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Understanding pandemic dashboard development:
A multi-level analysis of success factors

Ludger Pohler, Kevin Kus, and Frank Teuteberg

Accounting and Information Systems, Osnabrueck University, Osnabrueck, Germany
{ludger.poehler,kevin.kus,frank.teuteberg}@ uni-osnabrueck.de

Abstract. Although dashboards are already widely used in humanitarian
crises, various corporate reports and other fields, the specific success factors for
the respective application areas often remain unclear. Especially in the current
severe corona pandemic, dashboards are crucial to get an overview of the
dynamic infection development. This motivated us to investigate how to
successfully design dashboards capable of mitigating crises such as serious
pandemics. By means of a systematic literature analysis, we identified scientific
success factors of crisis and in specific of pandemic dashboards. Further, we
assessed currently used corona dashboards and compared them with our success
factors of the literature. In this way, we could discover whether corona
dashboards are based on previous crisis dashboards and which specific success
factors of current corona dashboards can be worked out for future pandemic
dashboard development.
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1 Introduction

The COVID-19 pandemic is affecting the whole world. To limit the spread and
therefore the negative effects of the virus, effective actions need to be undertaken
regionally, nationally and internationally. Next to governmental restrictions for the
population like lockdowns or the mandatory wearing of face masks, effective
information systems about specific outbreaks in local and national regions can help to
raise the common knowledge about infection numbers [1]. One outgrowth of these
information systems can be found in dashboards. They can be defined as visual
presentation forms built upon purposeful chosen data [2]. Apart from pandemics,
dashboards are also used in other forms of humanitarian crises like terrorism [3], wars
[4] or environmental catastrophes [5, 6]. With occasionally more than one billion clicks
per day [7], the COVID-19 dashboard of Johns Hopkins University (JHU) is one of
the most widely recognized at present [8]. Beyond the possible advantages like being
able to track the outbreak of diseases in order to answer with purposeful measurements,
there are challenges to be overcome and success factors to be considered when
developing such a dashboard.
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Current research analyzing dashboards in general and dashboards in pandemic
situations in specific focus either on theoretical information from literature or on
practical dashboards [9]. Our study, by contrast, analyzes the success factors in the
development of pandemic dashboards by considering both publications on previous
pandemics and epidemics (pre-corona dashboards) as well as established, real
dashboards used for the COVID-19 pandemic (corona dashboards). In addition, aspects
from general crisis dashboards are also included in the literature research, which can be
transferred to pandemic dashboards. However, these rather are not specific aspects on
the detail level, but mainly design and visualization aspects.

This enables us to compare dashboard-literature from the past with the real-world
dashboards of the corona crisis by identifying similarities and differences within these
two sources. On this base, we derive implications for effective prospective pandemic
dashboard development. With our work, we want to answer the following research
questions (RQ):

RQ1: Which success factors can be identified in the development of dashboards of
past pandemics, epidemics and other general crises situations from literature?
RQ2: What are the specific success factors of dashboards for the corona pandemic?

To achieve that, we structure the article as following: In chapter 2, we present related
work dealing with dashboards in the corona crisis. Subsequently, we present the
research approach (chapter 3). In chapter 4, we analyze the dashboards based on the
comparison with identified success factors. Finally, in chapter 5, we critically discuss
our results by referring to the research questions and literature. Additionally, we
highlight limitations of our work as well as starting points for future research and
practical dashboard development.

2 Related Work

Since the outbreak of the corona virus, the general population or other specific groups
have been informed about the development of the pandemic via dashboards. Numerous
scientific studies have already been carried out with different foci to conceptualize,
create and evaluate such dashboards of the corona crisis.

For example, Grange et al. [10], Bae et al. [11], Verhagen et al. [12] and Reeves et
al. [13] describe the data collection and conceptualization of dashboards in hospitals
and clinics in different countries, so that these information are specific and less relevant
for the general population. Some guidance is provided on how corona dashboards
should be designed at national level. Thus, Berry et al. limited their contribution to the
conceptual design of a dashboard for Canada [14]. In this context, a publicly accessible,
manually updated dashboard is described. Thereby, their focus is on data quality and
resources rather than on design. In addition to the numbers of infected, deceased,
recovered and tested persons, also specific characteristics such as location, date and
travel history are listed for each case. Marivate et al. focus on similar aspects. Their
dashboard concept for South Africa allows to capture overall national and more detailed



department-specific data at a glance [15]. Other publications rather prioritize the data
management behind dashboards and discuss both the necessary multi-resource
management [16] and the geoinformatics systems used for location determination [17]
in detail. Since it has been discovered that there are extreme deficiencies in the data
collection of various known corona dashboards, including the one of World Health
Organization (WHO), Ashofteh et al. present an approach for the conceptualization of
a dashboard with high data quality [18].

