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Abstract

Background: Studies investigating the impact of racial segregation on health have reported mixed findings and tended to focus
on the racial composition of neighborhoods. These studies use varying racial composition measures, such as census data or
investigator-adapted questions, which are currently limited to assessing one dimension of neighborhood racial composition.

Objective: This study aims to develop and validate a novel racial segregation measure, the Pictorial Racial Composition Measure
(PRCM).

Methods: The PRCM is a 10-item questionnaire of pictures representing social environments across adolescence and adulthood:
neighborhoods and blocks (adolescent and current), schools and classrooms (junior high and high school), workplace, and place
of worship. Cognitive interviews (n=13) and surveys (N=549) were administered to medically underserved patients at a primary
care clinic at the Barnes-Jewish Hospital. Development of the PRCM occurred across pilot and main phases. For each social
environment and survey phase (pilot and main), we computed positive versus negative pairwise comparisons: mostly Black versus
all other categories, half Black versus all other categories, and mostly White versus all other categories. We calculated the
following validity metrics for each pairwise comparison: sensitivity, specificity, correct classification rate, positive predictive
value, negative predictive value, positive likelihood ratio, negative likelihood ratio, false positive rate, and false negative rate.

Results: For each social environment, the mostly Black and mostly White dichotomizations generated better validity metrics
relative to the half Black dichotomization. Across all 10 social environments in the pilot and main phases, mostly Black and
mostly White dichotomizations exhibited a moderate-to-high sensitivity, specificity, correct classification rate, positive predictive
value, and negative predictive value. The positive likelihood ratio values were >1, and the negative likelihood ratio values were
close to 0. The false positive and negative rates were low to moderate.

Conclusions: These findings support that using either the mostly Black versus other categories or the mostly White versus other
categories dichotomizations may provide accurate and reliable measures of racial composition across the 10 social environments.
The PRCM can serve as a uniform measure across disciplines, capture multiple social environments over the life course, and be
administered during one study visit. The PRCM also provides an added window into understanding how structural racism has
impacted minoritized communities and may inform equitable intervention and prevention efforts to improve lives.
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Introduction

Background
Research investigating the impact of racial segregation on health
has typically focused on neighborhood racial composition [1-9].
Some scholars argue that this is due to racial segregation being
an essential driver of health disparities [8,10]. However,
evidence demonstrates the potential positive impacts of racial
segregation [11,12]. For example, in a North Carolina study of
Black church members, living in areas with a high proportion
of Black individuals was associated with high physical activity
[12]. Another example can be found in a study of New York
City residents that demonstrated lower rates of all-cause
mortality, coronary heart disease, and cardiovascular disease
among older racialized Black people living in areas
predominantly populated by Black people [13]. These mixed
findings may result from different measures of racial segregation
used across studies.

Most studies have used census data [1-5,7,8] or
investigator-adapted questions [14-18] to measure racial
segregation. Census data allow researchers to calculate the
percentage of Black individuals in a census region and use this
as an independent variable in regression analyses. Others have
operationalized census data to construct local segregation-based
measures such as the Index of Concentration at the Extremes
[19,20], the dissimilarity index [21,22], the isolation index
[23,24], the interaction index [23,25], the location quotient of
residential segregation [26,27], and the Getis-Ord Gi* statistic
[28].

Although census data can objectively measure neighborhood
composition, their geographical ranges may be too broad and
may not represent what study participants perceive as their
neighborhood [16,29]. Therefore, some researchers use
investigator-adapted survey items instead of census data to
measure racial segregation [14-18]. Perceived neighborhood
racial composition (PNRC) is an investigator-adapted and
self-reported measure of the racial composition of a participant’s
community [14]. The PNRC measure is limited in several ways.
First, it focuses on a single neighborhood aspect [15]. Second,
it does not address the difference that an individual may
experience on a daily basis when moving between their home
and school (or work) [16]. Moving between neighborhoods with
varying levels of racial segregation can impact individual
outcomes [30,31]. Proximity to predominantly White
neighborhoods provides access to better public resources such
as parks and pools and lower crime rates [30,31]. In contrast,
predominantly Black neighborhoods often remain
underdeveloped and underresourced [30,31]. However,
proximity to predominantly White neighborhoods may also
increase exposure to anti-Black discrimination such as racial
profiling [30,31]. Finally, how it is asked on surveys varies
across studies.

A measure that can account for differences across multiple social
environments at different life stages will be helpful to social
scientists. Analyzing the racial composition of social
environments over the life course may help in identifying a
susceptible period of racial segregation that has a more
pronounced deleterious health effect than other periods [32-34].
This can guide public health efforts and interventions aimed at
dismantling structural racism, broadening the understanding of
psychosocial determinants of health, and elucidating the effects
of racism at different developmental stages among populations
considered marginalized [35-43].

Another limitation of census-based measures is the lack of
validation in populations with low health literacy. Improving
health literacy has become a global public health concern
prioritized by clinicians, genetic counselors, and health
communication specialists [44-46]. Limited health literacy has
been associated with increased rates of emergency department
visits, unintentional medication nonadherence, and all-cause
mortality [47-55]. Creating a visual assessment of the racial
composition of social environments provides researchers with
an accessible survey measure to use in low health literacy
populations, potentially improving patient care, engagement,
and education.

