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ABSTRACT

Disparities in public health present an urgent priority to both urban and rural areas in the state of
Massachusetts. To address this, we worked with the Coalition for a Greater Healthy Worcester to
identify an appropriate dashboard development tool, which we then used to design and prototype an
online dashboard of public health data. Using semi-structured interviews, surveys, and on-line research,
we identified the most important criteria for an effective public health dashboard. Our team also
identified dashboard development tool options that were easy to use, update and accurately display

data. Along with the dashboard prototype, we developed a set of recommendations for the Coalition to
help them with the dashboard's upkeep and addition of new features.
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HEALTHCARE DISPARITIES:

AN OVERLOOKED OBSTACLE

The demographics of the United States are changing at an unprecedented level. From 2016 to
2060, the number of multiracial Americans will triple from approximately 8.5 million to over 25.3
million (APM Research Lab & Kassira Absar, 2018). The nation's public health system needs to
address glaring disparities in healthcare that have become a significant cause for concern as the
population experiences unprecedented change.

In 2010, Black children who have asthma, a relatively manageable medical condition, were 2.6
times more likely to visit the emergency department and 5 times more likely to die from the
condition than their White counterparts across the nation.

2 8 states and NYC

reported race and ethnicity-stratified Covid-19 mortality
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Figure 1 - A map of the United States showing percentages of missing Covid-19 data by race and ethnicity in the
various states (Caprara,2020).

Statistics that can convey the extent of disparities between residents serve as the basis for data-
guided decision-making by lawmakers to improve public health (Fact Sheet: Health Disparities by
Race and Ethnicity, n.d.; Wu et al., 2020). While awareness of these disparities has increased in the
past decade, the coronavirus pandemic that struck in 2020 is a recent example that there is much
work to be done. Less than ten states reported complete and accurate statistics on how minorities
were affected by the coronavirus, while 12 states aggregated less than 5% of their public health by
race and ethnicity(Caprara, 2020).




INTRODUCTION AND BACKGROUND PAGE 97

HEALTH INADEQUACIES AND INEQUITIES
IN THE UNITED STATES.

Public health is the science of protecting and improving communities' health by combatting
healthcare inadequacies, promoting healthy lifestyles, and disease research and response (CDC
Foundation, 2021). Local departments of health work with private healthcare providers and nonprofit
organizations in cities such as Worcester, Massachusetts. These local departments and their
partners do crucial work to address the constantly changing healthcare landscape around them.
Together, they form the foundation for the nationwide public health system as they are often the first
to identify and react to public health problems that the population faces. (Hogg & Varda, 2016;
Whitehead & Dahlgren, 2007).

To improve the health outcomes of its citizens, it is essential that governments fully understand
and plan to overcome healthcare inadequacies. Health inequities and health inequalities are the two
categories of healthcare inadequacies (Davis, 1991; Raphael, 2000). Health inequalities are
variations in individuals' health, which can arise from differences in genetic factors, geographic
location, age, and gender (Whitehead & Dahlgren, 2007). According to the World Health
Organization, health inequities are distinguishable from inequalities when the differences that arise
have three main characteristics: they are systematic, socially produced, and unfair, making them
unnecessary and modifiable (Dickman et al., 2017; Whitehead & Dahlgren, 2007). For instance,
children born into poverty have higher mortality rates than children born into wealthy families. These
differences are not biological but caused by underlying socio-economic factors affecting health
outcomes. The public health system can address these underlying factors, making their existence
unnecessary by nature (American Public Health Association, 2018; Whitehead & Dahlgren, 2007).

A PUBLIC HEALTH FRAMEWORK FOR REDUCING HEALTH INEQUITIES
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Figure 2 - The Bay Area Regional Health Initiative's framework for reducing health inequities (Bay Area
Equity Atlas, 2021).

Public health inequities arise due to a wide array of social and institutional inequities that
work in tandem. Social and institutional inequities work to affect one's living conditions directly.
To explain this concept fully, consider an example: a community that was once historically
segregated along racial lines. During the city's planning and expansion, these racial differences
meant that parts of the city made up of racial minorities did not receive adequate planning for
hospitals, schools, green spaces, or sewage systems and were subject to racist policies that
reinforced socio-economic separation. This, in turn, creates further disparities, shapes risk
behaviours and ultimately influences disease, injury, and mortality rates to negatively affect
health outcomes or contribute to significantly worse or unhealthy living conditions of an
individual. The model in figure 3, widely adopted by health agencies and organizations across the
United States, depicts how health outcomes are affected by inequities using an
upstream/downstream analogy. (Bay Area Equity Atlas, 2021).
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A FEW EXAMPLES OF SOCIO-ECONOMIC HEALTH
INEQUITIES IN THE UNITED STATES:

IN THE UNITED STATES, THE WEALTHIEST AMERICANS' LIFE
EXPECTANCY EXCEEDS THOSE WHO FACE POVERTY BY ALMOST 15

YEARS.

(DICKMAN ET AL., 2017).