There are also different aspects examined in the publications on dashboards that
reflect the global course of the pandemic. For instance, Zavarrone et al. focus on the
presentation of socio-economic aspects by using text mining and sentiment analysis to
create an overview of social media content in order to identify socially relevant data
[19]. Everts et al. describe that corona dashboards also create a feeling of fear in the
general population [20]. Approaches and descriptions of how to implement globally
accessible dashboards for the entire population are also described. Thus, the basis of
the world's most frequently accessed corona dashboard created by the Johns Hopkins
University is presented in a short publication by Dong et al. [21]. The basic contents
and the structure of the dashboard as well as possible further developments are
described. Additional features such as breaking down the information to the local level
and comparing pandemic developments in different countries are also offered (c.f. [1],
[22]). Tewtia et al. outline how the underlying data can be used to forecast case
numbers, which are then compressed and presented in a dashboard [23]. Raghavan et
al. are also dedicated to forecasting and its visualization with a focus on Indian
population [24].

To the best of our knowledge, in the dynamic development, there is only one
publication that compares different worldwide corona dashboards [7]. However, the
focus here is strongly on dashboards that use localization technologies such as Global
Positioning System (GPS) as well as Artificial Intelligence (Al). Moreover, their
investigations are largely limited to Indian dashboards, and the underlying methods are
not transparently specified. Thus, a methodological approach should be used to
examine the extent to which dashboards in the corona crisis are oriented towards the
success factors of dashboards of previous epidemics and pandemics (pre-corona
dashboards). In addition, it should be highlighted which further elements in the corona
crisis can be identified as success factors for humanitarian crisis dashboards in general
and pandemic dashboards in particular.

3 Research Approach

In order to fill the research gap and answer our above questions, we adopted a three-
step approach. Step 1: By means of a comprehensive literature review according to
vom Brocke et al. [25], we systematically identified the success factors of pre-corona
dashboards. In the following, we categorized and iteratively determined these by
applying a qualitative content analysis according to Mayring [26]. Step 2: Through an
extensive Google search, we selected an adequately broad sample of current corona
dashboards including national and global dashboards as well as dashboards of



authorities and public media. Step 3: In this step, we defined the extent to which the
previously identified success factors are reflected in the corona dashboards. For this
purpose, we compared and evaluated the dashboards with the success factors using a
matrix. Thus, through the application of this case study, the theoretical findings from
the literature could be compared with the characteristics of real existing dashboards.
This allowed us to determine to what extent the success factors are still valid or whether
additional elements can be mapped in the corona dashboards. Figure 1 summarizes this
procedure.

Step 1

Systematic literature review
according to vom Brocke et al. (2009);
Qualitative content analysis according
to Meyring (2010)

Sucess factors of
pre-corona dashboards

-+

Selection of corona
dashboards to be examined

pre-corona dashboards

Step 2
Review and selection of popular
corona-dashboards | Corona-Dashboards from different
locations and suppliers

Case study with
a systematic
comparison

Implications about success
factors of corona dashboards
and their deviations from
pre-corona dashboards

Figure 1. Procedure for identifying sustainable success factors for pandemic dashboards

The success factors of pre-corona dashboards are mainly a consequence of the
requirements and design principles of previous epidemics and pandemics. In order to
identify the relevant literature for creating dashboards in such humanitarian crisis
situations, a complete literature search was conducted according to vom Brocke et al.
[25]. He recommends four basic phases in order to obtain the correct and relevant
publications on a specific topic. In the first phase, the depth of the literature analysis
should be determined by defining the estimated literature volume. Here, vom Brocke
et al. follow the taxonomy proposed by Cooper and define six characteristics with two
to four categories for each characteristic [27].

