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ABSTRACT

In literature on neighbourhood effects and on resources accessibility, number of neighbourhood resources to
which residents may have access are often estimated from spatial units whose constant size fails to account for
unique ways residents experience their neighbourhoods. To investigate this "constant size neighbourhood trap",
we compared numbers of health-care resources included in Constant Size Buffers (CSBs) and in Perceived
Neighbourhood Polygons (PNPs) from cognitive neighbourhood data collected among 653 residents of the Paris
metropolitan area,.

We observed that residents of deprived and peripheral areas had smaller PNPs than their counterparts. Studying
residents assessments of the quantity of neighbourhood practitioners, we then assessed the validity of using
PNPs rather than CSBs to estimate number of neighbourhood resources. Lastly, resource inequalities across the
Paris metropolitan area were found to be far wider when considering PNPs rather than CSBs.

Using constant neighbourhood delineation can lead to inaccurately measure individual accessibility to
neighbourhood resources and to downplay the extent of inequalities in urban resources.
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INTRODUCTION

In recent years, there have been greater efforts to build the evidence base for the role of neighbourhood resources
in health-related behaviours in order to guide interventions and reduce health inequalities. In such studies, spatial
accessibility to neighbourhood resources has been alternately defined from number (or ratios) of resources,
distance to nearest resources, or gravity-based accessibility measures (Guagliardo 2004). When computing
numbers of neighbourhood resources, it is very common to consider spatial units of similar size (e.g. circular
buffers of constant radius) or of roughly similar population size (e.g. census tracts). However, many authors have
noted that associations between numbers of neighbourhood resources and individual health-related behaviours
may differ according to the way neighbourhoods are delineated (Flowerdew, Manley and Sabel 2008; Apparicio
et al. 2008). Such sensitive results refer not only to the zoning scheme or geographic scale of the spatial units in
reference to the well-known Modifiable Areal Unit Problem (MAUP) defined by Openshaw (1984), but also to
the spatial discrepancy between a uniform neighbourhood definition and the unique way people experience and
perceive their neighbourhoods. This discrepancy (i.e. the extent to which spatial units used to compute
neighbourhood measures deviate from the "true" neighbourhood as it is experienced) may lead to inconsistent
results and inferential errors when analyzing neighbourhood effects on individual behaviours. It is connected
with the Uncertain Geographic Context Problem (UGCoP), as recently defined by Kwan (2012).

To select the most relevant neighbourhood units, some sensitivity analyses have recently been conducted to find
the optimal buffer radius around individuals' home that would maximize the effects between number of
neighbourhood resources and health indicators (Leal et al. 2011; Spielman and Yoo 2009; Vallée and Chauvin
2012). However, it would be incorrect to consider model fit the only reliable criterion for determining the
relevance of neighbourhood delineation (Vallée and Shareck In press). Moreover, it may be too simplistic to use
one single neighbourhood delineation for every neighbourhood within a large metropolitan area. Measuring the
number of neighbourhood resources requires choosing adequate spatial units which can differ widely, depending
on the profile and location of people in the city (Bissonnette et al. 2012). As noted by Paez et al. (2010),
accessibility measures frequently assume a fixed distance threshold and therefore provide measures that depend
exclusively on the spatial distribution of resources, but are insensitive to location and personal factors.

When measuring spatial accessibility to neighbourhood resources and more largely when investigating
neighbourhood effects, it would be useful to define neighbourhood boundaries corresponding to the “true”
neighbourhood as it is experienced and to use adaptive areas that fit people’s neighbourhood experiences. The
question of neighbourhood definition based on people’s place experiences has a rich history in neighbourhood
and community studies, especially in the U.S. literature. Several studies have shown that people have unique
neighbourhood experiences and locate their residential neighbourhood boundaries differently, even when living
in close proximity (Coulton et al. 2001; Lee and Campbell 1997; Sastry, Pebley and Zonta 2002; Orford and
Leigh 2013).

The principal objective of this paper is to highlight the “constant size neighbourhood trap,” i.e. the bias that
occurs when neighbourhoods are operationalized as spatial units of constant size. To empirically investigate this
bias, we propose to compare the actual number of resources included in areas of constant size with those
included in areas that coincide with inhabitants’ perceived neighbourhoods.

Since the “local trap” and the “residential trap” were noted by Cummins (2007) and Chaix (2009), there has been
growing recognition of the need to integrate non-residential areas to truly define individual place-exposure
(Inagami, Cohen and Finch 2007; Zenk et al. 2011; Vallée et al. 2010; Vallée et al. 2011; Kestens et al. 2012;
Perchoux et al. 2013; Rainham et al. 2010; Vallée and Chauvin 2012). By introducing the “constant size
neighbourhood trap” here, our aim is to pinpoint the importance of also accounting for variability in ways people
experience and perceive their neighbourhood of residence to sufficiently evaluate resource accessibility in
residential areas (Cf. horizontal axis in Figure 1). Residential area does indeed remain one essential anchor space
in personal daily organization, notably for people with limited daily mobility (such as the elderly) and/or for
activities requiring proximity to home (such as doctors’ visits and purchase of drugs for those who are sick and
confined to bed, or last-minute grocery shopping). In our view, the “local trap” and the “constant size
neighbourhood trap” refer to two distinct traps when we seek to define the “true” context in which people may
access to health-related resources.
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Figure 1. Crossing residential and non-residential areas to measure individual accessibility level to resources
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In this research field, major innovations have come from time-geography, where individual “potential path
areas” have been developed to stress the fact that potential accessibility to resources should reflect individual
space and time constraints (Hagerstrand 1970). In this way, some authors strongly recommend the use of people-
based accessibility measures rather than place-based accessibility measures alone (Kwan 2009; Miller 2007)
because accessibility to resources is at least as much about people as it is about places (Farrington 2007).
Following this people-based paradigm, some authors have suggested including individual cognitive filters, which
may have an impact on how people know about and use local resources (Banos et al. 2005). Therefore,
considering people’s neighbourhood experiences to study resource accessibility also draws upon behavioural
geography, which makes it clear, frequently through the use of cognitive mapping procedures, how distances
experienced by people are not the same as distances on the map (Golledge and Stimson 1997; Lynch 1960;
Couclelis 1992).