African Americans/ Black American Indian/Native
Americans were Alaskan women are ‘ O

(Cancer and American Indians/Alaska
Natives - The Office of Minority Health,
n.d.)

likely to die from stroke likely to die from
compared to Whites in the inflammatory bowel disease
country in 2010 than White women

Asian Americans face higher risks for cancer, heart disease and diabetes
in comparison to Whites.
(Asian America he Office of Minority Health, n.d.)
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Figure 3 - - Percentage of Health Coverage by Race in the United States.

Health inequities present an urgent priority for all levels of government, requiring collaboration
between the government, private and nonprofit organizations. In order for this collaboration to

work, the organizations would need to share data, research, funding of educational and social
outreach programs, and increase basic service coverage to all groups of people.
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PUBLIC HEALTH AND DEMOGRAPHICS IN
WORCESTER, MASSACHUSETTS.

Local government and health care organizations must identify gaps in their existing systems to
protect the most vulnerable parts of their population. Worcester, located in central Massachusetts,
is the second-largest city in New England and has a predominantly white population, making up
69.2% of all residents. However, members of marginalized communities disproportionately face
socio-economic and public health issues even though they only represent less than a third of the
total population. Recent work done by local organizations, health care providers, and the city
government to collect and report data demonstrates the extent to which disparities plague the
health system in the area (Caprara, 2020; U.S. Census Bureau QuickFacts: Worcester City,
Massachusetts, n.d.).

EXAMPLES OF DISPARITIES IN WORCESTER,
BY THE NUMBERS

Percentage of the ' .
» » » *Worcester population
that relies upon food
stamp/SNAP benefits
(Central MA Regional Public Health
Alliance, 2018)
1in 5 people in Worcester live below the poverty
line.

(Central MA Regional Public Health Alliance, 2018)

The Greater
Worcester Area has a
““°* higher rate of deaths
783 per 100,000 people
than other parts of
Massachusetts
(Lowell et al., 2015).
3.74 11.18
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mothers per 1000 births mothers per 1000 births
Hispanic
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Hispanic and Black populations also had significantly higher
incidences of emergency department visits per 100,000 people Almost half of Worcester city's available housing predates 1939.
for asthma in comparison to Whites. The lack of affordable and safe housing can directly contribute to
(Central MA Regional Public Health Alliance, 2018; Lowell et al., 2015). many health outcomes such as respiratory diseases, substance

abuse, lead poisoning, and infectious disease rates.

(Central MA Regional Public Health Alliance, 2018).

According to a 2012 survey conducted in the city of
Worcester regarding healthcare access,
approximately 7.2% of survey respondents mentioned
experiences of discrimination from healthcare

providers and staff in the city, along with 2.4% of

respondents discussing language barriers as a

issue within the region, leading to decreased access to primary reason affecting healthcare access

resources, education, health services, and other basic needs (Balcewicz et al., n.d.)
(Central MA Regional Public Health Alliance, 2018; Lowell et al., 2015).

Lack of reliable and affordable transportation is another notable
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THE COALITION FOR A HEALTHY

GREATER WORCESTER

PREVIOUS EFFORTS TO IMPROVE HEALTH EQUITY USING
DATA

Local health departments must work closely with health providers and nonprofits to identify and
recognize inequities in the Worcester Area. Close collaboration and data sharing between
stakeholders can serve as a basis for evidence-based decision-making to improve health equity and
overall quality of life for the city's residents. Pilot programs in the D.C area and San Francisco Bay
area have become full-fledged initiatives that provide data to both the general public and public
health organizations that wish to identify areas of improvement to provide equitable health care. The
data collected by the Washington D.C area initiative, for instance, helped guide planned-parenthood
legislation to reduce maternal mortality rates for minority populations (Planned Parenthood Supports
Bill That Targets DC's High Maternal Mortality Rate | WDVM25 & DCW50 | Washington, DC, n.d.).

THE COALITION'S MISSION AND PROJECT

The Coalition for a Healthy Greater Worcester, founded in 1992, serves the city of Worcester and
surrounding towns by improving community decision-making, health, and wellbeing (Coalition for a
Healthy Greater Worcester, n.d.). Since 2009, the Coalition has combined the efforts of, and data
from, several major health organizations in the local area. The Coalition then uses this data to
develop the Community Health Improvement Plan (CHIP) every three to five years. The CHIP is a
collection of goals and strategies used to guide public health agencies and organizations' efforts
(Central MA Regional Public Health Alliance, 2018; Coalition for a Healthy Greater Worcester, n.d.).
The Coalition has recently unveiled its CHIP goals for the years 2021 - 2025.
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Figure 4 - - The Greater Worcester Area that the Coalition serves.

