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Abstract: Data dashboards provide a means for sharing multiple data products at a glance
and were ubiquitous during the COVID-19 pandemic. Data dashboards tracked global and
country-specific statistics and provided cartographic visualizations of cases, deaths, vacci-
nation rates and other metrics. We examined the role of geospatial data on COVID-19 dash-
boards in the form of maps, charts, and graphs. We organize our review of 193 COVID-19
dashboards by region and compare the accessibility and operationality of dashboards
over time and the use of web maps and geospatial visualizations. We found that of the
dashboards reviewed, only 17% included geospatial visualizations. We observe that many
of the COVID-19 dashboards from our analysis are no longer accessible (66%) and consider
the ephemeral nature of data and dashboards. We conclude that coordinated efforts and a
call to action to ensure the standardization, storage, and maintenance of geospatial data
for use on data dashboards and web maps are needed for long-term use, analyses, and
monitoring to address current and future public health and other challenging issues.

Keywords: COVID-19 pandemic; geospatial data; maps; data dashboards; geospatial data;
ephemeral data; visualizations

1. Introduction

On 30 January 2020, the World Health Organization (WHO) declared COVID-19 an
international crisis and pronounced a global pandemic on 11 March 2020. The COVID-19
pandemic, the first caused by a coronavirus, was a unique event that rapidly spread to all
regions of the world and became the most documented pandemic in world history [1,2].
On 5 May 2023, WHO downgraded COVID-19 to a global health threat, stating it was no
longer a global health emergency [3]. During that week there was a COVID-19 death every
three minutes [4]. According to the World Health Organization (WHO) COVID-19 data
dashboard, the cumulative global total of deaths on 15 December 2024 was 777,074,803.
However, in 2024, seasonal spikes during the summer and winter continue to kill thou-
sands globally despite increased immunity due to repeated vaccinations and infections.
Tracking the continued impact of the COVID-19 virus is uncertain as many countries have
discontinued recording and reporting cases and deaths [5].

The pandemic is a geographic story about the global spread of the virus, the dispro-
portionate impact on vulnerable communities, and the multiple efforts to manage and
respond to the health crisis. This phenomenon connected scientists, technologists, decision
makers, and citizens to collaborate in data generation and sharing to track the spread and
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distribution of the virus and inform data-driven and evidence-based insights for pandemic
management and response [1]. An extraordinary amount of data—a data deluge—was cre-
ated that frames the telling of this story [2] through the use of data dashboards that include
geo-dashboards [6], COVID-19 dashboards [7], corona dashboards [8], and web-based
COVID-19 dashboards [9].

Data dashboards became an important method to manage, share, and update informa-
tion and were ubiquitous during the COVID-19 pandemic. Data dashboards originated as
tools for business analytics to simplify complex data through visualizations using graphs,
charts, and maps [10]. Crisan (2022) identifies the characteristics of data dashboards for
public health organizations: “glanceable” data displays that provide both an overview of
the data and enable further exploration [2]. Using out-of-the box tools such as PowerBI
and Tableau Public, geographical, graphical, and statistical representations communicate
indicators of COVID-19 (e.g., cases, deaths, vaccination rates). Many data dashboards
included web maps. Web maps enable dynamic access to data in near real time for visu-
alization, interactive querying, and analysis. Demonstrating the utility of Web GIS, web
maps function as information hubs (links to other resources and multimedia), combine
distributed data from multiple databases, enable collaborative mapping (volunteered geo-
graphic information from citizens), and can be displayed on mobile devices such as smart
phones using location-based services [11].

We focus on COVID-19 data dashboards and examine the role of geography with a
specific emphasis on geospatial tools, data, and visualizations (i.e., web maps). A brief liter-
ature review of the COVID-19 data dashboards provides an overview of web maps and an
assessment of geospatial applications. This context provides the basis for our analysis of the
state of COVID-19 data dashboards from around the world. Our analysis is twofold: (1) to
assess a sample of COVID-19 data dashboards (i.e., their accessibility and operability over
time) and (2) to examine how geospatial data were used (web maps vs. graphs or tables).
We observe that many of the COVID-19 dashboards are no longer functioning (i.e., the
links are broken) and most countries have stopped the routine reporting of cases [5]. We
consider the ephemeral nature of dashboards and their data and suggest that coordinated
efforts are needed to ensure the standardization, storage, and maintenance of geospatial
data to enable web maps for long-term use, analyses, and monitoring for public health and
other challenging issues.

1.1. Pandemic Maps to Web Maps on Data Dashboards

Maps are a critical tool for communicating spatial information about diseases. The his-
torical record traces the relationships between place and disease, which include quarantine
stations to manage the plague in Italy (1694), the yellow fever outbreak and spread in New
York (1798), cholera cases related to contaminated wells in London (1854), and the spread
of Spanish influenza (HIN1) linked to the movement of troops in WWI (1918-1919) [6,12].
Over time, the mapping of disease provided “geographical notice”, highlighting the con-
nectivity between human mobility, diverse geographies, and global disease.

