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Background and Significance

In children’s health nationally, Ohio ranks 31st . Nearly 2.6
million of the 11.5 million population in Ohio are children

aged, that is, 0 to 17 years. Of these, approximately 20% live in
poverty, 16% are chronically absent from school, over 0.7%
are homeless, and 14 to 15% have disabilities. Thirty-one
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Abstract Objectives Social determinants of health (SDoH) can be measured at the geographic
level to convey information about neighborhood deprivation. The Ohio Children’s
Opportunity Index (OCOI) is a composite area-level opportunity index comprised of
eight health domains. Our research team has documented the design, development,
and use cases of a dashboard solution to visualize OCOI.
Methods The OCOI is a multidomain index spanning the following eight domains: (1)
family stability, (2) infant health, (3) children’s health, (4) access, (5) education, (6)
housing, (7) environment, and (8) criminal justice. Information on these eight domains
is derived from the American Community Survey and other administrative datasets.
Our team used the Tableau Desktop visualization software and applied a user-centered
design approach to developing the two OCOI dashboards—main OCOI dashboard and
OCOI-race dashboard. We also performed convergence analysis to visualize the census
tracts where different health indicators simultaneously exist at their worst levels.
Results The OCOI dashboard has multiple, interactive components as follows: a
choropleth map of Ohio displaying OCOI scores for a specific census tract, graphs
presenting OCOI or domain scores to compare relative positions for tracts, and a
sortable table to visualize scores for specific county and census tracts. A case study
using the two dashboards for convergence analysis revealed census tracts in neighbor-
hoods with low infant health scores and a high proportion of minority population.
Conclusion The OCOI dashboards could assist health care leaders in making decisions
that enhance health care delivery and policy decision-making regarding children’s
health particularly in areas where multiple health indicators exist at their worst levels.
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percent of children and adolescents have been classified as
overweight or obese, and nearly half (46%) the adolescents
and children report not exercising regularly. Further, a
considerable health disparity exists in self-reported health
between White and Black children,1 as well as in infant
mortality rates between infants born to White and Black
mothers.2 Together, these statistics indicate an abundance of
opportunity for improvement in children’s health across
Ohio.

The literature thoroughly acknowledges the relationship
between social determinants of health (SDoH) and health
outcomes.3 Individual-level factors alone have been deemed
insufficient for explaining population disease patterns,
thereby raising the importance of context.4–8Neighborhoods
have emerged as relevant contexts as they possess physical
and social attributes that could affect health.6,9 Neighbor-
hood deprivation can be communicated using area-level
measures of SDoHwhich are composite, and often weighted,
scores of measures representing different domains of depri-
vation. Across the world, multidomain indices of deprivation
have been computed at the level of census-based geographic
units,10–16 to be used as guides for resource allocation,
community advocacy, and research.17 These geographic in-
dices consider factors including unemployment, environ-
mental risks, crime, poor educational resources, lack of
transportation, low housing availability, unsafe housing,
access to health care, and access to food and resources.10–16

Many of these indices were constructed to be general pur-
pose measures and may fall short if the research or policy
focus of a particular problem is children.

The neighborhood context bears considerably on the
development of children.18–20 Neighborhood deprivation is
linked with developmental outcomes such as behavioral
problems and cognitive ability21–24 and is known to specifi-
cally affect college attendance and earnings.25 Risk factors
tend to cluster within individuals, families, and communities
exacerbating the inverse relationship26 that already exists
between those who need health care and those who have
access to it.27,28 Together, this evidence highlights the im-
portance of appropriate interventions in the early years of
development to positively alter life course trajectories of
socioeconomic position and health.

The current Public Health 3.0 (PH 3.0) era is characterized
by the use of geospatial inferences, nontraditional data
sources, and community-level indicators.29 Insights from
this kind of data are expected to serve as communication
and policy tools, promote wellness through changing envi-
ronmental, social, and economic contexts, and lead to action
plans that are multisectoral.29 With the objective of improv-
ing birth outcomes inOhio, theOhioDepartment ofMedicaid
(ODM) collaborated with researchers at the Ohio State
University (OSU) to develop area-level measures of depriva-
tion. Troubling disparities in infant mortality in Ohio,30,31

prompted the creation of the Ohio Opportunity Index (OOI)
and the Ohio Children’s Opportunity Index (OCOI)—compos-
ite scores of measures representing different domains of
opportunity. In addition, ODM also required a powerful
way to visualize this information for public health activities.