In this paper we propose to empirically investigate how neglecting variability in inhabitants’ perceived
neighbourhoods may bias measures of health resource inequalities in the Paris metropolitan area and lead to a
“constant size neighbourhood trap”. Our empirical analysis is based on survey data collected among 653
respondents of the SIRS cohort survey and localization data on health-care resources. As a preliminary step, we
explore the spatial variability in size of residents’ Perceived Neighbourhood Polygons (PNPs). In a second step,
we aim to assess the validity of using perceived neighbourhood delineation to estimate the actual number of
health resources to which residents have access in their neighbourhood. For that, we compare the strength of the
correlation between the number of general practitioners either included in residents’ Perceived Neighbourhood
Polygons (PNPs) or in Constant Size Buffers (CSBs), and respondents’ assessments of the quantity of
neighbourhood practitioners. We hypothesize that respondents’ assessments are actually more closely associated
with the number of practitioners in PNPs than in CSBs. In a last step, we investigate the effects of "the constant
size neighbourhood trap™ on measures of health resource inequalities based. When focusing on inequalities in the
quantity of neighbourhood resources to which residents have access, the emphasis has often been placed on level
of social deprivation (Pearce et al. 2007; Macintyre, Macdonald and Ellaway 2008; Gordon et al. 2011) and
urban spatial structures, which is connected to Christaller’s central place theory (Kearns and Moon 2002). In this
paper, we hypothesize that the number of neighbourhood health resources is lower in deprived and peripheral
areas than in affluent and central populated areas and that the extent of these inequalities are wider when
considering PNPs rather than CSBs. To summarize, this paper will (1) explore spatial variability in PNP size
according to social population profile and population size, (2) assess the validity of using perceived
neighbourhood delineation to estimate humber of neighbourhood health resources, and (3) investigate the effects
of "constant size neighbourhood trap™ on measures of neighbourhood resources inequalities. Following this
three-step approach, this paper aims to show how neglecting the constant size neighbourhood trap can lead to
inaccurate interpretations of individual accessibility to neighbourhood resources and minimizing gaps between
over- and underserved areas.
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DATA

1. Respondent's perceived neighbourhoods

SIRS survey

The SIRS (a French acronym for health, inequalities and social ruptures) cohort study is a social and
epidemiological longitudinal survey carried out in the Paris metropolitan area in 2005 and 2010 among a
representative sample of the adult French-speaking population (Chauvin and Parizot 2009; Chauvin, Parizot and
Vallée 2013). Here, the Paris metropolitan area is defined as the Paris department and the three surrounding
departments (Hauts-de-Seine, Seine-Saint-Denis and Val-de-Marne).

The SIRS cohort employed a stratified, multistage cluster sampling procedure. The primary sampling units were
census tracts called “IRISs” (“IRIS” is a French acronym for blocks that incorporate statistical information). To
date, the 2,595 residential census tracts in the Paris metropolitan area have a mean population of 2,500
inhabitants. Census tracts were divided into three groups according to population occupational and employment
status (Préteceille, 2003). In every three groups, census tracts were randomly selected to get a final sample of 50
census tracts with an overrepresentation of more deprived census tracts (Préteceille 2003). The mean area of
these 50 census tracts was 31 ha, ranging from 4 ha in one census tract located in inner-city Paris to 180 ha in
one census tract located in the peripheral municipality of Villeneuve-St-Georges. Then, 60 households were
randomly chosen from a complete list of households in each selected census tract, and one adult was randomly
selected from each household, using the next- birthday method (i.e., selecting the adult in the household who has
the next birthday). In 2010, people who could not be re-interviewed were randomly replaced by other residents
of the same census tract. The refusal rate was 29% in both 2010 and 2005. In 2010, the sample included 3,006
adults. A questionnaire containing a large number of social and health-related questions was administered face-
to-face during home visits.

Creation of Perceived Neighbourhood Polygons (PNPs)

In 2010, respondents were asked to name streets or places delineating their neighbourhood. From these data, we
developed a GIS algorithm to build polygonal areas, defined here as Perceived Neighbourhood Polygons (PNPs).
We decided to restrict the sample to respondents who reported streets only (1,203 respondents, i.e. 40% of the
total sample). Heterogeneous limits would indeed have required GIS algorithm rules to build polygonal areas
that were only slightly comparable. Using only street names to generate PNPs lead us to exclude respondents
who had reported some points, such as a metro station or a monument, or polygonal places, such as a park (687
respondents reported only punctual or polygonal places and 1,116 reported punctual or polygonal places in
addition to streets).

