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Abstract: In recent years, the proliferation of health data sources due to computer technologies has
prompted the use of visualization techniques to tackle epidemiological challenges. However, existing
reviews lack a specific focus on the spatial and temporal analysis of epidemiological data using
visualization tools. This study aims to address this gap by conducting a scoping review following the
PRISMA-5¢R guidelines, examining the literature from 2000 to 2024 on spatial-temporal visualization
techniques when applied to epidemics, across five databases: PubMed, IEEE Xplore, Scopus, Google
Scholar, and ACM Digital Library until 24 January 2024. Among 1312 papers reviewed, 114 were
selected, emphasizing aggregate measures, web platform tools, and geospatial data representation,
particularly favoring choropleth maps and extended charts. Visualization techniques were predomi-
nantly utilized for real-time data presentation, trend analysis, and predictions. Evaluation methods,
categorized into standard methodology, user experience, task efficiency, and accuracy, were observed.
Although various open-access datasets were available, only a few were commonly used, mainly
those related to COVID-19. This study sheds light on the current trends in visualizing epidemio-
logical data over the past 24 years, highlighting the gaps in standardized evaluation methodologies
and the limited exploration of individual epidemiological data and diseases acquired in hospitals
during epidemics.

Keywords: scoping review; epidemic; clinical data visualization; spatial visualization; temporal
visualization; epidemiology

1. Introduction

Epidemiology is the study of the distribution and determinants of health-related
events, along with the application of this study to disease control [1]. Epidemiological
research can be divided into two branches: descriptive studies, which include surveillance
carried out to analyze the distribution of a disease, and analytical studies, which are carried
out to confirm the determining factors of that disease. However, the application of modern
technologies to the field of health has resulted in the production of massive amounts of
data originating from various sources with different types and qualities. In addition to
this, it is well known that human beings’ perceptual and cognitive capacities limit the use
and exploitation of all available data. Computational applications must provide solutions
to present and interact with said data, thus enabling experts in the field to analyze and
evaluate them appropriately [2]. One example is the case of the coronavirus disease of 2019
(COVID-19) outbreak. In this unprecedented scenario with several large databases, various
approaches have been used for data processing and visualization, though we still lack a
clear and widespread use of them.

The objective of the information visualization area is to reduce the complexity of
research and facilitate the understanding of information for humans through the design of
visual representations of data [3]. In the field of health, information visualization and visual
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analytics aim to support exploration; monitoring; insight discovery; collaboration; and
explanation to patients, clinicians, policymakers, and the general public [4]. Health datasets
are inherently spatial and temporal; thus, the exploration of these data and the correlation
between datasets to derive insights remains a challenge [4]. This has consequently led to
the development of tools for synthesizing data from different and heterogeneous sources,
where space and time play an important role, particularly in the field of epidemiology. Both
geospatial and temporal dimensions, as well as network information, are primordial when
analyzing the distribution of a disease and devising control strategies, as is evident in the
pandemic resulting from COVID-19. Visualization systems coupled with models of disease
spread can help predict the future course of an epidemic and evaluate strategies to control
it [4].

The use of visual representations to study data regarding epidemics helps to better
understand the current state of public health at both population (e.g., the number of
cases or case counts, incidence, and prevalence) and individual (e.g., contacts, movement,
and start of disease) levels [5]. It is therefore necessary to communicate the spatial and
temporal aspects of these data through visualizations to both experts, to enable them to
take measures, and the population, to raise awareness.

The relevant literature contains several reviews regarding visualization in the human
healthcare domain. Bucalon et al. [6] conducted a scoping review to analyze the literature
on dashboards that support the reflective task of clinicians based on routinely collected
clinical indicator data. Carroll et al. [7] carried out an analysis of visualization tools for
representing infectious diseases published between 1980 and mid-2013, and this focused
principally on GIS, molecular epidemiology, and social network analysis. Crisan et al. [8]
conducted a general categorization study of the geographic visualization techniques used to
visualize outbreak data and risk patterns for public health professionals. Chishtie et al. [9]
synthesized the literature concerning the use of visual analysis tools, techniques, and
frameworks regarding population health and health services research, focusing on the
years between 2005 and early 2019. Although these reviews provide helpful information
on visualization research, very little attention is paid to the analysis of the spatial-temporal
visualization of epidemiological data. In this work, we address this gap, providing a
specific analysis of the techniques and tools available in the most recent scientific literature.

Our main objective is to answer the following research question: how has epidemi-
ological data been represented through the use of spatial-temporal visualization? We
seek to examine the scientific literature on visualization techniques applied to epidemics,
focusing on the epidemiological measures adopted and how they are represented, the
geospatial and temporal visualization techniques used and how they are combined, the
most common target population, and the identification of the principal tools adopted to
implement visualization.

2. Methods
2.1. Research Questions

This scoping review was conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis extension for Scoping Reviews (PRISMA-ScR)
guidelines [10]. We further used the PRISMA-ScR checklist to guide this review, which
is shown in Table S1. This scoping review aims to present the state of the art of the
most recent spatial-temporal visualization techniques employed to represent measures
of epidemiological data. The data extracted from the articles will give insight into 3 main
fields of interest: (A) the use of medical and epidemiological data, (B) the application of
visualization techniques, and (C) applicable methodologies. Thus, we defined 9 research
questions to guide this study:

Q1. What are the most commonly visually represented measures of an epidemic, and what
are the visualization purposes? We analyzed the epidemic data represented in each paper
to identify general trends in the representation of the measures, the information involved,
and the final use of the visualization techniques.
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Q2. Which techniques are most frequently used to visualize epidemiological spatial infor-
mation? We classified the papers based on what type of visualization they used to represent
the spatial component of epidemiological data. The classification types were (1) maps, if
they used a geographical representation; (2) buildings, if the visualization represented the
inside of a building structure; and (3) none, if the visualization technique was conceptual.
Q3. Which techniques are most frequently used to visualize epidemiological temporal
data? We studied the current trend in the visualizations used to represent the temporal
component of epidemiological information and whether this took place through the use of
time series, temporal granularity (e.g., week, month, and year), or interactive filters.

Q4. Which combinations of spatial-temporal visualizations are most frequently used
to represent epidemiological data? We studied how the papers represented both the
spatial and temporal information concerning an epidemic, and whether they used just one
technique or a set of several techniques.

Q5. Do the existing visualizations use individual-level data or aggregated data? We
analyzed whether it is common practice to work with individual data or with population-
level data.

Q6. Are there any visualizations of patients who became infected in a hospital? We
analyzed how many papers carried out a study of hospital-acquired infections.

Q7. What software tools are used? We explored the software used in the implementation of
the study (e.g., programming languages and data management tools).

Q8. What datasets and evaluation methods are used? We analyzed which datasets were
most frequently used for the development and evaluation of each study, and what methods
were used to evaluate them.

Q9. Is the dataset open-access? It was of interest to determine how many of the papers
presented open-access datasets.

These questions correspond to the mentioned fields of study as follows: (A) is an-
swered using questions Q1 and Q6; (B) is investigated through questions Q2 to Q5; and
(C) is looked into through questions Q7 to Q9.