An extension of the PNRC approach is needed that can (1) serve
as a uniform measure across disciplines, (2) capture multiple
social environments, (3) measure the racial composition of these
social environments during 1 study visit, and (4) accommodate
participants with limited health literacy. Measuring the racial
composition over the life course is possible with census data
and the PNRC measure. However, both approaches would
require a longitudinal design, which is susceptible to participant
dropout. Measuring the racial composition of life course
environments is crucial because racial segregation is
multidimensional, interconnected with racism, operates across
various social settings, and has cumulative effects [10,30,56,57].

Objective
We propose a novel approach to measuring the racial
composition of social environments over the life course. The
Pictorial Racial Composition Measure (PRCM) is a 10-item
questionnaire of pictures representing social environments across
adolescence and adulthood. The PRCM is intended to
differentiate the racial composition of multiple social
environments. We develop and validate the PRCM using data
from cognitive interviews and surveys administered to a
medically underserved patient population. The written version
of this racial composition measure was previously validated
against census data [14] and has been applied to study the impact
of racial segregation on hypertension diagnosis [58] and health
literacy [59,60]. This study aimed to validate the pictorial
version against the written version.
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Methods

Setting
This study was conducted at the Center for Outpatient Health
(COH) primary care clinic at the Barnes-Jewish Hospital.

Ethical Considerations
The Human Research Protection Office at the Washington
University School of Medicine approved the primary data
collection (201212029), and the New York University
Institutional Review Board approved the secondary data analysis
(IRB-FY2017-213). Participants provided verbal and written

consent. This study received a waiver of documentation of
consent because all the study data were deidentified.

Study Recruitment and Survey Administration
Figure 1 outlines the convenience sampling approach used to
recruit study participants. Study recruitment details have been
described elsewhere [55,58,61-65], but in brief, trained research
assistants (RAs) approached 4243 individuals in the COH
waiting room between July 1, 2013, and April 29, 2014. Eligible
patients were aged at least 18 years, a COH patient, and English
speaking. Of the 4243 individuals, 41.32% (1753/4243) refused
to participate, 26.16% (1110/4243) were ineligible, and 32.52%
(1380/4243) provided verbal and written consent to participate
in the study.

Figure 1. Survey recruitment diagram.
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RAs asked the participants to complete a self-administered
written questionnaire and a verbally administered survey
component. Surveys were administered on different days of the
week and at different times of the day. Of the 1380 participants
who gave consent, 73.19% (1010/1380) completed the survey.
Survey completion was measured as (1) full completion of the
written component or (2) three-fourths completion of the written
component and full completion of the verbal component. The
primary reason for incomplete surveys was inadequate time
between the start of the survey and when the clinic was ready
to begin the patient evaluation. Survey respondents were similar
to the underlying COH primary care clinic patient population
concerning sex, age, race, and location in St Louis. The final
analytic sample consisted of 549 respondents who identified as
non-Hispanic White or Black (including multiracial) and
completed both the written and the pictorial measures. The pilot
phase included 241 respondents, and the main phase included
308 respondents.

Measurement Development Stages
Development of the PRCM occurred across the pilot and main
phases. From July 1 to August 6, 2013 (pilot phase), the PRCM
was self-administered as part of the written survey component.
During this phase, RAs also conducted cognitive interviews
with 13 participants. From August 13, 2013, to April 30, 2014
(main phase), RAs verbally administered the PRCM to each
participant in private COH conference rooms. We refined the
PRCM using insights from cognitive interviews and focus
groups (data not shown). This refinement leverages mixed
methods research and cognitive response interviews, which are
important components in developing survey measures, especially
among populations with varying levels of health literacy [66].

Cognitive Interviews
We used cognitive interviews to improve the validity of the
PRCM. One advantage of using this technique is the higher
potential for accurately assessing the racial composition of social
environments over the life course [67]. Another advantage is
the systematic identification and reduction of measurement
errors during the measurement development stage [68].
Cognitive interview participants were selected from the clinic
population. We conducted 13 cognitive interviews and stopped
once we reached saturation. We achieved saturation in the data
with <10 participants but continued with a few more interviews
to ensure we had captured important perspectives.

RAs conducted cognitive interviews with 10 Black participants
during the pilot phase. RAs presented 10 sets of pictures to these
participants. They asked them to select the image that best
described the racial composition of the following social
environments: current or most recent workplace, place of
worship, high school (HS), HS classroom, junior HS, junior HS
classroom, current neighborhood, neighborhood growing up,
current block, and block growing up. Participants recommended
changes to the PRCM. We report selected recommendations
and responses in the Results section.