Of those who reported street limits only, 1,105 respondents who had mentioned two streets or more were kept. A
road geodatabase from the National Geographic Institute (IGN) was used to localize streets. This first step
excluded 60 respondents for whom one of the mentioned streets was absent from the geodatabase. Then we
developed an algorithm in VBA language to give each respondent his/her own PNP by connecting every
mentioned street. In the case of non-intersecting streets, we extended streets by one kilometre. If the extended
street crossed another mentioned street (or its extension), the extended street was kept for the final polygon
(Figure 2, polygon 1, a). Otherwise, extensions were removed and non-intersecting streets were connected by the
shortest path “as the crow flies” (Figure 2, polygon 1, b). In the case of intersecting streets, we kept the segment
that had the most intersections with other mentioned streets (Figure 2, polygon 2, c). If some segments of the
same street were found to have an equal number of intersections, we kept the street segment closest to the
respondent’s place of residence (Figure 2, polygon 2, d). Lastly, we excluded PNPs that were highly fragmented
(with a ratio between the perimeter of the largest ring and the total circumference superior to 50%) or PNPs
where the place of residence was far beyond the polygon limits (>500 meters). The final studied sample
consisted of 653 PNPs.
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Figure 2. Various ways to construct Perceived Neighbourhood Polygons (PNPs) based on spatial configuration
of streets mentioned by respondents
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2. Quantity of neighbourhood resources

Focusing on primary health-care resources, the numbers of neighbourhood health resources were obtained from
two different datasets: (i) the current location of health-care resources (objective measure); and (ii) respondents’
assessments in the SIRS survey of the quantity of neighbourhood practitioners (self-reported measure).

Objective measure of current number of health resources

According to the French organization for primary health care, we selected three types of health-care resources
for the purpose of our study: general practitioners, pharmacies and dentists. Their locations were obtained from
the Institute of Development and Urban Planning of the Paris Region (IAURIF) GIS, which uses data from the
Regional Union of Health Insurance Funds (URCAM), collected in 2006 (for pharmacies) and 2009 (for general
practitioners and dentists). We computed the number of each resource in PNPs and in Constant Size Buffers
(CSBs). CSBs were defined as circular buffers with a constant size radius corresponding to the mean size of the
653 PNPs (i.e. with a 367 meter radius, see results section) centred on places of residence. Figure 3 illustrates the
procedure with two participants residing in two contrasting urban settings.

Figure 3. Use of Perceived Neighbourhood Polygons (PNPs) and Constant Size Buffers (CSBs) to compute
number of general practitioners per two residents in Paris metropolitan area
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Self-reported measure of number of practitioners

SIRS respondents were asked about their assessment of the quantity of practitioners in their neighbourhood,
using the following question: “Do you agree that the number of neighbourhood practitioners is sufficient?”” on a
four-point response scale (strongly agree; somewhat agree; somewhat disagree; strongly disagree).
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3. Area characteristics

As is often done in health resource accessibility literature, we decided to study inequalities in the number of
health-care resources based on social area deprivation and urban spatial structure. These two area characteristics
were then used to study spatial variability in PNP size and then to compare inequalities in the number of health-
care resources when using PNPs or CSBs.

Area social deprivation has been observed at the census tract level and measured in terms of median annual
household income per consumer unit. Data were obtained from the 2007 income tax database (available from the
French Department of National Revenue), ranging from 6,120 to 42,870 € and dichotomized as the upper income
tertile (identified as “affluent areas™) versus other tertiles (“more deprived areas”). This means that 15 and 35 of
the census tracts and 246 and 407 of the respondents in the study belong to affluent and more deprived areas,
respectively.

To define the urban spatial structure in the Paris metropolitan area, we compared municipality population sizes
from 2008 census data. Three groups of municipalities were defined: the Paris municipality, with a population of
2.2 million inhabitants, was on the top of the hierarchy (including 13 surveyed census tracts and 196
respondents). Some 31 peripheral municipalities (including 17 surveyed census tracts and 157 respondents) with
a population of 50,000 to 200,000 inhabitants were classified as “large municipalities.” Finally, 92 peripheral
municipalities (including 20 surveyed census tracts and 300 respondents) with a population of fewer than 50,000
inhabitants were considered to be “small municipalities.”

STATISTICAL METHODS

1. Explore spatial variability in PNP size

Differences in the size of PNPs based on census tract population income and municipality population size were
assessed using univariate analysis (ANOVA test) and multilevel linear regression models (using the ‘‘xtmixed”’
command in StatalO software). The crude between-area variance was computed in a null model to observe
whether some spatial variability in PNP size existed between the 50 surveyed census tracts. By adding census
tract population income and municipality population size to the model, we then evaluated changes in the
between-area variance. The Intraclass Correlation Coefficient (ICC), corresponding to the percentage variance of
PNP size at census tract level, was computed in every model.

2. Assess the validity of using perceived neighbourhood delineation to estimate number of
neighbourhood health resources

We computed the T-Test with paired data to test differences between health resource numbers in PNPs and
CSBs. A non-parametric Spearman’s rank correlation test was used to compare the strength of the correlation
between the number of general practitioners in either the PNP or the CSB, and respondents’ assessments of the
quantity of neighbourhood practitioners.

3. Investigate the "constant size neighbourhood trap” in measures of resources inequalities

Inequalities in the quantity of neighbourhood resources in relation to census tract population income and
municipality population size were compared, based on the way neighbourhoods were delineated (PNP or CSB).
The extent of the inequalities was assessed using the following aggregate dispersion measures: (1) ratio between
extreme values; and (2) variation coefficient, expressing standard deviation as a percentage of the sample mean.
Both measures are dimensionless and allow for comparison between datasets with widely different means.