2.2. Data Sources

As this review focused on visualization techniques and epidemiological data, we car-
ried out the search in databases that would allow us to find one computational application
over another. We therefore based our search criteria on preliminary research and recom-
mendations obtained from existing systematic reviews [11,12] contained in the literature,
and, consequently, we selected IEEE Xplore, PubMed, Scopus, Google Scholar, and ACM
Digital Library. We restricted our search to journal articles from the last twenty-four years
(from January 2000 to January 2024) and only those written in English. We performed
6 rounds of searching, and the last one was performed on 24 January 2024.

2.3. Search Strategy

We first searched for titles and abstracts using a selected catalog of search strings, after
which we screened the titles and abstracts by employing inclusion and exclusion criteria.
Finally, we screened the full text of each paper to ensure that it met the inclusion criteria.

2.3.1. Search Strings

After some rounds of trialing and refining the search terms, we chose the following
terms in order to make the searches as wide-ranging as possible within the scope of

v

our theme: “epidemic”, “epidemiological”, or “epidemiology”, with “visual analysis”,
“temporal visualization”, “spatial visualization”, or “geographic visualization”. We also
searched for works that might include the term “inpatients”, but only one database (i.e.,
IEEE Xplore) showed different essential results when adding this term. We then performed a
search of medical subject heading (MeSH) terms for PubMed, which returned the following

keywords: “epidemics”, “disease outbreaks”, and “pandemics”.
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These search terms had to be adjusted for each database in order to attain the best
possible results. Details of the search strings employed for each database are shown in
Table 1.

Table 1. Search strings for each database.

Database

Search String

PubMed
Google Scholar

ACM Digital Library

Scopus

IEEE Xplore

(Epidemic [Title] OR “epidemiological data” [Title] OR epidemiology [Title] OR epidemics [MeSH
Terms] OR “disease outbreaks” [MeSH Terms] or pandemics [MeSH Terms]) AND (visualization
[Title/ Abstract])

(intitle:epidemic OR intitle:epidemiology OR intitle:epidemics) AND (intitle:visualization)
(Title: (epidemic) OR Title: (“epidemiological data”) OR Title: (epidemiology) OR Title: (epidemics))
AND (Title: (visualization) OR Title: (“visual analysis”) OR Title: (“temporal visualization”) OR Title:
(“spatial visualization”) OR Title: (geographic))

(TITLE (epidemic) OR TITLE (“epidemiological data”) OR TITLE (epidemiology) OR TITLE
(epidemics) OR TITLE (“disease outbreaks”) OR TITLE (pandemics)) AND (TITLE (visualization) OR
TITLE (“visual analysis”) OR TITLE (“temporal visualization”) OR TITLE (“spatial visualization”)
OR TITLE (geographic)) AND (LIMIT-TO (LANGUAGE, “English”)

(((("All Metadata”:epidemic) OR “All Metadata”:epidemiology) OR “All Metadata”:epidemics) AND
“All Metadata”:visualization AND (((“All Metadata”:indoors) OR “All Metadata”: “hospital
patients”) OR “All Metadata”:rooms) OR “All Metadata”:inpatients)

2.3.2. Search Process

We adopted a two-step search strategy, carrying out an exhaustive and systematic
search in the digital libraries, followed by a manual search, where we checked the references
of the included papers, and we also included other papers that were of interest for our
scoping review but that were not retrieved by the automatic search. For example, we
searched in the Computer Graphics Forum journal due to its importance in the field of
visualization. This measure was adopted to reduce the bias of the automatic search.

2.4. Study Selection

All 1312 results were imported to a reference management tool (Zotero library) to
automatically delete duplicates. This strategy allowed us to identify 415 duplicated papers.
The remaining papers were exported to a spreadsheet containing essential information for
screening: database key, item type (journal article, conference paper, etc.), publication year,
list of authors, title, DOI, and URL.

We then screened the titles and abstracts of the remaining papers. The studies were
screened by two reviewers. When in doubt as to whether to include a work, a discussion
took place between the four reviewers until an agreement was reached. The exclusion crite-
ria employed were as follows: (1) papers that were not written in English; (2) studies whose
approach was the modeling of epidemic data but did not make use of spatial-temporal
visualization techniques; (3) studies whose target group was not people (e.g., animal or
plant infections); (4) papers for which only the abstract was available; and (5) papers not
categorized as original journal articles, as we consider the latter to be the most complete
and reliable sources.

The inclusion criteria were as follows: (IC1) studies carried out between 2000 and
2024 presenting a spatial or temporal visualization of epidemic data; (IC2) studies whose
target group was individual persons or populations; (IC3) studies that indicated the tool
or tools used for visualization implementation; and (IC4) in the case of duplication, the
most recent and complete paper. For a paper to be included, it was mandatory for it to
meet criterion IC1 and at least one of the other inclusion criteria, and it could not meet any
exclusion criterion.

This screening led to the removal of 690 papers, and 246 were eventually chosen for
the analysis of the body of the manuscript. We classified these studies based on the terms
of interest for our scoping review, since this classification would help us decide the level of
importance of each paper in answering our research questions. We arranged the papers
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that were chosen for reading in a table that would allow us to see and compare the terms of
interest that they addressed at a glance. These terms were spatial visualization, temporal
visualization, visual analysis, interactive simulation, 3D/AR, epidemic, GIS techniques,
geographic visualization, contacts, outbreaks, individual patients, population, infectious
disease, bacterial disease, incidence, prevalence, and indoor.

The next step consisted of screening the full text of the papers chosen. We excluded
132 more papers because they met at least one of the aforementioned exclusion criteria or
because they did not meet the mandatory inclusion criterion (IC1). Including the papers
that we found manually, a total of 114 papers remained. This process is outlined in Figure 1.

—
Records identified through database
£ searching (n =1312) Additional records identified
= IEEE = 381 through other sources
E'E Scopus = 368 (n=39)
- ACM =3
2 Google Scholar =91
_J PubMed = 469 Records excluded
) (n = 690)
g - Not about spatial—-
W temporal visualization
‘g Records after duplicates removed of infectious data (630)
g (n=2897) - Not infections in
U humans (4)
1 v - No available text (26)
) - Not original journal
—_— Records screened »| article (29)
(n=936) - Not in English (1)
£
5
2
o Full-text articles Full-text articles
assessed for eligibility excluded (n = 132)
- (n=246) - Not about spatial-
) temporal visualization
of infectious data (76)
= - Not infections in
g 4 humans (3)
% Studies included in - No available text (12)
= qualitative synthesis - Not original journal
(n=114) article (41)
S—/

Figure 1. PRISMA flow diagram.

2.5. Charting the Data

We developed a data-charting form to focus on the information that we wanted
to extract from each article. This data-charting form contained the following variables:
(1) meta-information, including title, year of publication, database, and type of publication
(journal article, conference paper, etc.); (2) visualization techniques; (3) analyzed epidemio-
logical data; (4) studied population; (5) target place and population; (6) data accessibility;
(7) evaluation methods; and (8) tools used. The form was iteratively updated to meet the
scope of the research questions.

