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When disaster strikes, data visualizations are used as quick ways to concisely distill
timely information to civilians. Amidst the COVID-19 pandemic, data-driven dashboards played
a disproportionately large role in quickly collecting, processing, and conveying preliminary data
to citizens. After the Johns Hopkins COVID-19 dashboard went viral, individual public health
departments across the world realized the importance of distilling and delivering real-time data
to citizens and decision makers. The widescale proliferation of dashboards across emergency
response groups has only recently been made possible thanks to a business model in the software
industry known as Platform as a Service, or PaaS, providers, which provide the data hosting,
application development, and graphical interfaces for non-technical experts to deploy dashboards
without an extensive background in web development. What the PaaS providers offer in ease-of-
use, however, is traded against their limitations in functionality and accessibility. In this thesis, I
used content analysis to perform a systematic review of 24 international COVID-19 data
dashboards to understand international variation in COVID-19 dashboard design and to offer

feature recommendations for software companies to incorporate into their PaaS platforms.
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Chapter 1: Introduction

In December of 2019, a new Coronavirus (COVID-19) was reported in Wuhan, Hubei
Province, China. The virus notably caused severe acute respiratory syndrome (SARS) and it was
officially named SARS-CoV-2 (Zhao et al. 2021). Despite strict attempts to control the virus’s
spread, the disease quickly migrated to other provinces in China, and, by early February 2020,
COVID-19 had killed over 1,000 people worldwide (CDC COVID Timeline). In January 2020,
Ensheng Dong, a graduate student in Systems Engineering at Johns Hopkins University who had
family near Wuhan, approached Dr. Lauren Gardner, his faculty advisor, hoping to find a way
conceptualize the spread of COVID-19. Dong had a master’s degree in Geography and Statistics
and had previously interned at Esri- a geospatial technology company which builds the leading
Geographic Information Science (GIS) software and is a PaaS provider. Amidst the uncertainty
of the COVID-19 pandemic in early 2020, Gardner and Dong began collecting and assimilating
the spatial data into what would become the Johns Hopkins COVID-19 Dashboard, later
renamed the Johns Hopkins Covid Resource Center (Milner 2020). After the Hopkins COVID-
19 dashboard skyrocketed in popularity, individual public health departments and organizations
across the world realized the utility of amassing and distributing their data to the public. The
dissemination of this rapidly changing data about the COVID-19 pandemic was possible through

data-driven dashboards and online data portals.

Through the development of the Hopkins COVID-19 Dashboard, it was clear that when
disaster strikes, data-driven dashboards are used as quick ways to concisely distill timely
information to citizens with data visualizations. When the SARS-CoV-2 pandemic (COVID-19)
started spreading internationally, experts in data visualization played a disproportionately large

role in quickly collecting, processing, and disseminating preliminary data to citizens through
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these data dashboards of disease rates. Throughout the months following the disease outbreak,
data visualization experts continued to refine their communications strategies in alignment with
public health policies at the time. The development and deployment of data dashboards is a
technologically-intensive process which has recently become accessible through Platform as a
Service — or PaaS — providers, which handle the infrastructural challenges of creating, serving,
and deploying a dashboard so that experts from other domains can create dashboards without an
extensive background in web development. While dashboard-building platforms provide useful
infrastructural support and expand the number of people who can create a dashboard, their ease-
of-use compromises important functionality and design flexibility that dashboard coders have
leveraged for clarity and accessibility (Torkington 2023). The COVID-19 pandemic clearly
demonstrated the importance of dashboard building as a cornerstone of comprehensive
emergency response communications strategy yet analysis of what is suggested in the literature
and what was actually provided in these data dashboards across the globe is less known. In this
thesis, I analyzed the variability in international COVID-19 data dashboard functionality to
identify the key features that PaaS providers should provide to be more useful tools amidst

public health emergencies.

PaaS providers allow users on-demand access to the data-hosting servers and graphical
user interfaces (GUIs) necessary to design and release online applications without requiring the
technical background to develop every level of the application. Common PaaS include Esri’s
ArcGIS Dashboard, Microsoft’s Power BI, Google’s Looker Studio, and Salesforce’s Tableau.
The proliferation of PaaS means subject-level domain experts, such as public health officials, no
longer have to specialize in web development or data visualization to create communications that

rely on dashboards. Instead, these experts can use a PaaS to create visualizations that inform



public health recommendations and educate the public without having to overcome the technical

hurdles of developing a data visualization.

Although PaaS have made dashboard creation easier, the science and art of data
visualization is still an incredibly nuanced field, and the ways that an information system is
designed can dramatically impact the user’s perception of the data (Griffin 2020). The Johns
Hopkins COVID-19 dashboard, for example, used an iterative design process to make sure the
data’s visualization matched the story of COVID’s spread, In an interview about how he built the
Hopkins COVID Resource Center dashboard, Ensheng Dong explained how the dashboard

developed over time,

We’re constantly adjusting the [size of the] dot. We added a few other maps
besides the cumulative and confirmed cases, such as active cases, to clearly
communicate the data we were collecting and sharing. If more people in your
country are recovering, you refer to that map—the dots are smaller, and you feel
better. (Milner 2020).

He also explained that they had to go back and revise early design decisions in the dashboard,
such as the decision to map everything to the finest spatial scale available. Eventually, they had
every county in the United States mapped, while in other geographically large countries such as
Russia, they mapped only at a state-level. Visually, this made the US appear “coated” in red
virus, while Russia’s infections looked relatively sparce (Milner 2020). The decisions that go
into a dashboard layout may feel intuitive for a person without a design background, but each of
these decisions behind how the data get visualized—from data scale to color to hosting

platform—have tradeoffs in communication, loading speeds, and project feasibility.



Research Questions

In this research project, I reviewed 24 dashboards made by 24 different countries’
national public health agencies showing COVID-19 disease and vaccination efforts with the goal
of understanding the communication styles of international entities during the COVID-19
pandemic. Understanding differences in communication styles across countries who experienced
large COVID waves in early 2020 is important in evaluating what types of information were
available, and, importantly, sow it was made available to decision-makers, policymakers, and the
public through these dashboards. My preliminary analysis showed that differences in dashboard
design were more likely attributable to underlying technology (e.g. PaaS capabilities) rather than
differences in design decisions attributable to different COVID-19 policies. Thus, in this thesis, I
want to better understand how dashboards differed in dashboard design and functionality to give
recommendations for PaaS feature development. Given this I ask the following research

questions:

RQ1: How did COVID-19 dashboards created by national government
organizations differ in their design?

RQ2: How did national COVID-19 dashboards differ in the functionality for
data download, language localization, and archivability? What impact did
Platform as a Service (PaaS) providers have on the differences in functions
between different countries’ COVID-19 dashboards?

RQ3: What are common workflows PaaS providers should consider supporting
for health disaster response dashboards?

In March of 2023, three years after the launch of the initial COVID-19 dashboard, Johns
Hopkins University announced it would cease its live data tracking and reporting for COVID-19
response (Torkington 2023). The Johns Hopkins dashboard is not the only case of dashboards
and data portals about COVID-19 being discontinued. The closing of these online resources was

driven by a confluence of events: the decreased public funding to collect data, the ceasing of
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converging data from different people collecting COVID-19 test results, increased at home
testing, to decreased funding for data collection (Torkington 2023). The discontinuation of the
Johns Hopkins COVID-19 dashboard came at a time when the public and public health
institutions were starting to direct resources and attention away from the COVID-19 pandemic.
This discontinuation is particularly distressing for data visualization researchers who are
interested in questions about what data was made available and how, because many dashboards
cannot be preserved on traditional web archiving platforms. To learn where we can improve in
response to future global health crises, we need to understand what we did in response to the
initial outbreak of COVID-19. Capturing the state of COVID-19 dashboards at this moment is
valuable for providing a retrospective look on COVID-19 communication before these key

ephemera are permanently removed from the public eye.
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Chapter 2: Literature Review

This thesis analyzes the content of 24 international COVID-19 dashboards to assess
differences in their design and their functionality. To provide better context for this work, this
chapter defines what a dashboard is, provides a case study in how COVID-19 communication
changes across borders, outlines other features that are crucial in dashboard design such as
language localization and data download options, and gives an overview of past research into

COVID-19 dashboard content.

What is a Dashboard?