Diseases start as local phenomena that can scale up to regional epidemics and global
pandemics where the transmission and diffusion are mapped across diverse geographies.
The terms epidemic and pandemic are inherently geographic referring to place, people,
and time, where the distinction between the two terms is one of scale. According to the
Centers for Disease Control and Prevention (CDC), an epidemic is “the occurrence of
more cases than expected in a given area or among a specific group of people over a
particular period of time” [13]. The World Health Organization (WHO) defines pandemics
as crossing international boundaries to encompass several countries and continents creating
“conditions of social disruption and economic loss” [14].
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Tracking and monitoring epidemics and pandemics of the 20th century and 21st
century have benefited from advances in geospatial science to transform maps from static
products to digital, interactive web maps and infographics using multiple data sources to
enrich the visualization of places. Two examples demonstrating the use of geospatial tools
and maps are (1) the HIV/AIDS (human immunodeficiency virus infection and acquired
immune deficiency syndrome) pandemic and (2) the Ebola outbreak of 2015.

HIV/AIDS has been termed the “slow plague” [15] and the “enduring pandemic” [16].
Since 1981, approximately 40 million people have died according to WHO’s HIV dashboard.
The HIV/AIDS pandemic parallels the advances in disease mapping and the evolution of
web-mapping. Several atlases reveal the progression of maps to trace the origin of the virus:
A Colour Atlas of AIDS, (1986), the complex social networks of AIDS geographic diffusion
in the London International Atlas of AIDS, (1992), and HIV prevalence from country to
country of the International Atlas of AIDS, (2007). The establishment of the WHO Global
Program on AIDS (1986), UNAIDS (1996), and the U.S. President’s Emergency Plan for
AIDS Relief (PEPFAR, 2003) facilitated the collection of HIV /AIDS data to inform policy,
tracking of indicators, facilitate research, and communicate health information.

Several data dashboards demonstrate the value of HIV/AIDS data over time. These
dashboards host an array of data due to the length of the pandemic and efforts to collect
indicators. The WHO Global Health Programme hosts HIV data and statistics as well
as a Global Health Observatory that includes an HIV theme with country profiles. The
UNAIDS AIDSInfo platform provides global data on HIV epidemiology and response
indicators at the country and subnational scale from 1990 to 2022. PEPFAR’s Panorama
Spotlight provides a data dashboard library to navigate geographical analysis by country
and province (or state) for multiple HIV/AIDS indictors. In 2014, Our World in Data
created the HIV/AIDS webpage posting data from 1990 to present providing interactive
maps and graphs to track HIV/AIDS indicators from multiple data sources (i.e., UNAIDS,
WHO, Institute for Health Metrics and Evaluation).

The Ebola outbreak (2014-2015) threatened a global pandemic due to the mobility
patterns of seasonal employment in West Africa and the lack of adequate health care
facilities across Sierra Leone, Guinea, and Senegal [17]. Multiple mapping efforts were
rapidly employed to include mobile data collection platforms that work in both real-time
and offline; data dashboards of transmission mapping and contact tracing enabling and
locating needed mobile labs throughout the countryside [18]. Genetic maps documented the
spread of Ebola linked to fruit-eating bat migration and patterns of the virus diffusion [19].
Transportation maps of international travel traced the potential of airline travel as an
avenue of transmission [20]. In addition, the Ebola outbreak highlighted the need for
cultural data for situational awareness of virus transmission patterns related to traditional
funeral ceremonies, burial practices, and bush meat markets [21]. Ebola data dashboards
are limited to West and Central Africa and managed by national health services that are
periodically activated when there is a spike in Ebola cases [18].

Both HIV/AIDS and Ebola are examples of the importance of the “geographical notice”
that includes both the spatial coordinates of space and also the context and characteristics
of place. They provided valuable lessons for the COVID-19 dashboards in demonstrating
the uses of web mapping, mobile tools for data collection, and data access and sharing.
However, they also reveal the limitations of dashboards that require on-going maintenance
and support to ensure the sites are up-to-date, accessible, comprehensible, and easy to
navigate. HIV/AIDS data dashboards remain active due to the sustained support from U.S.
PEPFAR funding and the continual search for a cure. Ebola (which is only one example
among other infectious diseases such as Zika or mpox) dashboards are dependent on
national public health services in lower- and middle-income countries (LMICs) that do not
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have funding for long term maintenance [18]; however, where vaccines do exist to treat
these viruses, the health threat can be normalized and vaccinated against [22].

1.2. COVID-19 Data Dashboards and Web Maps

The pandemic revealed the centrality of dashboards to share and improve access to
information, provide rapid updating in near real-time, create data visualization in the form
of interactive tables, graphs, and maps often on a single screen to explore multiple key
performance indicators about the COVID-19 pandemic. Created in the first months after the
outbreak, many web-based data dashboards were constructed by international organiza-
tions, national and state governments, health offices, media outlets, and non-governmental
organizations using public data for detection, prediction, and management [23,24]. Multiple
data dashboards—a veritable “dashboard pandemic”—tracked global and country-specific
statistics using cartographic visualizations of cases, deaths, vaccination rates, and other
metrics [25]. For example, Praharaj, et al., (2022) conducted a Scopus database search and
found 321 documents with the keywords “COVID-19 dashboard” [26].

We review a sampling of the COVID-19 data dashboard articles published from 2020
to 2024 and summarize their findings with an emphasis on geospatial data, web maps, and
long-term availability of the dashboards. We organize the results in the following categories:
overviews of data dashboards and visualizations (Table 1), place-specific dashboards
(Table 2), and dashboards using geospatial data and web maps (Table 3).