In the section on visualization techniques, we analyzed which visualization techniques
were applied to represent the spatial aspect, the temporal aspect, and, where appropriate,
combinations of the spatial-temporal aspects. Within the spatial aspect, we classified
the employed techniques as to whether they were geographic maps, representations of
building structures, or statistical methods. In addition to this, we classified each article
depending on the objective of the tool, whether it was real-time data presentation, real-time
data detection, post-analysis, or trend prediction.
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In the section on analyzed epidemiological data, we examined which epidemiological
indicators were preferred for the analysis of the population and at what level of temporal
and spatial granularity they were studied. For example, this may include the number of
cases by country, contacts, mortality, and incidence, among others.

In the section on studied population, we wanted to know at what level the study was
conducted, that is, whether it was at the individual or population level. In the section on
target place and population, we analyzed whether the study was carried out in a hospital
structure and whether the studied population was patients.

In the section on data accessibility, we analyzed what datasets were used and whether
they are accessible. In evaluation methods, we listed the methods used in each article to
validate the visualization techniques. And, in the section on tools, we enumerated the
software tools used for the implementation or application of said visualizations.

2.6. Synthesis

We grouped the studies focusing on answering the research questions. This resulted in
(1) an overview of the epidemic measures studied; (2) an overview of the types of temporal
and spatial visualizations applied to represent those measures; (3) the classification of
the target population in the studies; and (4) an overview of the tools and evaluation
methods applied.

3. Results

From a scientific production point of view, all 114 of the studies eventually obtained
were conducted between 2000 and 2023. Figure 2 illustrates the evolution of the number
of publications. The number remained consistently low (0-5) until 2020, after which there
was a notable increase in the number of papers (22). This is probably due to the need to
study the spread of COVID-19 on a global scale. Most studies originated from the USA
(33.33%, 38/114), China (14.91%, 17 /114), Europe (20.18%, 23/114), and other countries in
Asia (17.54%, 20/114). The results of research questions Q1 to Q9 are explained below.

35 1 32
30 A
o 257 2222
(7]
Q
©
Q 20
u—
o
o
Q2 15 4
g 11
=
10 A
5
5 1 34
2 2 2 2
11 1 1 1 1 1
00 0 00 0
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O 0O 00 0000000000000 0000 oo o
N AN NN NN NN NN NNNNNNNNNNN NN N
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Figure 2. Number of papers per year.
3.1. Q1: What Are the Most Commonly Visually Represented Measures of an Epidemic, and What
Ave the Visualization Purposes?

In this section, we analyze the type of epidemic data used in each study to identify
general trends in their representation and the final use of the visualization techniques.
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In this scoping review, we adopted “epidemic measures” as an umbrella term to
include (1) key data parameters (such as the number of cases, number of deaths, symp-
toms, and number of medical resources), (2) the principal measures of risk indicated by
the CDC [13] (morbidity, incidence, prevalence, etc.), and (3) contact and outbreak in-
formation. These pre-established statistical measures are usually applied to describe the
current situation of an epidemic and predict its progression with the purpose of making
decisions to alleviate it. Among all these measures, the most common ones, according to
the literature [13], include the number of cases, the number of deaths, incidence, prevalence,
contacts, and outbreaks.

We investigated the measures that were most often visually represented in the studies
and found that a great number of papers graphically displayed the number of cases
(75/114) and deaths (31/114). Other parameters were represented to a lesser extent, such
as incidence (25/114), contacts (23/114), and accumulative cases (13/114), among others.
The most repeated measures are shown in Figure 3, in which the category “Others” refers
to the measures that appeared in only one study, which are connectedness between regions,
the total and available capacity of a hospital, and the number of ventilators. Figure 4 shows
the evolution of their use over time.

N cases 4 75
Deaths 31
Incidence 25
Contacts - 23
Accumulative cases 13
Outbreaks 12
Hotspots 12
Mortality 4 12
Hospitalized - 10
Tested - 9
Vaccinated - 9
Recovered - 8
Reproduction n 8
Movements - 7
Prevalence -
Fatality rate -
Case fatality rate
Spread
Hospital beds 4 5
Symptoms 4 4
Infection rate 4 4
Morbidity 1 3
MRDI{ 3
Risk level {2
LOS in hospital 4 2
Comorbidities 4 2
Others 4 1

Measures

o000

] 10 20 30 40 50 60 70
Number of papers

Figure 3. Number of papers by epidemic measure. Colors are used so that each measure is easily
followed. LOS = length of stay, MRDI = medical resource deficiency index.

In addition to the most represented epidemic measures, we analyzed the purpose of
the visualization techniques designed in each paper. Table 2 summarizes the main uses and
what measures were applied to achieve each target use, and the size of the dots represents
the number of papers in each category.
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Year
Figure 4. Trends of principal measures over time. Colors coordinate the measures with Figure 3.
LOS = length of stay.
Table 2. Main uses of visualization techniques.
Papers Measures Real-Time Real-Time Post-Analvsis Trend Prediction
u . . - i . .
4 Presentation Detection y and Estimations

N cases, deaths, incidence,
outbreaks, recovered, case fatality
rate (CFR), reproduction number,

[14-24] comorbidity, symptoms, hospital o
beds, spread, vaccinated, contacts,
accumulative cases, infection rate,

mortality rate, bed occupancy
[25,26] N cases, contacts, outbreaks, .
hotspots, movements
N cases, deaths, incidence,
contacts, outbreaks, hotspots,
recovered, accumulative cases,
mortality, CFR, reproduction

[27-81] number, prevalence, morbidity,

infection rate, LOS, tests,

movements, spread, occupancy,

hospitalized, comorbidities,
vaccinated
N cases, deaths, fatality rate,
hospital beds, LOS, tests,
vaccinated, recovered,
reproduction number
Symptoms, n cases, contacts,

[88-91] fatality rate, deaths, spread, ® L

cumulative cases, beds

[82-87]
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Table 2. Cont.

Papers

Measures Post-Analysis

Real-Time Real-Time Trend Prediction

Presentation Detection and Estimations

N cases, deaths, incidence,

contacts, hotspots, recovered,

[92-98]

mortality, hospitalized, °® °®
symptoms, tests, vaccinated,

accumulative cases, accumulative

deaths, accumulative tests

N cases, deaths, incidence, fatality
rate, recovered, accumulative

[99-105]

[106,107]
[108]

[109]

[110-113]

cases, mortality, hospitalized, °® PY
hospital beds, vaccinated,
contacts, reproduction
number, movements
N cases, outbreaks, risk level
CFR, reproduction number
N cases, deaths, contacts,
hotspots, tested
N cases, deaths, contacts,
outbreaks, recovered, movements
N cases, deaths, contacts,

[114-119] outbreaks, reproduction number, [ J [ )

spread, incidence, hotspots
N cases, deaths, incidence,

contacts, outbreaks, hotspots,
[120-127] recovered, accumulative cases, o o

hospitalized, hospital
beds, spread

The size of the dots represents the number of papers in each category.

3.2. Q2: Which Techniques Are Most Frequently Used to Visualize Epidemiological
Spatial Information?

In this section, we analyze the type of visualization techniques that the studies used to
represent the spatial component of epidemiological data.

Of the 114 studies, 90.06% (79/114) employed maps as a basis on which to represent the
data spatially; 36.48% (32/114) adopted a conceptual visualization approach (e.g., bar charts
and line charts) to represent spatial information, and only 3.42% (3/114) represented the
epidemiological data in an architectural format (i.e., building structure or building plans).

