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Abstract

Public health data dashboards have tremendous potential to improve transparency, understanding, and decision-making at
multiple levels: from individuals to public health practitioners and policy makers, as well as locally, regionally, and nationaly.

However, there are many challenges to creating effective dashboards. In this playbook for the development of dashboards of
public hedlth data, we share lessons learned from our experience in developing data dashboards for the HEALing Communities
Study (HCS). The HCS was a large NIH-funded study of a community-engaged intervention to deploy evidence-based practices
to reduce opioid overdose deaths in 67 communities across four states. First, we describe core considerations of the who, what,
why, where, when, and how of data dashboard development. Next, we outline steps in data curation, including the identification
of key metrics and potential data sources, and developing processes to acquire the data. Third, we discuss practical aspects of
developing data visualizations that can effectively communicate key messages to the end-users of interest. Fourth, we describe
the infrastructure considerations to host and publish data dashboards. And finally, we discuss maintenance and sustainability of
the dashboard. We anticipate this playbook will provide a resource to individuals and organizations seeking to build data
dashboards to realize the promise of sharing data to improve data-driven decision making.

(IMIR Preprints 28/08/2025:83157)
DOI: https://doi.org/10.2196/preprints.83157

Preprint Settings

1) Would you like to publish your submitted manuscript as preprint?

' Please make my preprint PDF availableto anyone at any time (recommended).
Please make my preprint PDF available only to logged-in users; | understand that my title and abstract will remain visible to all users.
Only make the preprint title and abstract visible.
No, | do not wish to publish my submitted manuscript as a preprint.

2) If accepted for publication in aJMIR journal, would you like the PDF to be visible to the public?

' Yes, please make my accepted manuscript PDF available to anyone at any time (Recommended).
Y es, but please make my accepted manuscript PDF available only to logged-in users; | understand that the title and abstract will remain v
Y es, but only make the title and abstract visible (see Important note, above). | understand that if | later pay to participatein <ahref="httr

https://preprints.jmir.org/preprint/83157 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wu et a

No. Please do not make my accepted manuscript PDF available to anyone. | understand that if | later pay to participate in <a href="https:/

https://preprints.jmir.org/preprint/83157 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wu et a

Original Manuscr ipt

https://preprints.jmir.org/preprint/83157 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wu et a

Building Public Health Data Dashboards: A Tutorial Playbook

Elwin Wu', PhD; Raymond Balise?, PhD; Benjamin Katz®, PhD; Daniel Harris**, PhD; Matthew
Bullard®, MPH; Naleef Fareed”?, PhD; Marc Larochelle’, MD, MPH; Jennifer Villani'’, PhD

' Social Intervention Group, Columbia University School of Social Work, 1255 Amsterdam
Avenue, New York, NY 10027, USA

> Division of Biostatistics and Bioinformatics, Department of Public Health Sciences, University of
Miami, Miami, Florida 33136, USA

> Institute for Implementation Science in Population Health (ISPH), City University of New York
(CUNY), New York, NY, 10027, USA.

* Institute for Biomedical Informatics, University of Kentucky, Lexington, KY 40506, USA

> Institute for Pharmaceutical Outcomes and Policy, College of Pharmacy, University of Kentucky,
Lexington, Kentucky 40506, USA

¢ Center for Health Data Science (CHDS), Boston University School of Public Health, Boston, MA
02118, USA

7 CATALYST — The Center for the Advancement of Team Science, Analytics, and Systems
Thinking, College of Medicine, The Ohio State University, 460 Medical Center Drive, Columbus,
OH 43210, USA;

® Department of Biomedical Informatics, College of Medicine, The Ohio State University, 1585
Neil Avenue, Columbus, OH 43210, USA

9 (Clinical Addiction Research and Education Unit, Section of General Internal Medicine,
Department of Medicine, Boston University School of Medicine and Boston Medical Center, 801
Massachusetts Avenue, 2nd Floor, Boston, MA 02218, USA

' National Institute of Drug Abuse, National Institutes of Health, Bethesda, MD 20892, USA

https://preprints.jmir.org/preprint/83157 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wu et a

PUBLIC HEALTH DASHBOARDS TUTORIAL 2

Abstract

Public health data dashboards have tremendous potential to improve transparency,
understanding, and decision-making at multiple levels: from individuals to public health
practitioners and policy makers, as well as locally, regionally, and nationally. However, there are
many challenges to creating effective dashboards. In this playbook for the development of
dashboards of public health data, we share lessons learned from our experience in developing
data dashboards for the HEALing Communities Study (HCS). The HCS was a large NIH-funded
study of a community-engaged intervention to deploy evidence-based practices to reduce opioid
overdose deaths in 67 communities across four states. First, we describe core considerations of
the who, what, why, where, when, and how of data dashboard development. Next, we outline
steps in data curation, including the identification of key metrics and potential data sources, and
developing processes to acquire the data. Third, we discuss practical aspects of developing data
visualizations that can effectively communicate key messages to the end-users of interest.
Fourth, we describe the infrastructure considerations to host and publish data dashboards. And
finally, we discuss maintenance and sustainability of the dashboard. We anticipate this playbook
will provide a resource to individuals and organizations seeking to build data dashboards to
realize the promise of sharing data to improve data-driven decision making.