Table 1. Article reviews of overviews of data dashboards and visualizations.

Authors

Topic

Crisan (2022) [2]

General discussion of visualization, use of real time data, no specifics on maps

Everts (2020) [25]

Scale limitations of pandemic data; lack of mapping and representation of risk groups such
vulnerable populations (i.e., poor, ethnic groups)

Samany et al. (2022) [27]

GIS-based tools and services to track and monitor COVID-19 pandemic; discussion of web
map but does address issues related to spatial scale (i.e., local data)

Dangermond et al. (2020) [28]

GIS dashboards for data dissemination; cloud-based services to deliver GIS products; issues
of privacy and spatial data scale/granularity

Rosenkrantz et al. (2021) [29]

Need for more granular-scale data and complex databases to address multiple social,
economic, and health care issues

Dixon et al. (2022) [30]

Long-term sustainability of data dashboards for public health; need for technically trained
workforce to utilize GIS technology

Table 2. Articles of place-based data dashboards.

Authors

Location Topic

Zhao et al. (2021) [7]

Comparative study of data dashboards; only

Republic of Korea, China, Japan Japan dashboard included maps

Nikjamp and Kourtit (2022) [8] The Netherlands

Discussion of regional and local-level data; local
data are defined as the municipality

U.S. COVID-19 web-based dashboards

Clarkson (2023) [9] USA and trackers
Berry et al. (2020) [31] Canada Monitoring of .COVID-1.9 outbreak by
province/territory
Gleeson et al. (2022) [32] Ireland Development and impacts of COVID-19

dashboards; Ireland map with counties

Khodaveisi et al. (2024) [33]

Granularity of COVID-19 data for dashboards;

Multiple countries (26) no specific discussion of maps on dashboards
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Table 3. Article reviews on COVID-19 data dashboards.

Authors # Reviewed Timeframe Topic
Geographical tracking and mapping
Boulos and Geraghty (2020) [34] 6 dashboards 2020 of COVID-19; GIS technologies
Ivankovic et al. (2021) [35] 158 dashboards July 2020 Actionable COVID-19 dashboards
Bernasconi and Grandi (2021) [36] 121 dashboards 20 February-3 May 2020 COVID-19 geo-dashboards
Praharaj et al. (2022) [26] 68 dashboards 2020-2021 Public wg})é)gileﬁi:)(_iiagshboards
. . Interactive dashboard articles on key
Vahedi et al. (2022) [23] 19 articles 2020-2021 performance indicators for COVID-19
65 articles (35 articles on . Literature review on public health
Schultze et al. (2023) [24] COVID-19) 2010-2020 issues addressed by dashboards
COVID-19 web-based dashboards
Clarkson (2023) [9] 2% ar%cizcsle(ia(s}ila)gea- rsdse cific August 2020-June 2022 and trackers in the U.S.
Khodaveisi et al. (2024) [33] p P August 2021 Granularity of data and data
data dashboards)

processing of COVID-19 indicators

Table 1 highlights articles that describe the general characteristics of data dashboards.
Crisan provides an overview of how data are organized on a dashboard and discusses
effective strategies for dashboard creation. However, she does not address interactive maps
but provides an example of a dashboard that includes near real-time data for the display
of virus dissemination [2]. Samany et al. (2022) and Dangermond et al. (2020) discuss the
tools of GIS to inform analysis and provide analytical outcomes in the form of maps for
websites, but they do not specifically address the design and criteria of web maps [27,28].
Everts (2020) and Rosenkrantz et al. (2021) describe the need to conduct analyses aligned
with social justice issues such as equity and vulnerability [25,29]. They express the need
for the integration of different datasets, citizen or bottom-up approaches to data collection
and dissemination, and the consideration of the limitations of national and administration
boundaries that can obscure inequity. Dixon et al. (2022) provide specific geospatial
training needs for technology applications to ensure sustainability of development and
use of dashboards for public health [30]. All articles provide recommendations for future
geospatial data dashboards but do not discuss the state of the existing dashboards or how
best to archive and store these critical datasets.

Table 2 provides a list of selected articles that focus on place-based data dashboards.
These articles provide explicit examples of COVID-19 data dashboards using web maps
and infographics. Data dashboards from Canada [31], Ireland [32], South Korea, China, and
Japan [7] present data primarily in the form of infographics with graphic data presented
on COVID-19 cases and deaths. Nikjamp and Kourtit (2022) and Clarkson (2023) track
the use of geospatial analysis when comprehensive datasets are available. For example,
Nikjamp and Kourtit (2022) describe the use of mobility data captured at the local scale (the
municipality) to track visits to parks during the pandemic [8]. Clarkson (2023) evaluates
data visualizations and trackers in the U.S. but does not directly address web maps [9].
Khodaveisi et al. (2024) describe 26 different dashboards, their level of data granularity
(i.e., global, national, state, county) but do not discuss whether web maps were used to
visualize the data [33]. None of these articles discuss the long-term availability of these
data and products created from the pandemic.

Table 3 include articles that reviewed and compared multiple COVID-19 data dash-
boards. These reviews identify several common characteristics to visualize data on dash-
boards: generally, a single screen view or the option to scroll through a series of views of
interactive maps, graphs, and tables; key performance indicators (e.g., # of cases; mortal-
ity rates; vaccination rates); the ability to track indicators over time; and near real-time
monitoring with date and time of latest update.