FINDINGS

The studied subsample consisted of 653 respondents with a mean of 13.1 per census tracts (range: 1 to 38). Their
mean age was 51 years. Respondents were predominantly female (62%), French (88%), with a postsecondary
education (49%) and working or studying (59%). More than 40% lived in their neighbourhood for more than 20
years and 8% reported a severe limitation in performing activities (Table 1). No significant differences between
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the studied subsample and the total SIRS sample of 3,006 were observed in terms of age, sex, nationality, current
occupational status or functional limitation. However, we noticed that residents with a low level of education,
who moved more recently in the neighbourhood, who lived in large peripheral municipalities or in low income
census tracts were underrepresented in our subsample (Table 1).

Table 1. Descriptive summary of respondents' characteristics

Difference between

SIRS sample Studied subsample SIRS sample and
(n=3006) (n=653) subsample
(Chi? test)
Count (%)

Sex
Women 1819 (60%) 404 (62%) NS
Men 1187 (40%) 249 (38%)

Age
18-29 years 374 (12%) 75 (11%) NS
30-44 years 875 (29%) 168 (26%)
45-59 years 837 (28%) 203 (32%)
> 60 years 920 (31%) 207 (31%)

Nationality®
French 2597 (87%) 574 (88%) NS
Foreigners 393 (13%) 76 (12%)

Level of education
Postsecondary 1443 (48%) 324 (49%) 0,03
Secondary school 1247 (41%) 279 (43%)
None or primary school 316 (11%) 50 (8%)

Occupational status?
Working/Student 1732 (58%) 385 (59%) NS
Unemployed 207 (7%) 36 (6%)
Retired 803 (27%) 181 (28%)
At home 260 (8%) 50 (7%)

Length of residence in the

neighbourhood
0-5 years 651 (22%) 139 (21%) 0,01
6-19 years 1175 (39%) 226 (35%)
> 20 years 1180 (39%) 288 (44%)

Severe functional limitation
No 2746 (91%) 602 (92%) NS
Yes 260 (9%) 51 (8%)

Municipality population size
Small peripheral municipalities 1264 (42%) 300 (46%) <0,001
Large peripheral municipalities 961 (32%) 157 (24%)
Paris municipality 781 (26%) 196 (30%)

Census tract population income
More deprived areas 2017 (70%) 407 (62%) <0,001
Affluent areas 899 (30%) 246 (38%)

NS : p> 0,05

with 16 missing data; 2with 4 missing data

1. Spatial variability in PNP size

The mean size of the 653 PNPs was 42 ha, corresponding to a circle of 367 meters radius if assuming circular
shape. PNPs were significantly larger in affluent areas than in more deprived areas (61.1 versus 30.8 ha). In
Paris, municipality PNPs were nearly twice as large as in large municipalities (74.5 ha versus 41.9 ha) and more
than three times as large as in small peripheral municipalities (21.3 ha). Crossing census tract population income
and municipality population size yielded a mean PNP size of 92.9 ha in the affluent areas of the Paris
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municipality and a mean PNP size of 16.5 ha in the more deprived areas of the small peripheral municipalities, to
mention only the extreme values (Table 2).

Table 2. Variability in size of Perceived Neighbourhood Polygons (PNPs) based on urban and social area
characteristics, as determined from univariate analysis

. Mean — AnovA Radius of
Variables N area corresponding
test
(ha) buffer (m)
Municipality population size
Small peripheral municipalities 300 21.3 260
Large peripheral municipalities 157 41.9 365
Paris municipality 196 745 <0.001 487
Census tract population income
More deprived areas 407 30.8 313
Affluent areas 246 61.1 <0.001 455
Municipality population size x Census tract population income
Small peripheral municipalities More deprived areas 184 165 229
Affluent areas 116 28.9 303
Large peripheral municipalities More deprived areas 132 353 335
Affluent areas 25 76.5 494
Paris municipality More deprived areas 91 53.2 411
Affluent areas 105 929 <0.001 544

Source: SIRS Cohort 2010 (INSERM/CNRS); Population census (2008); Income tax database (2007)

When computing the mean size of PNPs in each of the 50 surveyed census tracts, we noticed that the extreme
mean area values ranged from 6 ha in Bonneuil-sur-Marne to 121 ha in the 14th arrondissement of Paris (mean
sizes respectively computed from 31 and 21 SIRS respondents). PNPs were on average larger than census tracts
in 27 of the 50 surveyed census tracts (Figure 4). In these 27 census tracts (mainly located in the Paris
municipality), the mean difference was equal to 41 ha (ranging from 1.5 ha to 132 ha), while in the 23 census
tracts where PNP size was on average smaller than census tract size, the mean difference was equal to 29 ha
(ranging from 0.2 ha to 161 ha).

Figure 4. Spatial variability of size of Perceived Neighbourhood Polygons (PNPs) in 50 surveyed census tracts in
Paris metropolitan area
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When studying variance components of PNP size in multilevel linear regression models, we observed a strong
and significant variability between the 50 surveyed census tracts, with a between-area variance representing
25.7% of the total sample variation in the initial model (cf. ICC value in Model null, Table 3). This result means
that there was a relatively high agreement in PNP size among residents living in the same census tract and a
significant difference in PNP size among residents living in different census tracts. When census tract population
income and municipality population size were accounted for, between-area variance radically decreased to 8.4%
of the total sample variation (cf. ICC in Model 3, Table 3). Census tract population income and municipality
population size explained 73.3% of the initial between-area variance (cf. the proportion reduction in initial
variance in Model 3, Table 3).