The basic goal of the literature analysis was to achieve integration, allowing
literature to be compared, summarized and key principles of the dashboard
development for epidemics and pandemics to be identified. The focus was to gather
previous research outcomes on dashboard applications. The subsequent organization
and classification primarily took place on a conceptual basis with reference to the
historical development of some principles. When presenting the identified



contributions, we take a neutral and rational perspective. Further, the results should be
relevant for a broad audience, especially for dashboard developers and their clients
(practitioners/politicians) as well as for the core target group, the general public. But
also, general scholars, who want to make information available to a broad mass in a
compressed form, can use the results for future developments. Given the technical
progress, we only included sources of the past 15 years and thus chose a representative
approach for the coverage of the existing literature. Figure 2 summarizes our procedure
with regard to Cooper’s taxonomy.

I goal integration criticism central issues

2 focus research research methods theories applications
outcomes

4 perspective neutral representation espousal of position
5 audience specialized

general scholars practitioners/ general public
scholars politicians
6 coverage exhaustive exhaustive and representative central/pivotal
selective

Figure 2. Classification of the literature search according to Cooper [27]

In the second phase of step 1 we combined the terms "pandemic"”, "epidemic"”, “crisis"
or "emergency" with the term "dashboard" in English and German language as well as
in singular and plural (search string: (pandemic* OR epidemic* OR cris* OR
emergenc*) AND dashboard*). With this search string the literature databases of
Scopus, EbscoHost and PubMed were examined in the third phase. We only considered
contributions that relate to dashboard structure, design, conception and content in
pandemics, epidemics and non-specific crises and address the general population as
relevant for our purposes. General visualization and interaction principles in terms of
Human-computer interaction (HCI) were not explicitly included. Firstly, including HCI
in general would have been too unspecific and secondly, HCI is implicitly covered by
the principles of the specific dashboards.

In the fourth phase, we filtered out duplicates (166 excluded) from the search results
(891 articles in total). We then selected relevant articles first by their titles (607
excluded) and subsequently by reading the abstracts (61 excluded) and full texts (40
excluded). This resulted in 17 relevant articles. In addition, we carried out an extensive
forward (additional three articles) and backward (additional five articles) search. In
total, we considered 25 articles relevant for our study (cf. Figure 3).



Search string: 166 607 61 40 3 5
(pandemic* OR excluded excluded excluded excluded included included
epidemic* OR
cris* OR
emergenc*)
AND
dashboard*

forward search

full-text
search

title
abstract
backward

duplicate

Database:
Scopus,
Ebscohost,
PubMed

891 725 118 57 17 25 articles
collected collected suitable suitable suitable in final
meta-data meta-data titles abstracts articles set

Figure 3. Literature research for pre-corona dashboards (according to Dyba and
Dingsoyr [28])

On the basis of these four phases of literature search, we were able to determine the
success factors by using a qualitative content analysis according to Mayring [26]. First
of all, it was necessary to form categories to classify the success factors. The inductive
category development was used for this purpose. When coding the relevant literature
sources, a total of 3 main categories (visualization, functionalities, content) with 3 to
11 success factors each could be identified. A comprehensive Google search for
relevant dashboards was then carried out in step 2 of our procedure. We paid particular
attention to selecting both global and national dashboards from public institutions as
well as private media. In step 3, we applied a case study to investigate the extent to
which the previously identified success factors were based on the corona dashboards
by using a comparison matrix. We then could investigate whether certain success
factors are more sustainable and important than others or whether additional success
factors of corona dashboards become evident.

4 Results

4.1  Literature analysis

Based on the qualitative content analysis according to Mayring [26], we divided the
success factors into three categories, which namely are (1) visualization, (2) function-
nality and (3) content. With regard to our literature analysis, we could find more
specific success factors within each category.

While content related success factors aim for the task of choosing the right data,
visual success factors deal with the challenge of displaying the right data adequately
[29]. Additionally, we analyzed factors regarding functionalities, which deal with an
interactive and more comfortable user experience with respect to dashboards. In the
following, we explain especially those factors within these categories, which were
coded most frequently in our content analysis and are described as important in
literature. These success factors are displayed in bold in Table 1.