Racial Composition Measures

Written Measure
The written survey component included an item adapted from
the Behavioral Risk Factor Surveillance System [69] and the
National Survey of Black Americans [70] to measure racial
composition. This item asked participants to identify the racial
composition of 10 social environments from their past and
present: neighborhoods and blocks (adolescent and current),
schools and classrooms (junior high and HS), workplace, and
place of worship. The 8 possible responses included: mostly
Black, about half Black, some Black, mostly White, about half
White, some White, did not live or attend school in the United
States (only applicable to school environments), and not
applicable. We categorized participants’ responses into mostly
Black, half Black, or mostly White. Participants who indicated
that they did not experience the environment in the United States
or that the environment was not applicable to them were
excluded from the analysis for that environment.

Pictorial Measure
To construct the PRCM, we used an adapted version of the
“neighborhood cards” developed by Krysan and Farley [56].
Figures S1-S10 in Multimedia Appendix 1 show the adapted
measures used in the main phase. Different versions of the
adapted measure were used during the pilot phase, but they were
revised for the main phase based on results from the cognitive
interviews and focus groups. RAs presented this pictorial
measure to the participants and asked them to select the
approximate racial composition of 10 social environments. The
7 possible responses to the pictorial measure included: all Black,
70% Black, 50% Black, 30% Black, 10% Black, all White, and
not applicable. As with the written measure, we collapsed the
answer choices into the same 3 categories: all Black and 70%
Black were categorized as mostly Black, 50% Black and 30%
Black were categorized as half Black, and 10% Black and all
White were categorized as mostly White. Those who selected
not applicable were not included in the analysis for that
environment.

Demographics and Health Literacy
Self-reported demographic characteristics included sex (male
or female), race (non-Hispanic White or Black), age, current
county (St Louis City, St Louis County, or other), education
(less than HS, HS or General Educational Diploma, or more
than HS), employment status (currently in the workforce or
not), and income (<US $9999, US $10,000-$19,999, or >US
$20,000). Health literacy was assessed using the Rapid Estimate
of Adult Literacy in Medicine–Revised (REALM-R) [71,72]
and the Newest Vital Sign (NVS) [73].

Analytic Strategy
We calculated several validity metrics by comparing written
and PRCMs (Textbox 1). For each social environment and
survey phase (pilot and main), we computed positive versus
negative pairwise comparisons: (1) mostly Black versus all
other categories, (2) half Black versus all other categories, and
(3) mostly White versus all other categories. We calculated the
following validity metrics for each pairwise comparison:
sensitivity, specificity, correct classification rate (CCR), positive
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predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio (LR+), negative likelihood ratio (LR–),
false positive rate, and false negative rate. All validity statistics

were calculated using SAS and STAT software (version 9.4;
SAS Institute Inc).

Textbox 1. Statistical metrics for validating the Pictorial Racial Composition Measure.

Metric and description

• Sensitivity (true positive rate)

• Probability of choosing the positive category (eg, mostly Black) on the pictorial and written measures, given that the positive category was
selected on the written measure

• Specificity (true negative rate)

• Probability of choosing the negative category (eg, all other categories) on the pictorial and written measures, given that the negative category
was selected on the written measure

• Correct classification rate (accuracy)

• Proportion of participants who identified the same category (positive or negative) on the pictorial and written measures

• Positive predictive value

• Probability of choosing the positive category on the pictorial and written measures, given that the positive category was chosen on the
pictorial measure

• Negative predictive value

• Probability of choosing the negative category on the pictorial and written measures, given that the negative category was chosen on the
pictorial measure

• Positive likelihood ratio

• Ratio of the true positive rate and the false positive rate

• Negative likelihood ratio

• Ratio of the false negative rate and the true negative rate

• False positive rate (type 1 error)

• Probability of choosing the positive category on the pictorial measure and the negative category on the written measure, given that the
negative category was selected on the written measure

• False negative rate (type 2 error)

• Probability of choosing the negative category on the pictorial measure and the positive category on the written measure, given that the
positive category was selected on the written measure

Results

Cognitive Interviews
Table 1 presents descriptive statistics of the 10 Black cognitive
interview participants and their recommended changes to the

PRCM. Most of the participants were female (7/10, 70%), aged
at least 26 years (9/10, 90%), HS graduates (9/10, 90%), and
earning <US $30,000 (9/10, 90%). In addition, the proportions
of those with inadequate health literacy differed between the
REALM-R and the NVS.
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Table 1. Characteristics of the 10 Black cognitive interview participants and their recommended changes to the Pictorial Racial Composition Measure.

Participants, n (%)

Characteristic

Sex

3 (30)Male

7 (70)Female

Age (y)

0 (0)≤25

3 (30)26-35

2 (20)36-49

4 (40)>50

1 (10)Missing

Education

0 (0)Less than high school

5 (50)High school or General Educational Diploma

4 (40)Greater than high school

1 (10)Missing

Income (US $)

4 (40)<9999

5 (50)10,000-29,999

0 (0)>30,000

1 (10)Missing

Health literacy

REALM-Ra

5 (50)Adequate health literacy

5 (50)Inadequate health literacy

Newest Vital Sign

0 (0)Adequate health literacy

10 (100)Inadequate health literacy

Recommended changes

3 (30)Workplace

1 (10)Place of worship

4 (40)High school

4 (40)High school classroom

4 (40)Junior high

4 (40)Junior high classroom

6 (60)Current neighborhood

6 (60)Neighborhood growing up

3 (30)Current block

4 (40)Block growing up

aREALM-R: Rapid Estimate of Adult Literacy in Medicine–Revised.