Dashboards are powerful tools supporting public health
and clinical efforts.32–34 They offer several advantages over
traditionalmethods of disseminating data, such as the ability
to customize data presentations per the user’s interest, to
more effectively convey information on trends, to facilitate
evaluation of the impact of interventions on communities
and subpopulations, and to provide easy access to data to
anyone with an internet connection.35 Visualizing the OCOI
using dashboards can assist policymakers, public health
officials, and health care leaders in making decisions for
better health care delivery to reduce disparities in children’s
health. To this end, we developed two functional and inter-
active dashboards with training material to display the
distribution of the OCOI. We sought to understand the
requirements and preferences of the end-users at ODM to
develop the dashboards following a user-centered design
(UCD) approach.36

Objective

This study aimed to the below-mentioned objectives:

• To understand the requirements of the end-users of the
OCOI dashboards.

• To develop the main OCOI dashboard bearing in mind two
use cases: end-users at ODM and community-based orga-
nizations using the dashboard to plan or deliver inter-
ventions and health care programs.

• To develop a second OCOI dashboard that displays the
race/ethnic distribution in census tracts across Ohio.

• To develop training material for the use of two OCOI
dashboards.

• To provide a case study of how the two OCOI dashboards
can be used to perform convergence analysis to visualize
factors associated with children’s health outcomes in
combination with data on infant mortality rates in Ohio
from the Ohio Department of Health.

Methods

Our approach to developing and deploying the OCOI dash-
board followed the principles of UCD (►Supplementary

Appendix 1; available in the online version)36which involved
constant engagement with subject matter experts and stake-
holders represented by end-users from ODM using informal
focus group discussions.

Setting
This project is an extension of the Infant Mortality Research
Project that was set up to improve birth outcomes in Ohio.
Researchers at OSU compiled the pertinent data and con-
structed the OCOI.37

Data
Datawere collected at the census tract level because they are
small and relatively homogenous areal units about which the
needed data were available. Of the 2,952 census tracts in
Ohio, study data pertain to 2,940 tracts with nonzero popu-
lation. Data were collected from the U.S. Census based
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American Community Survey (ACS), and other state-level
agency administrative datasets (e.g., Medicaid claims and
Department of Education school report card data). Informa-
tion was compiled across these sources and linked with
census tract Federal Information Processing Standard
(FIPS) codes—numeric and two-letter alphabetic codes to
identify U.S. states and associated geographic areas. Finally,
datasets corresponding to two different time periods, period
I (2010–2014) and period II (2013–2017), were collated for
developing respective OCOIs.37

Domains andMeasures of Ohio Children’s Opportunity
Index
Well-being in children is based on economic, material, and
psychosocial conditions in which they grow.18–20,25 These
socioeconomic conditions relate to their parents or care-
givers, housing units, and the neighborhood in which they
live.38 Guided by these findings and input from subject
matter experts, the study team, outlined several domains
from which eight were finalized for use: (1) family stability,
(2) infant health, (3) children’s health, (4) access (to health
care and food), (5) education, (6) housing, (7) environment,
(8) and criminal justice.37,39,40 These domains are consistent
with the SDoH attributes outlined by the Centers for Disease
Control and Prevention (CDC) such as food supply, housing,
transportation, education, and health care.41,42

The OCOI is composed of eight equally weighted domains.
Each of the eight domains was measured by multiple vari-
ables also referred to as constituent measures. A total of 53
variables were proposed for use; however, information on
only 37 variableswas available for period I. As a result, for the
purpose of comparison, the period-II dataset was treated in
two ways; period II (reduced) comprising the same 37
variables as in period I (reduced) and period II (complete)
with all 53 variables. Consequently, three datasets, period I
(reduced), period II (reduced), and period II (complete), were
used for study analyses. Additionally, a fourth dataset cap-
tured the differences between period I (reduced) and period
II (reduced) measures, referred to as the “Change” dataset to
illustrate shifts in area-level SDoH over time. ►Table 1

presents a summary of the domains and constituent meas-
ures.37 Seminal studies43,44 informed the stepwise approach
used to construct the OCOI (►Supplementary Appendix 2;
available in the online version), the details of which are
available elsewhere.37