Keywords: dashboards; data visualization; public health; opioid, overdose
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Introduction

Automobile instrument panels are perhaps the most familiar type of dashboard. They combine
analog and digital visualizations—e.g., gauges, counters, and icons—to help drivers monitor key
aspects of their vehicle, including fuel levels, speed, engine temperature, and mileage. Warning
indicators alert drivers to critical issues like low oil, low tire pressure, or an unfastened seatbelt.
Designed for instant readability, these dashboards prioritize essential information, with
standardized warning lights and speedometers placed centrally to capture the driver’s immediate
attention.

Public health data dashboards function much like automobile dashboards: both use data
visualizations to communicate critical information and support decision-making. By
consolidating timely epidemiological metrics and other public health data, these dashboards
enhance awareness, facilitate monitoring, and drive informed action. Their value has been
especially evident during public health crises, such as the COVID-19 pandemic and the opioid
overdose epidemic, where real-time data has played a crucial role in response efforts. [1-3].
Despite an influx of public health data, challenges and barriers have emerged with regard to the
effective and efficient communication of these data to a broad range of individuals. Issues critical
to the uptake and use of public health data dashboards include a design that contains the most
useful data, usability, cognitive load, implementation and evaluation, and sustainability [4].
Studies on data visualizations and dashboards have discussed notable challenges that pertain to
these issues, including lack of rigorous scientific methodology, superficial or incorrect
application of design principles, data literacy of end-user(s), and limited scope in the
representation of end-user input [5-7].

Within this context, our research team engaged in the development of data-driven dashboards for
a large, multi-site cluster-randomized pragmatic trial. The HEALing Communities Study (HCS)
was a community-based cluster-randomized trial aimed at addressing the opioid crisis in
communities with high opioid overdose death rates. The National Institute on Drug Abuse
(NIDA), in partnership with the Substance Abuse and Mental Health Services Administration
(SAMSHA), funded the study in April 2019 to test the immediate impact of the implementation
of an integrated set of evidence-based practices across health care, behavioral health, justice, and
other community-based settings to prevent opioid overdose deaths and treat opioid use disorder
[8]. Among the four states (“study sites”) involved in the HCS, communities (N=67) were
randomized to receive the intervention first or be in the wait-list control group. In each
community, a community coalition was established to provide local leadership and data-driven
decision-making for the intervention [9]. Data dashboards—to support data-driven decision-
making [10]—were co-created with coalition members to provide visualizations of key metrics
on opioid overdoses and treatment for opioid use disorder within a community [3]. The coalition
stakeholders 1) used data to define their local opioid situation, including prevention and
treatment gaps and resources; 2) developed a data-driven action plan for implementing evidence-
based practices linked to local needs; and 3) after deploying the action plan, they used data
dashboards to monitor progress and adjust as needed.

Eighteen months after deployment, we conducted a usability evaluation of the HCS dashboards
using a mixed-methods approach that involved quantitative feedback from the System Usability
Survey (SUS) [11] and qualitative interviews guided by the Technology Adoption Framework
[12]. The SUS scores indicated the end-users found HCS dashboards to be acceptable for
usability. The interview results indicated positive feedback around dashboard usability and
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intention to use from the end-users sampled. The considerations described in this paper are
grounded in our prior work in the development and evaluation of HCS data dashboards.

Public Health Dashboards: Key Tasks
Based on lessons learned from the HCS, we provide this playbook for creating public health data
dashboards. = While HCS dashboards focused
exclusively on opioid use disorder and overdose- [Figure 1. Overview of the Playbook
related metrics for each community, the information
and considerations provided here can be applied to
myriad public health issues. Each section poses
questions for dashboard developers to consider as they
design and deploy a dashboard. As shown in Figure
Error: Reference source not found, the process is Cora
neither linear, nor discrete. Each section in the Considerations
playbook is equally important and the inter-
relationships among the stages necessitate concurrent
and/or iterative consideration by the developers.

Data Visualization

Curation

Publishing

Maintenance

Core Considerations

Core Considerations

* WHO is the target audience (i.e., end-users)?

¢ WHAT do the end-users want to be able to learn/infer from
the data?

e WHY are dashboards a useful or the optimal tool to meet the
need?

e WHERE will the dashboard be published and/or made
available?

¢ WHEN do the dashboards need to be published, updated,
etc.?

o HOW will we actually build and publish the dashboards?

A useful framework for guiding dashboard development at every stage is based on the classic
journalistic “Five Ws and One H” approach: Who? What? Why? Where? When? and How?
These questions help ensure a structured and comprehensive approach to designing, deploying,
and maintaining public health data dashboards.

Who: Understanding the End-Users

Identifying the target audience—or end-users—is essential. Dashboard developers must consider
their users’ technical expertise, data literacy, professional roles, and specific needs. Workflows
also shape dashboard requirements; for instance, some users may need real-time monitoring,
while others might only check a dashboard weekly, monthly, or quarterly.