The first dashboard to provide a global overview of the spreading pandemic was the
Johns Hopkins University Center for Systems Science and Engineering (CSSE) COVID-
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19 Dashboard [37]. As data availability changed with new data, other indicators were
added such as access to hospital beds, vaccination rates, prediction of the virus spread, and
contact tracing using mobile apps [23,34]. National data dashboards included province- and
state-level data generated by national health agencies where maps were either interactive,
static infographic-style maps updated daily or weekly, or tables and graphs of COVID-19
metrics by geographic area [35]. Like the HIV/AIDS dashboards, the geographic coverage
and level of spatial detail of data dashboards were predominantly international, enabling
rapid comparisons between countries and the ability to drill down to province and state
levels [36]. The reviews highlight the functionality of the dashboard as a communication
tool with an emphasis on the technical parameters of visualization using map technologies
such as easy-to-use software (R Shiny; Microsoft Power BI) and pre-built platforms (ArcGIS,
OpenStreetMap) with interactivity and visualization features (Tableau) [9,26,33,35].

However, the review articles do not discuss the specific requirements of web maps
in terms of geospatial data and information. Maps require baseline data of boundaries
(e.g., national, state/province) and attribute information to enable geocoding (e.g., Interna-
tional Standardization Organization (ISO) country codes) [6,35]. Administrative boundaries
provide a common geography at different administrative levels (Admin 0—country; Ad-
min 1—state/province; Admin 2—districts, regions) [38]. The availability of boundary
maps is essential to web maps, yet these data are not easily accessible where some coun-
tries have not published or released these data [39]. ISO codes are three-letter codes
for names of countries, dependent territories, and special areas of geographic interest.
However, not all countries have an ISO code, which can limit the ability to geocode data;
however, place names were often used to construct tabular and graphical information of
COVID-19 metrics.

These articles include critiques of the COVID-19 dashboards and identify common
shortcomings. Dashboards were focused on national to state-level scales with limited data
at the sub-state level [26]. Local data (i.e., city and neighborhoods) were needed to map
the variety of COVID-19 indicators such as mobility, access to health services, and school
closures [26,36,40,41] but were not available. This was due to three reasons: (1) the need to
aggregate data to ensure privacy and data protection; (2) limited data collection in specific
areas such as informal settlements or territories that are frequently under-mapped; and
(3) the variety of granularity of available data. A consistent observation was the lack of ade-
quate reporting on second-order social and economic impacts of the pandemic [25,26,35,42].
Some examples include the COVID-19 Pandemic Vulnerability Index (PVI) dashboard [43]
and the Economic Resilience Dashboard [26]. As demonstrated by the Ebola outbreak, dash-
boards needed to be culturally sensitive by using the appropriate language, and identifying
relevant, cultural, place-based indicators tracking the pandemic [7,8,41,44].

Notwithstanding these limitations, the COVID-19 dashboards were important outlets
to share and post data about the pandemic. Despite the lack of standardization between
dashboards and the general lack of subnational data, tracking of COVID-19 occurred
around the world, bolstered by international agencies” monitoring of global COVID-19
incidences. These data provide important insights into where, when, and who the virus
impacted from a national, regional, and global perspective. We examined the availability
and operability of selected COVID-19 data dashboards that specifically used web maps
and geospatial visualizations.

2. Methods: Ephemeral Data—Status of COVID-19 Data Dashboards

Since the pandemic was downgraded to a health emergency, many of the dashboards
are no longer functioning and few are updated with new information about COVID-19. For
example, the Johns Hopkins CSSE COVID-19 dashboard stopped collecting data in March
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2023. However, global data dashboards such as Our World Data (207 countries updated
daily) and WHO continue to update COVID-19 cases, deaths, and vaccination rates at the
national scale.

Our analysis was based upon the data collected by the COVID-19 Spatiotemporal
Rapid Response team that created a spreadsheet of data dashboards from around the world
and created the COVID-19 Rapid Response Gateway [45] to track COVID-19 metrics. These
data included countries (total: 195), by region and ISO3 code derived from the WHO [39,46],
and included data dashboards from government and public health organizations. This
spreadsheet was routinely updated from 22 January 2020 to 22 February 2021, and included
COVID-19 dashboards, pages, and statistics sheets for each country [47].

Using this source data, we extracted dashboards that had interactive maps and geovi-
sualizations (Supplementary Materials). We analyzed the following metrics from September
2023 to June 2024: (1) historic data (the dashboard/page included past data as well as
current data to track change over time); (2) accessibility (the dashboard /page was active);
(3) operationality (the dashboard/page was updated within the past 30 days); and (4) the
use of geospatial visualizations (dashboards with graphs and tables of COVID-19 metrics
defined by province and state, but without maps were not categorized as geospatial) (inclu-
sive of both interactive and static maps) of COVID-19 metrics (Supplementary Materials).
For dashboards that were not accessible (i.e., the link did not work), we sought alternative
platforms, links, and pages (such as from the countries’ respective government health
agencies) through internet searches and data queries using the key words (COVID-19
dashboard [country], COVID-19 statistics [country], and COVID-19 dashboard [country]).
For the countries where no alternative links or pages were found, these dashboards were
identified as inaccessible and therefore not operating.