Additional Area-Level Indicators
We used ACS data aggregated over two 5-year periods, 2010
to 2014 and 2013 to 2017, to obtain the race/ethnic distri-
bution across census tracts in the state of Ohio. Our study
visualized the percentage of White, Black, Hispanic individ-
uals, and minority individuals in the state of Ohio.

User-Centered Informal Focus Group Discussions to
Create Ohio Children’s Opportunity Index Dashboards
We leveraged prior end-user feedback for the OOI dash-
board.45 We conducted informal focus group discussions
with six end users to obtain feedback on the content,

aesthetics, and function of the prototype dashboards (sam-
ple questions in the ►Supplementary Appendix 3; available
in the online version). This process of prototyping the OCOI
dashboard entailed reconciling iterative feedback from the
end users. We repeated this cycle aminimum of two times or
until saturation of feedback about the dashboard design was
reached.46,47

Use of Tableau to Visualize Ohio Children’s
Opportunity Index
ODM required the use of Tableau for constructing the dash-
boards. Tableau offers notable strengths over commonly
used statistical software packages. Tableau uses VizQL, a
visual query language that converts drag-and-drop actions
into queries. Another advantage of Tableau is its ability to
automatically recognize various geographical fields, like
state, county, and ZIP code, to generate the corresponding
latitude and longitude coordinates. We imported shape files
of Ohio that had vector data for the latitude and longitude for
each census tract, county, and neighborhood in Ohio. The
OCOI dashboards in their current form are intended for
project-affiliated researchers and end users and are therefore
password protected on an online server. ODM intends to
release public versions in the future.

Results

End-User Requirements
ODM requisitioned a dashboard similar to the OOI45,48

(previously developed by our team) for the OCOI with the
goal of having dashboards that were similar in aesthetics,
content, and functionality. ODM had three additional
requirements: visualization of change in OCOI based on
data aggregated between period I and period II; grouping
of census tracts into ZIP codes, neighborhoods, and cities, as
end users tend to bemore familiar with places in these terms
rather than census tract numbers; and the creation of an
additional dashboard to visualize OCOI and the race/ethnic
distribution of the Ohio population. The dashboards were
completed between January and December 2020 (►Fig. 1).
Activities during April 2020were suspended due to the novel
corona virus disease 2019 (COVID-19) pandemic.

Iterative Feedback from Focus Group Discussions
Our team applied prior end-user feedback on the OOI
dashboard to the OCOI dashboard (►Fig. 2).45 First, brief-
ly, in terms of content, the OCOI like the OOI is a score of
opportunity and not deprivation for easier interpretation
and a positive connotation. Second, the scores are visu-
alized as septile groups on a choropleth map of Ohio to
provide adequate contrast between OCOI scores. Third,
the dashboard displays the actual OCOI values on the Y-
axis of the distribution plot to facilitate easier interpre-
tation of the distribution of OCOI scores across census
tracts. Further, a breakdown of the domain scores in the
score plot as standard deviations from the mean for every
census tract is included which facilitates detailed com-
parison between selected tracts. In regard to aesthetics,
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Table 1 Description of domain and variables used in OCOI construction

Domain Constituent measure descriptions

Family stability 1. Proportion of parents enrolled in Medicaid with a primary serious mental illness diagnosis