What: Defining the Dashboard’s Purpose

Dashboards should be designed to answer key questions for end-users efficiently. Developers
must determine: What information do users need? How can the data be presented to support
decision-making? Ideally, visualizations should allow users to grasp insights quickly with
minimal cognitive effort—delivering essential information “at a glance.”

Why: Establishing the Dashboard’s Core Objectives

https://prepriftd priitrypretM/sits7 4 [unpublished, non-peer-reviewed preprint]
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This question prompts developers to define the overarching goals of the dashboard. What key
messages or insights should be communicated? What operational or policy decisions should the
dashboard support? Design choices—such as whether to use graphical summaries or textual
explanations—should align with these objectives to maximize clarity and usability.

When: Considering the Timeline for Development and Updates

Developers must plan for the time required to acquire and integrate data, design and test the
dashboard, and manage its lifecycle post-launch. This includes establishing a schedule for
updates, revisions, and long-term sustainability.

Where: Ensuring Accessibility and Visibility

The dashboard’s accessibility is a critical consideration. Developers must decide whether it
should be hosted on a public website or restricted to an internal platform. If public, should it be
optimized for search engines, or should access be controlled? Additionally, dashboards should be
designed to function seamlessly across different devices—desktops, laptops, tablets, and
smartphones—each of which has unique constraints related to screen size, processing power, and
internet connectivity. In some cases, a dedicated app or embedded dashboards within an existing
platform may enhance usability.

How: Assessing Resources and Infrastructure

Successful dashboards require technological and human resources. Developers must evaluate
factors such as cybersecurity, data storage, processing capabilities, and integration with external
data sources. Managing these elements effectively ensures the dashboard remains functional,
secure, and scalable over time.

By addressing these core considerations, dashboard developers can ensure a holistic approach to
planning, designing, and deploying effective dashboards. The core considerations manifest
throughout the key domains involved in dashboard development and publishing that are
described in the ensuing sections of this playbook.

Data Curation
Data curation involves identifying desired metrics, sourcing available data, and establishing
procedures to acquire or "ingest" the data. This process is foundational to building a reliable and
actionable public health dashboard. Desired metrics—shaped primarily by the who, what, and
why—typically are the primary outcome and key epidemiological characteristics and/or targets
of prevention and intervention efforts (e.g., incidence or prevalence of a disease or phenomenon
of interest). Other data that are often desired include secondary outcomes, key drivers of the
outcomes of interest, and data that allow for subgroup characterization (e.g., age, sex,
race/ethnicity, geography).

Many metrics require calculations that

integrate multiple data points. For _ ) o
. . ¢ What are the desired metrics and visualizations?
example, prevalence is derived from |, What data are available?

case counts relative to a denominator— |, What are the acquisition requirements (e.g., data use

typically population size—which may agreements, security needs) and associated costs for

also need stratification by demographic infrastructure and staffing?

variables. Similarly, spatial ¢ How do these requirements match available or planned
resources and funding?

* Based on all of the above, what are the relative priorities of
potential metrics and visualizations?

Decision Points for Data Curation

visualizations require both temporal and
geographic details for each case. Thus,
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desired metrics may involve multidimensional databases or combining and calculating across
different data sources. Regardless of the exact metric, the most effective dashboards ensure that
such data are not only accurate but also timely (i.e., minimizing lag between data collection and
included in a dashboard).

In identifying available data, several potential sources should be considered. Administrative data
may be collected and made available from government agencies and initiatives (e.g., vital
statistics, Medicaid, prescription drug monitoring programs) as well as service providers (e.g.,
health care providers, social service agencies). Data may be collected and made available from
research studies, program evaluations, population-level surveys (e.g., the National Survey on
Drug Use and Health and the Behavioral Risk Factor Surveillance System), and contracted third
parties (e.g., HCS utilized data from IQVIA and Millenium Health). Many data repositories also
make data available (e.g., CDC WONDER and the National Notifiable Diseases Surveillance
System). Existing dashboards and other surveillance/monitoring systems often provide data,
make data directly accessible, or can be incorporated into planned dashboards via embed codes
—effectively “importing” the existing visualization rather than the data itself—or “scraping” the
data from existing visualization to be processed locally into a new visualization.

Constraints often govern the use and visualization of data, shaping how dashboards can present
and share information. Data providers may impose restrictions on who can access specific
datasets, limiting or prohibiting certain audiences from viewing them. These conditions are
typically outlined in a data use agreement (DUA), which defines the expectations, requirements,
and responsibilities between data providers and those developing and publishing the dashboard.
A DUA specifies what data are being shared, the procedures for data transmission, storage, and
publication, and any restrictions on visualization. These may include requirements for
attribution, contextual definitions, or limitations on further distribution. Additionally,
government regulations and institutional policies often impose further constraints, such as
suppression rules designed to protect privacy and confidentiality. These rules dictate how data
can be displayed, ensuring that sensitive or identifiable information remains secure while
maintaining the integrity and utility of the dashboard.