Although dashboards have become ubiquitous tools used to display visuals that quickly
convey information for decision making on a screen, there remains little substantial scholarly
agreement on what constitutes a dashboard (Wexler 2017, Sarikaya ef al. 2019, Bach 2022). Few
(2007) defined a dashboard as “a visual display of the most important information needed to
achieve one or more objectives; consolidated and arranged on a single screen so the information
can be monitored at a glance.” A decade later, Wexler et al. (2017) take a more generalized
definition and move away from the paradigm that a dashboard must occupy a single screen,
instead saying, “a dashboard is a visual display of data used to monitor conditions and/or
facilitate understanding.” Bach et al. (2022) emphasize that dashboards do not just convey data
but information (i.e. knowledge derived from data), “dashboards do not simply reflect data, but
are a purposefully created lens through which data must be seen and engaged with.”

Dashboards can be used by a wide range of institutions to track progress on goals,
identify trends, and make data-driven decisions. Their flexibility is what makes them as useful as

they are challenging to define. The diversity of their applications reflects how a dashboard’s
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design can have many configurations based on the context, audience, and resource-limitations of
the designer. In this thesis, I echo Wexler et al.’s (2017) and Bach et al.’s (2022) assessment of
dashboard diversity and remain open-minded about what a dashboard can be to consider a wider
range of international design choices. Thus, in this thesis I define a dashboard as a display of
information, presented through a purposefully curated lens, used to monitor conditions and/or
facilitate understanding about a topic.

Dashboard design has been looked at in the past by Few (2007), Sarikaya et al. (2019),
Wexler et al. (2019). Bach et al. (2022) provides the most recent and thorough overview of the
dashboard elements through a taxonomy of dashboard design patterns. They divide out the
different aspects of a dashboard design into 1) Data, 2) Structure, 3) Visual Representation, 4)
Page Layout, 5) Screenspace, 6) Interaction, 7) Meta Data, and 8) Color, which are summarized
in Figure 1. Given the importance and use of dashboards for the COVID-19 pandemic, Bach et
al.’s taxonomy provides a helpful way to categorize and analyze the design, data availability, and
functionality of these types of dashboards to improve these data portals for future global health

crises.
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Dashboard Design Cheatsheet https./dashboarddesignpatterns.github.io
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Figure 1. Bach et al.’s (2022) taxonomy of dashboard design patterns.

Used with permission. This image is available for download as a PDF at https://dashboarddesignpatterns.github.io
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Future Data Forecasts

After the Hopkins COVID-19 dashboard skyrocketed in popularity, individual public
health departments and organizations realized the utility of amassing and distributing their data
to the public, and the concept of making a dashboard of COVID-19 spread became popular
globally (Rajabiford ef al. 2021). However, the communication strategies each country uses are
shaped heavily by the social and political environments in each infected nation (Nicher 2008,
Harris & White 2019). When the COVID-19 pandemic spread globally, not only did it move
across geographic boundaries, but it encountered a cultural and political landscape which
drastically changed how public health messaging had to respond to the new outbreak.

One case study in national communication strategies was a comparative analysis by Au et
al. (2022) on the ways that officials in China and the United States handled public health
communication differently. In China, according to Au et al. (2022), the shared memory of the
2003 SARS pandemic dominated the communications strategies in the country. COVID-19
brought back memories of how local Chinese officials had downplayed the early SARS
pandemic with disastrous consequences for how the pandemic would play out, and it recalled
stories of a pandemic that was eventually contained through intensive government intervention
(Au et al. 2022). The collective memory of the SARS pandemic also gave the public a familiar
cast of doctors and public health officials, such as Zhong Nanshan, who had gained public trust
for their choices and actions during the SARS pandemic (Au ef al. 2022). Au et al. (2022) refer
to this collective memory of a past pandemic as an expert narrative, which shaped the COVID-
19 communication landscape in China. By making the case that COVID-19 was “SARS-like, but
not SARS,” Chinese officials were able to establish a more cohesive expert narrative once the

COVID-19 outbreak was escalated to national attention.
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In contrast with the Chinese public health narratives, public health officials in the United
States could not appeal to any shared memories of pandemic spread, which lead to what Au et al.
(2022) refer to as a contested narrative. While early communications strategies at the beginning
of the COVID-19 pandemic tried to recall a myriad of diseases ranging from the 1920s Spanish
Flu to the 2010s HINT1 epidemic, these comparisons fell flat due to the lack of shared, collective
experiences of both of those previous pandemics. The past provided no specific implications for
the future, thus experts in the US relied on models and projections of future disease spread to
show the potential implications of public health interventions (Au ef al. 2022). The lack of
cohesive expert narratives amidst the outbreak of COVID-19 shifted the burden to data scientists
and disease modelers to come up with publicly salient statistics and data visualizations that

would convey the potential severity of the COVID-19 pandemic in the United States.

Language Localization

The communication of information must be accessible to all potential users of that
information. Dashboard design for a global health crisis such as COVID-19 is no different. Thus,
localization, the process of adapting software or content to meet the linguistic and cultural
requirements of a particular region (Madill, “What is Localization?”) is incredibly important for
providing data about current disease counts. In 2021, Momenipour ef al. found in a systematic
review of 16 states’ COVID-19 dashboards that US dashboards rarely incorporated second
language options into their dashboard design. Language localization tools typically involve the
use of language packs, which contain translations of the dashboard interface and content into
different languages. In addition to language localization, webpages and software may also

incorporate other localization features, such as date and time formatting, currency symbols, and
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units of measurement (“Localization Introduction” 2022). These cultural adaptations are
especially important in dashboard layout and design because they can help users better
understand and analyze data, as they are presented in a format that is familiar and relevant to
their region or language. Coming off as authoritative and understandable across cultural barriers

helps to establish trustworthiness in data communication (Griffin 2020).

Data Download Options

In addition to localization, dashboards that provide information about a pandemic often
allow users to download data that are important for ensuring that users can work with and derive
new insights from public datasets (Momenipour et al. 2021). Data download options in a variety
of formats, such as CSV, Excel, or PDF can facilitate data sharing, collaboration, proper citation,
and help track data provenance (Praharaj ef al. 2022). Data download options allow dashboard
designers to enable users to export and download data in various formats, facilitating oftline
access, data sharing, and compliance with data protection regulations. By allowing users to
download data, Young and Kitchin (2020) found that the provision of data download options
helped to affirm users’ engagement with the dashboard content. Praharaj ef al. (2022) found in a
systematic analysis of 68 dashboards of COVID-19 in US that 33 of the dashboards, or 48%, did

not include options for the user to download data from the dashboard.
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Evaluating COVID-19 Dashboard Design

The recent increase in the number of data dashboards has led to an increase in scholarly
research and review of these data mediums (Praharaj et al. 2022). In addition, as pushes for
open-access data have grown for both government transparency and to allow citizens use of their
own data, understanding how these data are made available are increasingly important. For
instance, Momenipour et al. (2021) evaluated 16 US states” COVID-19 public health dashboards
and provided a list of recommended features based on their observations. In 2022, Praharaj et al.
similarly performed a systematic analysis of 68 US states’ dashboards and used the results to
create a prototypical exemplary dashboard of COVID-19 response. In both cases, Momenipour et
al. and Praharaj et al. performed some version of a content analysis. A content analysis is a
method of systematically analyzing the contents of a visual image that was originally adapted
from written and spoken text (Rose 2016). The process of performing a content analysis is
methodologically explicit and encompasses best practices for a) selecting images b) devising
categories for the images c¢) coding the images d) analyzing the results (Rose 2016). These
analyses are common among researchers trying to understand trends in data visualization
strategies (Fish 2020, Fish and Kreitzberg 2022, Praharaj et al. 2022, Momenipour et al. 2021),
as well as general communications strategies (Tagliacozzo et al.2022). In the following chapters
I use this method to explore COVID-19 dashboards provided by national governments across the

globe to analyze variability in international COVID-19 data dashboard functionality and design.
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Chapter 3: Methods

The goal of this research is to quantify the characteristics of international COVID-19
dashboards and to offer recommendations for features of PaaS providers based on those
characteristics. To address my research questions, I performed a content analysis of 24 countries’
dashboards showing COVID-19 disease spread and/or vaccination distribution. A content
analysis is a method of systematically analyzing the contents of a visual image that was
originally adapted from written and spoken text (Rose 2016). The process of performing a
content analysis is methodologically explicit and encompasses best practices for a) selecting
images b) devising categories for the images ¢) coding the images d) analyzing the results. In this
case, the goal of coding the COVID-19 dashboards was to have a way to systematically quantify

the characteristics of COVID-19 dashboards to inform later recommendations.