2. Proportion of children living in a household with below-poverty income

3. Proportion of births that include no father’s first/middle/last name

4. Proportion of families with a parent served by Medicaid who has an substance use disorder diagnosis

5. Labor market engagement index (HUD; reversed)

Infant health 1. Proportion of births that resulted in an infant mortality

2. Proportion of Medicaid infants who had an injury or poisoning in the first year of life

3. Medicaid-enrolled infants with neonatal abstinence syndrome

4. Medicaid-enrolled infants with NICU stay

5. Proportion of infants born preterm

6. Medicaid children with six or more well-child visits in first 15 months of life (reversed)

7. Proportion of infants born to Medicaid-enrolled women with severe maternal morbidity

Children’s
health
(noninfant)

1. Proportion of Medicaid-enrolled children ages 1–5 with a diagnosis of developmental delay including
sight and hearing impairment

2. Proportion of Medicaid children age 3–6 meeting continuous enrollment criteria with one or more well-
child visits with a primary care physician (reversed)

3. Proportion of Medicaid-enrolled children ages 6–17 with a diagnosis of asthma

4. Proportion of Medicaid-enrolled children ages 6–17 with a diagnosis of mental illness

5. Proportion of Medicaid enrolled children ages 6–17 with a diagnosis of a developmental disability

6. Proportion of Medicaid enrolled children ages 6–17 with a diagnosis of diabetes

7. Proportion of Medicaid enrolled children ages 6–17 who received psychotropic BH medication

8. Proportion of Medicaid-enrolled children ages 6–17 with a diagnosis of obesity

Access 1. Proportion of Medicaid behavioral health visits for children that meet the access standards of CMS (reversed)

2. Proportion of primary care visits for children that meet the access standards (driving time and driving
distance) of CMS (reversed)

3. Geographic isolation (rurality) of the Census tract

4. Low transportation cost index

5. Percent occupied housing units in tract without a vehicle

6. Percent tract population within a distance from the supermarket

7. Distance to nearest elementary school

Education 1. Percent youth who have dropped out

2. Percent of adults in the tract with more than high school education

3. Percent of youth (age: 5–17 years) not enrolled in school

4. Proportion of children not meeting third grade reading standards

5. Free lunch distribution (reversed)

6. Graduation rate (reversed)

7. School performance index (reversed)

8. School’s value-added score (reversed)

Housing 1. Percentage putting 50% of income toward mortgage

2. Percentage of households with less than one person per room

3. Percentage putting 50% of income toward rent

4. Percent housing identified as vacant

5. Percent renting

6. Percentage living in same housing unit for less than 1 year

7. Rate of evictions among renters

(Continued)
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we retained the divergent color scheme for the map
approved for the OOI dashboard. As in the OOI dashboard,
the score plot is presented as a bar graph rather than a
line plot to effectively communicate scores across
domains or domain variables.

In terms of dashboard function, we displayed street and
highway patterns to better orient the end users to the
communities within a census tract. Further, users could
select a county from a dropdown list to assess census tracts
within a specific county. We also incorporated information

Table 1 (Continued)

Domain Constituent measure descriptions

Environment 1. Tract land area not covered by vegetation

2. Tract land area covered by open development (e.g., pavement, parking)

3. Percent of housing units constructed prior to 1980

4. Annual average of daily pm25 measurements

5. Count of tobacco retail outlets within a 3/4 mile buffered tract boundary

6. Environmental health hazard index (air quality)

Criminal justice 1. Average number of homicide, assault, and sexual assault incidents per person reported to police each
year during the period 2017–2018

2. The average number of robbery incidents per person reported to police each year during the period
2017–2018

3. The average number of burglary, larceny-theft, and motor-vehicle theft incidents per person reported to
police each year during the period 2017–2018

4. The average number of drunkenness and driving under the influence incidents per person reported to
police each year during the period 2017–2018

5. The average number of drug crime incidents per person reported to police each year during the period
2017–2018

Abbreviations: BH, behavioral health; CMS, Centers for Medicare & Medicaid Services; HUD, Department of Housing and Urban Development; NICU,
neonatal intensive care unit; OCOI, the Ohio Children’s Opportunity Index.

Fig. 1 Key milestones and project timeline for the Ohio Children’s Opportunity Index.
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icons by each dashboard component to aid the end user. We
visualized change in OCOI score based on aggregate data
between period I and period II. When users visualize change
inOCOI, the distributionplot shows a distribution of income-
adjusted differences in OCOI and absolute differences for the
domains. The score plot displays absolute changes for OCOI
domains and Z-scores for constituent measures (►Fig. 3). In
terms of aesthetics, we ensured that the size of the map was
sufficiently large to facilitate zooming in on a specific county.