Tables 4 and 5 are summary tables of the COVID-19 data dashboards for September
2023 and June 2024, respectively. Table 4 includes all metrics (historic, accessible, operating,
geospatial). Since historic and geospatial metrics are embedded characteristics of the data
dashboard, the count and percentage are the same for both time periods of evaluation.
Table 5 includes two functional metrics of the dashboards: accessible and operating metrics.
Accessible indicates that when clicked on, the URL to the dashboard and associated web
pages opened. Operating refers to the functionality of the dashboard—whether the site
was still being updated.

Table 4. Summary table of COVID-19 data dashboards, September 2023.

Count and Percentage of Data Dashboards by Region—Historic, Accessible, Operating, and Geospatial (September 2023)

Region c Total' Historic(:) a Accessible P Operatil}’g ¢ Geospatial d
ountries (Count/%) (Count/%) (Count/%) (Count/%)
Asia 29 12 4138 18 62.07 9 31.03 3 10.34
South America 14 8 57.14 8 57.14 4 28.57 5 35.71
Europe 44 24 54.55 28 63.64 16 36.36 15 34.09
Middle East 17 4118 7 4118 2 11.76 2 11.76
Oceania 6 100 6 100 2 33.33 1 16.67
Africa 54 18 33.33 21 38.80 9 16.67 7 12.96
NOXh/ Central 31 13 41.94 16 51.61 6 19.35 6 19.35
merica
Total 195 88 45.13 104 53.3 48 24.62 39 20

2 Data collected over time to track changes in COVID-19 cases, deaths, hospitalizations, vaccinations, etc.
b Dashboards are accessible via a URL on the Internet. ¢ Dashboards are updated and interactive function-
ing enabled. 4 Dashboards have interactive or static maps of COVID-19 metrics.
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Table 5. Summary table of COVID-19 data dashboards, June 2024.

Count and Percentage of Data Dashboards by Region—Accessible and Operating (June 2024)

Region COT:::?I‘Iies I}EC:SISII’:/)‘}/:) ' (()(Iggfla::;(l)o)*
Asia 29 9 31.03 3 10.34
yoouth 14 7 50 1 7.14
Europe 44 26 50.09 8 18.18
Middle East 17 6 35.29 1 5.88
Oceania 6 5 83.33 2 3333
Africa 54 10 3333 4 741
N"g‘é Central 31 14 45.16 4 11.79

Total 195 77 ~13.85 23 1282

NOTE: Count and percentage for historic and geospatial are the same for both June 2024 and September 2023.
These are embedded characteristics of the data dashboard. * Accessible and Operating refer to the functionality of
the data dashboard.

3. Results—Geospatial COVID-19 Data Dashboards

The data included for each data dashboard included deaths, cases, hospitalizations,
and vaccination rates. Figure 1 compares the COVID-19 data dashboards by region for
historic, accessibility, operationality, and geospatial visualizations in September 2023.

Comparison of COVID-19 Data Dashboards by Region,

September 2023

6 6
18 8 8 28
24 16
12 5 6 13
11 4 1615 6 5 .
14
6 6
1
4 22 5
3

Asia (29)

South America Europe (44) Middle East Oceania (6) Africa (54)  North/Central
(12) (17) America (31)

Regions (# of countries with data dashboards)

W % Historic ™ % Accessible % Operating % Geospatial

Figure 1. Comparison by region of COVID-19 data dashboards for Historic, Accessible, Operating, and
Geospatial, September 2023. Historic refers to dashboards that update and track COVID-19 metrics
over time; Accessible are those webpages where the URL link works; Operating are sites that are
updated and interactive; and Geospatial includes interactive and static maps.

Table 6 and Figure 2 track the changing accessibility of COVD-19 data dashboards
from September 2023 to June 2024. Notably, fewer data dashboards are accessible from
September 2023 to June 2024, and even fewer were operating. Accessible dashboards refer
to an active link to the functioning webpage with interactive capabilities. However, the
webpage could still be operating (updating information) or had a statement that the page
was no longer being updated. Alternatively, URL links to data dashboards were broken,
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users were redirected to another site, usually the national or regional health website, or
URL links to data dashboards were broken, not loading, or were removed. These sites
provided no statement or notice of where COVID-19 data were archived or stored.

Table 6. Summary table of functionality of data dashboards by region, June 2024.

Count By Region—Type (June 2024)

Resion Total Functioning ? Func;l oerg, Broken Link ¢ Redirect 4 Page Deleted © Not Loading f
& Countries (Count/%) NLU o (Count/%) (Count/%) (Count/%) (Count/%)
(Count/%)
Asia 29 3 10.34 6 20.69 11 37.93 7 24.14 2 6.9 0 0
South
America 14 1 7.14 6 42.86 5 35.71 1 7.14 1 7.14 0 0
Europe 44 8 18.18 18 4091 8 18.18 4 9.09 6 13.64 0 0
Middle East 17 1 5.88 5 29.41 5 29.41 5 29.41 1 5.88 0 0
Oceania 6 2 33.33 3 50 0 0 0 0 1 16.67 0 0
Africa 54 4 7.41 6 11.11 9 16.67 25 46.3 7 12.96 3 5.56
North/Central 5 5 1613 9 2903 3 9.68 8 2581 6 1935 0 0
merica
Total 195 24 12.31 53 27.18 41 21.3 50 25.64 24 12.31 3 1.54

% of accessible dashboards

(# of dashboards)

2 Data dashboard link was still functioning.  Data dashboard functioning with interactive capabilities but no
longer updating. © URL link to data dashboard is broken. ¢ Redirect to another site—generally the national or

regional health website. © Webpage hosting data dashboard is deleted. f Webpage hosting data dashboard is
not loading.