Table 3. Variability in size of Perceived Neighbourhood Polygons (PNP) based on urban and social area

characteristics, as determined from multilevel linear regression models

Model Null Model 1 Model 2 Model 3
Coef. (Std. Err.)
Intercept 41.0 (4.7)** 31.1 (5.2)** 20.5 (5.5)** 12.3 (5.1)*
Census tract population income
More deprived areas - Ref. - Ref.
Affluent areas - 31.7 (9.2)** - 26.2 (6.7)**
Municipality population size
Small peripheral municipalities - - Ref. Ref
Large peripheral municipalities - - 20.5 (8.7)** 24.3 (71.5)**
Paris municipality - - 52.5 (8.7)** 48.0 (7.4)**
VARIANCE COMPONENTS:
Between respondents: Var (ry) 2463 2463 2464 2473
Between census tracts: Var(ug) 852 647 396 228
Proportion reduction in initial variance Var(uoj)l - 31.7% 53.6% 73.3%
Intraclass Correlation Coefficient (ICC)? 25.7% 20.8% 13.8% 8.4%
OVERALL:
Log restricted-likelihood -3512 -3503 -3493 -3483

** <0.001; * p <0.05

! Dinitial Var(Ug;) — Actual Var(ug)] / Initial Var(Ug;). This corresponds to the percentage of initial variance in PNP size at census tract level,

which is accounted for in the model.

2 ICC=Var(ug)/ [Var (ug)+ Var(r)]. This corresponds to the percentage of variance in PNP size at census tract level

Source: SIRS Cohort 2010 (INSERM/CNRS)

2. The validity of using perceived neighbourhood delineation to estimate number of neighbourhood
health resources

The mean number of neighbourhood health-care resources (general practitioners, pharmacies and dentists) was
significantly larger when using PNPs rather than CSBs: 11.1 vs. 7.0 for general practitioners, 4.8 vs. 3.2 for
pharmacies, and 7.7 vs. 3.7 for dentists (Table 4).

Table 4. Number of health resources in Perceived Neighbourhood Polygons (PNPs) and Constant Size Buffers
(CSBs) in selected sample (n=653)

Mean Number Difference
(Standard deviation) (T Test with paired data)

General practitioners in PNP 11.1 (23.7)

General practitioners in CSB* 7.0 (12.0) p <0.001
Pharmacies in PNP 4.8 (9.0)

Pharmacies in CSB! 3.2(3.3) p <0.001
Dentists in PNP 7.7 (15.9)

Dentists in CSB* 3.7(4.2) p <0.001

! Buffer around place of residence with constant radius of 367m
Source: SIRS Cohort 2010 (INSERM/CNRS)
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Numbers of general practitioners, pharmacies and dentists were found to systematically co-vary. Correlation
coefficients were stronger in PNPs (with correlation coefficients ranged from 0.873 to 0.914) than in CSBs (with
correlation coefficients ranged from 0.447 to 0.746).

When studying respondents’ agreement with the “number of practitioners in the neighbourhood being
sufficient,” 225 strongly agreed (34%), 241 somewhat agreed (38%), 60 somewhat disagreed (9%), 68 strongly
disagreed (10%), and 53 did not answer (8%). A significant decrease in mean numbers of general practitioners
according to these four assessment categories was observed, whatever the “neighbourhood” delineation. It
ranged from 15.6 to 3.7 (with intermediate mean values of 9.4 and 6.8) with PNPs and from 8.7 to 4.5 (with
intermediate mean values of 6.7 and 4.9) with CSBs. Negative correlations between respondents’ assessments
and the current number of general practitioners were actually stronger when using PNPs rather than CSBs, since
correlation coefficients were equal to -0.321 and -0.265 respectively (Table 5). To date, similar correlation
values have also been observed when CSBs were constructed from other radii. Instead of using a radius
corresponding to the mean PNP size of the entire sample (i.e. 367 meters), we also computed CSBs from a radius
of 150 meters (corresponding to the first quartile value of PNP size) and we noticed that the correlation between
respondents’ assessments and the number of health resources in CSBs was equal to -0.259. When CSBs were
computed from a radius of 414 meters (corresponding to the third quartile value of PNP size), the correlation
between respondents’ assessments and the number of health resources in CSBs was equal to -0.269 (Table 5).
Regardless of the radius selected to construct CSBs, respondents’ assessments were more closely associated with
the actual number of practitioners in PNPs than in CSBs.

Table 5. Correlation between respondents’ assessment of quantity of practitioners in neighbourhood and number
of health resources in Perceived Neighbourhood Polygons (PNPs) and Constant Size Buffers (CSBs)

Do you agree that the number of neighbourhood Spearman’s rank
practitioners is sufficient? (n=600)"* order correlation
Strongly Somewhat Somewhat Strongly
agree agree disagree disagree rho p
(n=225) (n=247) (n=60) (n=68)
Mean number of general practitioners ...
... iInPNP 15.6 9.4 6.8 3.7 -0.321 <0.001
..inCSB* 8.7 6.7 4.9 45 -0.265 <0.001
... in smaller CSB? 15 1.0 0.8 0.4 -0.259 <0.001
... in larger CSB?® 10.5 8.1 7.0 52 -0.269 <0.001