The studies that used a map-style representation (79/114) adopted different strate-
gies: static geographic 2D or 3D maps [14,15,19,20,22,31,33,36,38,42—44,50,75,81,83,88,93,102,
104,107,109,117,118,123], dynamic 2D maps [20-22,25,61,65,80,85,89,90,94,97], or choropleth
maps [17,23,24,27,30,32,34,35,37,40,46,48,49,52,55,56,58,60,62,64,68,71,76-79,82,84,87,99,103,105,
111,113-116,119-121,124,127]. Choropleth maps are widely used to visualize the state of a vari-
able across a geographic area. In the papers, this technique was mostly used to represent
the number of cases or cumulative cases in an area [17,22,24,27,46,48,52,56,58,60-63,65,67,71,
76,79,84,87,99,103,105,113-116,119,121,127], along with the incidence of a disease [30,32,56,62,
63,105,119,120,127]. It was also used to a lesser extent to visualize other measures, such as
prevalence [35,64,76] and morbidity [111].

Moreover, 24 of the studies that used a map-style representation combined a map with
one or more types of charts, most of which were bar charts, pie charts, and networks [17,21,
30,43,44,49,50,76,80,82,83,85,93,102,107,111,115,117,123]. An example of the application of
bar charts over maps to create symbol maps is the representation of confirmed, death, or
recovery cases [102,107].

Networks were used to represent movement, flows, or contacts: the authors of [83]
represented population flows between countries on a map, while those of [123] showed a
food chain network to trace outbreaks of food-borne disease. Networks can also be used to
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depict correlations, as in [43], in which they were placed on a map to show the correlation
of changes in the number of confirmed cases between two geographic areas. In other
examples that combined maps with charts, it was common to employ circles of different
radii to depict the number of cases or incidence by region [27,115]. These combinations
allow for the study of the spread of a disease on a large scale and the comparison of the
same measure in different locations, among other things.

Of the 32 studies that used only conceptual representations of spatial information
regarding an epidemic, the dominant visualization methods were line charts and net-
works [28,54,57,67,69,72,73,86,100,108,110,112,122,125,126]. Line charts were used princi-
pally to represent the number of cases and fatality rates. For example, in one study, they
were used to represent the number of confirmed deaths, recovered cases, and active cases
with regard to the globe, the United States, and Spain in a particular period [28]. In another
study, they were used to represent daily incident cases and the CFR in a period by coun-
try [100]. In a third, they were used to represent the attack rate, population fatality rate,
CFR, and basic reproduction number by country [108]. Networks, however, were primarily
used to represent contacts and to explain how an epidemic could spread: Ref. [110] visu-
alized the people epidemiologically linked to an outbreak by employing person—division
and person-person networks; Ref. [122] showed contact networks in a matrix view; and
Ref. [112] represented the movement of patients carrying drug-resistant bacteria across
three hospitals.

Finally, regarding the representation within buildings, it is worth mentioning that
only three papers represented a building structure: Ref. [26] used a 2D plane of each
floor, differentiating the areas of greatest interest to the user; Ref. [18] created a 3D model
to represent aerosol transmission in a room; and Ref. [91] created a situation awareness
dashboard with the bed layout and information on staff and equipment for clinicians
working in ICUs.

The main techniques studied are represented in Figure 5, together with the evolution
of their use over time. In recent years, there has been an increasing use of choropleth maps
compared to the rest, and building representations are starting to emerge in the study of
epidemiological data, although the number is still low.

Choropleth map a3
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chart / Network 19 — /NS
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Dynamic map 2

N pap“ers

Spatial representation

Line chart 8

Network - 7
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Number of papers

Year

Figure 5. Number of papers that applied a visual representation to depict space and trends of
principal techniques over time.

3.3. Q3: Which Techniques Are the Most Frequently Used to Visualize Epidemiological
Temporal Data?

In this section, we analyze the type of visualization techniques that the studies used to
represent the temporal component of epidemiological data.

According to our review, more than half of the 114 studies (67/114) used 2D or
3D line charts as depictions of time series to represent temporal data related to a pan-
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Time window -
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demic. They were not only used to depict the number of cases per week, month, or
year [16,21,22,24,25,30,36,50,53,54,56,59,60,62,65,67,68,71-73,75,79,84-87,97,98,100,103,104,
106,109,113,114,120,121,127] or cumulative cases [22,27,52,55,65,70,71,98-100,105,115] but
were also used to depict other disease measures, such as the basic reproduction num-
ber [19,23,55,75,87,100,104,108,115], fatality rate [85,100,101,108], or incidence [32,39,57,
59,62,67,97,98,104,105,120,127], among others [31,33,44,56,66,77,82,88,90,94,95,102,107,112,
118,125,126]. Other papers (24/114) used bar charts based on different time granularities
(days, months, and years) to illustrate the progression of the number of cases [16,28,32,41,
43,48,51,63,67,68,71,90,92,96,97,104,106,120], deaths [33,68,70,96], and recovered cases [42],
among others [60,88,117]. All the techniques employed to represent time in epidemiology
are depicted in Figure 6, where “Others” comprises pie charts, Gantt charts, quilt plots,
timelines, and specific line charts such as epidemic curves. The trends of the main tech-
niques over the years are also depicted in Figure 6, color-coded similarly to the bar chart. It
is notable that there is an increasing use of techniques such as line charts and heatmaps.

67

24

10

20

30 40 50 60 70

Number of papers 2000 2005 2010 2015 2020

Year

Figure 6. Number of papers that applied a visual representation to depict time and trends of principal
techniques over time.

Some of the studies used more than one technique to depict information concerning
time. The most frequent combination was bar charts with line charts [16,30,33,60,67,68,70,
71,88,90,97,104,106,120], which comprised 14 out of 35 combinations. Bar charts are partic-
ularly useful for comparing certain measures at different levels of temporal granularity to
detect any breakdown of time that could influence the appearance of diseases. They were
usually used to represent the number of cases [30,106,120] or other measures. In [88], the
authors showed the daily progress of patients classified by a specific group of symptomes,
and, in [16], the authors compared the weekly incidence rate by genre. Conversely, line
charts depicted the continuous evolution of a particular measure: the incidence rate [120],
number of patients [88], deaths [33], or cases of infection [16].

We also identified other noteworthy combinations, such as in the case of [115], where
the authors not only used line charts, as mentioned earlier, but also epidemic curves based
on daily COVID-19 confirmed cases to monitor the effectiveness of control measures.

3.4. Q4: Which Combinations of Spatial-Temporal Visualizations Are Most Frequently Used to
Represent Epidemiological Data?

In this section, we analyze how the studies represented both the spatial and temporal
information concerning an epidemic, and what technique or combination of techniques
was employed.

According to our research, 79.83% (91/114) of the studies produced a spatial-temporal
representation of epidemiological data. Three main cases will be discussed below: (1) maps
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applied with other techniques found in 34 papers, (2) maps applied alone found in 16 papers,
and (3) the use of other techniques to depict time and space.