Status of COVID-19 Data Dashboards
January 2021 June 2024

29 14
8
18
[
9
10 4

3
] ‘

|

Asia

South America Europe Middle East Oceania Africa North/Central America
Regions
m % Accessible Jan 2021 m %Accessible - Sept 2023 %Accessible - June 2024 m %0Operating - June 2024

Figure 2. Accessibility of COVID-19 data dashboards—January 2021-September 2023—June 2024.
Operating dashboards—indicates dashboards that are functional (interactive) and updating.

While data dashboards were ubiquitous during the pandemic, the use of maps were
not; only 17% (33) of data dashboards used geospatial visualizations. Of the 195 data
dashboards, all had national boundaries (Admin 0) and ISO codes. However, only 25%
(48) had state/province (Admin 1)- and municipal/city (Admin 2)-level boundaries. Sev-
eral countries, 42% (80), had subnational boundaries that were not yet released by their
governments and were not available to download. The status of 33% (67) of countries’
administrative boundaries at the subnational scale were unknown (Figure 3).
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% of availability of boundaries (# of countries)
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Figure 3. Availability of common geographic boundaries with number of countries (Septem-
ber 2023) of Admin 0 (national); Admin 1 (sub national—state/province/regions); Admin 2
(County/Municipalities); Not released Admin 1/2 boundaries by authoritative government agencies;
and Unknown boundary data status. Refer to Supplementary Materials.

The dashboards with geospatial visualizations had ISO codes and administrative
boundaries defined at the national (Admin 0) and subnational levels (Admin 01, Admin
02), enabling web maps (both interactive and static) (Figure 4). However, three of these
dashboards included maps only at the national scale (Admin 0—Lithuania, Trinidad and
Tobago, and Suriname). The remaining dashboards (30) had maps at both the municipality
and state (Admin 1 and Admin 2) scales. Notably, US dashboards had multiple dashboards
in different states and collected data at the county level. US data dashboards were not
collected individually for the states; the Centers for Disease Control (CDC) hosted data at
the national scale, as did a number of other organizations (e.g., Johns Hopkins, the Kaiser
Family Foundation) (the examination of these dashboards was beyond the scope of this
analysis). As of September 2024, all these sites were accessible (the link was active or
redirected to a government health agency); however, most of them were not operational
(not updating) (Figure 4).

The valuable contribution of the STC Rapid Response team was the development of a
comprehensive data production workflow [39] to include ISO codes and administrative
boundaries to enable geospatial visualizations and analysis of COVID-19 metrics (e.g., daily
COVID-19 cases). This project created a framework for spatiotemporal data collection to
be used beyond the pandemic and enables the construction of data dashboards inclusive
of geospatial data and interactive web maps. Sha et al., 2021, describe the challenges
of this effort where administrative boundaries are not available or not published for all
countries at the different administration levels nor are standard keys (i.e., ISO3 country
codes ISO 3166-1 alpha-3 codes are three-letter country codes defined in ISO 3166-1, part
of the ISO 3166 standard published by the International Organization for Standardization
(ISO)) included in available datasets [39]. Hence, most of the data dashboards used tables
and graphs of selected COVID-19 metrics linked to country and state/province names.
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Comparison of COVID-19 Dashboards with Geospatial
Visualizations, September 2023
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Figure 4. COVID-19 data dashboards with geospatial visualizations (September 2023). Geospatial
visualizations include interactive and static maps. Numbers refer to the count of dashboards.
Several repositories were used by researchers and government agencies to host
archives of the data collected and linked to data dashboards (i.e., HDX and GitHub)
(Table 7). Alternatively, national and state health departments host data that are selectively
shared and archived. However, these data can be difficult to find and often need to be
updated as boundary data are dynamic, and updated datasets are an essential part of the
process when creating web maps.
Table 7. Data repositories.
Repository Description Internet Address Topic
https:/ / github.com/ Spatiotemporal data collection of
GitHub Sha et al. (2021) [39] stccenter/COVID-19-Data viral cases for COVID-19 rapid
(accessed 13 January 2025) response.
https:/ /dataverse. harvard. Open resource repository for
Harvard Dataverse Hu et al. (2020) [46] edu/dataverse/covid19 P COVID-19 re};earchy
(accessed 13 January 2025) ’
COVID-19 pandemic datasets (81) Repository of COVID-19 datasets
from organizations and government https: that include subnational data of
HDX health agencies; 7 archived datasets. / /data.humdata .or /dataset COVID-19 cases and deaths.
Link to data dashboard if available; sed 13 ) 2025 Access to health services with an
ArcGIS online interactive maps if (accesse January ) option to view interactive maps

dashboard is still accessible. using ArcGIS online if available.