Selecting dashboards

I identified the top 45 countries with the highest reported incidence of COVID-19 disease
as of September 1%, 2020, approximately six months after COVID-19 spread internationally. I
chose this set of countries because these are the jurisdictions I identified to be most likely to need
a comprehensive COVID-19 communications strategy, and therefore were the most likely to
create COVID-19 dashboards to communicate with their citizens and provide data for decision

makers.

For each of the countries in my list, I performed a keyword search in English using

Google’s search engine for “[country name] COVID dashboard” and progressively tried different
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keywords such as “public health ministry” and “case counts”. If those keywords in English did
not return a result, [ used Google Translate to put the same keywords into that country’s official
language. If neither of those strategies worked, I searched for the individual country’s public

health department and checked to see if there were links to webpages specific to COVID-19.

To qualify as a COVID-19 dashboard for the purposes of my study, the dashboard had to
1) meet the definition of a dashboard defined in “Chapter 2 and 2) display data relating to
COVID-19 disease progression or vaccine disbursement in the particular country. Several
countries appeared to have dashboards which focused on disease proliferation, which then
pivoted either entirely or partially to include vaccine information, which meant it was impossible
in many cases to isolate dashboards about either disease spread or vaccination exclusively. Once
a webpage was determined to ontologically fit the definition for a dashboard and contained
information specific to COVID-19 disease proliferation or vaccine distribution, I recorded its
URL and the name of the country it was associated with in a spreadsheet to revisit during my

content coding.

Coding Scheme Creation

Once the dashboards were identified, I developed a set of codes, or questions about a
dashboard’s characteristics, which accounted for: 1) metadata about the URL and country name,
2) if the webpage had been archived, 3) the metadata available on the dashboard, 4) the data
display types in the dashboard, 5) the dashboard layout, 6) dashboard interaction, 7) use of color
as a visual variable, and 8) questions regarding data download options and language localization

that related to my research questions. A comprehensive list of the dashboard codes, which total
20



46 individual characteristics, can be found in Table 1. These allowed for a comprehensive review
of dashboard content and compositional patterns.

Codes 1-3, were regarding general information about the dashboard, including the
country name, a unique identifier for the dashboard, and the dashboard’s URL. Codes 3-6 pertain
to if the dashboard can be archived on the WayBack Machine and where the URLs for archived
dashboards exist. I chose to included a dashboard as archived if it was able to 1) successfully
load and 2) most of the widgets were viewable. Codes 7-43 were adapted from Bach et al.’s
2022 article, which defines typologies of dashboard layout. Of those questions, codes 7-11 were
related to metadata availability. Codes 12-23 were what Bach et al. refers to as visual
representation patterns, or the ways that data can be laid out on a page. In these questions, the
only time where I significantly deviated from Bach et al.’s typologies was because many of the
dashboards included or featured maps, which were not one of the visual representation patterns
that Bach et al. identify. Codes 29-34 refer to how the widgets within a dashboard get configured
on a webpage. Codes 35-38 refer to how a user can interact with the dashboard to gain new
insights from the data, and codes 39-42 pertain to how color gets used as a visual variable in a
dashboard. Codes 43 and 44 are based on common strategies for COVID-19 communication I
saw in my literature review and are my opportunity to assess the connection between COVID
tracking apps and communicating modeled projections of future disease spread. Code 45 is about
the platform that the software was built in. Finally, coding question 46 relates to the ability of the
user to download and access the data underlying the platform. Although some dashboards had
“data download” buttons built into the dashboard, many contained links to external data

platforms or APIs, so the diversity of these options are captured in multiple choice answers.
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The majority of the codes were derived from Bach et al.’s taxonomy of dashboard design

elements, however, Bach et al‘s article does not specify any cartographic elements in a

dashboard, so I additionally coded for the presence or absence of maps in data display patterns.

Additionally, I coded for if the dashboard included any future forecasts of COVID-19

progression, if the dashboard was archivable on the WayBack Machine, if the dashboard linked

to an external mobile application, what platform the dashboard was designed in, and if there

were opportunities to download the data. All of the codes (except where noted in 7able 1) were

designed as a Boolean “yes” or “no” with an opportunity to flag it for review later. Coding the

maps as a Boolean value made it easier to assess the presence or absence of each feature and

allowed me to apply simple arithmetic to interpret the results.

Table 1: Detailed description of all coding questions in the content analysis

Feature Question Data Type Question Source
Examined
General . What is the country name? Text General Metadata
information
What is the dashboard ID? (ISO code + dashboard Text General Metadata
number for the country, ex. US1)
What is a link to the dashboard? URL General Metadata
Archivability . . .
Is the dashboard viewable on the Way Back Machine? |Boolean Research Question 2
https://archive.org/web/
Link to Way Back Machine archive of dashboard: URL Research Question 2
Date of Way Back Machine capture, closest to Date Research Question 2
September 1
Eif;adata and Does the dashboard list data sources? Boolean Adapted from Bach
. etal
explanations
Does the dashboard list data disclaimers about data Boolean Adapted from Bach
processing or context? etal
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Does the dashboard include data descriptions about Boolean Adapted from Bach

what the user is seeing? etal.

Does the dashboard include update information Boolean Adapted from Bach

including timestamps etal.

Does the dashboard include annotations to the graphs Boolean Adapted from Bach

which add insight into the data? etal.

Visual .
. Does the dashboard have tables to display data? Boolean Adapted from Bach
representation
etal
patterns

Does the dashboard have lists to display data? Boolean Adapted from Bach
etal

Does the dashboard have detailed charts that let the Boolean Adapted from Bach

user retrieve specific values from the data? et al.

Does the dashboard have miniature charts that let the Boolean Adapted from Bach

user generalize trends from the data? etal

Does the dashboard have gauges or progress bars to Boolean Adapted from Bach

display data? etal

Does the dashboard have pictograms to display data? Boolean Adapted from Bach
etal

Does the dashboard use trend arrows to display data? Boolean Adapted from Bach
etal.

Does the dashboard use numbers (alone, not Boolean Adapted from Bach

annotating another data display) to display data? etal.

Does the dashboard use maps to display data? Boolean Adapted from Bach
et al.

Does the dashboard include a choropleth map? Boolean Added to Bach et
al.’s typologies
based on observation

Does the dashboard include a graduated symbol map? | Boolean Added to Bach et
al.’s typologies
based on observation

Does the dashboard include any other maps besides Boolean Added to Bach et

choropleth or graduated symbol? al.’s typologies
based on observation

Pashboard Did the dashboard use an open layout without specific | Boolean Adapted from Bach
ayout patterns .
rules for widget placement? etal
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Did the dashboard use a stratified layout with a top- Boolean Adapted from Bach
down ordering, where top-level information is et al.
emphasized?
Did the dashboard use a table layout and order the Boolean Adapted from Bach
dashboard into meaningful columns and rows? etal.
Did the dashboard use a grouped layout and order the Boolean Adapted from Bach
dashboard into meaningful groups by theme? etal
Did the dashboard use a schematic layout? Boolean Adapted from Bach
etal
Screen space Does the dashboard use screentfit, fitting all the Boolean Adapted from Bach
patterns . .
content into a page without the need to scroll or etal
interact with data?
Does the dashboard use overflow, where the data Boolean Adapted from Bach
exceeds the website length and scrolling is required to etal
explore all the data?
Does the dashboard use details on demand to allow Boolean Adapted from Bach
the user to show more details through interaction? etal.
Does the dashboard use parameterization to allow the Boolean Adapted from Bach
user to show more details that ae customized to their etal.
interests?
Does the dashboard use multiple pages where content | Boolean Adapted from Bach
was split across multiple pages or tabs with etal.
navigational patterns?
Does the dashboard encourage users to visit an Boolean Added to Bach et
external (non-governmental) website to access more al.’s typologies
information? based on observation
DaShbogrd Does the dashboard allow the user to explore the data, |Boolean Adapted from Bach
interaction . . .
obtain new data, and explore relationships through etal.
exploration interaction?
Does the dashboard allow the user to focus on specific | Boolean Adapted from Bach
data through drilldown interaction? etal
Does the dashboard allow the user to tab between Boolean Adapted from Bach
multiple pages through navigation interaction? etal
Does the dashboard allow the user to redefine, filter, Boolean Adapted from Bach
and reconfigure data through personalization etal.
interaction?
?elﬁlﬁzmentary Does the dashboard recommend downloading an Boolean Research Question 2

external mobile application?
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?up plementary Were forecasts of future disease spread included in the | Boolean Research Question 2
eature
dashboard?
General . o .
. . What GUI/JS Library was the dashboard built in? Multiple General Metadata
information .
choice
?up plementary Are there options to download the data? Multiple Research Question 2
eature .
choice
Coding Dashboards

