collective intelligence’ [36].

Finally, we want to point out the long and intensive occupation of social epidemiol-
ogists and sociologists with the effects of neighborhoods on their residents [5]. A more
detailed depiction of the discussions and findings from this field are far beyond this research.
Despite differences in focus and methodology, it appears that there are some conclusions
converging to our research: administrative borders do not reflect the communities that
develop within and across them [23]. Establishing the spatial links between individual
residents and their shared community may also support attempts to understand the effects
of neighborhood on their residents.

5. Conclusions

In line with previous research, we found that both administrative units and buffer-
based neighborhood definitions show limited overlap with the area defined by the residents
themselves. This limited overlap explains why several studies failed to find links between
residents’ subjective neighborhood relations (e.g., trust or attachment) and census-based
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variables (i.e., objective indicators about living conditions and the surrounding environ-
ment). Our findings emphasize that living conditions assessed via census-based variables
are more informative about residents’ subjective neighborhood relations when they are
closer adjusted to the neighborhood definition of the individual resident. If we better
understand the factors determining the boundaries of the area a resident feels attached
to and cares for, initiatives to increase neighborly interactions and efforts in this area are
more likely to be successful. Furthermore, urban planners and policy makers can use this
knowledge to shape or alter the residents’ engagement in their neighborhood [7,8].
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