4. Discussion: Lessons Learned

Maps are practical instruments for deriving new medical and geographical under-
standing through the integration of multiple datasets linked to geospatial coordinates.
Using maps as data visualizations to address the pandemic became a central tool to present
complex data to multiple audiences of scientists, decision makers, and citizens. Web map-
ping for data dashboards requires an understanding geospatial data, technologies that
enable interactive mapping, and methods for characterizing data across both space and
time [48]. Yang et al., 2022, describe the specific needs to implement a spatiotemporal
approach to the pandemic, highlighting data, cyberinfrastructure, and computing research
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networks [45]. Recognizing that COVID-19 data were scattered across a variety of sources,
multi-scale spatiotemporal data were collected from COVID-19 data dashboards and posted
on the STC NSF COVID-19 Gateway to demonstrate how a public repository platform
could be constructed to host pandemic data, such as diverse contents in varying formats
and socio-economic and environmental factors—elements that could serve as the backbone
of data management, interoperability, and geospatial visualization needed for the next
pandemic [39,45,46].

Web maps on the COVID-19 data dashboards have several strengths and weaknesses
that can be categorized into four groups: (1) scale and resolution, (2) boundaries, (3) metrics,
and (4) data management.

4.1. Scale and Resolution

The scale of the maps on data dashboards were generally country, state/province,
and, where available, municipalities. Finer resolution data were not included on country
data dashboards, although there were numerous sites—not dashboards—that included
data on mobility, virus testing, contact tracing, and social distancing [49]. Data-driven
insights informed by finer resolution data emphasize the value of local data to identify
patterns of local/regional spread and emerging hot spots [40]. However, finer resolution
data raise issues with personal data security where governmental surveillance clashes with
the fundamentals of civil liberties and privacy concerns [50].

In the United States, several data dashboards were launched by state health agencies
and health research foundations (e.g., the Kaiser Family Foundation) collecting data at
the county scale. However, these dashboards were not standardized, were difficult to
find on health agency websites, and were inconsistent in reporting on COVID-19 impacts
on race and ethnicity—a critical gap in the data record [51]. Globally, there were fewer
data dashboards for major cities. For example, Nijkamp and Kourtit (2022) describe the
COVID-19 Dutchboard to include sub-regional and local data on corona disease cases,
deaths, and hospital admissions in the Netherlands [8]. Carballada and Balsa-Barreiro
(2021) demonstrate mapping fine-grain spatial data in the major cities of the region of
Galicia, Spain, emphasizing the need for data security and privacy when mapping detailed
health data at the city and sub-city scale [41].

4.2. Boundaries

A critical aspect of these data were the inclusion of geospatial data (ISO codes, national
and provincial boundaries) as part of the database design essential to preserve geographic
information and create interactive web maps. However, some areas do not have an ISO; for
example, the European Union—a regional configuration of multiple countries where aggre-
gated data could provide valuable insights. Another option is to use the administrative
boundaries that are a collection of country administrative areas. The Database of Global
Administrative Areas (GADM) is a public database of spatial data provided by national
governments and other authoritative sources and is one of several sites that collect ad-
ministrative boundaries. In 2001, the United Nations launched the Second Administrative
Level Boundaries (SALBs) to make available a global repository of common geography of
administrative units of countries to the subnational level. However, not all administrative
boundaries are available. There are multiple postings of boundaries on different websites
(GADM, DIVA-GIS, SALB, World Food Program), where each posting needs to be regularly
updated and released by the countries” authoritative agency due to the dynamic nature of
country and sub-country boundaries.

Another challenge for geospatial mapping is contested areas, such as informal set-
tlements, refugee camps, and conflict zones which are areas of fuzzy boundaries. For
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example, Palestine’s COVID-19 data were originally mapped as a separate entry on Johns
Hopkins CSSE dashboard using the code “oPT” (occupied Palestinian territory) but was
later removed and merged with entries for Israel, using Israel’s ISO code [52].

4.3. Metrics

Common to all data dashboards is the emphasis on quantifiable aspects of the pan-
demic such as numbers of cases, vaccination rates, deaths, hospital rates, etc. The repre-
sentation of these data on dashboards needs guidance and standards in terms of thematic
mapping (i.e., symbology, legends, color) and description of both the source data (i.e., meta-
data) and methods of analysis when mapping the geographic disparities of a pandemic [53].
Contextualizing maps and normalizing demographic data enhance understanding of the
local and regional impacts of the virus. However, an absolute count can be misleading as
it is related to the total number of people in an area. Normalizing the data (i.e., dividing
the number of cases by population) paints quite a different picture and ensures the proper
use of choropleth maps for thematic representations. Most medical-related statistics on
disease report in total cases per 100,000 people or provide graphs using logarithmic scales
to visualize the growth of the COVID-19 virus around the world, allowing for a comparable
assessment across different locations and places (see Our World in Data). For example,
early in the pandemic, Italy experienced slightly over half the number of deaths due to
the virus compared to the US, but Italy has a considerably smaller population than the
US, the proportion of the infected individuals dying from the disease was approximately
three times as high. Further exploring other aspects of the data reveals that Italy has the
oldest population in Europe, with 23% of the population being 65 or older—an age bracket
highly susceptible to the virus [54]. Understanding the demographic make-up of different
countries provides a more nuanced understanding of viral spread and transmission.