Data ingestion refers to the process of transferring data from its source to the recipient
responsible for building the dashboard. This transfer can occur through various methods,
including pushing, where the data provider actively transmits the data; pulling, where the
recipient requests and retrieves the data; and scraping, where data is electronically extracted from
existing documents or publications. In many cases, ingestion also involves preliminary data
processing to ensure compatibility with dashboard visualization and storage. This preprocessing
follows an extract, transform, load (ETL) workflow, which may include data cleaning (such as
removing disallowed values or correcting inconsistencies), transforming variables (such as
calculating rates from raw counts or aggregating data across time periods), and restructuring
datasets to align with the platform used for visualization. The efficiency and reliability of data
ingestion improve with greater automation. For example, some data sources provide an
application programming interface (API)—a standardized set of protocols that allow software to
directly request and retrieve data from the source. However, implementing automation requires
investment in human resources for design, programming, and ongoing maintenance as data
systems evolve or become obsolete. Before establishing a data ingestion plan, it is essential to
assess the capabilities of the existing cyberinfrastructure. If current resources are inadequate, the
costs—whether in terms of personnel, hardware, or development time—must be factored into
planning. When budgets and timelines are constrained, trade-offs may become necessary,
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potentially limiting the scope of data sources or the complexity of visualizations that can be
supported.

Selection of data to be ingested for visualizations is often an iterative process that cycles among
desired versus available data, utility of data, and resources needed to transform the data into
visualizations as well as maintain the cyberinfrastructure that hosts/publishes the dashboards.
Desired metrics usually drive a targeted search for the relevant data needed to calculate and
display the metric. Conversely, an examination of available data may prompt the desire for
additional data (e.g., disaggregated into subgroup such as race/ethnicity or age group, subtypes
of substances, variants of infectious agents; greater specificity with respect to time, geography,
etc.). Given that resources do not allow for every possible visualization—nor is it advisable from
a health communications perspective to provide vast quantities of information all at once—the
full menu of potential visualizations should be prioritized for creation and inclusion in the
dashboards. This decision-making process should consider data quality, utility of the metric, and
costs/resources available to curate the data and publish the dashboards.

In public health, researchers, policymakers, and practitioners play a central role in determining
key metrics and are typically considered the primary end-users of data dashboards. The HCS
operated under the principle that community members bring invaluable perspectives on the
relevance, utility, and limitations of different data and metrics. Toward this end, HCS researchers
developed the Community-Engaged Data Science model to assist data scientists working with
communities in identifying and integrating relevant data for making informed decisions [13]. For
data dashboard development, this ethos translated into a co-creation approach which sought to
ensure that those affected by public health decisions, whether or not they hold formal decision-
making roles, were actively involved in identifying and prioritizing the metrics and
visualizations that will shape the dashboard. Engaging community members from the outset of
the project fostered greater relevance, usability, and impact, making the dashboard a more
effective tool for addressing the overdose crisis and other real-world public health challenges.

Design of Visualizations
Ideally, the team  building
dashboards includes experts in

Decision Points for Design of Visualizations

¢ How can we engage and elicit feedback from all end-users?

human-centered design and
. . . e How can the data be transformed and/or presented so the end-
graphical design who can work with . .
users can grasp the desired point at-a-glance?

the consumers of the displays. A |e what additional visual elements will aid in comprehension or
starting point is understanding the | reduce mis/over-interpretation?
wants and needs of the end-users. |* How can specific design elements be tweaked or refined to take

Interviews of end-users can capture advantage of how humans process information?
both what they want to know at-a- ¢ What ancillary information is needed or helpful to the user? How

can the dashboard interface allow the user to access such
glance and what information without distracting from the main visualization?
inferences/conclusions they would

like to support (e.g., trends in the data over time). During the initial development, focus groups
and public meetings allow design teams to identify the types of people that will be using the
dashboard. Understanding their data literacy—the ability to read and understand data and data
visualizations—is paramount. For example, knowing that a dashboard will be used by public
health practitioners would suggest that terms like “incidence” and “prevalence” can be used
unabashedly, but if the same dashboard will be used by people without any background in
statistics or epidemiology, avoiding jargon and using plain language is preferred to avoid
confusing and alienating the audience. In the context of designing public health dashboards, it is
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critical to identify all end-

user groups and

develop an outreach plan
to make sure that
constituents are assessed,
rather than just the vocal
immediately
available audience who
provide

and/or

may first
information.