First, of all the combinations, that most frequently used was maps with anima-
tions [22,25,38,42,61,65,87,89,111,113,115,117,121], which represented 14.29% (13/91). Some
of them also used line charts to compare the progression of the epidemic in different re-
gions or countries [25,30,52,65,121]. We also found other combinations, such as maps with
color-coding: [107] used three colors to show areas within the map with variations in the
number of cases, and [31] used disc areas with a degree of colors to show the areas in which
the earliest and latest outbreaks had occurred. There were also maps with filters of time by
day [21,61,79,89,102,105,115-119], with a time range slider [113], or with timelines to show,
for example, the daily progress of the death rate, rate of infection, and medical resource
deficiency indices (MRDIs), along with their representation on a map [82]. To a lesser
extent, some studies combined maps with bar charts [43,60,78,102] to compare different
regions over time.

Second, the rendering of only maps occurred in the form of snapshots of choropleth
maps to show and compare the differences between a single characteristic of an epidemic in
an area from one point in time to another [19,37,49,55,62,64,71,76,84,120,124]. There were
also maps that changed and showed the target measure at different moments [14,90]. Maps
were applied for the achievement of the four main uses that we categorized in question
Q1. Combinations of techniques with animations were used to a greater extent for the
post-analysis of data and trend prediction and estimation and to a lesser extent for the
real-time detection of data.

Third, 26 of the 91 studies applied line charts [16,21,23-25,28,30,36,48,57,65,68,85,
86,95,97,99,100,103,106,108,109,121,125-127], followed by bar charts, which were applied
in 16 combinations of space and time [16,33,41,43,48,51,60,67,68,70,77,78,96,102,106,109].
These studies used bar charts to depict the spread of an epidemic through districts with
a time filter [106], color code by month [33], or classification by year [41]. They were also
applied to represent the incidence of comorbidity by week in a selected state [16] or to
represent periods linked to a map [43,109]. Table 3 shows all the references according to
the visualization technique combinations used for spatial-temporal representation, where
the category “Others” includes techniques only used once and not in any combination.
In Table S2, the main topics or uses of each group of visualization techniques are also
represented. This is encoded with the size attribute depending on the target use of the
visualization: the size of each circle in the table indicates whether more or fewer papers
performed each target use.

Table 3. Articles by combinations of techniques used for spatial-temporal representation. The X
marks the visualization methods employed in the articles.

= = > = = =
f oc 2 2 go Er § gF I o9z 9E o
Papers e g 2 & 2z 5% § &3 & 8% L3 &
= n
[23,28,57,86,95,97,99,100,103,108,126] X
[14,19,37,49,50,55,62,64,71,76,84,90, X
92,94,120,124]
[106] X X X
[31,107] X X
[27,118] X X X
[25,65,121] X X X
[109] X X X X
[79,105,116,119] X X
[61,89,115,117] X X X
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[114] X X
[22,38,42,87,111] X X
[21,113] X X X X
[102] X X X
[125] X X X
[24,30,44,52,127] X X
[43,60,78] X X
[33] X X
[36] X X
[41,51,67,70,77,96] X
[29,80] X
[47] X X
[48] X X X X X X
[17] X
[16,68] X X
[20,82] X X
[104] X X
[72-74] X
X

[15,53,59,81,91,93]

3.5. Q5: Do the Existing Visualizations Use Individual-Level Data or Aggregated Data?

In this section, we analyze which studies represented individual-level data and which
represented population-level data.

The target groups of most of the papers analyzed were populations (97/114). Only
4 papers studied data regarding individual persons [18,26,91,110], all of them between 2020
and 2021, while 13 papers observed both populations and individual people [14,32,34,48,
51,69,89,90,92,104,109,112,117].

3.6. Q6: Are There Any Visualizations of Patients Who Became Infected in a Hospital?

In this section, we analyze how many of these studies were conducted in hospitals
and whether they surveyed patients who had become infected inside the buildings.

We found that only 4 papers out of 114 focused on patients infected inside hospi-
tals [29,51,91,112]. Ref. [29] developed a heatmap to study the relation between the length
of stay of patients in intensive care units and the occurrence of hospital-acquired infec-
tions (HAIs) during their stay. Ref. [112] investigated the movement of patients carrying
drug-resistant bacteria across a hospital to detect disease transmissions. Ref. [51] analyzed
the transmission of COVID-19 in an emergency childcare center. Additionally, Ref. [91]
created a dashboard with bed layouts and information on staff and equipment for clinicians
working in ICUs.

3.7. Q7: What Software Tools Are Used?

In this section, we explore and break down the software used in the implementation
of each study.

In this scoping review, the term tools refers to any piece of software used in the
implementation of the study. This also includes programming languages, the packages
most frequently used in the studies, and data management. The workflows, functionality,
and algorithms of the programs developed are not within the scope of this study.

According to our results, there is a great variety of specific tools with which to visualize
and work with epidemic data. We classified these tools according to their purpose: web
development, data management, the visualization of maps or GIS, the statistic processing of
data and generation of charts, and the development of network and graph representations.
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The papers that indicated the tools used are listed in Table 4, which also provides a

breakdown of the tool categories.

Table 4. Software tools utilized by papers.

Technology Group Software Tools Papers
R [16,19,23,25,28,30,41,45,48,50,54—
Development 57,61,75,83,86,94,99-102,108,110,117]
P Python [27,42,49,65,66,70,77,79,103,109,124]
Java [74,94,104,106,107,122,123]

Indicates it is a web development,
but not the tools used

Javascript, JSON

[21,62,63,88,91,94,97,98,103,111]
[14,17,18,22,25,47,74,79,80,90—

95,109,113,124]
R—Shiny [16,19,99-102,104,105,108,127]
HTMLS5, CSS [17,25,27,106,107]
Web technology W;I;ISIS [[2 15412159]]
Jquery, Jetty [85,106,107]
Bootstrap, d3.js [17,47,74,89]
Twitter API [14]
Adobe Flex, Java servlet [116]
Amazon web services [19,99]
Flask [79,124]
Apache http server [17]
VAADIN [104]
PostgreSQL [104,106,107]
SQL [22,82,117]
GraphQL [18]
Databases R—dplyg tidyverse [105]
LevelDB [80]
MySQL [79,88,94,124]
ArcGIS Dashboard [30,32,37,38,52,55,64,76,82,87,90,109,117]
ArcMap (ESRI) [34,57,116,117]
SaTScan sw [25,52,114,118]
OpenStreetMap framework [68,123]
Google Maps [15,56,65]
Naver Map APIL [107]
Kosmo Desktop 3.0 RC1 [118]
CRISP [88]
Autocad DXF, Lambert 1T [33]
Arc Scene [34]
Maps Pak-GIS [114]
Gisgraphy [123]
CARIS Spatial Fusion Enterprise [111]
STIS [38]
MAPINFO [40,60]
quickMapServices of QGIS [118]
Mapbox, GeoJSON [21,22,24,68,90]
Python—Folium [42]
Quantum GIS [60]
R—rgdal, maptool, sf [105]
mapshaper [113]
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Technology Group Software Tools Papers
Microsoft Excel [15,20,29,37,40,46,52,54,61,64,65]
SAS sw [30,32,33,40,97,110]
Python—Plotly [22,42,46,49,103]
Knime [113,123]
Matlab [36,58,60]
JFreeChart [122]
Statgraphics, Statistica 5.1 [39]
EPI-INFO STATCALC/OpenEpi [40,51]
R—ggplot2 [44,48,105,127]
R—Plotly [68,99,105]
Charts Javascript—Echarts [124]
Tableau [20,49,85,90]
SPSS-PC [51]
Apex chart.js [21]
Power BI [90]
Stata/SE [67]
GraphPad Prism [70]
R—Spatial Epi [71]
Deck.gl [80]
OpenMRS [96]
Vega-Lite [47,48]
Java universal network/graph
(JUNG) framework [122,123]
Networks Gephi [50,110]
Pajek sw [51]
Cytoscape [44]

3.8. Q8: What Datasets and Visualization Evaluation Methods Are Used?

In this section, we analyze the methods used to evaluate each study and the datasets
most frequently employed for development and evaluation purposes.