Among the 10 social environments, the initial items for 3
environments had the lowest number of respondents who
recommended changes be made: place of worship, current

workplace, and current block. These results indicate that
respondents experienced the least confusion when seeing those
pictures. For example, when asked to select the picture that best
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described the racial makeup of their place of worship, 1
respondent answered, “it’s asking the race that I worship with,
that I go to church with. It’s an all-black church.” This
demonstrates that these set of pictures were easy to interpret.

In contrast, participants reported that the past and current
neighborhood pictures were the most difficult to interpret.
Reasons for this included the indistinguishable color of the
houses, the small size of the houses, and the placement of trees.
For example, 1 person asked, “Are those supposed to be
trees?...It’s kind of confusing.” Another respondent found the
pictures unclear, stating, “Now this one is kind of confusing to
me as far as these little houses are concerned, because I’m not
quite sure if the ones that are painted black mean that black

people live there and the ones painted white means white
people.” Respondents suggested altering the picture to “make
the houses bigger” and “adding people” to make it clearer.

Survey Data: Analytic Sample Characteristics
As shown in Table 2, most of the analytic sample was female
(363/549, 66.1%), Black (364/549, 66.3%), and aged >44 years
(387/549, 70.5%). Approximately half (257/549, 46.8%) of the
participants lived in St Louis City, and 82.1% (451/549) of the
participants had at least a HS education. Most participants
reported earning <US $20,000 (354/549, 64.4%) and not being
in the workforce (408/549, 74.3%). A higher proportion of the
sample was categorized as having inadequate health literacy
using the NVS than the REALM-R.
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Table 2. Characteristics of the analytic survey sample.

Main phase (n=308), n (%)Pilot phase (n=241), n (%)Overall (n=549), n (%)Characteristic

Sex

101 (32.8)76 (31.5)177 (32.2)Male

207 (37.2)156 (64.7)363 (66.1)Female

0 (0)9 (3.7)9 (1.6)Missing

Race

105 (34.1)80 (33.2)185 (33.7)Non-Hispanic White, no multiracial partici-
pants

203 (65.9)161 (66.8)364 (66.3)Black, including multiracial participants

Age (years)

7 (2.3)3 (1.2)10 (1.8)18-24

27 (8.8)22 (9.1)49 (8.9)25-34

41 (13.3)43 (17.8)84 (15.3)35-44

108 (35.1)67 (27.8)175 (31.9)45-54

92 (29.9)72 (29.9)164 (29.9)55-64

21 (6.8)27 (11.2)48 (8.7)>65

12 (3.9)7 (2.9)19 (3.5)Missing

Current county

134 (43.5)123 (51.0)257 (46.8)St Louis City

100 (32.5)75 (31.1)175 (31.9)St Louis County

55 (17.9)35 (14.5)90 (16.4)Other

19 (6.2)8 (3.3)27 (4.9)Missing

Education

48 (15.6)34 (14.1)82 (14.9)Less than high school

116 (37.7)79 (32.8)195 (35.5)High school or General Educational Diplo-
ma

140 (45.5)116 (48.1)256 (46.6)More than high school

4 (1.3)12 (5.0)16 (2.9)Missing

Employment status

56 (18.2)53 (22)109 (19.9)Currently in workforce

229 (74.4)179 (74.3)408 (74.3)Not currently in workforce

23 (7.5)9 (3.7)32 (5.8)Missing

Income (US $)

122 (39.6)105 (43.6)227 (41.3)<9999

66 (21.4)61 (25.3)127 (23.1)10,000-19,999

80 (26)57 (23.7)137 (25)>20,000

40 (13)18 (7.5)58 (10.6)Missing

Health literacy

REALM-Ra

166 (53.9)116 (48.1)282 (51.4)Adequate health literacy

139 (45.1)92 (38.2)231 (42.1)Inadequate health literacy

3 (1)33 (13.7)36 (6.6)Missing

Newest Vital Sign
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Main phase (n=308), n (%)Pilot phase (n=241), n (%)Overall (n=549), n (%)Characteristic

104 (33.8)87 (36.1)191 (34.8)Adequate health literacy

199 (64.6)124 (51.5)323 (58.8)Inadequate health literacy

5 (1.6)30 (12.4)35 (6.4)Missing

aREALM-R: Rapid Estimate of Adult Literacy in Medicine–Revised.

Pilot Phase
Validity statistics for the pictorial against the written racial
composition measure during the pilot phase are summarized in
Table 3. Across all 10 social environments, both
dichotomizations of mostly Black versus other categories and
mostly White versus other categories exhibited a

moderate-to-high sensitivity, specificity, CCR, PPV, and NPV.
The LR+ values were >1, and the LR– values were close to 0.
The false positive and negative rates were low to moderate.
These values indicate that using either the mostly Black versus
other categories or the mostly White versus other categories
dichotomizations may provide accurate and reliable measures
of racial composition across the 10 social environments.