T Buffer around place of residence with constant radius of 367m
2 Buffer around place of residence with constant radius of 150m

w

Buffer around place of residence with constant radius of 414m

4 Excluding the 53 missing data

Source: SIRS Cohort 2010 (INSERM/CNRS)

3. The constant size neighbourhood trap in measures of resources inequalities

Observing aggregate measures of resource inequalities based on area social deprivation and municipality
population size, the ratio difference between the less and more underserved areas was found to be nearly 10 for
the three health resources when using CSBs (10.7, 10.0 and 9.1 for general practitioners, pharmacies and dentists
respectively). Variation coefficients also indicated strong inequalities within the Paris metropolitan area, since
variation coefficients were found to be close to 90% for the three health resources. However, the extent of these
inequalities was markedly stronger when using PNPs. In this case, the ratio difference between the two extreme
areas was nearly 20 for general practitioners and pharmacies and 34 for dentists, and variation coefficient values
were close to 120% for the three health resources. Spatial inequalities in neighbourhood health resource volumes
were notably wider within the Paris metropolitan area when using PNPs rather than CSBs.

When comparing the number of neighbourhood resources between the affluent areas and the more deprived areas
of municipalities with similar population sizes (Table 6), we observed that using CSBs led us to consider that
more deprived areas were very often better supplied with resources than the affluent areas (cf. ratio difference
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values less than 1 in seven out of nine cases). However, using PNPs led to the opposite conclusion, since affluent
areas were found in this case to be better supplied with local health resources than more deprived areas (cf. ratio
values more than 1 in each of the nine cases). Therefore, the way “neighbourhood” is delineated seems to affect
the direction and extent of inequalities in the quantity of neighbourhood health resources between more and less
deprived areas.

Table 6. Spatial inequalities in mean number of neighbourhood health resources when using Perceived

Neighbourhood Polygons (PNPs) instead of Constant Size Buffers (CSBs)

Mean number of...
Munilcir_)ality f:ensus frect population N general general pharmacies  pharmacies | dentistsin  dentists
population size  income practitioners ~ practitioners . ; 1 . 1
in PNP in CSB! in PNP in CSB PNP in CSB

Small :

: More deprived areas 184 1.9 3.9 0.8 1.8 0.8 1.0
peripheral
municipalities Affluent areas 116 2.3 3.4 1.2 1.7 15 2.4
Ratio between more deprived and affluent areas 1,2 0,9 15 0,9 19 2,4
Large More deprived areas 132 3.2 35 1.4 1.6 3.0 23
peripheral
municipalities Affluent areas 25 7.0 15 28 0.8 49 1.0
Ratio between more deprived and affluent areas 2,2 04 2,0 0,5 1,6 04
Paris More deprived areas 91 20.9 13.9 10.5 8.0 14.8 9.1
municipality Affluent areas 105 39.2 16.1 15.5 6.0 27.2 75
Ratio between more deprived and affluent areas 19 1,2 15 0,8 18 0,8
MEASURES OF RESOURCE INEQUALITIES
Lowest-Highest mean values 19-39.2 15-16.1 0.8-155 0.8-8.0 08-272 1.0-91
Ratio between extreme mean values (Highest/Lowest) 205 10.7 194 10.0 34.0 9.1
Mean value (Standard deviation) 12.4 (14.9) 7.0(6.2) 5.4 (6.2) 3.3(2.9) 8.7(10.4) 3.9(3.5)
Variation coefficient (Standard deviation/mean) 120% 89% 115% 89% 120% 90%

1 Buffer around place of residence with constant radius of 367m

Source: SIRS Cohort 2010 (INSERM/CNRS)

DiSCUSSION
Summary of findings

This paper provides evidence of a high spatial variability in the size of individual perceived neighbourhoods.
While the mean PNP size was found to be 42 ha in the Paris metropolitan area - corresponding to a 367-meter
radius, which was under the commonly used threshold radius value of 500 meters or 0.5 miles (i.e. 805 meters)
around the place of residence, we showed that PNPs were significantly larger in affluent areas than in more
deprived areas. Similar relationships between area social deprivation and size of perceived neighbourhood have
been observed in Los Angeles where residents in tracts with a higher level of poverty were significantly more
likely to report smaller neighbourhood size (Sastry, Pebley and Zonta 2002). We also observed that the size of
perceived neighbourhoods gets smaller with the size of municipalities. Interestingly, PNPs were nearly four
times larger in the Paris municipality than in small peripheral municipalities. This spatial variability may be
linked with the higher density of housing and services and higher street connectivity in urban areas, which make
areas more walkable and may help urban residents to experience and perceive the neighbourhoods of residence
as a larger area. Differences in perceptions of neighbourhood size between urban and suburban residents has
rarely been noted in European literature. In the U.S. literature, suburban residents of the mid-sized city of Green
Bay, Wisconsin, were found to draw neighbourhoods that were eight times larger than those drawn by inner-city
residents (Haney and Knowles 1978), while in Los Angeles, perceived neighbourhood size was not found to be
related to location within the city (Sastry, Pebley and Zonta 2002). The larger size of perceived neighbourhoods
in inner-city Paris compared to peripheral municipalities could be seen as an argument for using road network
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buffers rather than circular buffers, since road network buffers specifically tend to be larger in urban than in
peripheral areas (Oliver, Schuurman and Hall 2007).