To code each dashboard across all of the codes, I developed a form in Microsoft Forms
using the questions listed in Table 1. For each dashboard I had selected, I entered the URL of the
dashboard into my Google Chrome web browser. Since the coding sheet was input into
Microsoft Forms, it was easy for me to make sure I coded for the presence or absence of each
characteristic. I included a third option on all questions to allow myself to flag a feature for
review. Later, after I had coded all the dashboards, I went back and revisited all of the flagged
features. In this stage, I revisited Bach et al.’s paper and my literature review for the criteria for

each question and then I decided on the most appropriate option for that feature.

Analysis

Once my coding was complete, I exported a spreadsheet from the Microsoft Forms site.
Most of my codes were boolean, which allowed for simple arithmetic and filtering across the
dataset. For each characteristic, the values were summed in the spreadsheet. I used the counts to

answer the broader research questions posed in the introductory chapter.
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Archiving

As I was working through coding the COVID-19 dashboards in Spring 2023, I noticed
that many of the dashboards were slowly being removed from the Internet as the global
community moved away from more active strategies for COVID-19 containment. While in the
initial “Identifying Dashboards” stage, I recorded the URLs for dashboards to be able to easily

return to the webpages. However, in several instances I found the URL path to be broken.

I attempted to find the dashboards through the web archiving platform called the
WayBack Machine. The WayBack Machine allows users to save webpages and archive them for
the future (“Using the WayBack Machine”). However, in the case of COVID-19 dashboards, I
found that in many cases the dashboards were not usable or accessible through the archive.
Webpages often rely on many layers, often referred to as a “tech-stack,” interacting together as
scaffolding for the website as it appears in our browsers. The WayBack machine is most efficient
at capturing HTML—the “backbone” language in web programming—and struggles with
capturing data stored on remote servers or which relies heavily on JavaScript (“Using the
WayBack Machine”) such as web maps and data dashboards. This meant that in the case of
analyzing COVID-19 dashboards, these webpages were not captured in the Wayback Machine
effectively. The ability to capture and later re-create the content, structure, functionality, and
front-end presentation of a website is known as archivability (Stanford Libraries,

“Archivability™).

To retain a record of all dashboards, even the ones that were not archivable, I
systematically went back through each dashboard and recorded myself interacting with each
dashboard after I coded its content. For dashboards organized in a linear manor (such as France),

where it was straightforward to scroll through all the screen length and pages in the dashboard, I
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recorded the dashboard and all related features. For larger dashboards (such as the United
States), which spans dozens of pages and/or has interactive features in a non-linear fashion, I
focused on recording one exemplar of each data visualization element (i.e. capturing at least one
detailed bar chart at one choropleth map). I have uploaded the recordings to

https://github.com/LucyMakesMoreMaps/COVID_Dashboards. This repository is freely

available for the public to view and is available under the Creative Commons license CC BY-
SA. In archiving these records, I hope to provide a resource for public health communications
experts to evaluate the global response to COVID-19 so we can learn from past lessons and

apply them to future emergency situations.
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Chapter 4: Results

Across the 45 countries I searched for dashboards for, I was able to identify 28
dashboards that fit my definition of a dashboard. After identifying those 28 dashboards, I went
back to code each dashboard. Several (n = 4) had been removed from the internet and were no
longer accessible. In total, I was able to code for 24 international COVID-19 dashboards. Among
those 24 coded dashboards, there was a wide variety of designs and ways in which data was
made available. This chapter provides the results from my content analysis, as they relate to

Research Questions 1 and 2, which informs the user stories outlined in “Chapter 6: Discussion.”

Identified Dashboards

Among the 24 dashboards I did code for, 22 of the dashboards followed standard
definitions for dashboard design and functionality. The two cases that did not follow the strictest
definitions of a “dashboard,” were created by Romania and China, and were still included in my
analysis because they provided regularly updated data in a curated format to their citizens.
Romania’s dashboard, pictured in Figure 2, did not include interactive elements, instead, the
central webpage linked to a series of PDFs with regularly updated visualizations of COVID-19
spread and vaccination rates. Other research has categorized these sites which provide regularly

published PDFs as dashboards (Wexler et al. 2022).
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Figure 2: Screenshot of Romania’s dashboard

China’s dashboard on the other hand, Figure 3, was a list of regularly updated announcements
about the state of the pandemic and vaccination initiatives across China. Although the Chinese
COVID information website did not include visualizations as might traditionally be considered a
dashboard, I included it in this study for the following reasons. First, other researchers have
defined China’s COVID-19 information website as a dashboard (Zhao et al. 2021). Second, the
decision to convey data through written text without any visual support or external data sources
is, in and of itself, a purposeful lens through which Chinese COVID-19 data is conveyed.
Finally, China’s COVID response was relevant to how countries across the globe responded
given that the COVID-19 pandemic started in Wuhan, China, thus capturing their dashboard

helps provide a picture of the diversity of data communication styles.
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Figure 3: Screenshot of China’s COVID-19 dashboard in Chinese (top) and translated into English using Google

Translate (bottom)
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Throughout the rest of this chapter, I specifically illustrate how my data answered the

research questions I posed at the outset of this thesis.

Research Question 1

How did COVID-19 dashboards created by national government organizations
differ in their design?

Metadata and data explanations

Of the 24 dashboards analyzed, most (n = 22) contained some kind of metadata about \the
source of the data. The two dashboards that did not include any type of metadata or source were
South Africa and Kuwait. Of the 22 dashboards that contained descriptions of the data and/or
data sources, the breakdown of how many dashboards have what kinds of information are
summarized in Table 2. Notably, none of these metadata and data descriptions are mutually
exclusive, meaning a dashboard could be counted multiple times across the codes listed in Table
2. In my analysis, the most common type of metadata was “update information” such as
timestamps (7 = 20), where the dashboard included the last time the data were updated. For
example, in Qatar’s dashboard, Figure 4, the dashboard did not include any information about

the data source except for the last time the data were updated.

Metadata and Data Descriptions Total
Dashboard lists data sources 15
Dashboard lists disclaimers about data 13
processing or context?

5

Dashboard includes descriptions about what
the user sees
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Dashboard includes update information, 20

such as timestamps

Dashboard includes annotations to the graphs
which add insight into the data?

Table 2: A summary of content analysis results regarding dashboard update information

d_slella___=all3)ljg Q’B
Ministry of Public Health \>"‘-{

State of Qatar + »—had_lss

COVID-19 Status in Qatar (Last Update: 2023-01-23)

it

258

di| |
|l (o

30 3

Figure 4: Qatar’s dashboard included a timestamp of the last time the data updated

The second most common type of metadata were simply explicite “lists of data sources” (n =
15). “Disclaimers” about data processing or important context were the next most common (n =
13). For example, Indonesia’s dashboard (Figure 5) prominently features a disclaimer in bright

teal at the bottom of their dashboard.
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122 KEMENTERIAN KESEHATAN REPUBLIK INDONESIA

Figure 5: Indonesia’s dashboard shows a prominent data processing disclaimer.

Very few dashboards “described the data” through a description of what the user sees (n = 5).
“Annotations to the graphs” to add insight into the data (n = 3) were the least common form of

metadata or data explanation. For example, in France’s dashboard, Figure 6, a red or green
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arrow summarizes if the data is trending up or down in the last 7 days through an annotation to

the graphs which add insight into the data.