JMIR Public Health Surveill 2024 | vol. 10 | e55461 | p. 9https://publichealth.jmir.org/2024/1/e55461
(page number not for citation purposes)

Bather et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Validity statistics for the Pictorial Racial Composition Measure against the written racial composition measure—pilot phase (n=241).

False nega-
tive rate

False posi-
tive rate

LR–eLR+dNPVcPPVbCCRaSpecificitySensitivitySocial environment

Current workplace (n=122)

44.4417.440.543.1981.6157.1474.5982.5655.56Mostly Black

57.5826.970.791.5777.3836.8464.7673.0342.42Half Black

32.0818.840.403.6176.7173.4775.4181.1667.92Mostly White

Current place of worship (n=144)

13.1018.330.164.7481.6786.9084.7281.6786.90Mostly Black

55.5614.290.653.1191.5330.7780.5685.7144.44Half Black

33.335.880.3511.3487.2782.3586.1194.1266.67Mostly White

HSf (n=198)

13.405.940.1414.5887.9693.3390.4094.0686.60Mostly Black

37.509.640.426.4892.5955.5685.8690.3662.50Half Black

10.147.750.1111.5994.4486.1191.4192.2589.86Mostly White

HS classroom (n=192)

6.908.570.0810.8694.1290.0092.1991.4393.10Mostly Black

51.615.590.558.6690.4862.5086.9894.4148.39Half Black

9.469.320.109.7193.8685.9090.6390.6890.54Mostly White

Junior HS (n=172)

12.507.610.1411.5089.4790.9190.1292.3987.50Mostly Black

50.006.850.547.3091.2856.5286.6393.1550.00Half Black

10.6112.260.127.2993.0081.9488.3787.7489.39Mostly White

Junior HS classroom (n=169)

5.338.510.0611.1295.5689.8792.9091.4994.67Mostly Black

47.834.110.5012.6992.7266.6789.9495.8952.17Half Black

8.457.140.0912.8293.8190.2892.3192.8691.55Mostly White

Current neighborhood (n=193)

41.0513.270.474.4468.5581.1673.0686.7358.95Mostly Black

46.676.080.508.7786.8872.7384.4693.9253.33Half Black

13.2132.140.192.7093.1450.5573.0567.8686.79Mostly White

Neighborhood growing up (n=192)

35.2911.110.405.8268.9786.8476.0588.8964.71Mostly Black

73.338.470.803.1593.6421.0586.4691.5326.67Half Black

12.0026.500.163.3290.5368.0479.1773.5088.00Mostly White

Current block (n=194)

16.334.170.1720.0685.1995.3589.6995.8383.67Mostly Black

17.1414.470.205.7395.7755.7785.0585.5382.86Half Black

19.675.260.2115.2791.3087.5090.2194.7480.33Mostly White

Block growing up (n=179)

16.3017.240.204.8582.7683.7083.2482.7683.70Mostly Black

88.248.020.961.4790.8513.3384.3691.9811.76Half Black

11.439.170.139.6692.5286.1189.9590.8388.57Mostly White

aCCR: correct classification rate.
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bPPV: positive predictive value.
cNPV: negative predictive value.
dLR+: positive likelihood ratio.
eLR–: negative likelihood ratio.
fHS: high school.

The half Black versus other categories dichotomization yielded
a good specificity, CCR, NPV, and false positive rate. However,
we observed wide ranges for sensitivity, PPV, and false negative
rate. The half Black LR+ ranged from 1 to 13, and the half Black
LR– ranged from 0.2 to 1.0. These findings suggest half Black
dichotomization may be less accurate and reliable than the
mostly Black and mostly White dichotomizations when
measuring the racial composition of the 10 social environments.

Main Phase
Table 4 compares the validity statistics for the pictorial against
the written racial composition measure during the main phase.
Across all 10 social environments, the dichotomizations of
mostly Black versus other categories and mostly White versus
other categories yielded a moderate-to-high sensitivity,
specificity, CCR, PPV, and NPV. The LR+ values were >1, and

the LR– values were close to 0. These results were similar to
the pilot phase results. However, the false positive and negative
rates in the main phase slightly differed from those in the pilot
phase. Overall, these findings further support that using either
the mostly Black versus other categories or the mostly White
versus other categories dichotomizations may provide accurate
and reliable measures of racial composition across the 10 social
environments.

The specificity, CCR, NPV, LR+, and LR– were relatively good
for the half Black versus other categories dichotomization.
However, this dichotomization demonstrated poor validity
regarding its sensitivity, PPV, and false negative rate. These
values suggest that the half Black versus other categories
dichotomization may not be as accurate and reliable as the
mostly Black versus other categories and mostly White versus
other categories dichotomizations.
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Table 4. Validity statistics for the Pictorial Racial Composition Measure against the written racial composition measure—main phase (n=308).