The aim of visualization programs is to assist experts in their work in some respect,
and, as such, there is no single way in which to evaluate them. In Table 5, we classified the
papers according to whether they applied a standard evaluation methodology and the type
of evaluation conducted. In the latter, we identified three main groups: user experience,
task efficiency, and task accuracy. Papers where no evaluation method was specified were
classified as “N/A”.

Table 5. Evaluation method applied. The X marks the method applied in each paper.

Standard

Papers Methodology

Task Accuracy  User Experience  Task Efficiency = N/A

[14,16,18,22,24,27-30,32-35,37-39,41—
47,49,52-59,61,64,65,68-70,72,73,75-79,81—
89,95,98,100—
102,106,108,110,112,113,117,120,124,127]
[15,19,20,23,40,50,51,60,66,71,74,85~
87,99,104,107,111,114,115,118,119,125,126]
[21,48,62,67,74,80,90,92—
94,96,97,103,104,109,116,121]
[25,31,36,63,122] X

[17,91] X X

In our research, 57% (65/114) of the studied papers did not indicate whether they
used a validation method. Of the methods that we observed, the most used was the
analysis of task accuracy, applied in 24 studies. Most evaluation methods were applied
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in works that developed an interactive tool [15,17,19-21,23,25,26,62,63,74,80,85,86,90,91,93—
97,99,103-105,107,109,111,114-116,119,121-123,125]. Out of those that used visualization
techniques to communicate data with some sort of interactivity (7/114), only 1 [92] vali-
dated its techniques by obtaining users’ feedback. Out of those that did not use any type of
interaction, a few evaluated their implementations with task accuracy [40,50,51,60,66,71,87,
118,126], task efficiency [31,36], and users” experience [48,67].

With regard to datasets, 72.81% (83/114) of the studies indicated which ones they used.
However, owing to the extent and variety of the studies reviewed, there were only eight
duplicate sources: Korea Centers for Disease Control & Prevention (KCDC) [30,44,71,106,
107], Johns Hopkins University datasets [15,23,28,42,46,47,53,57,75,81,84-86,95,97,98,125],
WHO COVID-19 Daily Report [30,42,43,76,102], European Centre of Disease Prevention
and Control (ECDC) [57,86,100,108,118], Centre of Disease Prevention and Control (CDC)
on COVID-19 [24,30,31,55,95,102], the National Health Commission [42,43,52,55,87], the
US Census Bureau [31,46,49,58,75,89,97], and the New York Times Github repository of
COVID-19 [49,99].

3.9. Q9: Is the Dataset Open-Access?

In this section, we explore the open-access datasets that were used by the studies.
Data accessibility is an increasingly important issue with regard to the reliability of a paper.
Upon observing the proportions of studies that presented accessible data and those that did
not, 72.81% (83/114) of the studies gave access to their data, and 38.6% (44/114) did not. In
Figure 7, we can see the progression of papers that gave access, and it appears that there
is currently an increasing trend regarding how data are presented. All the open-access
datasets are presented in Table Al.
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Figure 7. Number of papers with open-access datasets (green) vs. without open-access datasets (red)
by year.

4. Discussion

This scoping review aimed to summarize and analyze the current state of the literature
on the development and research of spatial-temporal visualization techniques applied
to epidemiological data. This scoping review, along with its results, contributes to the
literature in several ways. First, it provides a mapping between the study of epidemiological
events, the visualization techniques used, and their applications. Second, it analyzes the
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trends in the development and use of these techniques and their purposes in recent years.
Third, it explores studies conducted at local and individual scales, with a focus on the
search for studies within hospitals. The latter is particularly relevant in the context of the
pandemic situation due to COVID-19. Finally, it summarizes the methodologies used in this
field, including the tools, evaluation methods for visualizations, and datasets employed. In
this section, we discuss the results obtained for the main research questions.

The most relevant tasks in epidemiology for visual representation have, to date, been
the visualization of the number of health-related events (e.g., the number of cases of a
disease in a population) and the recognition of the occurrences of these events concerning
time and space to detect both temporal (at the level of year, season, week, etc.) and spatial
patterns (geographic variations, urban and rural differences, etc.) [13]. Most of the studies
reviewed focused on representing aggregate data, such as the number of cases, deaths, and
incidence (Figure 3), which are investigations at a population level. We could see that the
most frequently used measures peaked in recent years, except for prevalence, which was
applied more in the early 2000s than recently. Regarding the other measures, we could not
identify any trend in the papers that met the inclusion criteria defined.

Regarding the spatial visualization of the epidemiological events, the techniques most
frequently employed were maps or GIS technologies often combined with widely used
charts, such as bar charts, pie charts, and networks. These allow for the representation of
movement and the comparison of the same measure in different locations, among other
functions. We highlighted the increasing use of choropleth maps in recent years. This
kind of representation is a great option to provide a comprehensive view of a situation
and facilitates pattern recognition at a glance. However, choropleth maps have some
features that need to be taken care of: they are more effective with relative data rather
than absolute values when comparing regions. For instance, comparing the number of
cases in different places using a choropleth map without considering population size might
not provide useful insights; for these cases, alternative approaches may be more suitable,
such as symbol maps. It is also important to consider the size of regions when making the
comparison, as it can alter the perception of the colored areas. This issue can be addressed
by incorporating interactions and text or by replacing the choropleth map with a symbol
map or a cartogram, though the latter depends on the user’s knowledge of the geography.

We analyzed the main practical objectives of each presented application and identified
four big groups: data presentation, real-time data detection, post-analysis, and trend
prediction. Some papers only focused on one objective, while others covered many of
them (Table 2). In the first place, the most common purpose was analytical, primarily for
the subsequent study of epidemic situations. The next one was the informative purpose,
achieved through data presentation. From Tables 2 and 3, we could infer that there is a
trend towards the creation of more complex tools, since, in recent years, there has been an
increase in works covering many or all of these objectives. Besides this, there has been a
rise in real-time presentation and real-time detection applications, reflecting the growing
need for better monitoring and the development of new technologies.

Following this, we found that many papers focused on the analysis and prediction of
trends, which is logical given the large number of studies that have emerged to help explain
and understand the global situation during the COVID-19 pandemic. In this context,
network-based methods can be very useful, as they can be integrated with powerful
analytics, such as graph algorithms or arc prediction using Deep Learning. Through an
effective layout, networks enable insights into data and facilitate the discovery of trends,
outliers, and behavior patterns in complex datasets.