4.4. Data Quality

The data quality is always a challenge for pandemic and public health due to the
different reporting processes, different standards of confirmation, and different sources. It
is challenging to verify and validate some datasets. Most dashboards have been using the
authoritative resources from governance bodies. Efforts were also made to integrate data
available on different platforms and integrate after automatic and manual verification to
fill data gaps (Sha et al., 2021 [39]).

4.5. Data Maintenance

The deluge of data dashboards during the pandemic created a parallel deluge of data.
As data dashboards have begun to disappear or become dysfunctional, these data have
also disappeared, becoming ephemeral data. In some instances, users are redirected to
sites where data are posted and may be available for download (e.g., national public health
services). The most common sites to check for COVID-19 data, inclusive of geographic
attributes, are in data repositories such as GitHub, the Harvard Dataverse, HDX, WHO, and
various health agencies around the world. However, these sites do not capture all the data
that were created, and chances are, these data are sequestered on agency computers in files
that may be lost or deleted over time. These are data that can and have informed geospatial
models tracing the outbreak using environmental, socio-demographic, and infrastructure
characteristics [27].

5. Conclusions

Web maps on data dashboards demonstrate the convergence of several innovations: ad-
vances in technology due to sharing and dissemination; the establishment of health-related
metrics to address public health issues by collecting relevant health data; and the emer-
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gence of standard methods to represent data (i.e., symbolization and color) [55]. Previous
health emergencies, such as HIV/AIDS and the Ebola outbreak, laid critical groundwork
for data collection, sharing, and visualization. In parallel to these events is the development
of place-based solutions—social distancing, quarantine and isolation, and vaccination
programs—all of which were spatially tracked but seldom on a single dashboard.

The legacy of the pandemic provides us with the tools to improve on public health
messaging and forecasting methods through tracking variants and vaccination rates. How-
ever, the results of our study indicate that the COVID-19 data posted on dashboards are
disappearing due to several reasons: reporting fatigue, distrust in COVID-19 policies, mis-
information, and doubts about the science of understanding the pandemic and its origins.
Further, the lack of variety in granularity and codes that enable geocoding obscures local
conditions. Data dashboards flatten the distinctions between countries due to the focus
on quantitative metrics of COVID-19 (i.e., deaths, cases, hospitalization) at the national
and province/state scale. Geospatial data (boundaries and codes) enable web maps, and
such data are unevenly available around the world. Constructing data dashboards that
identify differing country conditions, where access to public health services are embedded
in structured inequality, is needed. Methods to harmonize data from multiple sources to
tell this complex story can elevate the explicit context—the consequential geography of
various places [30,56]. Examples include the ACLED’s COVID-19 Disorder Tracker and the
World Justice Project’s Rule of Law Index. However, methods to improve data dashboards
and web maps need to include protection of sensitive data and respect privacy, particularly
for vulnerable and marginal populations [29,30].

Data dashboards provide an avenue to integrate and aggregate diverse datasets to
share information rapidly. However, the limitations of these platforms, as evidenced by
their ephemeral nature, need to be addressed to ensure that data are not lost and that lessons
for data sharing are implemented. Efforts to collect data at the appropriate granularity are
necessary to clearly identify vulnerable populations in towns, villages, and cities as well as
informal settlements, refugee camps, and remote populations. Efforts to map relationships
between inequality, access to health services, and pandemic trajectories are essential for
comprehensive treatment and solutions. Conflict zones are increasingly exposed to both
violence and unhealthy conditions that exacerbate baseline public health services in such
areas as Gaza and Ukraine. All these conditions require collective action, stakeholder
involvement, negotiation, and integrated solutions for human, animal, and environmental
health (i.e., One Health) [57]. Complex, aggregated datasets are the backbone for monitoring
and tracking solutions and conditions needing clear standards and approaches.

Praharaj et al. (2022), Sha et al. (2021), and Ivankovic et al. (2021) identify recommen-
dations for common features of highly actionable dashboards [26,35,39]. We build upon
these recommendations to identify the best practices for data dashboards with a specific
emphasis on web mapping:

e  Know the audience: dashboards need functionality to meet the user needs and require-
ments of multilanguage settings of users.

e Data: Explanation of what and how data are collected from authoritative sources.
If data are collected, collection methods are clearly described. The purpose and
limitations of the data are described.

e  Concise # of indicators: Targeted number of indicators are selected to enable viewing
information at a glance. The rationale and purpose of specific indicators are defined.

e  Data accessibility for downloading, analysis, archiving, and storage are described.

e  Analysis: methods and instructions to analyze data and track trends with demonstra-
tions are provided.
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e  Visualizations: Description of metadata that includes geographic scale/resolution.
Use of intuitive color scheme, icons, and symbology.

e  Time: description of updating schedule of data.

e  Story telling: provide narratives that highlight key findings.

e  Construction: dashboard construction that is easy to use with limited coding and
low cost.

Most communities lack data analysis capability and there is a need to build data
skills in places where they are most needed such as public health agencies. Access to
technology, licenses, and high-performance computers for analysis are all requirements
along with a knowledgeable workforce. Preparing for the next pandemic—continued
variants of COVID-19 and mpox—is imperative and programs for technology transfer
enabled through international health treaties and collaborations for data sharing and
training [58] are required. The power of scientific partnering should not be overlooked in
recognizing the importance of evidence-based data, the fluidity of scientific knowledge,
and equity [59].

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/covid5010012/s1.
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