Table 1. Success factors based on pre-corona dashboards

Success factors | Short description Reference
Mixed usage Combination of visualizations and textual elements [30]
Modest visual Avoidance of non-data visual elements like graphics; map | [9, 31]
elements reduction to borders
< | Maps Information about geographical spread; Awareness of [30-36]
-% regional trends
£ | Easeand Simple visualization interface; Familiar visualizations like | [9, 31, 35, 37—
2 | familiarity graphs; Visual orientation to interfaces of popular 39]
S institutions
Colors usage Moderate use of colors; Black or gray interface [2, 31]
Number of Avoidance of cognitive overload; Limited number of [31, 40, 41]
visual elements | visual elements
Data sharing Knowledge reuse through data sharing; Teamwork [37, 42, 43]
> option function; Messaging function
'Té Interactivity Flexible data filtering; Customization; Drill down [2, 31, 34, 37—
S functions; Visual interaction; Comments 39, 42, 44-49]
o
c
T | User- Ease of use; Workload reduction; Simple interface; [9, 31, 42, 50]
friendliness Intuitive navigation
Data source Source identification of data used [31]
knowledge
Reliability Reliability of used data; Elimination of duplicates and [32, 38, 48]
further errors; Usage of official governmental sources
High-level- Data condensing; Data integration [31, 48]
aggregation
Easy knowledge | Easily understandable information; Only provision of [30, 34, 47]
transfer necessary information to avoid cognitive overload
Several data Usage of several data sources like social networks, local [30, 32, 34]
sources databases and remote networks
= | (Automated) Up-to-date information; Illustration of real time activities [31, 32, 36, 38,
% Data currency | of infectious diseases; Automated update integration 39, 43]
o
O - -
Automated Alerts when exceeding thresholds; Furthermore, bright [2, 43, 46]
warnings colors or general highlighting in case of increasing trends
Focus on central | Provision of important information to avoid overload and [31, 41, 47]
information consequently loss of important information. User’s effort
should be reduced both in cognitive and physical way
Mainstream Information provision on single screen; Support of correct | [2, 31, 37, 39]
Usability data interpretation; Self-explaining dashboard; Minimized
distraction
Key figures Indicators like mortality rate or prevalence rate; Usage of [2, 34, 35,51,
timelines showing key figures over time periods for 52]
development illustration

Content: Dashboards must include reliable data [32, 38, 44, 48]. Reliability needs to
be proven either manually or by means of new automated techniques such as supervised
learning [44]. Another way of validating a certain quality standard of the data included,
is to use official sources like governmental databases [48]. According to the literature,



the up-to-dateness of the data also constitutes an important factor. It is essential to
provide up-to-date information when a user loads the screen [31]. This equally requires
that the dashboard needs to be updated constantly, i.e. as soon as new data is available.
Updates should be integrated automatically [38]. Apart from that, the data content needs
to be easily understandable to its respective users. Provision of only necessary
information is essential to avoid overload and loss of important information. To make
it understandable to the whole society, information should be displayed on a single
screen to reduce navigation [31]. The content of the dashboard should be as self-
explanatory as possible [2]. Reducing distraction by avoiding new processes or required
learning is essential [2, 39]. In order to gain complete information and minimize
probabilities of errors, multiple data sources should be used. Data sources can be
situated in local places and in different social networks [30, 37]. Despite the fact that
many articles do not explicitly deal with (infectious) diseases, several articles mention
specific ratios explaining the current level of disease distribution. These indicators are
number of deaths [51] and number of cases [48, 51, 52], the mortality rate [52],
incidence rate [51, 52], test numbers [52] as well as prevalence rate [38, 52] or the
distribution of disease subtypes [38]. Regarding information in visualizations,
especially timelines showing cases and rates over time axes are illustrated to show
current developments.

Functionalities: Several articles highlight the possibility of flexible data filtering in
order to let the user gain more specific data. Exemplarily, users should be able to select
specific category groups, data for different time periods or filter data by the type of
disease [38]. These filters should be adaptable to the personal needs of the users [2].
Besides, the possibility to select specific geographical characteristics is emphasized
[31]. In general, the dashboard needs to be customizable [31]. More concretely, users
should be able to choose the style of visual presentation like bar chart, graphs or tables.
In order to design an effective dashboard, all relevant information must be made
available to all users on one page only, which requires interactive tools such as filters
due to the fact that different user groups seek for different information sets. Moreover,
navigating through hyperlinks, buttons or going back- and forwards are further ways to
interact with the dashboard [42]. Beyond interactivity, user-friendliness was
mentioned. Regarding this, the dashboard should reduce the workload for its users [31].
This includes having a simple visualization interface and intuitive, easy navigation
methods [32]. Through intuitive use, a cognitive overload is avoided [50]. These
aspects are strongly related to a higher ease of use. User-friendliness can also refer to
an easy access for all potential users, which includes not only providing an adequate
interface for desktop users, but also for mobile devices [30]. Consequently, users can
focus on and better understand the content itself without being bound to a specific
device.