Positive tests in vaccinated and unvaccinated
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Source: data.gouwfr [
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Update :
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Figure 6: France’s dashboard includes indicators of how the data are trending and descriptions of

how the data are calculated.
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Visual representation patterns

The visual representation pattern codes in my coding scheme were based on Bach et al.
(2022), with four additional questions focused on map design since Bach et al. (2022) did not
include maps in their taxonomy of dashboards, despite that I found maps to be a common

visualization across the dashboards I coded (see Table 3).

Visual Representation Pattern Total
Tables 15
Lists 3

Detailed charts with specific data points | 19

Miniature charts with generalized trends | 4

Gauges or progress bars 4
Pictograms 0
Trend arrows 6
Numbers (alone) 20
Map, general 15
Choropleth maps 14
Graduated symbol maps 4
Other maps 2

Table 3: A summary of the visual representation patterns in the analyzed dashboards

The most common visual representations were: “numbers” (n = 20), “detailed charts with
specific data points” (n = 19), “tables” (n = 15), and “maps” (n = 15). Again, these codes are not
mutually exclusive, thus a dashboard could contain all these types of visual representations, or

none. Additionally, these counts illustrate the number of dashboards that contained that visual
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representation type, not the number of times I observed that pattern displayed. For example,
France had a long list of detailed charts (See, for example, Figure 6) but is represented just once
in the count of “detailed charts with specific data points.” The least commonly used visual
representation patterns were “gauges or progress bars” (n = 4), “miniature charts with
generalized trends” (n = 4), “lists” (n = 3), and “pictograms” (n = 0).

Of the 24 dashboards analyzed, over half (n = 15). Of the 15 dashboards which included
maps, “choropleth maps” (e.g., Figure 7) where the color of enumeration units within the map
are shaded according to the data value, were the most common (n = 14), followed by “graduated
symbol maps” (e.g., Figure 8), where the size of a given symbol is scaled based on the
magnitude of the data value (n = 4). Bangladesh had the only dashboard (» = 1) which included a
locator map. This map included locations for COVID care clinics and vaccination site shown in
Figure 9. Pakistan included the only dashboard which featured an administrative map which was
annotated with the numbers of cases in each administrative unit, but the units were not colored

based on any variable (Figure 10).
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Figure 7: Mexico used a choropleth map to show confirmed COVID cases
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Figure 8: Brazil uses a graduated symbol map to show COVID-19 deaths
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Figure 9: A categorical map of COVID-19 testing centers in Bangladesh
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Figure 10: Annotated administrative map from Pakistan’s dashboard
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Dashboard Layout Patterns
I coded for dashboard layouts, also using Bach et al.’s typology. The results are

summarized in Table 4.

Layout Types Total

Open Layout 11

Stratified layout 9

Table layout 7

Grouped layout 5

Schematic layout 0

Table 4: A summary of dashboard layout patterns identified in the content analysis

Among the dashboards I analyzed, “open layouts” were the most common (rn = 11). Argentina’s
dashboard, pictured in Figure 11, is a good example of an “open layout,” where the ordering of
the widgets on the page does not correspond to the content or importance of the widget provided.
“Stratified layouts,” where the widgets were ordered so that the most succinct and important
information was at the top were the second most common (n = 9). Mexico’s dashboard (Figure
12) is a neatly organized example of a dashboard with a stratified layout. “Table layouts,” where
the content was arranged into meaningful columns and rows (n = 7) were also relatively
common, as pictured in Qatar’s dashboard in Figure 13. In the dashboards I analyzed, I
identified 5 which used “grouped layouts,” where the widgets are laid out in clusters of related
data. For example, in Saudi Arabia’s dashboard, Figure 14, widgets related to cumulative and
current COVID-19 cases are grouped together and widgets related to vaccination statistics are

grouped together. “Schematic layouts” use the layout of widgets to convey information about the
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structure of the data. I did not find any examples of a schematic layout for COVID-19

dashboards.
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Figure 14: Saudi Arabia’s dashboard clustered similar data together using a grouped layout

Screen Space Patterns

Although early dashboards were often designed as a static dashboard and viewed on a

single screen, the proliferation of dashboards online has resulted in the expansion of dashboard

forms into dynamic visualizations which take up significant screen space. I use Bach et al.’s

typologies for screen space patterns. My analysis, summarized in Table 5, finds that the most

common patterns are “overflow,” where the user has to scroll to see all the content (z = 18) and

the use of “multiple pages” with linked navigational patterns (n = 14). The least commonly used

screen space patterns were “screenfit,” where the data all fit into one screen without interaction

(n=4) and “details on demand,” where the user has to expand an element to get more

information (n = 5).
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Fitting patterns Total
Screenfit 4
Overflow 18
Details on demand 5
Parameterization 8
Multiple pages 14
Link to external site 6

Table 5: A summary of dashboard screen space patterns identified in the content analysis

Dashboard interaction

Dashboard interaction encompasses the ways that a dashboard allows a user to interact
with and explore data. In my analysis, summarized in 7able 6, the most common types of
interaction were “comparative interaction,” where the user could toggle between multiple tabs or
pages to compare data (n = 13) and “drilldown interaction,” that allowed the user to focus on
specific data (n = 11). “Exploration interaction” to allow users to explore data or obtain new data
was significantly less common (n = 5), as were “personalization interactions” that allow the user
to redefine, filter, or reconfigure data to personalize the dashboard to their interests (n = 4). The
more common dashboard interaction patterns were also the patterns that allow dashboard

designers to have the most control over the narratives in each dashboard.
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Dashboard interaction patterns Total
Does the dashboard allow the user to explore the data, obtain new >
data, and explore relationships through exploration interaction?

Does the dashboard allow the user to focus on specific data 1
through drilldown interaction?

Does the dashboard allow the user to tab between multiple pages 13
through navigation interaction?

Does the dashboard allow the user to redefine, filter, and 4
reconfigure data through personalization interaction?

Table 6: A summary of dashboard interaction patterns identified in the content analysis

Modeling Future Disease Spread

Among the dashboards I analyzed, the United States developed the only dashboard (n =
1) which contained any data modeling future progression of COVID-19 spread. All other
dashboards (n = 23) were focused on the current status of the proliferation of and vaccination

against COVID-19.
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Research Question 2
How did national COVID-19 dashboards differ in the functionality for data
download, language localization, and archivability? What impact did Platform

as a Service (PaaS) providers have on the differences in functions between
different countries’ COVID-19 dashboards?

Platform as a Service Providers

Among the dashboards I analyzed, a wide variety of platforms were used to build the
dashboards. Of the 24 total dashboards, 3 were built using Esri’s Dashboard Builder, 3 were built
using Microsoft’s Power BI, 2 were designed in Google’s Looker Studio, and 2 were definitively
designed in Tableau. One dashboard (Figure 13, Bangladesh) was built without using a PaaS, but
included a included a single widget (outlined in red at the bottom of the page) within the overall
dashboard layout which was built using Esri’s ArcGIS Dashboard Builder. For the purposes of
this thesis, I did not include this dashboard in the overall count of Esri dashboards because the
widget was a singular feature in the overall dashboard. While I only identified 2 dashboards in
my study set which were designed in Tableau, Tableau was the only PaaS provider that allowed
users to remove their “watermark,” the icon or logo of the company, depending on the
subscription level paid for by the dashboard developer. This meant that countries who paid for a
higher license level had the option to remove the watermark. Additionally, I could not find any
third-party tools (such as Wappalyzer) that would help me to identify when Tableau was present
in each website’s technology stack, so there was no accurate way to identify whether a dashboard
was made with their platform without the watermark. Together, this meant I was not able to
identify what tools were used for 11 of the remaining dashboards. Therefore, it is possible that

some of the dashboards were designed in Tableau that are unaccounted for in my final counts.
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Figure 15: Bangladesh’s dashboard included one widget designed in Esri’s Dashboard Builder
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Data Download Options

Among the dashboards I analyzed, some had options to download either an image of the

dashboard or the data underlying the dashboard itself, summarized in Table 7.

Total % with data download options

Built using a PaaS Not built using a PaaS
provider provider

Data download options made available 4/10 5/14

No data download options made available 6/10 9/14
40% 35%

Table 7: Data download options by platform the dashboard was designed on

However, among the dashboards that provided options to download data (n = 9), most did not

integrate that data download into the dashboard itself; rather, they linked to an external database

or API (n = 6). A breakdown of the types of data download options made available to users is

summarized in Table 8.