The detection of temporal patterns is essential for studying an epidemic. The most
widely used visualization techniques for this were line charts and bar charts, which, along
with heatmaps, have seen an increased use recently. Line charts are mainly employed to
represent the evolution of a given measure, while bar charts enable the comparison of a
measure across different levels of temporal granularity to detect any temporal breakdown
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that could influence disease appearance. The intuitive and extended nature of these visual
representations makes them the preferred options over more specialized techniques [128].

With regard to spatial-temporal visualizations, most of the papers reviewed sought to
capture the epidemic situation of a population or area. The most commonly employed tech-
niques were line charts, maps (either alone or in combination with other techniques), and
combinations of charts, such as line, bar, and pie charts, followed by graphs. For real-time
data detection, studies mainly used maps with other techniques and heatmaps with graphs.
In the post-analysis of data, maps (alone or with other techniques), combinations of charts,
line charts with heatmaps, and bar charts with several techniques were utilized. Finally, for
trend predictions and estimations, line charts were predominantly used, followed by maps,
combinations of statistical charts, and the application of heatmaps and graphs. Thus, the
current state of the art involves the combination of maps with animations, which, being
dynamic representations, are suitable means to express the general development and the
main trends in the data analyzed [128]. Additionally, a modern application should include,
along with maps, interactive time filters or range sliders, allowing the user to choose a
temporal granularity or a range of temporal granules (days or weeks, depending on the
application), with the map displaying the situation at that moment.

There are currently many tools, programming language packages, and other resources
that increasingly facilitate the development of maps and geographic displays. A wide
range of tools were used for this purpose, and there appears to be a trend towards the
development of web applications. This trend is likely because most of the programs are
for informational purposes: the objective is to offer the population easy access to updated
information at any time. This also justifies the choice of datasets for these programs, as
most of the repeated datasets consist of open sources with information on COVID-19.

Contrary to this, we verified that there has been very little development in the scientific
literature regarding programs aimed at facilitating decision-making at the hospital level
to mitigate the spread of infectious diseases or epidemics. Only a small number of papers
studied the transmission of diseases among patients in hospitals, with just three papers
focusing on the spread of an epidemic within a building. Despite the low number of these,
all of them were published in recent years, suggesting a potentially emerging trend to
represent these data at a more local scale, and we expect more publications of this kind.
Although this type of representation is not very extensive, it has several advantages that are
more valued nowadays, such as enabling cost-effective studies of the efficacy of mitigation
strategies in controlled environments or facilitating monitoring at a local scale, which can
reveal patterns and aid in the decision-making process.

Another field of interest for us was the methodology employed in these studies.
To this end, we analyzed the developed tools, the chosen evaluation methods, and the
datasets. One of the main principles of information visualization is that the tool must be
interactive, as it enhances cognition. This means that it must help us better understand
the information or solve a problem more effectively. Furthermore, validation is a crucial
step in the development of a visualization. Not all visual encodings can solve all tasks,
so assessing the quality of a visualization for its specific objectives is essential. Despite
this, our study shows that many tools were not interactive but rather static statistical
presentations of data, and not all the tools were validated in the papers. However, most
of the tools that were validated belong to recent years. This, together with the increasing
accessibility of data, suggests a move towards greater transparency and reproducibility in
development methodologies.

The papers analyzed did not adopt a single methodology to validate the visualization
techniques and tools, but rather different approaches were employed. This coincides with
the observation made by Chittaro [3], who noted the lack of established guidelines and
disciplined methodologies for creating information visualizations. Moreover, in some fields
such as healthcare, time constraints and other factors (such as work overload and a lack of
resources for investigation) do not play in favor of the development of new technologies,
including the fulfillment of a valid and formal evaluation. Evaluating visualizations
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requires a specific analysis of how well they achieve their intended objectives. However,
we lack a more rigorous and formal method to validate visualization work in general, as
was also pointed out in [129], since the evaluation of visualization techniques is a key issue
in human interaction research.

Finally, regarding data accessibility, this is an increasingly important issue concerning
the reliability of a paper. Since the “reproducibility crisis”, studied by a survey in 2016 [130],
more and more works in the area of Computer Science are allowing access to the data that
they use (unless it compromises privacy) or making the code available for reproducibility.
For easier access, the open-access datasets found in the analyzed papers are listed and
referenced in Table A1l. Most of these datasets contain information published by govern-
ments on websites. In some cases, we found data collected by universities also available
on websites or public repositories (e.g., GitHub). Even though there is a growing trend
towards open-access data, these continue to be aggregated information, and, sometimes,
the computations used are not indicated. Despite the importance at the health and control
levels of studying contact between individuals to detect potential risk points or to analyze
the transmission of a disease, along with the availability of hospital resources at critical
moments of an epidemic, their study is not as extensive as with aggregate data. One
potential solution to this issue could be the use of synthetic clinical data, which do not
compromise patients’ privacy.

This scoping review has some limitations. First, it is possible that we overlooked
relevant works during the search process despite our efforts to make it as extensive as
possible through several rounds of searching. Second, we included only papers written
in English, so there is a possibility that we missed out interesting works written in other
languages, even though the search was conducted at a worldwide scale. Third, this study
considered only journal articles to guarantee the study of solid research results. However,
this might be considered a potential source of bias in some exceptional cases.

The literature contains several reviews involving data visualization and the human
healthcare domain. Here, we analyze and compare our scoping review using two reviews
that are the closest to ours in terms of subject matter: a systematic review conducted by
Lauren Carroll et al. in 2014 [7] and a scoping review conducted by Jawad A Chishtie et al.
in 2020 [9].

In the first case, the study carried out by Carroll had several objectives: (1) to iden-
tify public health user needs and preferences for infectious disease visualization tools;
(2) to identify existing infectious disease information visualization tools; (3) to identify
commonalities among approaches applied to different data types; and (4) to describe tool
usability evaluation efforts and barriers to the adoption of such tools. It consisted of a
systematic review that also followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines, choosing papers written in English between 1980
and mid-2013, of which the authors eventually studied 88. Of all the results attained, it
is worth highlighting the analysis of the architecture of existing tools: this term refers to
how the systems were created in the sense of software design. The authors sought to study
the structure of each system as a whole, whereas we focused on what software tool was
used for each part (for the management of data, web implementation, the incorporation of
maps, etc.). They then focused on three types of tools: GIS, molecular epidemiology, and
social network analysis. Concerning GIS, they detailed what GIS functionalities they found,
whereas we indicated only whether or not the programs used GIS technology. In addition to
this, they indicated that the systems that combined GIS with time did so using animations
and time windows, which coincides with our results. Within molecular epidemiology,
they sought to understand the clustering distribution of different molecular groupings
of pathogens. In the social network analysis, they studied networks of social contact or
exposure to disease that they found in the literature and concluded that there were no
visualization methods that would help the user understand network structures at a more
aggregate level. Regarding the usability study and evaluation, they discussed the latter at
the level of utility and usability and, like us, analyzed the evaluation methods that were
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repeated in the literature. Finally, unlike our inferences, their conclusions were focused
more on the user and the implementation and adoption of visualization tools.