Coalition Director Casey Burns wanted to provide the Greater Worcester Area with a platform
that can consolidate data on specific health indicators and present it in an appealing and user-
friendly way. Similar programs across the United States, such as those in the previous section,
have met notable success. The Coalition aims to replicate the impact these exemplary programs
had on policy-making and the broader public by creating a centralized data consolidation platform
for the City of Worcester.
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EVIDENCE-BASED PUBLIC HEALTH

In health epidemiology, large-scale data-gathering and analysis act as the foundation for
governments or organizations to take evidence-based steps to protect the public's health (Hedberg
& Maher, n.d.).The CDC describes the integration of data and analysis as a "critical asset" to the
agency, forming the basis for its programs (William K. Sieber et al., 2006). This process of data-
gathering, analysis, and its subsequent use in decision-making is known as evidence-based public
health (EBPH) (Evidence-Based - Evidence-Based Public Health Benefits Communities, n.d.).There
are many benefits to the EBPH approach. The use of EBPH in Los Angeles county in its fight
against HIV involved close analysis and data-driven decision-making. This helped the county
identify areas of improvement and allowed health departments to allocate resources and funding to
where it was urgently needed (Ryan et al., 2014).

EBPH approaches have been successful in the past. The Australian government incorporated
EBPH into its Indigenous Tobacco Control Initiative to reduce the usage of tobacco in Indigenous
communities. Through the EBPH approach, evidence collected by the initiative heavily influenced
government decision-making and overcame political and social barriers, leading to the
implementation of stricter Tobacco Control laws (Vujcich, 2017).

This concept can also be applied to address healthcare inadequacies. According to the World
Health Organization, appropriately disaggregated data can serve as a basis for equity-oriented
policies and programs to address health inadequacies (World Health Organization, 2021).
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Figure 5 - How an evidence-based approach in public health functions.
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WHAT IS A DATA CONSOLIDATION PLATFORM?

A data consolidation platform (DCP) is a medium through which raw public health data can be
disaggregated, organized, and visualized for an audience. Through interaction with the DCP, a user
can learn about public health by using the data presented.Various DCPs have unique characteristics
that serve specific purposes. Figure 6 portrays the advantages and disadvantages of three types of
DCPs: spreadsheets, reports, and dashboards.

TYPE OF DATA
CONSOLIDATION ADVANTAGES DISADVANTAGES
PLATFORM
Intuitive » Struggles to engage audience
Spreadsheet . L ack
« Quick updates/uploads » Lacks context about data
« Interactive data models » Struggles to work with large data
sets
Report « Provides background info
e Cannot be updated
¢ Presents findings to those with no « Difficult to distribute
prior knowledge of subject
Dashboard o Archives real time data
« Enables complex analysis « Can mislead the audience
« Displays trends « Complicated development process
o Intuitive « Difficult to upkeep
« Wide reach
« Provides background info and data

Figure 6 - - Advantages and disadvantages of various Data consolidation platforms (Stehle & Kitchin, 2020;
Amozurrutia & Marcuello Servos, 2011; Bendre et al, 2015; Li & Li, 2020; llenia Fronza et al., 2013).

It is crucial to understand where to use these types of DCPs: for instance, a spreadsheet might be the
guickest way to add, update and organize data. However, it might not provide the background
information about the data like a report or a dashboard. It is ideal for an audience with prior knowledge
or expertise about the data, but not for those entirely new to the subject and trying to learn from it.

THE NEED FOR A CENTRALIZED PUBLIC HEALTH
DASHBOARD IN WORCESTER, MASSACHUSETTS.

The Coalition for a Healthy Greater Worcester faces various obstacles when trying to achieve its
goal of promoting evidence-based decision-making or awareness of inequities in public health.
Despite having codified a massive strategy to combat the community's health issues, the Coalition
wanted to expand and refine its capabilities, specifically in the realm of data consolidation. Without a
centralized location for data, a disconnect develops between the community, lawmakers, and the
Coalition. In such cases, it is often difficult for the public to find what health information they need
and for the Coalition to assess their current initiatives' success. It also makes developing new
community health assessments or health improvement plans more cumbersome for the Coalition.
There is not just one or even a handful of locations to gather the data necessary, but many. Facing
this situation, our team worked with the Coalition to develop a user-friendly online dashboard to
consolidate community health information in an engaging format to serve the greater Worcester area.
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WHAT MAKES A GOOD DASHBOARD ?