Visualizations: A map is needed to raise awareness of the general spread of the
diseases [31]. GIS-interfaces are considered to be especially important [33]. Maps can
display a more detailed view, as users can observe trends within regions [38]. Next to
maps in particular, the applied visualization elements should be familiar to users. Those
familiar elements like graphs allow rapid customizing [37]. Despite their necessity and
benefits, graphical elements should not be used too extensively, but rather rely on the



paradigm of minimalism or at least on moderate use. Users should not be overwhelmed
by unnecessary and distracting information when provided with graphical elements
[46]. This implies both to use only a limited number of graphical elements and to
illustrate them in a restrained way. Building on this, colors should be used
conservatively, which means working with black or gray for most of the interface [31].
Only specific and important information, like urgent alerts, can be marked in bright
colors like red to highlight their relevance [31].

4.2  Dashboard analysis

In order to compare the above-mentioned success criteria with those of COVID-19
dashboards, an adequate selection of dashboards had to be made first. It was important
for us to obtain an overview of the existing dashboards that was as comprehensive as
possible. For this purpose, we selected dashboards from general health authorities of
governmental  organizations  (Germany/Robert-Koch-Institute  (RKI)  [53],
USA/Centers for Disease Control and Prevention (CDC) [54], UK [55], India [56],
Pakistan [57]), from further public institutions (JHU [7], WHO [58]) as well as
dashboards of frequently accessed online newspapers or search engines (New York
Times (NYT) [59], Zeit [60], Google [61]). Given that the selected dashboards stem
from diverse institutions and mostly focus on different geographical regions, we
achieved a higher level of independence between the dashboards. Regarding the
granularity level, most of them show more detailed data for their specific geographical
areas and thus use different sets of databases. As the dashboard designs differ, we also
ensured uniqueness. Figure 4 exemplarily shows the popular JHU dashboard.

JOHNS HOPKINS | coronavirus

| resounce center Home = Tmadeg. - tou

TrackingHome  Critical Trends GlobalMap  US Map  Datain Motion

y the Center for Systems Science and Engineering (CSS

83 29 18  Doaths, Recoverad ,

Figure 4. JHU dashboard central screen [7]

The analyzed dashboards serve as a source of information for a large number of citizens
during the pandemic. We have included both dashboards that present the pandemic
globally and dashboards that focus on a national overview. For the national dashboards,
we concentrated on densely populated countries such as India, the USA, Pakistan,



Germany and the UK. Due to the better analyzability of the data, we limited the
presentation to dashboards that are available in German or English. In the following
parts, we analyzed these dashboards by comparing them with the previously identified
success factors as illustrated in Table 1. The evaluation of practical dashboards is
presented in Table 2 and shows to what extent the respective dashboard fulfills the
success factors. An “x” means, that the respective aspect is fully considered. An “(x)”
indicates, that the aspect is either partially fulfilled or not directly visible, because it
might be on a subpage. Lastly, a “- illustrates, that the factor is not included.

Table 2. Comparison of the corona dashboards with the success factors

ol 2| _

Success factor i % §’ X x 2 % E é g

Mixed Usage X X X X X X X X X X

S | Modest visual elements X X X X X X - X X X
§ Maps X X X X (x) X X X X X
g Ease and familiarity X X X X X X X X X X
> | Colors usage X (x) X x) | ¥ | X - X x) | X
Number of visualizations 8 4 6 9 9 4 17 6 6 7

% Data sharing option -l -] -
é Interactivity X X (x) X x) X x| X | X X
:g: User-friendliness X X || x [ )] x | x| X ]| ®]| x
Data source knowledge X X | () | x X |0 | )] x X X
Reliability X (x) X X (x) X x) X X
High-level-aggregation X X ) 1101 1™ X