A well-designed

dashboard allows

users to quickly extract
and draw
inferences.

design
community, a widely used
approach is to consider

key insights
meaningful
Within the

different
“personas”—distinct

groups of individuals who
will interact with the data

—and tailor

visualization to meet their

specific ~ needs
Effective visual
prioritizes  clarity

accessibility. High-level,
at-a-glance insights can be
intuitive
graphics that communicate
key trends immediately,
while more detailed or
information
can be provided separately
in text or tables that would
take additional time to

embedded in

supporting

Wu et a

design

Figure 2. Scatterplot variations of the same data: Panel A shows the general trend
in opioid-related overdose deaths for all counties in an illustrative state. Panel B
adds markers for each county (). Panel C distinguishes a county of interest using
a different shape (). Panel D distinguishes the same county of interest using

color (e).
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process [15]. Well-crafted data visualizations enable users to perceive both central tendencies
and variability immediately. For instance, a straight trend line clearly indicates whether a pattern
is increasing or decreasing over time. However, as can be seen in Figure Error: Reference source
not found Panel A, a flexible line—such as a curve generated by mathematical smoothing
techniques like beta splines or locally estimated scatterplot smoothing (LOESS)—can reveal
nuanced departures from linear trends [16—18]. These features are particularly important for data
that could have seasonal trends (e.g., drug overdose patterns that vary by time of year) or
identifying sudden shocks in data, such as unexpected spikes in mortality.
Combining multiple visualization elements enhances interpretability. As shown in Figure Error:
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Reference source not found Panel B, overlaying individual data points on a trend curve allows
users to assess both the overall pattern and the underlying variability. This approach is especially
valuable for identifying extreme events, such as a sudden surge in mortality due to drug supply
contamination. At the same time, it helps distinguish genuine outliers from data anomalies that
may stem from reporting errors rather than true shifts in the trend. When relevant, tagging
outliers with contextual metadata can prevent misinterpretation (e.g., a change in data reporting
data reporting rather than a change in the underlying trend) and ensure that decision-making is
based on accurate, reliable insights. By applying these visualization principles, dashboards can
effectively support data-driven decision-making, enabling users to quickly grasp patterns, detect
anomalies, and respond to public health challenges with confidence.

Some visualizations are static, meaning they function as fixed images where the information
displayed remains unchanged. These are essentially bitmaps—what the user sees is exactly what
they get. However, digital dashboards presented in a web browser or app can incorporate
interactivity, allowing visualizations to change based on user actions. Interactive features
enhance user engagement and data exploration. For example, users can zoom in or out on a graph
by clicking buttons, dragging a slider, or pinching on a touchscreen. Filtering options, such as
checkboxes, allow users to display or hide specific subgroups based on characteristics like race,
age, or sex. Another valuable feature is the hover-over function, which reveals additional details
when a user places the cursor over a data element, providing deeper insights without cluttering
the initial visualization. While interactivity can significantly improve a dashboard’s functionality
by allowing users to focus on information most relevant to them, it comes with trade-offs.
Implementing interactive features requires additional human and computational resources, both
for development and ongoing maintenance. Design challenges also emerge, as excessive
interactivity can be distracting or even counterproductive. Too many visual elements, animations,
or overly complex interactions may overwhelm the user, while poorly optimized interactivity can
slow down rendering, diminishing the user experience. Thoughtful design ensures that
interactivity enhances rather than hinders the dashboard’s effectiveness, striking a balance
between flexibility and usability.

To ensure clarity and prevent misinterpretation, dashboard visualizations must be tested with
multiple, diverse audiences. This is especially critical in public health, where data suppression is
often necessary to protect anonymity or account for incomplete reporting. Misrepresentation can
be particularly problematic when tracking rare events, such as overdoses. In small communities,
just a few deaths can cause sharp fluctuations in rates, while in large urban areas, high death
counts may appear less pronounced due to the sheer size of the population. In the HCS data
dashboards, population-based rates were used to account for these disparate but real-world
scenarios. However, even these metrics required careful handling. Overdose death rates, for
example, were based on highly sensitive data that had to be suppressed in locations with low
case counts to protect individual privacy. Simply omitting data points to comply with
suppression rules could create misleading gaps in trend lines, making it difficult for
policymakers to assess emerging patterns. Instead, smoothing techniques, such as LOESS curves
(as shown in Figure Error: Reference source not found Panel A), allowed users to view
approximate trends without revealing suppressed values, preserving both privacy and
interpretability.

Similar challenges arise when incorporating maps into dashboards. Policymakers rely on
geospatial data to allocate resources—such as overdose reversal kits—to the areas most in need.
However, to protect individual privacy, maps cannot display the precise locations of overdoses.

https://prepriftd priitrypretM/sits7 9 [unpublished, non-peer-reviewed preprint]
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Various methods can address this issue, each with trade-offs in accuracy and usability. One
approach, illustrated in Figure 3, involves randomly shifting overdose locations to nearby points
on the map; this preserves the overall count information but could foster misinterpretation for
users who do not read the legend carefully. Alternative methods include overlaying a grid and
shading areas based on case density or using mathematical density functions to blur exact
locations. While these approaches help preserve anonymity, they can reduce granularity and
make interpretation more complex.

Ultimately, the most effective visualization strategies depend on the needs of the end-users.
Engaging with stakeholders throughout the design process ensures that visualizations balance
privacy, accuracy, and usability, making them both ethically responsible and practically useful
for decision-making.