There are three crucial aspects to consider when designing a dashboard: data selection, source
verification, and data visualization.
Data-selection - When designing a dashboard, it is important to conceptualize the dashboard's goal
fully; then draft relevant and concise questions to be answered to achieve that goal. The developer
must select the most pertinent data set to answer the drafted questions, thus achieving the
dashboard's overall goal. Well-selected and relevant data is incredibly crucial so that it does not
confuse or mislead the users on the information that the dashboard is trying to present to them
(llenia Fronza et al., 2013).
Source verification - It is also important to correctly identify data sources and verify and
inconsistencies or context surrounding the data that one may use in a dashboard. This is especially
important when the designer needs to aggregate and compile data from multiple sources. Raw data
can reach the designer in various formats with varying levels of context. The designer needs to
consider the reliability and validity of the data sources, the amount of context provided with the raw
data, and inconsistencies in the sourced data that could mar the data visualization process for the
end-user. Inconsistent formats from various sources, for instance, can pose significant obstacles in
the form of migrating and aggregating the data or make it difficult to update the dashboard regularly.
One example could be that a medical center can utilize older methods of recording data, such as
physical records, while some organizations or providers might use newer technologies or
conventions for the same purpose. (Bendre et al., 2015; Li & Li, 2020; llenia Fronza et al., 2013).
Data visualization - It is important to tailor the end user's data visualization process so that it aids in
achieving the dashboard's overall goal. If the dashboard's purpose is to act as a tool to find detailed
and specific information, the dashboard must be easy to navigate. It must be easy to find the context
surrounding the data/information presented to the user. If the dashboard's primary goal is to bring
attention to a particular issue that the user might not know about, it is important to consider the
visual appeal and minimize the interaction required to access the information. The dashboard must
also take advantage of its users' perception when trying to convey information. For example, the use
of universally accepted indicator colors such as red, yellow, and green can utilize the user's
perception to draw attention to information of varying levels of importance, drawing them in to
interact with the dashboard (Li & Li, 2020; llenia Fronza et al., 2013; Ghazisaeidi et al., 2015). The
image below shows how a dashboard can use indicator colors to draw attention to specific data, with
the . L
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Figure 7 - - An example of what indicators on a public health dashboard look like from the D.C Health
Matters pilot program (DC Health Matters, n.d.)
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METHODOLOGY

We identified six objectives for our project, which we completed sequentially.

IDENTIFY COALITION GOALS AND CURRENT DATA COLLECTION METHODS

ESTABLISH TARGET AUDIENCE

IDENTIFY DASHBOARD DEVELOPMENT TOOL REQUIREMENTS

SELECT DASHBOARD DEVELOPMENT TOOL

PROTOTYPE THE DASHBOARD AND MAKE REVISIONS

DEVELOP RECOMMENDATIONS FOR THE COALITION

OBJECTIVE 1 : IDENTIFY COALITION GOALS AND CURRENT DATA
COLLECTION METHODS USED BY COALITION

To identify Coalition goals and current data collection methods, we interviewed our sponsors. We
generated a list of sources for public health data and the Coalition's desired categories for data
disaggregation. This helped us clarify details about the size, type of data, the variety of sources, and
the estimated timeframes for data updates.

Our team also conducted an in-depth analysis of previous Community Health Assessments,
Community Health improvement plans, and the Greater Worcester Area Population framework by the
University of Massachusetts Memorial Medical Center. This helped our team understand the region's
demographics, prevalent health issues, the Coalition's priorities, and their progress in the last 10-12
years regarding public health.

OBJECTIVE 2 : ESTABLISH TARGET AUDIENCE FOR COALITION
DASHBOARD

To establish the target audience for the Coalition's dashboard, we conducted interviews with our
sponsors and Tom Quinn, an employee at the Worcester Regional Research Bureau. This gave our
team-specific guidelines regarding accessibility, level of literacy, and technical ability that a typical
dashboard user might have. It also allowed us to ensure that users do not face obstacles in obtaining
the desired information.

Mr.Quinn has extensive experience working with the Worcester Regional Research Bureau. He has
been a part of various data consolidation and distribution initiatives to educate the public and provide
data for evidence-based decision-making. As a result, in our interview with Mr. Quinn, we asked him
his experience on projects that aimed to educate the public using data in the Worcester region and
the importance of presenting information and avoiding misinterpretation.
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METHODOLOGY

OBJECTIVE 3 : IDENTIFY REQUIREMENTS FOR DASHBOARD
DEVELOPMENT TOOL

Before our team moved to select a dashboard development tool, we wanted a robust method of
evaluation that took our sponsor's requirements and priorities into account. Our team first conducted
a content analysis on Professor llenia Fronza, Professor Richard Qi Li, and Prof. Ghazisaeidi's
research about performance and managerial dashboards (Ghazisaeidi et al., 2015; llenia Fronza et
al., 2013; Li & Li, 2020).

We then conducted interviews with our sponsors, Tom Quinn (Research Associate at Worcester
Regional Research Bureau), Prof. Lane Harrison (Professor of Computer Science at WPI), Patricia
Patria (Vice President for information technology and chief information officer at WPI), Monelle
Verdolino (Associate Director of Institutional Research at WPI), and Eric Batista (Director of Urban
Innovation at Worcester City). These interviews gave us further insight into dashboard development
tool requirements that the Coalition prioritized or required. Lastly, we consulted the Coalition's
guality data committee, consisting of members from the Worcester Regional Research Bureau, city
government epidemiologists, and members of health organizations such as the University of
Massachusetts Memorial Medical Center and Saint Vincent Hospital . We used the quality data
committee meeting discussion to gauge their priorities and requirements for an ideal dashboard
development tool. Through this process, we generated a robust method of evaluation for potential
dashboard development tools that met the criterion supported by research and took our sponsor's
priorities into account.