False nega-
tive rate

False posi-
tive rate

LR–eLR+dNPVcPPVbCCRaSpecificitySensitivitySocial environment

Current workplace (n=190)

45.6518.750.562.9084.7848.0874.7481.2554.35Mostly Black

57.1426.120.771.6475.5740.6864.7473.8842.86Half Black

34.0920.590.433.2072.9773.4273.1679.4165.91Mostly White

Current place of worship (n=222)

16.1020.190.204.1681.3782.5081.9879.8183.90Mostly Black

54.7615.000.643.0286.9341.3077.4885.0045.24Half Black

27.426.870.2910.5689.7680.3687.3993.1372.58Mostly White

HSf (n=281)

21.3115.720.255.0183.7579.3081.8584.2878.69Mostly Black

47.0618.310.582.8984.4748.0074.7381.6952.94Half Black

31.8712.110.365.6385.2072.9481.4987.8968.13Mostly White

HS classroom (n=276)

11.9725.160.163.5089.4772.0380.4474.8488.03Mostly Black

66.1011.520.752.9483.1244.4476.8288.4833.90Half Black

25.007.390.2710.1586.7085.2386.2392.6175.00Mostly White

Junior HS (n=260)

16.6717.860.204.6785.1980.0082.6982.1483.33Mostly Black

61.5413.940.722.7684.8340.8276.5486.0638.46Half Black

26.1412.210.306.0586.7875.5883.0887.7973.86Mostly White

Junior HS classroom (n=260)

8.0419.590.104.6992.9778.0385.3980.4191.96Mostly Black

55.569.710.624.5886.1154.5580.7790.2944.44Half Black

24.177.830.269.6886.9384.5286.1692.1775.83Mostly White

Current neighborhood (n=283)

26.8714.770.324.9577.9181.6779.5185.2373.13Mostly Black

52.6318.580.652.5585.9839.1374.5681.4247.37Half Black

26.0913.610.305.4387.3072.3482.3386.3973.91Mostly White

Neighborhood growing up (n=276)

10.8711.590.127.6989.0588.4988.7788.4189.13Mostly Black

57.5811.930.653.5691.8532.5682.6188.0742.42Half Black

24.768.770.278.5885.7184.0485.1491.2375.24Mostly White

Current block (n=277)

18.1117.330.224.7384.3580.0082.3282.6781.89Mostly Black

56.6713.820.663.1484.6246.4376.9086.1843.33Half Black

25.5612.830.295.8087.6373.6383.0387.1774.44Mostly White

Block growing up (n=277)

16.3318.460.204.5381.5483.6782.6781.5483.67Mostly Black

70.9710.570.792.7590.9125.7182.6789.4329.03Half Black

20.208.990.228.8889.0183.1687.0091.0179.80Mostly White

aCCR: correct classification rate.
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bPPV: positive predictive value.
cNPV: negative predictive value.
dLR+: positive likelihood ratio.
eLR–: negative likelihood ratio.
fHS: high school.

Discussion

Principal Findings
We developed and validated the PRCM, a measure of the racial
composition of social environments over the life course. Pilot
and main phase results across all 10 social environments showed
that the mostly Black and mostly White dichotomizations
exhibited moderate-to-high scores for sensitivity, specificity,
CCR, PPV, and NPV. These dichotomizations also yielded
acceptable values for LR+ and LR– and false positive and
negative rates. These findings support that the mostly Black
and mostly White dichotomizations may provide accurate and
reliable measures of racial composition across the 10 social
environments.

The PRCM provides an added window into understanding how
racial segregation has impacted minoritized communities and
can be used to investigate interpersonal, institutional, structural,
and systemic racism [74,75]. Although further empirical research
is needed from a generalizable population, the mostly Black
and mostly White dichotomization findings provide preliminary
evidence that an optimal cut-off point exists for the
categorization of segregation in social environments. We
validated a pictorial measure in a population composed mainly
of those with low health literacy according to the NVS. Thus,
we provide a novel and accessible resource for clinical
researchers to measure the racial composition of their patient’s
social environments. Analyses using the PRCM may lead to a
more comprehensive understanding of how segregated social
environments over the life course affect health outcomes.

The mostly Black and mostly White dichotomizations performed
better than the half Black dichotomization, possibly because
the older study population (387/549, 70.5% aged at least 45
years) may have been more likely to remember predominantly
Black or White social environments compared to 50% Black
environments. In addition, we grouped 50% Black and 30%
Black together for the half Black dichotomization. It may be
that 30% Black is too far from 50%, potentially contributing to
the poor validation of the half Black dichotomization. Overall,
these results were similar to those of sensitivity analyses
stratified by race (data not shown). There was also a smaller
number of participants reporting half Black environments,
providing limited data upon which to validate this level.

All explored social environments exhibited good validity metrics
for mostly Black and mostly White dichotomizations. However,
neighborhood growing up, current neighborhood, and current
workplace tended to perform the lowest. This could stem from
the images on the pictorial cards for those environments. The
neighborhood cards showed houses, which might not resonate
with participants who lived in alternative housing arrangements
such as apartments or mobile homes. Similarly, the workplace
pictorial cards displayed office desks with computers. It is

possible that some participants may have never worked in an
office setting.