Built using a PaaS provider

Not built using a PaaS provider

Data download options
made available

Data Link to external | Data Link to external
download API download API

integrated integrated

n=2 n=2 n=1 n=4

Table 8: Data download options broken down by how the data were made available
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Language Localization

Of the 24 dashboards in the analysis, one third (z = 8) included options to toggle between
one or more languages, known as language localization. Of those 8 dashboards, most (n = 7)
allowed for toggling between two specific languages-- the local language of that country and
English. For instance, the dashboard for India provided information in English and then also

allowed users to toggle to Nepali (Figure 16).

= India = 1 year of Govt 2020 Towards a Healthy India &  One Year of MODI 20 &  Screen Reader Acess '; A A MoHFW Main Website

inistry of Health m . .
- N Latest Updates Resources Awareness District-wise COVID-19 test positivity rates .
and Family Welfare P POSINIY 1€ gearch: [Search

Government of India

Toll Free : 1075 Covid-19 facilities in States & Union Territories Arogya Setu vApp |ﬁ| ‘

For Information on COVID-19 Vaccine India COVID-19 Vaccine Tracker

gz (ke e (Dscharged oo [IBERRERT
(GMT+5:30)

;Lig:\j[:;)change since 1 4493 44435204 531 778

m Vaccination
State Data
Total number of tests done during the previous day 55,636

For any technical enquiry with respect to COVID-19, you may kindly email on technicalquery.covid19@gov.in Aarogya Setu IVRS . 1921

COVID-19 Vaccination

b e Total Vaccination : 220,66,92,059 ( 00,367 4)

by ¥R Engish TR HRT F SN A AR 120208 AH20m @I wHiwrEs a4 B MoHFW Main Website

aﬁ‘tﬂaﬂsm@?/amaqaﬂa?m A FEFA o [ D

dadtiors e sk daafia wal A vifs- o bR dg gy e Sg 0 R0 T g

30) BT HRT & BIas-19
=f

ko
s 14493 44435204 531778

Fifds-19 ST 15 = re——
oz, ssp e P CIPIDRUI : 220,66,92,059 ( 00,367 4) & S
5: 30)

U 1T Hiefun &1 ol U 55,636

ﬁhau%mﬂ‘ﬁnﬁ It a=itet S & 1T, ST PUAT technicalquery.covid19@govin T SHE BT ABA & SR A AR . 1921

Figure 16: India’s dashboard in English (top) and Nepali (bottom)

One dashboard (Egypt) allowed toggles between 24 languages with a wide range of alphabets.
Notably, in the Egyptian dashboard, over half of the languages did not work and reverted the
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dashboard to English; however, there were about 11 languages which were still supported at the
time of my analysis. Another small set of dashboards (n = 2, Belgium and Bangladesh) did not
allow the user to toggle between languages but contained side-by-side information in multiple
languages. As you can see in Figure 17, Belgium’s dashboard was built in English, but has

translations of the metadata into Dutch, French, and German.

VlaamsBrabant 1,173,440}

Antwerpen 1,886,609 I
Ligge 1,110,989

Brussels 1,222,637 I

Limburg 885,951 I

Luxembourg 291,143

EN NL FR

- New Cases (Sum 14 days): Number of new - New Cases (Sum 14 days): aantal nieuwe - New Cases (Sum 14 days): nombre de nouveaux
diagnosed cases in the last 14 days gediagnosticeerde gevallen in de afgelopen 14 cas diagnostiqués au cours des 14 derniers jours
- Population: Population per municipality in Jan dagen - Population: Population par commune en janvier
2020 - Population: Bevolking per gemeente in January 2020
- Incidence (Sum 14 days): Cases (Sum 14 days) * 2020 - Incidence (Sum 14 days): Cases (Sum 14 days) *
100.000 / Population - Incidence (Sum 14 days): Cases (Sum 14 days) * 100000 / population
100 000/ bevolking
For all calculations, the last 4 days (non Pour tous les calculs, les 4 derniers jours (non
consolidated) are excluded (today included). Voor alle berekeningen zijn de laatste 4 dagen (niet consolidés) sont exclus (aujourd'hui inclus).
geconsolideerd) uitgesloten (vandaag inbegrepen).
* compared to previous 14 days * par rapport aux 14 jours précédents
*vergeleken met de vorige 14 dagen

Figure 17: The Belgian dashboard was built in English but had descriptions in 4 languages

Of the 8 dashboards with multi-language functionality, 3 of them were designed using a PaaS
provider—one (Saudi Arabia) using Esri Dashboard Builder, and two (United States and
Canada) using Microsoft Power BI. Notably, while Microsoft PowerBI has a localization engine
and extensive documentation on how to localize a dashboard, Esri does not have language
localization functionality. Saudi Arabia, the country that developed language localization using
Esri Dashboards, had to build and maintain two separate dashboards and datasets, and changed

which dashboard displayed for the user based on the user selected language.
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Archivability

Determining the archivability of dashboards proved to be a challenge in this research.
Some dashboards were accessible on web archiving platforms, but not all the widgets in each
dashboard could be successfully rendered in the WayBack Machine. Qatar is a good example of
a dashboard where all widgets are preserved and fully archivable. In Figure 18, you can compare
the widgets available on Qatar’s dashboard online compared with a capture from the WayBack
Machine. In this image, all of the widgets are preserved and successfully loaded in the WayBack

Machine, which means this dashboard is fully archivable.
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Figure 18: Qatar’s dashboard online (left) compared with Qatar’s dashboard in the WayBack Machine (right)
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Figure 19: The United States” COVID dashboard online (top) compared with the United States’s
dashboard in the WayBack Machine (bottom)
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Conversely, in Figure 19, you can see an example of a webpage that is mostly archivable. In the
US COVID dashboard, the webpage and most of the information loads, but several of the data
widgets are not rendered. Finally, in Figure 20 you can see a non-archivable web map, where
none of the data or content get loaded in the WayBack Machine. I chose to include a dashboard
as archived if it was able to 1) successfully load and 2) most (more than 50%) of the widgets

were viewable, meaning the dashboard was mostly archivable.
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Figure 20: The Saudi dashboard online (top) compared to on the WayBack Machine (bottom)
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The results of my coding for archivability are summarized in Table 9. 16 of the 24

dashboards that I identified were archivable, albeit to varying degrees, on the WayBack

Machine. However, of the 16 archivable dashboards, the vast majority (n = 13) were built

without a PaaS. Of the dashboards that were created with PaaS providers, dashboards that were

built with Microsoft PowerBI and Tableau could be made accessible on the WayBack Machine.

Notably, dashboards that incorporated widgets from Microsoft PowerBI were archivable, but

dashboards developed entirely in the PowerBI app environment were not accessible through web

archiving. Dashboards built in Esri Dashboard Builder or Google’s Looker Studio also did not

load on the WayBack Machine and were not archivable. Overall, 92% of the dashboards built

without a PaaS were archivable on the WayBack Machine, while only 30% of the dashboards

built with a PaaS were archivable.

Built using a PaaS provider Not built using a PaaS
provider
Archivable 3/10 13/14
Not archivable 7/10 1/14
Total % Archivable 30% 92%

Table 9: Archivability of dashboards by the platform they were built on
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Chapter 5: Discussion

Across the dashboards I analyzed, there was significant variation in how dashboards
displayed data. This variation can be broadly divided into two categories—design patterns,
driven by the person who was building the dashboard, and dashboard functionality, which was
driven largely by the capabilities of the PaaS the dashboard was built on. The following section
addresses each of the research questions, as they relate to the design and functionality of

COVID-19 dashboards and highlights significant findings from my results.

Design Patterns

Dashboard Interaction Patterns

One notable pattern in the results was the dashboards’ use of interaction (summarized in
Table 6). Among the dashboards I analyzed, the most common interaction patterns were
drilldown interaction — where the user can focus on specific data within the dataset — and
navigation interaction — where the user can navigate between multiple pages or tabs and view
new data. These two interaction patterns allow users to view the dashboard’s data in more detail,
but do not allow users to explore or reconfigure the data displayed.