Figure 3. Variations of visualizations of the same geographical data: Panel A shows an illustrative county with its
primary roads along with simulated locations of overdoses which are shown as red dots. Panel B shows the same
county with only five simulated overdose events displayed as large red dots along with slightly shifted locations as
black circles, Panel C shows the counts as colored hex shapes with deeper red colors indicating many events. Panel
D shows a density plot with brighter/lighter colors indicating more overdoses.
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requires a viewer to study a key/legend. to produce and interpret.

Consultthg with graphic designers when buildifg dashboards can greatly enhance the clarity and
usability of data visualizations. Experts in visual design understand how to optimize information
processing, making it easier and faster for end-users to extract key insights [19,20]. Principles
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such as the Gestalt laws leverage the human tendency to group related elements based on
similarity and proximity, allowing users to quickly interpret patterns and relationships within the
data. The ideal visualization enables users to grasp critical information at a glance.

Reducing cognitive load is a core principle of good design. Directly labeling elements within a
visualization, rather than relying on a separate key, prevents users from having to remember
reference points while analyzing the graphic. Other mnemonic techniques, such as using
meaningful symbols (e.g., hollow dots to indicate missing or suppressed data) can further
streamline comprehension. However, such symbols must be clearly defined to avoid confusion.
Effective visual design requires continuous feedback from end-users to ensure that all details are
easily understood across diverse audiences.

Certain chart types are inherently more effective than others. Research has shown that bar charts
and dot plots allow for faster and more accurate comparisons than pie charts, which can be more
difficult to interpret [21-23]. In addition to choosing the right type of visualization, graphic
designers employ visual signals—such as color, shape, and size—to draw attention to key data
points [15,24]. For instance, Figure Error: Reference source not found, Panels C and D compare
two methods for highlighting a county of interest: one using shape, the other using color.
Determining which method is more effective depends on factors such as the overall size of the
visualization, the density of the data, and the distribution of key elements. Direct engagement
with end-users can help refine these choices, ensuring that the most intuitive and efficient design
is selected.

The design process should begin with an initial sketch or storyboard of the layout, iteratively
progress through choices and prototypes, and culminate in a final, refined display. Throughout
this process, accessibility must remain a priority. Removing unnecessary clutter helps users focus
on essential insights without distraction [25]. Additionally, dashboards should comply with
accessibility standards, such as the Americans with Disabilities Act (ADA), to ensure inclusivity.
Color schemes must be tested to accommodate color blindness, and visual elements should be
properly scaled for individuals with low vision. Thoughtful, user-centered design ultimately
ensures that dashboards are both functional and accessible, allowing all audiences to interact
with data effectively.

In addition to the design decisions for the visualizations themselves, dashboards need to be
constructed to allow users to expand their knowledge beyond what is on the page through proper
attribution to the data. Data attribution refers to listing the data source for the underlying data
used in the visualization. Specifically, the design team needs to decide if those details will be
always visible, which increases visual clutter, or available on demand when users interact with
the display, increasing the risk of users not identifying the sources of the data. For example, a
visualization of drug overdose deaths may include a note that the data originate from the
December 2022 mortality report from the state department of health. For the HCS displays,
where we had a great deal of information to put on the dashboard, we typically opted to display
additional information when the end-user hovered over data or clicked on buttons to learn more.
Feedback gathered from the community suggested that they were able to easily glean the details
for the sources of the data.

Hosting and Publishing Dashboards

Implementing dashboards requires technical resources for both hosting the dashboard software
and the data engineering processes necessary to convert raw source data into standardized
measures [26]. Infrastructure requires resources to host or purchase commercial web hosting
services. Personnel are needed for multiple roles and tasks: back-end database management staff,
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analytical staff to generate clean, standardized results, embedded testing staff for quality
assurance, visual designers to implement data design best practices, front-end engineers to
produce dashboards and visualizations for end-users, and a manager to coordinate internally and
communicate externally to engage key stakeholders and the dashboard’s target audiences. Real
world resource constraints may dictate that more than one role and task is assumed by one
individual. By some combination of skills and experience, technical expertise at every level of
the process—as well as allocating sufficient effort/time—is just as integral to success as the
infrastructure itself.

The data infrastructure supporting raw data, analytical results, and dashboards must meet or
exceed the security and protection requirements specified in the associated DUA and, when
applicable, comply with broader regulatory frameworks, such as the Health Insurance Portability
and Accountability Act (HIPAA). For instance, storing and processing unsuppressed data may
necessitate a secure network server with robust cybersecurity measures before the data are
processed and prepared for publication.

Access control is another critical consideration. Depending on the sensitivity of the data, it may
be necessary to restrict access to entire dashboards or specific features. Managing user access
requires dedicated human resources for
tasks such as account creation, access

Decision Points for Hosting & Publishing Dashboards

e What are the cyberinfrastructure requirements for data

approval, validation, and ongoing
monitoring. Access models can range
from fully open dashboards, where no
account management is needed, to
tightly controlled environments in which
each user must be individually verified
and assigned an account. Intermediate
approaches include self-managed
accounts, where users can opt-in or sign

storage, creation of visualizations, publishing/hosting the
dashboards, and access permissions?

What are the human resource requirements (e.g., key roles,
levels of expertise needed, amount of effort)?