Comparison With Prior Work
Other approaches used to measure racial segregation include
the Index of Concentration at the Extremes [19,20], the
dissimilarity index [21,22], the isolation index [23,24], the
interaction index [23,25], the location quotient of residential
segregation [26,27], and the Getis-Ord Gi* statistic [28]. The
Index of Concentration at the Extremes assesses the degree to
which individuals in an area are privileged [19,20]. The
dissimilarity index is the proportion of individuals considered
marginalized needing to relocate to create an equal racial and
ethnic distribution within the population [21,22]. The isolation
index estimates the spatial proximity between individuals of
the same racial category living in the same areas [23,24]. The
interaction index estimates the spatial proximity between
individuals of different racial categories residing in the same
areas [23,25]. The location quotient of residential segregation
compares the racial and ethnic distribution of a smaller
geographic region to that of a larger geographic region [26,27].
The Getis-Ord Gi* statistic measures each neighborhood’s racial
composition and compares it to surrounding neighborhoods
[28].

Despite the advantages of these census-based approaches, none
can measure the potentially varying racial compositions of
multiple social environments across the life course. These
census-based approaches may capture regions that do not match
what participants consider as their neighborhood [16,29]. An
example is a Black participant living in a census region but
attending a predominantly White school or a racially integrated
church in another census region. Another shortcoming is that
these census-based measurements have yet to be validated in
low health literacy populations. Finally, repeated assessments
of racial segregation over time for each study participant are
prone to missing data and may require data imputation
techniques (eg, last observation carried forward and multiple
imputation) [76].

The validity of the mostly Black and mostly White
dichotomizations of the PRCM demonstrates that this measure
can assess the racial composition of social environments
spanning adolescence and adulthood without depending on
census data. Moreover, the PRCM allows the participant to
self-report the racial composition of their social environments,
negating the potential misclassification of what participants
consider their neighborhood. Another advantage of the PRCM
is that it can be administered at a single study visit, reducing
the need to impute data for responses over time. In addition,
because it is picture based, the PRCM may help diversify survey
question types and reduce respondent fatigue. Finally, the PRCM
was validated using a mixed methods approach in a medically
underserved patient population with varied health literacy levels,

JMIR Public Health Surveill 2024 | vol. 10 | e55461 | p. 13https://publichealth.jmir.org/2024/1/e55461
(page number not for citation purposes)

Bather et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


including those with limited health literacy. However,
convenience sampling from a single midwestern primary care
clinic may limit generalizability, creating the need to validate
the PRCM in other populations.

While we have presented cognitive interview data from Black
participants used to inform the PRCM, we also collected data
from a few non-Hispanic White participants. We recruited a
subset of participants from the COH patient population that was
approximately 30% White. However, we reached saturation
early in the cognitive interviews and decided to stop recruitment
with a lower proportion of White cognitive interview
participants. Data were analyzed stratified by race, and the
interview data from White participants were concordant with
the themes observed with data from Black participants. As the
PRCM is refined or being adapted for other studies, additional
cognitive interviewing would be helpful. In addition, there were
some modifications based on the cognitive interviews to the
instrument and the mode of administration from the pilot phase
to the main phase. While these changes were made to improve
the measure, some of these changes may not have had the
intended results and will require additional refinement in future
research. We do not have any empirical data to support this, but
we hypothesize that changing the mode of administration from
written self-administered in the pilot phase to verbally
administered by RAs in the main phase may have impacted the
validity, with participants more likely to report socially desirable
answers to the RAs.

Social, clinical, and public health scientists can use PRCM data
in a variety of ways in regression models. One example is
creating a composite score, summing the number of mostly
Black (or mostly White) social environments a study participant
reported, and estimating the effect of reporting an additional
mostly Black or mostly White environment on the outcome of
interest. Another way researchers can use the PRCM data is to
calculate the number of discordant matches between the racial
composition of each social environment and the study
participant’s race. A third way is to administer the PRCM to
children, their parents, and grandparents, assessing the potential
generational effects of racial segregation. We encourage
scientists to use color images (print or digital) when
administering the PRCM.

Racial residential integration is a subject of increasing interest
among social scientists [77-79]. A systematic review of racial
residential integration spanning 60 years yielded 3 main findings
[78]. First, the concept of integration has recently focused on
racial composition, shifting away from racial and social
integration [78]. Second, the measurement methods for
integration have changed over time [78]. Third, racial residential
integration has evolved from the Black-White dichotomy to
including a broader range of races and ethnicities (eg, Asian
and multiethnic) [78]. The authors of this review also note that
inconsistent census cutoffs hinder the comparison of integration
effects across studies [78]. To unify the study of racial
residential integration, the authors recommend developing “a
multidimensional theoretical framework for residential
integration that includes both racial composition and social
interactions” [78]. The PRCM contributes to this goal by helping
us understand the range of racial segregation and integration,

especially in residential, educational, workplace, and religious
contexts.