OBJECTIVE 4 : SELECT A DASHBOARD DEVELOPMENT TOOL

Our team used the evaluation methods that we created from the last objective to select a
dashboard development tool. By doing so, our team was able to narrow down ten potential tools to
three promising options. Our team presented our evaluation of the three tools and sought feedback
from the quality data committee and our sponsors. After the presentation, we asked the attendees to
fill out a Qualtrics survey on the three tools' various aspects and features . It included open-ended
guestions about any features they felt were missing or could be improved. We also observed a
discussion group conducted by our sponsors afterward where the subcommittee members stated
their preferences on the tools we presented.

Using the feedback from verbal discussions, Qualtrics survey, meetings with our sponsor, and our
evaluation method, we selected a dashboard development tool that we found most applicable to the
Coalition's goals.

OBJECTIVE 5: PROTOTYPE THE COALITION DASHBOARD AND
MAKE REVISIONS BASED ON FEEDBACK RECEIVED.

Once our sponsors agreed on the development tool, we conducted discussions with those who had
prior experience using it. This included Prof. Harrison (WPI), Eric Kneeland (Worcester Regional
Research Bureau), and Tom Quinn (Worcester Regional Research Bureau) (Supplemental material,
App D) . Our team received specific guidance on data interpretation, disaggregation, and
visualization for the selected tool through these interviews.

Our team then prototyped the dashboard. Once we made progress, we presented our progress tour
sponsors, who provided us with feedback on data visualization, desired features, and aesthetic
changes. Our team then returned to make changes and incorporate the received input into the
prototype. We repeated this process twice.
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OBJECTIVE 6: DEVELOP RECOMMENDATIONS ON UPKEEP AND FUTURE
ADDITIONS TO THE COALITION DASHBOARD.

For the final objective of this project, our team developed a set of recommendations for the
Coalition. The recommendations aimed to ensure that the management of the dashboard remained
simple for the Coalition in the future. To do this, we met with the WPI library team, Prof.Lane
Harrison (WPI), Eric Kneeland (Director of Program and Operations at the Worcester Regional
Research Bureau, and Tom Quinn (Worcester Regional Research Bureau). In our discussions, we
presented the prototype that our team created and received input on what our sponsors could add to
the dashboard in the future and how they could avoid possible difficulties with data management.

In addition to this, our team made additional recommendations on the upkeep of the dashboard itself.
We made these using notes we took during development, compiling information from the tool's
manuals, and adding visual instructions.

PUBLIC HEALTH IN THE
WORCESTER AREA AND COALITION

GOALS.

The Coalition would like to bring awareness to public health inequities in the Worcester area and
use data on key indicators to promote equity-based public health practices. The Coalition has
outlined several key data-sources who they wish to collaborate with for the dashboard project.
Furthermore, the Coalition would like data for each health indicator to be disaggregated by race,
gender, and age (Supplemental material, App A). According to Mr. Tom Quinn of the Worcester
Regional Research Bureau, through clear disaggregation of data on these indicators, our sponsors
can bring attention to how certain groups of people are disparately affected by some health issues
while others are not ( Supp. material, App A,B).

Therefore, data disaggregation is vital to the Coalition’s dashboard as it will help them achieve
their goal to communicate and bring awareness to public health disparities showing what groups are
affected in some indicators more than others. In doing so, the dashboard can prove to become an
important tool to support evidence-based decision making for local departments of health. Figure 8
depicts the current or future availability of data for each health indicator and states if the data shared
is disaggregated.




FINDINGS PAGE 107

P INDICATORS " AVAILABILITY OF DATA DISAGGREGATED?
Hypertension Yes (Edward M Kennedy Health Centre) Yes
Asthma No (Future Source outlined) No
Opiod Fatalities No (Future Source outlined) No
Diabetes Yes (Edward M Kennedy Health Centre) Yes
Mental Health No (Future Source outlined) No
Immunizations No (Future Source outlined) No
Infant Mortality No (Future Source outlined) No
Teen Pregnancy No (Future Source outlined) No
STI's No (Future Source outlined) No
Senior Falls No (Future Source outlined) No
Delivery/Birthweight No (Future Source outlined) No

Figure 8 - Table for the Coalition's outlined health indicators with data availability and disaggregation.

TARGET AUDIENCE FOR THE DASHBOARD

Our interviews and discussions with the Coalition revealed that they would like this dashboard to
be accessible to two types of potential users. According to Casey Burns, the dashboard should allow
members of the general public with some or no prior knowledge about health inequities in the
Worcester area to educate themselves using the dashboard. Concurrently, they want local
departments of health in the greater Worcester to use the dashboard as part of their data-driven
decision-making while considering health problems in their community ( Supp. material, App. A,B).
Hence, the target audience for this dashboard is aimed towards the general public in the Worcester
area who wish to learn more about public health, but also for elected officials in the area who can
use data to plan and make decisions to improve community well-being. Our team decided to focus on
the public primarily. We did this because we believed that while a dashboard primarily geared
towards the elected officials and experts might prove too complicated for the public to understand, a
simple dashboard that does not compromise on the data itself can be used by anyone — including
experts.