We also observed a relatively strong agreement on PNP size among SIRS residents living in the same census
tracts, since between-area variance was found to represent 25.7% of the total sample variation in the initial
multilevel linear regression model. This means that people living in close proximity perceive their
neighbourhood as an area with a relatively similar size. It would thus make sense to create spatial units of similar
sizes for residents of the same census blocks, even if these adaptive spatial units cannot account for full
individual variability in PNP size. As shown by analyses of variance components in multilevel linear regression
models, 73% of variability in PNP size between census tracts could be modelled in the Paris metropolitan area
by using only two spatial characteristics: census tract population income and municipality population size. In
future research in the Paris metropolitan area, it could be useful to account for these two factors to create
adaptive neighbourhoods and estimate the number of resources included.

As a consequence of the high spatial variability in PNP size, this paper points to the relative inaccuracy of using
spatial units of constant size to estimate the actual number of health-care resources in neighbourhoods. We
observed significant differences between the number of health resources included in PNPs and CSBs. These
differences assumed full significance when they were connected with respondents’ assessment of the quantity of
neighbourhood practitioners. Respondents’ assessments did have a closer correlation with the number of health
resources in PNPs than those in CSBs. These observations held true regardless of the radius selected to construct
CSBs, either with a radius corresponding to the mean PNP size of the entire sample (i.e. 367 meters) or with a
smaller or larger radius corresponding to the first and third quartile values of PNP size (i.e. 150 or 414 meters,
respectively). Actually it was not surprising - but it needed to be shown - that respondent’s resources assessments
correlated more strongly with number of resources in PNPs than in CSBs. . Combined with observed significant
differences between the number of resources included in PNPs and CSBs, this finding justify the effort to
consider perceived neighbourhoods in accessibility and health studies.

The present analysis also puts into perspective the relevance of using spatial units of roughly similar population
size, such as census tract units, when we seek to define the “true” residential neighbourhood where people may
access resources. We did indeed observe a strong discrepancy between the mean size of PNPs in each of the 50
surveyed census tracts and the census tract size. Depending on the location within the metropolitan Paris area,
mean PNPs were found to be either larger (mainly in the city of Paris) or smaller than census tract size. This
spatial discrepancy points to the usefulness of considering different administrative delineations in accessibility
studies carried out in the Paris metropolitan area. It could then be relevant to group adjacent census tracts in
inner-city Paris and subdivide census tracts in peripheral areas.

Another major finding was related to differences in the number of health-care resources based on area social
deprivation and municipality population size. Interestingly, we observed that more deprived areas were better
supplied in terms of resources than affluent areas when using CSBs. As noted by Pearce (2007), a deprivation
gradient in local health resource accessibility is often assumed, while no clear evidence appears when comparing
resource density values between less and more deprived areas. However, resource gradients reversed when using
PNPs: populations of deprived areas were found to have access to a radically lower number of neighbourhood
health-care resources than the population of more affluent areas when using PNPs. To see whether
neighbourhood health resources are equitably accessible according to area social deprivation, we urge
researchers to account for variability in perceived neighbourhoods. Neglecting that variability would indeed lead
to an inaccurate estimate of the extent of inequalities between over- and underserved areas.

From a more theoretical point of view, these empirical findings lead us to re-examine inequalities in resource
accessibility as resulting from overlapping spatial distribution of resources (a first source of inequality) and
inhabitants’ neighbourhood experiences (a second source of inequality). Spatial injustice in access to urban
resources needs to consider people’s capabilities to experience the neighbourhoods of residence in order to
consider residential resource accessibility as a hybrid notion combining both place characteristics and people’s
experiences. While neighbourhood effects literature often tends to view individual and neighbourhood
characteristics as two independent dimensions, we have noted how these two dimensions should be combined
from a relational place-people based approach (Cummins et al. 2007).
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Limitations

As stated in our introduction, we have focused here only on residential areas to estimate accessibility measures
to health-care resources. Although place of residence is one essential anchor point that imposes its own set of
spatial and temporal constraints in personal daily organization, residential scale is - at least for mobile
populations - just one piece of the puzzle. Further research is needed to combine accessibility at the residential
level with accessibility at the non-residential level in order to propose a single complete estimate of geographical
accessibility to resources that could account for variability in people's residential and non-residential area
experiences.

We have focused our empirical study on primary health-care resources. It would definitely be useful to extend
the analysis to all urban resources (such as shops, public services, green spaces) whose accessibility is often
measured without reflecting the way people experience and perceive their neighbourhoods of residence.

Another point of discussion concerns the elastic delineation of perceived neighbourhoods for the same individual
(Coulton et al. 2001). Individual neighbourhood delineations may vary when people consider their
neighbourhood as a social space with social interactions or as an opportunity space where they perform their
domestic daily activities, to take just two examples. In the SIRS questionnaire, respondents were asked to
delineate their perceived neighbourhood after being interviewed about neighbourhood attachment,
neighbourhood social interactions, neighbourhood daily activities and assessments of the quantity of
neighbourhood resources. These questions were always asked in the same order for every SIRS respondent, so
that everyone who was interviewed was referring to a similar neighbourhood definition.

The cognitive neighbourhood mapping procedure enabled us to observe quantitatively neighbourhood
experiences from the perspective of the inhabitants (Lupton 2003). However, this challenging approach can be
debatable. We have indeed chosen to focus on inhabitants’ spatial cognition. Recent research has paid attention
to activity locations, notably from household travel surveys or GPS data. Such an approach requires making
sensitive choices to rule out intervening spaces (i.e. corridors and areas where people only pass through) and to
turn the initial plot of activity locations into a network of areas as actually experienced. From our point of view,
inhabitants’ spatial cognition and spatial practices would yet certainly benefit from being more often combined
in future research on inhabitants’ neighbourhood experiences. Actually, inhabitants’ spatial cognition and spatial
practices are closely and dynamically linked, since people’s travels - particularly when they are frequently
repeated — shape spatial cognition, which in turn affects their travels (Golledge and Stimson 1997). It could be
then helpful to complement our quantitative cognitive neighbourhood data with qualitative information about
people’s neighbourhood cognition and experiences. Qualitative approach could be also interesting to capture
people's assessment of the quantity of practitioners in their neighbourhood (Hawthorne and Kwan 2013).