To permit visualization of the OCOI and area-level
race/ethnic distribution in Ohio, we created an additional
dashboard followingUCD.36 Six end-users representingODM
participated in informal focus group discussions. For the race
OCOI dashboard, the opportunity scores are visualized as
quartiles using four newly approved colors that are accessi-
ble to people with colorblindness. While the components
differ from the main OOI and OCOI dashboards, the layout,
font size, map size, and other interactive features aligned

Fig. 2 Ten lowest ranked census tracts in terms of the Ohio Children’s Opportunity Index (OCOI) and Infant Health in Columbus, Ohio, United
States,. (A) The ten lowest ranked census tracts in terms of OCOI in Columbus, Ohio, United States. (B) The ten census tracts with lowest OCOI in
Columbus, Ohio, United States, in terms of the Infant Health domain and subdomains of Infant Health.
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with the overall vision for the Opportunity Index
dashboards.

Dashboard Structure
The six components of the main OCOI dashboard were as
follows: (1) choropleth map of Ohio with OCOI scores for
specific census tracts; (2) filter for users to visualize the OCOI
or any of its domains; (3) plots of OCOI and/or individual
domain scores to compare relative positions for census tracts
with the ability to sort scores and select specific variables
within domains; (4) a sortable table to view OCOI or individ-
ual domain scores for specific census tracts; (5) information
available from four data sources for users to select the
reduced data compiled over two different time periods
2010 to 2014 and 2013 to 2017, complete data compiled
from 2013 to 2017, change in OCOI and the individual
domain scores between 2010 to 2014 and 2013 to 2017
based on the reduced dataset; and (6) a neighborhood filter
that end users can use to filter census tracts corresponding to
familiar geographies like cities, neighborhoods, or ZIP codes.
These six components are interactive permitting an end user
to select a city like Columbus, Ohio, United States, in the
neighborhood filter, visualize the OCOI across all the census
tracts in Columbus from 2013 to 2017, sort the tracts in
ascending or descending order using the Table feature, select
tracts of interest for visual analysis using the distribution
plot, and compare the selected tracts in terms of the eight
domains of the OCOI based on the score plot. This process can
be repeated using each of the four datasets, for each of the
domains of the OCOI, and for a variety of geographies like
counties, cities, townships, and neighborhoods.

The race-OCOI dashboard also has the choropleth map of
Ohio, filters for OCOI and its domains, choice of data sources,

and the neighborhood filter from the main OCOI dashboard.
Additional features include a menu with options to visualize
the race/ethnic distribution; a scatter plot with OCOI and
domain scores on the X-axis and the frequency of the
race/ethnic distribution on the Y-axis, as well as the catego-
rization of the OCOI score and the race/ethnic distribution
into four discrete categories. The race OCOI dashboard can be
adapted in the future to display information about other
area-level indicators. ►Table 2 summarizes the modifica-
tions we made in response to feedback on the initial
prototype.

Training Videos
Continuous improvements were made to the dashboard
throughout this project but there is still a learning curve
for those unfamiliar with data visualization tools. Therefore,
we created training videos to help end users understand the
basic functions of Tableau along with the displayed features
of the OCOI. Training videos were developed by first obtain-
ing feedback on the video scripts from the six end users. We
created training videos on the following: the Tableau tool-
bar; the map feature; filtering the right data source, neigh-
borhood, county, and measure of interest; and a video on
sorting the information. The use of all these features was
then illustrated as a case study of how the dashboards can be
used by end users at ODM and community-based organiza-
tions. Sample scripts are available in ►Supplementary

Appendix 4 (available in the online version).