DASHBOARD DEVELOPMENT TOOL REQUIREMENTS

Through the interviews with stakeholders, we identified the following requirements for a
dashboard development tool. These requirements helped us evaluate the three competitors and
select the most viable option for the Coalition.
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DASHBOARD DEVELOPMENT TOOL REQUIREMENTS

1.The dashboard development tool must allow developers to upload data.

The tool must allow users to upload their own data that they deem relevant for the dashboard and
the Coalition's goals. This was a high priority for the Coalition, according to Casey Burns and Tempe
Staples. The right tool should allow them to upload data collected from a variety of sources in any
format — either through built-in upload features or manual entry. This requirement aligns with the
scientific literature on dashboard development, which emphasizes the importance of the developer’s
freedom to upload and choose the correct data for their goals (Li & Li, 2020; llenia Fronza et al.,
2013).

2.The dashboard developed using the tool must appeal to a broad target audience with visual
appeal.

55% of the quality data committee discussion group with a public health background prioritized the
need for the tool's ability to design and variety of designs and aesthetic options. They wanted the
design and visualization tools to enable easy, user-friendly, and interactive navigation to the
dashboard’s users. We found this to be in agreement with the literature our team analysed in the
earlier objectives. Specifically, our team found that with regards to user perception and design
choices, it is recommended to use color-palettes and a variety of data visualization techniques to
create a visually appealing dashboard. (Ghazisaeidi et al., 2015).

3. The dashboard development tool must have built-in features applicable to public health.
Although only 37.5% of the quality data committee discussion group prioritized the need for the tool
to have features specific to public health, the Coalition believes this requirement is a high priority for
our dashboard. This would require the tool to provide features that support easy disaggregation,
built-in access to public health data, and helpful visualization tools that specifically apply to
community health. For instance, the tool could look at multiple databases and recognize data specific
to one indicator, grouping it without the user taking any action. It could also then make relevant
suggestions based on the type of the health data about how to best visualize this.

4, The dashboard development tool must be easy to use and operate.

Casey Burns and Temperance Staples wanted an uncomplicated tool that would make it easy for
them to manage, consolidate and display data. In addition to this, Prof. Harrison and Patricia Patria
emphasized that requiring the Coalition to use development tools without prior experience can lead
to confusion and inaccurate data visualization.

5.The dashboard development tool must be affordable for a nonprofit such as the Coalition in the
long term.

The development tool must be affordable for the Coalition, even in the long term. Both Casey Burns
and Temperance Staples prioritized this requirement due to the Coalition being a nonprofit with
limited financial resources.
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SELECTING THE DASHBOARD DEVELOPMENT TOOL:
BROADSTREET, TABLEAU & SISENSE

Our team analyzed eight potential dashboard development tools in order to identify the best
options for the Coalition: Power BI, Tableau, Redcap, Oracle Business Intelligence tool, Sisense,
MicroStrategy, Broadstreet, and QlikSense. We found the three most viable options and presented
them to the Coalition. These options were Sisense, BroadStreet and Tableau. These options are the
best tools for the Coalition because of their ability to allows for easy development of dashboards
obtaining the necessary requirements to be effective. To select these three tools, our team
performed a generic evaluation using a basic rubric. This rubric was developed using online
resources and literature, and contained criterion regarding the various basic aspects of dashboard
development tools (Supplemental material, App C,D ).

We then used the stated preferences from the various interviewees, survey respondents, and our
evaluations of the three tools to recommend one tool for the Coalition out of the shortlisted three.
Figure 8 displays the dashboard development tool preferences stated by the various
interviewees/discussion group members upon presenting the three development tool options. In
addition to a presentation, our team also provided the interviewees and discussion group with
examples of dashboards developed using each tool. This was done before their preferences were
noted.

JUSTIFICATION/OTHER
GROUP/INDIVIDUAL PREFERENCES REASONS
COALITION DATA Qualtrics Survey - (7 participants) Based on Coalition high priority
SUBQUALITY COMMITTEE feature scores

71% BroadStreet 14% Tableau, 14% No preference
BroadStreet already in use by
Discussion Consensus - (19 members) University of Massachusetts
Memorial Medical center, potential
63% BroadStreet, 5% Tableau, 5% unsure, 26% absent for collaboration and data sharing

ERIC KNEELAND Tableau (Interview) Prior experience, data integration
(Worcester Regional Bureau) and developer friendly aspects

TOM QUINN ] Third party-support and developer
(Worcester Regional Bureau) Tableau (Interview) frigndly); = cgging Ianguagesp

PATRICIA PATRIA . PIET EEEEES
(WPI) Tableau (Interview)

; Prior experience, third party-app

PROF. LARI/\I/EPIBARRISON Tableau (Interview) support and developer friendly

coding languages

. Prior experience, consider Tableau
MONELLE VERDOLINO Tableau (Interview) as the "gold standard for academic

(WPI) institutions™

Figure 9 - Table for the Coalition's outlined health indicators with data availability and disaggregation