The least common interaction patterns were personalization interaction — where the user
can redefine, filter, and reconfigure the data to match their interests — and exploration
interaction — where the user can explore the data and obtain new data to observe new
relationships. Sarikaya et al. (2019) describe the differences in these dashboard interaction
patterns as a tension between visual dashboards, which are simple data displayed with generic
overviews of a dataset, and functional dashboards, which are interactive displays with real-time

monitoring of many relevant variables. In a 2021 analysis of actionability in dashboard design,
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Ivankovik ef al. determined that dashboards that manage the “type, quality, and flow” of data
are more direct and actionable. In other words, they leave fewer decisions up to the user and
provide clear guidance on how to take action based on the information provided. The prevalence
of visual dashboards in my analysis indicate that globally, COVID-19 dashboards generally
followed this paradigm and tried to moderate the type of information provided on their

platforms.

Future Forecasts of Disease Spread
Of all the dashboards I observed, the United States had the only dashboard which

modeled the potential future spread of the COVID-19 virus (Figure 21).

< Back to Cases, Deaths, & Testing

United States Forecasting

Updated April 27, 2023. Observed and forecasted weekly reported COVID-19 cases and deaths in the United States.
Use the interactive tool below to explore observed and forecasted weekly reported COVID-19 cases and cumulative and incident COVID-19 deaths in the United States. Click on past weeks to see previous

forecasts or use the arrows in the legend.
Ensemble forecasts combine diverse independent team forecasts into one forecast. While they have been among the most reliable forecasts in performance over time, even the ensemble forecasts have not

reliably predicted rapid changes in the trends of reported cases, hospitalizations, and deaths. They should not be relied upon for making decisions about the possibility or timing of rapid changes in trends.
Some forecasts are not shown in periods of low reliability. Case forecasts are not shown after February 5, 2022. For more information, please visit the CDC COVID-19 Forecasting Page.
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Figure 21: The US COVID dashboard forecasting future disease impact
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This is notable, given Au ef al.’s (2022) comparative analysis of expert narratives in COVID-19.
They concluded that mainland China and Hong Kong were able create expert narratives around
COVID-19 based on a shared cultural memory of the earlier SARS pandemic, which allowed for
public health experts to create a cohesive narrative about how to collectively respond to the
virus’s spread. Meanwhile, the United States was unable to draw from any shared memory, and
the political confusion that ensued in the United States in 2020 led the US CDC to share future
projections to communicate the importance of protective measures (e.g. masking or social
distancing). The fact that the United States was the only country to include future data models
into their national dashboard confirms Au et al. that future modeling was a key part of US
COVID communication strategy and further indicates that this communication strategy might

have been unique to the United States.

Dashboard Functionality & User Stories

What was clear to me when analyzing COVID-19 dashboards was how significantly each
dashboard was impacted and limited by the capabilities of the PaaS providers and their
technology stack. Because drastically different governments, containment strategies, and disease
rates all used just a few of these PaaS systems, it was clear that often the differences in the
design, data availability, and functionality of individual country’s dashboards were driven by the
PaaS system they used more than it was an indication of differences in COVID-19 containment
strategies. Therefore, given the need for these PaaS systems to allow for a greater diversity of use
cases, noted in particular through this research on dashboard design, data availability, and
functionality for global health crises, I have written a series of “user stories” for each necessary

element to be included by PaaS providers for future dashboard designs.
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A user story is a concise, informal explanation of a software feature written from the
perspective of the software’s user (Rehkopf, “User stories with examples™). User stories are used
throughout the software industry to help humanize software products and make the user the
center of the development process (Rehkopf, “User stories with examples™).). A user story
should have a format which closely follows “As a [person], I need to [task that needs to be
accomplished] so that [reason the task is important].” It should also provide a description of all
the steps that are required to accomplish that task, and it should provide the developer with a
clear sense of when the user story is “done” or when the feature has been fully developed.

I wrote the following user stories for each of the following functions: 1) data downloads,
2) language localization support, and 3) archiving methods. These user stories are designed to
provide an actionable explanation of how PaaS providers could facilitate each of these

capabilities to be more useful tools for potential future global health crises.

Data Download Options

Data download options help to preserve a record of data provenance for proper citation,
give individuals new ways to explore and share information, and can preserve underlying data
for posterity. The following user stories capture two perspectives on the features a PaaS provider

would need to develop to provide data download functionality while maintaining data privacy.

User Story 1: Journalism student wants to download accessible data format

I am a journalism student who wants to do some research about how COVID-19
spread across my university. My university offers a dashboard which lets me
query and zoom in on certain data in my county, but I do not have the technical
expertise to query the API that they direct me to. I want to be able to download a
spreadsheet of the data from the dashboard so that I can cite the data I am
observing and tell my classmates about COVID-19 spread.
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User story 2: Public health analyst wants to maintain data privacy

I am a public health data analyst for the State of Wisconsin. I want to connect my
dashboard to an already-established API, but I can only allow users to download
certain anonymized data fields from my overall dataset. I want the PaaS provider I
provide to give my user’s the opportunity to download data from my public-
facing dashboard without having access to my state’s entire public health
database.

User Story 1 highlights how having a simple “download” button can increase engagement
and utility of a dashboard for non-technical experts. While many dashboards connected to
external databases and APIs this limits the number of people who can retrieve and interpret the
data to specialized practitioners with the technical skills to navigate intricate data management
systems. User Story 2 focuses on a dashboard developer who wants to integrate data download
options while maintaining data privacy. The provision of data download options can make
dashboards more engaging and actionable and should be easy to integrate into dashboard

designs.

Language Localization

Language localization, or multi-language support, is necessary for large-scale institutions
to make their information accessible to many demographic groups within the public and to
mitigate error in interpreting the meaning of data. I wrote the following user stories to capture

the needed features of a language localization system for a global health emergency.

User Story 3: Public health data analyst wants to integrate language localization

I am a data analyst for the city of Philadelphia’s Public Health Department, and I
want to allow people across my linguistically diverse population to access the
dashboard I am designing. Since people in my metro area speak a wide variety of
languages, my PaaS needs to be able to support languages which read left-to-right
as well as right-to-left, and it needs to support special characters that may not be
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common in English. Also, since I sometimes have to rapidly provide information
in response to a rapidly developing disease outbreak, I need multiple levels of
time investment to deploy a multi-lingual dashboard. Ideally, there would be
multi-lingual dictionaries for commonly used words on buttons such as “scroll,”
“zoom,” and “download” that would be automatically set when my user switches
languages so I could quickly design and deploy my dashboard, as well as
opportunities to build out a more extensive translated dashboard.

User Story 4: Concerned user wants to easily understand a dashboard built in
their second language

I am a recent immigrant to Philadelphia from Egypt, who is nervous and trying to
understand a recent pandemic outbreak. My English is okay, but given the stress
of the situation, I would prefer to read the dashboard my local data analyst has
made in my native Arabic. Additionally, I would prefer for the numbers, dates,
and times to be written according to my cultural standards, because I do not want
to spend extra time converting numbers in my head.

User Story 3 captures the language localization needs of a public employee who is
building a public health dashboard. In the case of the COVID-19 pandemic, dashboards were
developed iteratively over two time scales—a short time scale to quickly distill information to
citizens and a longer time scale to provide regular updates on the status of the pandemic. Ideally,
a PaaS localization engine would have options for fast development and deployment of localized
dashboards where the user interface (UI) could be easily translated into another language and a
more in-depth way to add in translated data tables and descriptions. User Story 4 focuses on why
language localization is important to the dashboard’s end user, especially when a dashboard is a
part of an emergency-response communication strategy. Although some individuals may be able
to speak the language that the dashboard was developed in, it may provide additional translation

and communication barriers during stressful times of crisis.
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Archivability

Archival methods are important for researchers in the present and future to be able to
access important ephemeral information and to reflect on ways to improve communications
strategies. Archivability specifically refers to the ability to preserve a webpage to be able to
access it for future reference and research. The following user stories represent two researchers
from different fields who want to use web archiving for different research questions relating to

COVID-19.

User Story 5: Researcher wants to preserve computer interaction elements

I am a computer interaction researcher from the University of Oregon, and I want
to look back on the COVID-19 pandemic to understand accessibility in dashboard
design. Since screenshots of dashboards divorce the dashboard from the
interactivity, I need a way to access old or discontinued dashboards to study their
features. I would be happy if each PaaS platform had an internal way to archive
and retrieve public-utility dashboards, or if my dashboards of interest were
compatible with the WayBack Machine.