Limitations and Future Work
Although we developed a novel measure of racial segregation,
we must recognize the limitations of the PRCM and this study.
This work was conducted in St Louis, Missouri, where the
majority of the population identify as non-Hispanic White alone
or Black alone. Given the limited diversity of the community
from which the sample was taken, the response options were
meant to represent Black and White neighborhoods. This Black
and White comparison is a major limitation and requires
validation in other populations outside of St Louis before
adaptation and use.

The PRCM includes pictures of non-Hispanic White and Black
social environments. Thus, it cannot measure compositions of
other races and ethnicities, such as Asian or American Indian,
limiting its capacity to capture the full racial and ethnic
composition of social environments. While this is appropriate
for the context of this study (St Louis, Missouri), extensions of
the PRCM beyond St Louis, Missouri, or those communities
with similar racial compositions should incorporate other racial
and ethnic identities to enhance the inclusivity of this measure.

The PRCM is limited in its ability to evaluate segregated social
environment experiences in other groups considered historically
marginalized (eg, Hispanic and multiracial). Recent research
shows that the upward mobility of Hispanic people is more
similar to that of individuals racialized as White than of those
racialized as Black [80]. Future research should extend the
PRCM scope to be adapted for use in multiracial populations
beyond those primarily composed of individuals racialized as
Black or White.

The binary (White vs Black) measurement limits the PRCM’s
ability to measure racially integrated social environments. The
PRCM is a subjective measure susceptible to recall bias and
misclassification. However, the validity results from this study
suggest that bias and misclassification were reduced. We also
think that the pictures help people remember each social
environment. From the interview transcripts, one participant
stated as follows: “It reminds me of my neighborhood. Honestly
there were no whites around, period. None.” Another participant
noted the following: “I am having to remember to relate it back
to here (taps something) and I’m looking at it now...” Future
studies should include empirical data on whether the pictures
help participants remember.

The PRCM is a retrospective cross-sectional measure, which
cannot infer causality on an outcome. We lacked information
on the zip codes where participants grew up, which prevented
us from conducting historical analyses. This highlights an area
for future research to support longitudinal studies. Convenience
sampling was used to recruit study participants. To circumvent
sampling error and bias, RAs recruited participants at different
times of the day and on different weekdays. We also
acknowledge that using 2 subjective methods has its limitations,
such as potential same source bias, telescoping effects, and
memory distortions. However, standard validation approaches
state that new metrics should be compared against the current
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gold standard, and in this case, the written measure is the current
gold standard for subjective racial compositions across social
environments. Moreover, people’s perceptions of their
environments are also important to measure in addition to
objective data, as perceptions may affect some outcomes.

Another limitation was combining Black and multiracial
participants into 1 group. Given the small number of multiracial
participants, we decided to include them in the analysis instead
of excluding them. Most (7/10, 70%) of the multiracial
participants were in the pilot sample, with only 3 (30%) in the
main phase sample. The multiracial sample was too small to
make inferences as an individual group or to create any real
bias among the group of Black respondents. In future research,
it will be important to validate the measure among individuals
with other racial identities. Finally, the PRCM lacks the ability
to assess social interactions between races.

We examined the current and past racial compositions of
neighborhoods and blocks to obtain a life course examination
of residential contexts over time. Future work could examine
if adding additional key time points and being specific about
ages would improve the life course measurement. Furthermore,
we developed a measure that could be used in a sample with
varying levels of health literacy, particularly among those with
limited health literacy.

Many of the stratified analyses by the NVS and REALM-R
showed that no statistically significant differences were found
when comparing the concordance of the pictorial and written
measures to objective census-based measures of the racial
composition of participants’ current neighborhood and HS

(Multimedia Appendix 2). However, NVS analyses yielded
substantial differences in concordance between the pictorial
measure and the objective census-based measure of participants’
current neighborhood racial composition (Multimedia Appendix
2). There are consistent differences in measures of health literacy
across the literature [61,81,82]. This is because different
measures capture different aspects of health literacy [61,81,82].
In particular, the NVS is a measure that includes numeracy,
while the REALM-R is focused on written words [71-73]. We
included both measures in our study to capture these differences.

Our selection of patients from the COH primary care clinic was
purposeful in that measures are rarely validated among
medically underserved populations with varying levels of health
literacy. Using the principles of universal design, we believe a
measure that is valid and reliable in this population is likely
valid among the general US population, but further work is
needed to obtain validation metrics in other populations. For
example, patients seeking care in a safety net primary care
setting may differ from the larger population. Thus, further work
is needed to validate the PRCM for use in community contexts.

Conclusions
Using mixed methods of cognitive interviews (qualitative) and
survey (quantitative) data, we developed and validated the
PRCM. This pictorial measure increases our ability to examine
racial composition in multiple environments across the life
course among medically underserved populations. The PRCM
can serve as a uniform measure of racial segregation used across
disciplines. It can also be used with other measures to inform
equitable intervention and prevention efforts, thus improving
the lives of those impacted by structural racism.
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