In the second case, the objective of the scoping review conducted by Chishtie [9] was
to summarize the use of visual analytics tools, techniques, and frameworks in interrelated
areas of population health and health services research. This review was based on the
PRISMA-S5cR methodology [10], and the authors chose articles published in English be-
tween 2005 and early 2019 and obtained a final total of 55 articles. With regard to the results,
it should be noted that, although they analyzed the software programs used for the pro-
gramming of applications, as we did, they focused on their analytic capacities. Regarding
the characteristics of data and datasets, they distinguished whether the studies used single
dataset sources, multiple, or both, and they categorized said sources depending on whether
they were simulation data, social network or web data, EMR or EHR data, and national or
administrative survey data, unlike us, as we were more interested in discovering the data
sources that were used in the papers and that were accessible. In the results concerning
analytics and visualization engines, they, like us, indicated the main development tools,
but they dedicated only a small paragraph to the visualization techniques most frequently
employed. Finally, regarding the availability of tools, they studied the percentage of in-
vestigations that were open-source or available, and they indicated the main evaluation
methods found, attaining similar conclusions to ours in this respect.

5. Conclusions

The purpose of our scoping review is to provide a global vision of the current state of vi-
sualization techniques applied to epidemiological data published in the scientific literature.
In this work, we put the efforts made during the last two decades into perspective, paying
particular attention to how epidemic measures, and temporal and spatial information are
displayed. There is a trend towards the generation of geographic programs and web-based
programs, along with the implementation of common and extended visualizations with
little complexity to ensure their rapid comprehension. Our results suggest that the vast
majority of the works have a more informative purpose for a general understanding. There
is also a growing trend in recent years in the representation of data at an individual level,
as well as the representation of scenarios inside buildings to study the spread of diseases at
a more local scale. This, combined with the study of epidemic situations within hospitals,
is a move forward in the analysis of severe diseases, such as COVID-19. However, these
studies are still very few.

With this work, we have helped identify some gaps in the development of visualiza-
tions for epidemic data processes:

e  There is a need for the development of good practices for the generation of more
effective visualizations: we are faced with a situation where, though the need to apply
visualizations in the field of health is more recognized (proven by the increase in
publications in this field in recent years), we lack a clear methodology for developing
and evaluating visualization techniques.

There is still a lack of studies of epidemiological data at an individual level.
There is a lack of representations of buildings in both 2D and 3D: this is key to helping
identify contacts and the spread of diseases at a local level.

e  There is little development of programs that would help decision-making at a hospital
level to prevent the spread of infectious diseases or epidemics.

e A very small number of papers studied the acquisition of diseases by patients inside a
hospital as the result of any epidemic.

The last point is an issue that is gaining more weight and is increasingly necessary.
From a technological perspective, the COVID-19 pandemic has evidenced the need to
address new challenges regarding the management of complex multi-source information:
the generation of new methods for spatial-temporal patient contact visualization and the
potential role of Artificial Intelligence techniques to support adaptive and personalized
methods to display visual information. With all this, future visualization methods could
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help control and restrict rapid spread more effectively. In this field, the development of
3D visualization methods of buildings and the gamification of contact between patients,
healthcare staff, and visitors could help clinicians control the spread of infections inside
hospitals. Although these developments face the lack of availability of quality clinical data,
the use of generated synthetic datasets could help address this challenge.

With this review, we provide a new perspective for the study of visualization tech-
niques applied or developed to capture the spatial-temporal component of epidemiological
data. We shed some light on what has been implemented so far and what we still lack.
With this, we can help search for new developments that can be very useful for the study of
epidemics that have not yet been assessed or in which much effort has not yet been put.
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each group performed the respective target use.
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Appendix A

Table A1. Open-access datasets used by the reviewed papers.

Datasets Papers

COVID-19 analysis tools at Instituto de Informatica of the Federal University of Rio Grande

COVID-19 Data Repository by the Center for Systems Science and Engineering (CSSE) at

KCDC [131] [25,39,106,107]

do Sul (Brazil) [132] [22]

Johns Hopkins University [133] [15,23,37,41,42,48,52,84,95,125]

NSF Spatiotemporal Innovation Center (STC) dataset on COVID-19 in the US [134] [82]
Arrivals of non-resident tourists at Brazilian national borders by country of residence [135] [83]
Trips abroad by Brazilian resident visitors to countries of destination [136] [84]
Flutrack [137] [14]
Notification on the pneumonia epidemic situation from the China National Health [25]
Commission [138]
Press statement by Hubei province Health Commission [139] [25]
Press statement of novel coronavirus (in Japanese) by the Ministry of Health, Labour and
[25]
Welfare, Japan [140]
CDC [141] [25,26,50,95,102]
Data on school start dates in the US [142] [26]

US Census Bureau [143] [26,41,44]
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Table Al. Cont.

Datasets Papers
Statistics Canada and Census datasets [144] [27]
District Health Information System (DHIS) [145] [31]
Taiwan Open Data Platform [146] [20]
Taiwan Centers for Disease Control (TCDC) [147] [20]
Interactions in a French primary school [148] [122]
FoodRisk-Labs [149] [123]
Epidemic Situation by the Ministry of Civil Affairs of Bosnia and Herzegovina [150] [115]
The New York Times Coronavirus in the United States dataset [151] [44,99]
Open Data of Epidemiology by the National Governments Health Secretary [152] [16]
National Epidemiological Surveillance of Infectious Diseases [153] [32]
European Centre for Disease Prevention and Control (ECDC) [154] [52,100,108,118]
COVID-19 situation reports by the World Health Organization (WHO) [155] [25,37,38,102]
Chinese Center for Disease Control and Prevention [156] [37]
National Health Commission of the PCR [157] [37,38,47,50]
COVID-19 from Datadista [158] [101]
US coronavirus cases by county from USAFacts [159] [17]
COVID-19 data from the Italian National Institute of Health [160] [118]
Compendium of US Health Systems [161] [41]
Directorate of Health Services, Government of Kerala, India [162] [90]
NSF Spatiotemporal Innovation Center (STC) dataset on COVID-19 [163] [113]
genEpi dataset [164] [43]
The COVID-19 Tracking Project [165] [84]
COVID-19 dataset from the Presidency of the Council of Ministers- Department of Civil [84]
Protection [166]
Tencent COVID-19 dataset [167] [124]
Infectious Disease App by the International Civil Aviation Organization [168] [45]
esCOVID-19 data [169] [103
Information about different aspects of the Spanish reality from Spanish National Institute of [103

Statistics [170]
Mortality monitoring system from the Spanish Health Institute Carlos III [171] [103
Information about meteorological data stemming from Spanish State Agency of

]
]
]
]

Meteorology [172] [103

HIV-1 Transmission Dynamics in Germany [173] [93]
Oxford COVID-19 Government Response Tracker [174] [125]
COVID-19 Data from the NSW Government [175] [109]
Victorian Coronavirus (COVID-19) Data [176] [109]
Locations Visited by Confirmed COVID-19 Cases in Western Australia [177] [109]
Australian Statistical Geography Standard (ASGS) [177] [109]
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