Does the current infrastructure meet requirements and
regulatory rules for data storage and security?

What are the existing institutional capacities with regard to
servers, data visualization tools, and content management
systems?

What is the schedule for testing and quality assurance that
will achieve a smooth publication of the official release
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up for access, balancing security with
convenience. Integration with external
authentication systems can further influence infrastructure requirements. For example, allowing
Open Authorization (OAuth)—which enables users to log in with existing credentials from work
accounts, Gmail, or other third-party services—can simplify access management but requires
additional technical and security considerations. Ensuring that the cyberinfrastructure can
support these access control mechanisms while maintaining compliance with security and
privacy regulations is essential for safeguarding sensitive data while maintaining usability.

Dashboards may be free-standing or embedded into larger content management systems
containing other relevant information. APIs may assist in reusing dashboards as embedded web
content, which allows integration into existing web sites and infrastructure. There is a wide
variety of software for dashboarding, database management, analysis, and content management
with varying degrees of cost and technical skill needed for implementation. Open-source
solutions, such as Shiny or D3, minimize licensing cost and are highly customizable but often
require more technical programming knowledge to implement; commercial solutions for
dashboarding include Tableau and Microsoft Power BI; these provide graphical user interfaces
for building specific types of visualizations, which may not be fully customizable but may be
usable to a wide range of users. Academic and government organizations may already have an
enterprise license for commercial dashboard software, which can heavily influence infrastructure

version of the dashboard?
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choices. Additionally, the skill set of the implementation team may dictate what software is a
reasonable choice for implementation.

Prior to publication and dashboard launch, the project implementation team should outline a plan
for end-user testing and review of all data visualizations, including feedback on navigation,
design style, functionality, and processing speeds. Staging or test sites are common and widely
available across different hosting platforms and should allow for different user
access/permissions during this pre-launch review phase. Unforeseen obstacles are common and
should be included in any workplan and accounted for in project launch timelines, as one
programming solution will usually lead to a new and separate issue to solve. Often overlooked,
testers need to also consider different device and browser types for any web-based application
during a review phase. Once a thorough and transparent feedback and review process has been
completed and final dashboard versions are ready for launch, it is recommended to employ a
“soft launch” to allow for time to address any bugs not detected on test site development. While
every system and dashboard build varies and presents different challenges from development to
publication, maintaining flexibility and the ability to adapt to new inputs or requirements is
critical.

Post-Launch Feedback & Revision

Decision Points for Feedback & Revisions of

Dashboards

¢ What is the plan for identifying bugs and issues and then
implementing timely resolutions on an ongoing basis?

¢ What types and level of end-user feedback are integral to
dashboard iteration and modification?

e What are available methods for collecting end-user
feedback?

¢ What processes are in place for revising and enhancing
dashboard components?

After the initial launch, live dashboards require routine maintenance and timely resolution of
bugs to maintain trust and prevent burdensome obstacles to stakeholder engagement. This
requires a transparent mechanism in place for users to report bugs, submit feedback, and request
new data or visualization formats. This mechanism should be easily accessible to end-users
either using an embedded form or a contact email address solely utilized for reporting issues or
general feedback. Whichever method is implemented, site administrators would optimally
receive automatic alerts to ensure timely identification and responses. The dashboard team
should also maintain a tracking tool to keep detailed records of each case to respond quicker and
prevent similar issues in the future.

Ongoing long-term feedback and revision of the dashboard system are equally necessary
processes for assessing and evaluating whether dashboard aims are being met. These processes
can iterate over the course of a project timeline but should be given consideration and built into
initial scopes of work in early stages. Specific dashboard aims will differ depending on the
project criteria, however a central question in all public health dashboards should center on
whether key metrics reach the intended audience and meet their needs. Are end-users receiving
useful information in a manner that is timely, understandable, and easy to apply in their own
work or research? The answer to this question can determine whether information or insights
gleaned from a data dashboard is in fact actionable in real-world settings (e.g. setting program
targets and monitoring implementation outcomes).

There are various methods to assess end-user experience. Well documented and applied methods
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to collect feedback include usability testing (i.e., direct observation of a participant performing a
task), user surveys, focus groups, interviews, and website analytics tools that collect real-time
site traffic data [27,28]. Each of these methods vary in resources required to implement and the
types of data and insights they elicit. Balancing these factors and identifying one or a
combination of methods throughout the course of the project can help ensure dashboard
sustainability, as this feedback should be a key factor in the dashboard implementation team’s
decisions on potential revisions and enhancements to the initial platform content and design.
Website analytics tools (e.g., Google Analytics) require few resources to set up and provide
useful real-time and trend data on user sessions, most visited pages, average time spent on a
page, and pathways of navigation. A simple metric, such as which pages are most visited, should
not be overlooked as this can inform how to prioritize certain visualization enhancements and
modifications over others. Website analytics also provide data on end-user characteristics (e.g.,
where users are located, device type, and language), which are important inputs when prioritizing
revisions and new feature development.