User Story 6: Public health expert wants a record of data provenance

I am a public health policy expert from Austin, Texas. I am compiling a report on
COVID-19 cases for a local think tank, but the dashboard I was using for my data
was taken offline. Since I need to follow strict guidelines for citing my sources, I
need a way to access old dashboards’ data so I can cite them and record my data’s
provenance.

User Story 3 highlights the importance of figuring out ways to preserve all elements of a
dashboard. Recently, online dashboards have been made more versatile by allowing the user to
interact with and manipulate the displayed data. This user story highlights the importance of
capturing a dashboard without divorcing it from its interactivity, like a screenshot would. User
story 4 expands on that functionality for researchers who are looking to cite dashboards or

official public health services. The inability to archive dashboards can be a significant hindrance
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to tracking data provenance, and identifying ways to build for archivability is important for
maintaining research integrity.

A well-designed dashboard has the potential to rapidly distill high-quality information to
a broad audience in global health disasters and other long-term, rapidly changing, high
consequence events. However, across the dashboards I analyzed, there was significant variation
in how dashboards displayed data and what functions were available to users. Interpreting this
variation can help to give insights into the processes and pain points that dashboard designers
encountered during the design process. The user stories provided in this chapter provide
actionable synapses of a few workflows currently incompletely supported by major PaaS
providers, but should also function as a jumping-off point to reframe how PaaS have become an

integral part of global emergency response and communication.
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Chapter 6: Conclusion

The goal of this thesis was to analyze variations in COVID-19 dashboard design and
functionality to identify the key features that dashboard platforms must provide in times of
global crisis. I used a content analysis, as described by Rose (2016), to systematically categorize
the contents of each dashboard. My coding questions were derived from Bach et al.’s (2022)
taxonomy of dashboard design patterns; observations I made across the 24 dashboards I
analyzed, such as the inclusion of maps and the archivability of the dashboards; and other
literature, including the provision of modeling future forecast data (e.g., Au ef al. 2021), data
download options (Praharaj ef al. 2022), and language localization (Momenipour et al. 2021). By
categorizing each dashboard, I was able to collect data on the design and functionality of each
individual dashboard. In this thesis I aimed to answer three research questions about how
COVID-19 dashboards differed in their design across national governments, how differences in
dashboard functionality could be related to the platform as a service (PaaS) that a dashboard
used, and what features could address pain points and limitations in dashboard building
platforms. In this chapter, I summarize the findings and conclusions from each research question

and address the challenges and limitations of this study.

Research Question 1

RQ1: How did COVID-19 dashboards created by national government
organizations differ in their design?

My analysis showed dramatic variation in the types and styles of layouts and designs that
national governments used in their dashboards. The codes that addressed this research question

were largely derived from Bach et al. and allowed for me to code for 1) Structure, 2) Visual
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Representation, 3) Page Layout, 4) Screenspace, 5) Interaction, 6) Meta Data, and 7) Color.
Among those categories, one notable result from my analysis regarded the interactivity of each
dashboard, which indicated that 80% of dashboards (n = 20) favored limited interaction in what
Sarikaya et al. (2019) describe as visual dashboards, not functional dashboards. This means that,
on a global scale, COVID dashboard designers preferred designs that moderated the data
presented to the user over more exploratory layouts, which past literature has found to lead to
more direct and actionable dashboard design (Ivankovik et al. 2021) Future researchers can use
these data to look more deeply at broader patterns in layout styles using a methodology such as a
principal component analysis to identify any correlation between national design decisions and
national COVID-19 containment strategies.

One other significant result from my content analysis was support for Au ef al.’s (2022)
characterization of the United States’ COVID communication strategy focused on modeling
future spread of COVID-19. Additionally, I would add to Au et al.’s (2022) analysis that this
focus on data forecasting was unique to the United States, as no other country’s dashboard that |
analyzed included forecasted or modeled data. This finding leaves open the opportunity for
future communications researchers to examine if and why this would be unique to the United

States.

Research Question 2

RQ2: How did national COVID-19 dashboards differ in the functionality of
their dashboards for 1) data download options, 2) language localization, and 3)
archivability? What impact did Platform as a Service (PaaS) providers have on
the differences in functions between different countries’ COVID-19
dashboards?
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Like the variation in design choices between international dashboards, the functionality
of COVID-19 dashboards varied dramatically. Specifically, I analyzed data download options,
language localization, and archivability. First, among the 24 international dashboards I analyzed,
only one third had options to download the displayed data, which follows similar results from
Praharaj et al.’s study which was focused on the differences between US states’ COVID-19
dashboards. Their research found that only half of US state’s dashboards included options to
download any underlying data. Even though all 4 most common PaaS providers in COVID-19
dashboard design allowed data download integrations in a dashboard, only one dashboard
designed in a PaaS included options to download the underlying data. This could indicate that the
challenge of integrating data download options is prohibitively challenging, or it could indicate
that dashboard developers themselves need to collectively adhere to stronger data transparency
standards. Next, one third of the dashboards I analyzed had options for toggling between
multiple languages, known as language localization. Among the four most commonly used PaaS
providers in COVID-19 dashboard design — Microsoft PowerBI, Tableau, Esri’s Dashboard
Builder, and Google’s Looker studio — only Microsoft PowerBI and Tableau had options for
language localization, meaning Esri and Google Looker Studio did not allow dashboard
developers to include language localization features. Finally, only 63% of dashboards I analyzed
(n=15) were found to have some degree of archivability on the WayBack Machine. Microsoft
Power BI’s and Tableau’s platforms were found to produce archivable pages (even if not all
widgets were preserved), but Esri’s Dashboard Builder and Google’s Looker Studio were found
not to be archivable. Through analyzing the functionality of international COVID-19 dashboards,
I was able to identify gaps in PaaS functionality and pain points in the user experience that can

help to inform future workflows for dashboard and software developers.
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Research Question 3

RQ3: What are common workflows PaaS providers should consider supporting
for health disaster response dashboards?

Based on my findings, I created a list of features, in “Chapter 5: Discussion,” that PaaS
providers need to develop to respond to future public health emergencies more comprehensively.
User stories are concise descriptions of workflows that are used throughout the software industry
to help humanize software products and make the user the center of the development process
(Rehkopf, “User Stories™). In creating user stories, I capture the findings from this work in an

actionable format that can easily be adapted into PaaS software development workflows.

Challenges and Limitations

One of the most significant challenges as a researcher was trying to analyze COVID-19
dashboards in early 2023, as the global political body has largely moved to a “post-COVID”
narrative. Amidst my attempts to study the global body of COVID-19 dashboards, the team
behind the Johns Hopkins COVID-19 resource center announced that their dashboard would stop
receiving any updates, citing a massive decrease in the number of countries actively reporting
COVID-19 cases and diminishing funding for resources on that scale. Following their
announcement, several countries likewise discontinued their dashboards, and 4 of the 28
dashboards I originally identified were removed from the Internet with no way for me to retrieve
or access their information. The discrepancies in dashboard preservation and my personal
challenge in trying to save dashboards for future researchers led me to start looking into how the

dashboards I was researching were influenced by the platforms they were designed on, and
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significantly informed the conclusions of this thesis. However, these challenges are as
formidable as they are informative and limited my ability to identify or analyze many dashboards
that were developed following the initial outbreak of COVID-19.

In addition to the infrastructural challenges of dashboard longevity, one limitation to my
study was that I was the only individual coding the dashboards, so there was no other researcher
to double check my coding decisions. In future iterations of this research, and with more
substantial funding, I hope to use an iterative coding process with another researcher to

standardize our coding schemes and discuss any discrepancies in our results.

The goal of this thesis was to analyze variations in COVID-19 dashboard design and
functionality to identify the key features that dashboard platforms must provide in times of
global crisis. I hope that in providing these analyses they help to frame a larger conversation
about how software companies and the platforms they provide have become an infrastructural
cornerstone in our response to disasters on a local, national, and international scale. Through
providing a thorough content analysis and an online, public archive of COVID-19 dashboard
recordings, I hope to provide the data for future researchers to look into the role that these
webpages played in communicating the developments in and the impacts of the COVID-19
pandemic. Finally, in drafting user stories for software companies, I hope that the insights from

this analysis will be easily captured and implemented for future responders.
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