Case Study
We present a case study where a health programmanager in
Columbus, Ohio, United States seeks to gain a better under-
standing of children’s opportunity in tracts across Columbus

Fig. 3 Ten census tracts in Columbus, Ohio, United States, with the most negative change in the Ohio Children’s Opportunity Index (OCOI).
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with high infant mortality and high disparity in infant
mortality between infants born toWhite and Black mothers.
The health program manager has to strategically allocate
resources to the Columbus area and wants to optimize them
by identifying areas that have the lowest infant health scores
and highest infant mortality rates.

Using the OCOI dashboard, the program manager selects
Franklin County in Ohio and examines the Columbus area.
They first examine the OCOI and its domains and note the 10
tracts with the lowest scores for all the domains (►Fig. 2A).
Because this program is targeting infant health disparities,
they then examine the infant health domain. After looking at
the 10 worst tracts for infant health, it is noted that many
census tracts scoring low for infant health do not have signifi-

cantly higher infantmortality, but their scores are lowbecause
of neonatal abstinence syndrome,maternalmorbidity, neona-
tal intensive care unit stays, or other factors (►Fig. 2B). Finally,
in thescoreplot, theofficial clicks to keeponly infantmortality
to find theworst scoring tracts for infant mortality (►Fig. 4A).
They highlight the 25 worst ranked infant health scores in the
table, and look at the score plot (►Fig. 4B). They find that the
two worst tracts for infant mortality, 049001400, and
049007511, are both in the South Linden area (►Fig. 5A).

The programmanager decides to further examine the two
lowest scoring tracts (049001400 and 049007511) which
also score poorly for preterm birth but not on the other
subdomains of infant health. Both tracts are in the lowest
quantile of overall OCOI score, criminal justice, and

Table 2 Modifications to OCOI—race dashboard based on end-user feedback

Modification Rationale

Content

• Creation of four categories for each race/ethnic
group. These were 0 to 25, 25 to 50, 50 to 75, and
>75%

Using quantiles to create categories for race/ethnic group gave rise to
very skewed categories. Therefore, the categories requested by the
end-user were created

• Switch from septile to quartile groups of the OCOI
score to use in the state-level heat map

Using septile groups gave rise to too many categories and was visually
busy. It was therefore decided that the quartile distribution was easier
for interpretation

• Scatterplot of OCOI and its domain scores with the
X-axis showing the OCOI scores and the Y-axis
showing the frequency of the SDoH factor

The scatterplot allows the end users to see the scores for all census
tracts at a glance. Each census tract is represented as a circle, which
when selected highlights the census tract on the map

• Discrete categories represented as tiles showing
16 combinations of the four OCOI categories and
the four SDoH factors and the number of census
tracts with each combination

End users can at a glance see howmany tracts have low opportunity and
how many have high opportunity based on the race/ethnic distribution
of the census tract

Function

• Selection of county results by filtering dashboard
content to only the census tracts within that
county

This helped the end users specifically assess the census tracts within a
county of interest

• Selection of neighborhood results by filtering
dashboard content to census tracts within a city,
neighborhood, or township

This helped end users find census tracts by specifying geographies that
were more familiar to them such as the neighborhood, city, township,
or ZIP codes

• Provide an information icon by each component
to help the end user understand it

Provide end users with a conveniently located icon to quickly
understand what the information a specific component can provide
them, such as the source of the data

• Display street and highway patterns Allow end users to get a better sense of the communities present within
a census tract by locating them using streets and highways

Aesthetics

• Use a divergent color scheme for the heat map Attempts to preserve the color scheme used on the main dashboard
proved inefficient because the original dashboard used three colors and
the need was for four colors in the OCOI dashboard with other area-level
indicators. We used shades of blue, orange, purple, and green. We
avoided using certain shades of red and green to minimize the
probability that end users would have trouble perceiving the colors

• Linking the color-coded tiles and the circles on the
scatter plot

End users can select any combination of OCOI and area-level indicator of
interest. This selection unselects all other census tracts from the scatter
plot and at the same time highlights the census tracts in that particular
category on the map. Alternatively, users can select any circle on the
scatterplot and the selected tract is highlighted on the map and the
color-coded tile that it corresponds to is highlighted as well