The findings outlined in the table above highlight the contrast in preferences between those
affiliated with the Coalition and interviewees who are experts in computer science and data
management. This is a direct result of the fact that both groups prioritize development tool features
very differently. The interviewees all had experience using or researching Tableau and were unaware
of what Broadstreet was when we asked them. The Coalition quality data committee members were
bought the idea of a dashboard from the UMass COVID dashboard which was made on Broadstreet,
which is why we believe they selected the program they did.
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SELECTING THE DASHBOARD DEVELOPMENT TOOL:
BROADSTREET, TABLEAU & SISENSE

Our team initially suggested that the tool that best fits the Coalition’s priorities would be
BroadStreet, based on our initial score of the tools, but otherwise recommended Tableau as the tool
with the most flexibility and the healthiest balance for available features and pricing. Figure 9 shows
how we scored the three tools using the criterion specified in the previous objective. It is important to
note that the first feature, the capability to upload data, was not factored accurately into our team'’s
initial score because we assumed that every dashboard tool had this capability. Based on this initial
score, our sponsors suggested our team create an account for BroadStreet and explore it further to
confirm our analysis. Furthermore, UMass Memorial uses BroadStreet, which would potentially make
collaboration for future data sharing initiatives seamless for the Coalition since it is a major
healthcare provider in the area.

CAPABILITY TO UPLOAD CRITICAL 5 5
DATA*=
EASE OF USE HIGH 4 4 3
e
4 3 3
14

PUBLIC HEALTH HIGH
VISUAL APPEAL LOW
INITIAL SCORE 9 10
FINAL SCORE 14 15 14
#* not factored into initial score COLOR CORRESPONDING
SCORE
4-5

3

Figure 10- - A comparative analysis of the three dashboard development tools for each criteria.

However, we soon found a glaring shortcoming that would hinder the Coalition’s goals for the
dashboard after we paid and created an account for BroadStreet. Contrary to the simple assumption,
BroadStreet does not allow developers to upload their own data. BroadStreet only allows developers
to use data already in their “data dictionary,” which is scarce for the Worcester area in particular.
This could be due to a lack of in-depth data collection initiatives in the area, or that the data was no
fully added to BroadStreet's dictionary yet. Out of the nine health indicators the Coalition wanted to
display, BroadStreet only offered data for three of them. This would severely restrict the Coalition’s
goals since they would not be able to use or upload any data from their local partners and sources.
This led us to re-evaluate our initial score and factor in the capability to upload data for the process,
leading to the final scores in figure 9.

Upon presenting this major shortcoming in discussions with our sponsor, they decided that it
would be best to use Tableau as their preferred tool to develop their prototype dashboard. As per our
analysis and first-hand usage, Tableau allows developers to upload any data format and thus
provides complete flexibility over data visualization choices. We then proceeded to start dashboard
development using Tableau.
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CHALLENGES IN DASHBOARD DEVELOPMENT

The lack of access to public health data was the first challenge that we encountered. Local health
centers and hospitals may be hesitant to share public health data due to privacy concerns. This is
especially relevant when our sponsors want data on deaths in the Worcester region, as death
records are identifiable and violate privacy guidelines. Health providers might also be hesitant to
share data since they might have only recorded data in a physical form, which can be difficult to
retrieve, organize, disaggregate, and share. Additionally, the owners of private health providers
might not agree to share data because of a fear that it might lead to a negative image of their
business. To surpass this challenge the Coalition identified community-focused health centers to be
the most likely to share data in the future. Additionally, we developed a dashboard with place holders
for specific indicators that can be replaced with actual data once it is received.

Another challenge within dashboard development that we discovered was the inconsistent
formatting and definitions between different sources. Our sponsors identified various sources that
range from community health centers, nonprofits, government organizations, and private healthcare
providers for their dashboard. These sources lack a uniform format needed for data records.
Specifically, we found that different sources have varying definitions and specifications for indicators
during their data collection. For instance, one healthcare provider might collect data for
Hypertension, but will exclude data if other underlying problems are part of the diagnosis, while
others might include it in their data. Sources for data can be electronic or physical and can range
from patient records, death records, incident reports, surveys, or medical questionnaires. Some
sources might change how they choose to record data soon, too, creating further inconsistencies.
This complicates the disaggregation and compilation process of data for health indicators.

PROJECT DELIVERABLES: DASHBOARD PROTOTYPE AND
FUTURE GUIDANCE

Using Tableau, our team successfully created a dashboard prototype for the Coalition. This
dashboard uses the data collected by the Coalition. The prototype displays data on the total number
of patients in Worcester, collected by the Edward M Kennedy Health Centre. Users can adjust the
dashboard to show data on the number of patients by two of the Coalition’s indicators: Hypertension
and Diabetes. Users can also apply additional filters to obtain information on the number of patients
aggregated by race/ethnicity and gender for each health indicator. In addition to this, we also created
a dashboard “shell.” This shell sets the Coalition up for the future so that they can easily upload their
data manually for any indicator into Tableau and have the tool perform the rest of the visualization
for them. We also set up disaggregation filters so that any data uploaded undergoes automatic
organization so that data about a particular health indicator can be compiled easily from various
sources without requiring any input from the Coalition. To ensure that these features would work
appropriately, we tested them using mock data values. Figure 10 shows a screenshot of the
prototype, displaying patient count in Worcester by race/ethnicity in 2019.
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PROJECT DELIVERABLES: DASHBOARD PROTOTYPE AND
FUTURE GUIDANCE

Health Disparities in the Greater Worcester Area

Patient Count

Patient by Race

American Indian/Alaska Total Native Unreported/Refused to
Mative Asian Black/African American  More than one race  Hawalian/Other Pacifi.. Report White
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Figure 11 - The Coalition's dashboard prototype displaying patient count in the Greater Worcester area by race.