User surveys are a common method for gathering website feedback and vary in resource
allocation from automated pop-up surveys that require little maintenance to more comprehensive
questionnaires that may incorporate validated usability/user satisfaction scales, such as the SUS
or its modified version, the Standard User Experience Percentile Rank Questionnaire (SUPR-Q)
[29]; these validated questionnaires include prompts that address end-users’ attitudes about data
credibility, appearance, ease of navigation, and willingness to return to the website and
recommend to others. Despite the benefits of using these validated questionnaires, they alone
will not provide the level of specificity needed to make targeted revisions for any single
dashboard audience. While requiring more time in survey design, recruitment, and analysis, a
more comprehensive survey that combines targeted prompts based on existing dashboard
visualizations could prove to be a valuable source of end-user feedback.

Focus groups, live webinars, and in-depth interviews are a more direct method of collecting end-
user feedback. While resource intensive, these ensure direct community input and an opportunity
to collect more nuanced real-time feedback from key stakeholders. In our prior usability study
with the HCS, one important lesson we identified was the need to use an interdisciplinary
approach to understand and improve engagement with data visualizations, which involves use of
innovative technologies such as eye-tracking and audit log files and use of plan-do-study-act
iterative cycles to ensure fidelity with the co-creation process [12]. Such approaches generate
multi-perspective feedback that can support better design of a data dashboard.

Measuring a dashboard’s usefulness and ability to facilitate an action or decision is often a
challenge for any dashboard evaluation. While the various feedback collection methods
mentioned combined with website analytics may provide insight into end-user satisfaction and
dashboard traffic, they will not sufficiently capture the breadth of how end-users are applying
information from the dashboard and insights learned in real world settings. A routine process of
solicitating these examples from key dashboard stakeholders may involve pop-up prompts,
requests via email listserv, and invitations to participate in follow-up surveys, webinar/focus
groups, or user story-telling events. The process of gathering examples of real-world applications
of dashboard content will iterate over the lifetime of a dashboard, and sustained documentation
of these occurrences are integral to a comprehensive evaluation at the end of a project cycle.
Once a mechanism for collecting feedback is in place, consistent and organized documentation
of end-user feedback, ongoing maintenance issues, and new data and features requests is
essential to informing prioritization. A collaborative process between dashboard implementers,
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key project stakeholders, and end-users must weigh factors ranging from feasibility, resources
required, and potential impact, to decide on which dashboard components to revise and enhance
[30].

Discussion

Well-designed dashboards serve as powerful tools for communicating public health data to key
stakeholders and communities. Just as a carefully crafted automobile instrument panel can ensure
a driver can reach their destination safely, an effective public health dashboard empowers
community stakeholders to make informed, data-driven decisions. This is particularly crucial
when epidemiological trends are rapidly changing or evolving across different locations and time
periods. Unlike static data displays, interactive dashboards with real-time data provide a means
of tracking and responding to public health challenges as they unfold. This playbook for
developing data dashboards outlined steps and key considerations in data curation, design of
visualizations, dashboard hosting and publishing, and feedback and revision.

Limitations

While we expect this playbook to be valuable for a wide range of public health applications, our
experience with the HCS may not always be generalizable. HCS focused specifically on opioid
overdose and opioid use disorder, shaping the selection of dashboard metrics and data to reflect
epidemiological trends and modifiable factors related to overdose prevention and treatment, such
as safer prescribing practices and naloxone availability. The unique challenges encountered—
such as suppression rules for sensitive data—may not directly apply to other public health issues,
particularly those with different temporal, geographical, or population-level dynamics that
influence the usability of visualizations and dashboard features. Additionally, the insights
presented in this playbook are based on reflections and discussions among the HCS dashboard
teams across study sites, resembling a series of case studies rather than a systematic, empirical
investigation of dashboard development and deployment. While these lessons offer practical
guidance, further research and evaluation are needed to refine best practices for designing and
implementing public health data dashboards across diverse contexts.

Next Steps

The scientific principles guiding the co-design of public health dashboards are still emerging,
with many concepts remaining open to interpretation. This playbook provides a structured
approach to addressing the challenges of designing rigorous, stakeholder-informed dashboards,
offering key insights into the who, what, why, where, when, and how of dashboard development
within the context of opioid use disorder and the overdose epidemic. However, public health
encompasses a vast array of topics, and unforeseen challenges may arise when applying these
principles to different issues beyond the scope of this work. This playbook’s design is a
representation of first-hand experience and lessons learned while co-creating dashboards to
communicate important public health information to community stakeholders, not a
representation of scientific research such as an empirical review. While sustainability was
mentioned, it remains an area that warrants further exploration. Additionally, there were several
notable leaps in technological advancements—such as machine learning (ML) and generative
artificial intelligence (AI)—that emerged during the development of these dashboards but were
not implemented at the time. Future iterations of public health dashboards may benefit from such
innovations, enhancing long-term usability and sustainability. As the field and technologies
continues to evolve, dashboard development paradigms should be refined and evolve with allied
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field—such as data science, graphic design, psychophysics, cognitive sciences—to maximize the
public health impact that dashboards can bring to the field.
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