Abbreviations: OCOI, Ohio Children’s Opportunity Index; SDoH, social determinants of health.
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education, and score poorly in regard to the constituent
measures like food access, asthma, free lunch access, high
school graduation rates, reading ability, amount of green
area, air quality, tobacco exposure, paternal involvement,
poverty, crowding, evictions, and percentage renting. The
health program manager examines the race/ethnic makeup
of the census tracts using the second OCOI dashboard. Both
the census tracts have low opportunity scores and over 75%
minority population (►Fig. 5B). The health program manag-
er decides to direct infant mortality prevention resources

toward community-based organizations and public health
programs in the South Linden area. Programs should be
prepared to provide referrals for help in access to food,
educational resources, social services, drug and tobacco
cessation, and housing.

Discussion

Our team developed the OCOI dashboards following the 10
principles of UCD.36 The OCOI dashboard visually

Fig. 4 Twenty-five tracts with the lowest scores for the Infant Health in Columbus, Ohio, United States; (A) 25 of the lowest scoring census tracts
in terms of Infant Health in Columbus, Ohio, United States; (B) 25 census tracts with the lowest scores for the Infant Mortality subdomain of the
Infant Health domain of the Ohio Children’s Opportunity Index (OCOI).
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summarizes and communicates quantitative information
about SDoH through 53 measures organized into eight
domains, showing opportunity for infants and children in
the state of Ohio. This representation of SDoH can help
characterize individual census tracts throughout the state

and help policymakers, practitioners, and researchers assess
their level of need.

In accordance with the UCD approach,36 our team en-
gaged end users at the beginning and throughout the project
to understand their requirements, met regularly to obtain

Fig. 5 Two lowest-ranked census tracts in terms of Infant Mortality in Columbus, Ohio, United States. (A) The two census tracts ranked the
lowest in terms of Infant Mortality in Columbus, Ohio, United States. (B) The race distribution for the two lowest-scoring census tracts in terms of
Infant Mortality in Columbus, Ohio, United States, in the South Linden neighborhood.
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iterative feedback, defined the contexts for use, shared data
and working prototypes with instructions for use with the
end users, continuously refined the prototypes, and evaluat-
ed whether the dashboard met the end-users requirements.
Involving end users and inviting qualitative feedback are
associatedwith efficient and effective dashboards tailored to
the population that will use them.49–51 The design team and
stakeholders included people with different kinds of exper-
tise, including informatics experts,maternal and child health
subject matter experts, scientific editors, and government
employees that organize community health programs to
ensure the tool would be accessible across users.

With the reorientation of the health care system on value-
based integrated health care, the CDC developed a frame-
work that conceptualizes integration across traditional clin-
ical prevention, provision of services outside of the clinical
setting, and the implementation of population or communi-
ty-wide interventions.52 PH 3.0 focuses on the latter two
areas.53 The requirements of PH 3.0 include engagement
with public and private community stakeholders; innovative
funding models; timely, granular, and actionable data;
health department accreditation; and working to address
“upstream” SDoH.53 One key barrier to the PH 3.0 model is
the availability of tools for data, analytics, andmetrics.54 The
development and visualization of the OCOI is consistent with
the infrastructure requirements for PH3.0,29 the information
is as follows: geographically granular at the census tract
level; reflects information from two time points; action-
oriented as its appropriate use can influence allocation of
resources spanning multiple sectors as noted in the case
study; and is a representation of SDoH to promote health
equity and will be available publicly in the future.

There are many geographic tools displaying deprivation
across adult populations10–16 but fewer focused on chil-
dren.55,56 The Opportunity Atlas, national in scope, shows
the average outcomes in adulthood for people based on
where they grew up with a greater focus on economic
opportunity than health.55 The Child Opportunity Index
2.0, comprises 29 indicators grouped into three domains
(education, health and environment, social, and economic),
available for all U.S. neighborhoods at the census tract level
for the years 2010 and 2015.56 Unlike the OCOI, the COI 2.0
has a national focus, the indicators used to construct the COI
have varying weights, the environment domain includes
toxic exposures like proximity to hazardous waste dump
sites, and there is no separate criminal justice domain. The
OCOI hasmore domains, change data, andmore specificity to
the state of Ohio, allowing state policymakers to have a
deeper understanding of the distribution of opportunity.