Some criteria that have guided the construction of PNPs should also be discussed: (1) When asked to delineate
their perceived neighbourhood, reporting the names of boundaries, some inhabitants may have also problems due
to their lack of awareness of place names. We observed that inhabitants who had recently arrived in the
neighbourhood encountered more problems with knowing and naming place names in their surroundings, and
more of them mentioned inconsistent neighbourhood boundaries (such as three parallel streets). Consequently,
recent inhabitants were more likely to be excluded from the PNP subsample. (2) Using only street names to
generate PNPs lead us to exclude 60% of the SIRS respondents. Even if no significant differences between the
selected subsample and the total SIRS sample of 3,006 were observed in terms of age, sex, nationality, current
occupational status or functional limitation, it would be interesting to consider people who had reported some
points or polygonal places to delineate their neighbourhood in future analysis. (3) Further, the GIS algorithm
used to create PNPs from the streets respondents mentioned did not require their place of residence to be located
inside the polygons. We postulated that some inhabitants may deliberately exclude the location of their home
from their perceived residential neighbourhood. Actually, among our subsample of 653 polygons, 74 (11%) lived
between 100 and 300 meters outside polygons and 12 (2%) lived between 300 and 500 meters outside polygons.
Beyond an arbitrary threshold of 500 meters, we considered that computed polygons would more probably result
from inconsistently reported street names. It would be interesting to validate this threshold with a more
qualitative approach and explore the reasons why some people exclude their home location from their perceived
neighbourhood. (4) Lastly, criteria defined in the GIS algorithm to connect streets that were mentioned and close
the polygon may also have led to distortions in inhabitants’ spatial cognition. In the case of non-intersecting
streets, variations in street length could have resulted in great variations in PNPs size. To mitigate some issues
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concerning construction of PNPs, future research may benefit from using interactive mapping questionnaires
allowing respondents to self-draw the limits of their perceived neighbourhood. Such innovative questionnaire
tools may represent a significant step (Chaix et al. 2012) if they do not require too many computer skills.
Another potential methodological limitation lies in the fact that the sample design of the SIRS cohort was not
originally drawn up to be representative of the municipality population size. However, we observed a good
balance between the 50 surveyed census tracts, since 13 belong to the Paris municipality, 17 to large peripheral
municipalities and 20 to small peripheral municipalities. Besides, the SIRS sampling gave us an opportunity to
explore gradients in area social deprivation since the SIRS cohort was designed to over-represent deprived
census tracts.

Political implications and perspectives

We recommend that researchers working on large surveys select a subsample to collect information on residents’
perceived neighbourhood delimitations and derive estimated information on variability in perceived
neighbourhood size. We admit that collection and analyze of residents’ perceived neighbourhood delimitations
may be time-consuming. However present research emphasized that the results are worth it since using constant
neighbourhood delineation would result in wrongly targeted areas where there is a crucial lack of “local” health
resources, and would downplay the extent of inequalities in urban resources.

As recently noted, quantitative variations of perceived neighbourhood size have been explored in a handful of
studies, mainly in U.S. cities (Sastry, Pebley and Zonta 2002). Our study within the Paris metropolitan area
provided an unusual look at the variability of perceived neighbourhood size in a large European city. It could be
used to compare differences in inhabitants’ neighbourhood experiences between European and American cities.
Such a comparison could provide new insights into the role of metropolitan area organization, street connectivity
and urban population densities in people’s neighbourhood experiences and in neighbourhood resource
inequalities within and across European and North American cities.

When focusing on inequalities in neighbourhood resource accessibility, it would be also interesting to analyze
how perception of neighbourhood can vary according to some social and demographic characteristics. To take
gender as an example, current data reveal that women in the Paris metropolitan area perceive their residential
neighbourhood as a significantly larger area than men, which should be considered when analyzing gender
inequalities in local resources accessibility.

In urban and health planning, it might be advisable to pay close attention to inhabitants’ variability in
neighbourhood experiences. To improve geographical accessibility to primary health-care resources, this paper
alse shows that some interventions could not only promote the establishment of health-care resources in some
underserved areas, but also adapt local environments to offer more opportunities for appropriation of spaces in
the neighbourhood.

CONCLUSION

From a cognitive mapping procedure, we have empirically highlighted some limitations of using constant
neighbourhood spatial definitions in accessibility and health studies. Neglecting spatial variability in perceived
neighbourhoods may have led to inaccurate estimations of: (i) the number of resources people may have access
to in the neighbourhoods of residence and (ii) the extent of resource inequalities across the Paris metropolitan
area. This type of error refers to what we have called here the “Constant Size Neighbourhood Trap”. To avoid
falling into this trap, there is a crucial need to develop a more relational conception of accessibility, combining
spatial resource distribution and people’s neighbourhood experiences. This place-and-people-based approach
would benefit from research studies connecting social and health behaviours with resource accessibility and
urban planning policies targeting underserved areas and population.
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