In addition to this, our team also compiled a list of resources for the Coalition for the future upkeep of
the dashboard. This includes online resources, guides, and video tutorials about the various aspects
of using Tableau, such as uploading data, data organization, adding features to the dashboard, and
routine tasks. We also provide guidance in our Supplemental Materials ((Supplemental material, App
E) that applies to specific aspects of their dashboard. The current setup of the dashboard is
explained in this document so that it may serve as a starting point for anyone assigned to the
development of the dashboard in the future.
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RECOMMENDATIONS

On the basis of our dashboard development tool analysis, we recommend the Coalition
continue to use Tableau. Tableau is a dashboard development tool that requires a minimal amount
of technical knowledge. Its drag-and-drop features allow for the user to develop a dashboard as
complex or simple as necessary to fit the requirements at hand. Additionally, Tableau’s advanced
capabilities make the development of interactive dashboards a much easier process than some of its
competitors. Furthermore, the tool was the most preferred by the five professionals with experience
in data visualization (Supplemental material, App D), making it a reputable development tool for the
Coalition. It was also entirely free for the Coalition to use Tableau since the Worcester City
government was able to provide a non-profit license for the dashboard project.

To meet the requirements in developing a sustainable dashboard for our sponsor, we recommend
connecting with local organizations to create a streamlined method of data collection. By
forming connections with the local health organizations collecting data in the Greater Worcester
area, the Coalition would have access to a continuous data source. This would help alleviate the
issue of obtaining public health data specific to the Worcester area. Furthermore, it would result in a
more significant amount of data for the Coalition to use, producing more accurate information on the
observed indicators. In turn, this would allow for greater transparency with the general public and
policymakers in the Greater Worcester area.

To mitigate any potential issues that might occur during the maintenance and updates for the
dashboard, we recommend that the Coalition develop a uniform format for all of the collected
data. When working with data from multiple sources, it is common for problems to occur while
preparing the data for analysis. When the data is not formatted identically throughout, there will be a
significant amount of time wasted on reformatting data each time a new dataset is received. This also
poses a much higher risk for human error, which could ultimately affect the process of importing new
a dataset. A lack of a uniform format is likely to result in misinterpretation or inaccurate visualization
of the data. It could also cause an internal problem within the dashboard that may not be immediately
apparent at a surface level. A clean and concise format would mitigate the risk for all of these issues
and reduce wasted time when maintaining and updating the dashboard. Our team could not develop a
specific format that we could recommend to the Coalition. This was because we were unable to
accurately confirm the various data types and formats potential sources might use in the future.

Maintaining and further developing collected data and dashboards require much time, so we
recommend creating a small team that is knowledgeable about dashboard development to
focus on the needs of the dashboard. For the dashboard to be sustainable and accurate in the
long term for the Coalition's use on their website, it will need to be monitored and maintained very
often. Since a dashboard is a technological way of displaying data, it is almost certain that technical
issues or malfunctions beyond the surface level will occur. Based on our interviews with
professionals in data visualization and dashboard design, we learned that when a dashboard is not
adequately maintained, it poses a high risk of encountering technical issues. An alternative to
creating a small team would be to have a current Coalition employee receive training for dashboard
development through available programs that vary in length and can be priced between $200-$800.
This would mitigate the risk of funding a new salary and enable current employees to dedicate their
time towards the dashboard more efficiently. In either case, the dashboard would need at least one
employee to maintain the influx of data to keep the dashboard working properly each time new data
is shared. Our team predicts that when there is an influx of data in the future, the Coalition
employee/team would most likely need to dedicate between two to three weeks to fully update and
marmntain the dasnpoard.




CONCLUSION PAGE 114

CONCLUSION

Similar to many communities, the Greater Worcester area has struggled with communicating their
public health statistics and disparities to the general public in an effective and visual format. The
development of the Coalition’s dashboard will counteract this and create an environment of
transparency around community public health, allowing local citizens to see the common disparities
within their locale. Additionally, it displays the needed information for policy makers to make
educated decisions regarding public health policies. Over the course of this project, we identified the
required characteristics and features of dashboards and dashboard development tools to fit the
needs of the Coalition. Once the dashboard shell is filled with data and fully implemented it will
greatly increase the clarity of the current state of community health in the Greater Worcester area.
Furthermore, we hope that our project will provide relief to local health organizations, allow the
Coalition to monitor their goals, and provide a baseline for effectively displaying public health
information to the general public and necessary stakeholders.
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