Limitations

The OCOI has some notable limitations. This dashboard
reflects average neighborhood measures and is thus subject
to the ecological fallacy of assuming everyone in a tract and
well characterized by average characteristics of the tract.
Users should use caution against ignoring a problem because
the average looks good or inundating an area with resources

because an average looks bad. The OCOI sheds light on the
distribution of opportunity across Ohio which we hope will
be used for good. But as always, new knowledge can be used
in a variety of ways, even harmful ones. All stakeholders are
responsible for ensuring harmful uses (malicious or not) are
discouraged which is a profound challenge to be addressed
outside of the scope of this manuscript. Another limitation
arises from the static nature of the data. Delays are intro-
duced as the OCOI has to be reconstructed every time
updated administrative data becomes available. Finally, in-
dices like the OCOI may impact rural and urban areas in
different ways,57 and policymakers should take the constit-
uent measures into account when developing interventions
instead of attempting a one-size-fits-all approach for low
domain scores.

Future Research

Future use of the OCOI will include monitoring change in
neighborhood opportunity over time. Positive changes in
opportunity in specific census tracts may point to improve-
ments due to public health support, the actions of commu-
nity programs, andmovement of people and businesses to an
area. Alternatively, decrease in opportunity due to crime, loss
in property value, movement of residents, and closing of
businesses, schools, and public buildings will also be
reflected. Changes in SDoH may predict changes in health
outcomes in an area. Researchers will be able to use the OCOI
to study potential relationships between specific SDoH and
infant and child health outcomes, further adding to public
health knowledge about area-level predictors of health. ODM
has been using the OCOI dashboard to carry out hot spotting
for the distribution of the COVID-19 vaccines and lead
screening. Renewed focus on the “place” effect on health
has shifted the conversation to innovation in health care
delivery and collaboration between healthcare organiza-
tions, public health, and social services.

Conclusion

The communication of OCOI through dashboard tools
presents an opportunity to help increase awareness about
pressing SDoH-related challenges faced by infants and chil-
dren with potential, immediate, and long-term implications
for their development and health. The dashboards facilitate
analysis of information from multiple perspectives. Users of
the dashboards can make informed decisions about allocat-
ing resources to individuals and their communities to ame-
liorate disparities in health care, with the goal of increasing
health equity.

Clinical Relevance Statement

Even though universal and comprehensive screening for social
determinants of health (SDoH) during the clinical encounter
continues to be debated,58area-level measures of SDoH, like
the OCOI, represent a rich resource of readily available data
that can be incorporated into electronic health records and
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may be used to improve health care delivery.59,60 For instance,
tools, like the Population Health Assessment Engine (PHATE),
combine data from the electronic health record and neighbor-
hood characteristics to identify the geographic distribution of
patients at risk of food insecurity.61 Previously, systematic
screening ofmothers in the clinic for individual-level SDoH led
to the receipt of more community resources to children and
families.62 Compiling a more complete picture of patients’
neighborhood risk can help health care providers provide
patients with more tailored assistance.

Multiple Choice Questions

1. What was the primary reason for including neighborhood
filters with ZIP codes, cities, and neighborhoods on the two
Ohio Children’s Opportunity Index (OCOI) dashboards?
a. The information happened to be available
b. To allow for easier navigation for end users
c. The OCOI was recalculated at the ZIP code, city, and

neighborhood levels
d. By popular demand

Correct Answer: The correct answer is option b. End users
of the dashboard are likely to be more familiar names of
neighborhoods, cities, and ZIP codes rather than census
tracts. A neighborhood filter allows the end users to easily
locate an area of interest for further exploration.

2. Howwas the change in OCOI score visualized on the Ohio
Children’s Opportunity Index dashboard?
a. Absolute difference
b. Standard deviations
c. Income adjusted difference
d. Logged values

Correct Answer: The correct answer is option c. End users
of the dashboard are able to obtain more precise compar-
isons of OCOI change after income adjustments, which
reflect differences in economic circumstances over time.
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