= Easy knowledge transfer x) | X X [ x [ x | ] x
*"-C" Several data sources X X | X | x X | (X X X X X
3 (Automated) Data currency X X X X X X X X | x| x
Automated warnings ) | - - - - - X - -
Focus on central information X X X X 1 x | [ x | ] x
Mainstream usability X X X | [ )| x [ x| x X

Key figures X X X X X X X X X X

Content: We identified a wide range of ratios. All dashboards inform about overall
cases and overall deaths as well as daily new cases and daily new deaths. In addition
to that, overall recovered cases, daily new recovered cases, active cases, overall tests
as well as the incidence rates are given in many dashboards. Other ratios were named
less frequently. With regard to this, new daily tests or case numbers with regard to age
and gender need to be mentioned [53, 57]. The UK dashboard also provides the current
number of COVID-19-patients in hospital and the number of patients needing artificial
ventilation [55]. Another indicator is the testing rate [7, 56]. Data-currency of the
provided information is important, as well. All analyzed dashboards display the time of
the last data update. The majority of dashboards provide data which is not older than



24 hours. Several dashboards demonstrate data reliability both by informing the public
about the exact and extensive data sources used and by including official governmental
sources. In most of the dashboards, the content is presented in an easily understandable
way. They display the main information on only one screen and provide only four to
nine elements on the screen to avoid cognitive overload. The Pakistani dashboard
builds an exception as it deploys 17 elements [57]. Most dashboards offer several
subpages to provide further data. In order to explain potentially difficult terms, several
dashboards provide an information button [56, 60].

Comparison with literature: Similar to the findings from the literature, the
majority of the analyzed dashboards claims up-to-dateness, the use of several data
sources and reliability. Given the severity of the COVID-19 pandemic, this is
reasonable, as the potential negative impact of outdated or dubious data is immense and
can lead to a significant further spread of the virus. Next to that, we could gain more
insights for the used ratios in dashboard design. We know more concretely, which
dashboard figures (cases, deaths, increase in cases and deaths, recoveries, active cases
etc.) are especially important in pandemics. Contrary to our findings from literature,
automated warnings don’t play a major role in practical dashboards. This may be
reasoned in the fact, that other new technological developments like the “Corona-
Warning-App” already focus on such features (like the warning function) more
concretely [62].

Functionalities: Interactivity is an essential factor in the analyzed dashboards.
Normally, additional information is displayed through simple clicks on links or specific
map locations. Filtering is another method to gain more information about chosen time
periods, nations or smaller regional areas. The Zeit even allows comment functions
[60], which are not available in governmental dashboards. Thus, it can be concluded,
that the dashboards provided by media enable more interaction but also are more
informal. Data cannot be entered into the dashboards by their users, which is reasonable
due to the importance of high data validity. Most of the dashboards achieve user-
friendliness through the possibility to use them with mobile devices such as
smartphones. FAQs are provided as well [56-58]. Navigating is easy in most
dashboards, although it is not always clear which fields can be selected for further
filtering. In some cases, user-friendliness was reduced by site loading delays [57],
security warnings [57] and the occurrence of downtimes [55]. E-learning possibilities
[7], news links [7] or suggested personal behavior [61] are further user-friendly
functions.

Comparison with literature: Given the many different interaction tools in the
established COVID-19 dashboards, interactivity seems to be even more important than
indicated in the literature. This finding can be attributed to the rapidly advancing
technical developments and increasing amount of available data, which nowadays
enables higher customization. Higher levels of interaction and customization go along
with higher levels of general usability. A potential risk, however, is to confuse users by
multiple subpages and information overflows.

Visualizations: All dashboards use maps for illustrating the geographical
distribution of COVID-19. Maps are kept in a simple way and mostly do not display
detailed geographic characteristics like rivers or mountains. Most of the dashboards



combine the map view with the data itself and provide more aggregated data like the
respective country’s case numbers, but also more granular regional data within the
country. Colors often symbolize good or bad information, as, for example, the Indian
dashboard displays the numbers of recovered persons in green color, whereas numbers
of deaths are illustrated with black and current case numbers with red color [56]. The
Zeit highlights the incidence rates shown as bubbles in red, as soon as the critical
threshold is exceeded [60]. However, most dashboards are kept in predominantly
moderate colors. While several dashboards are kept in grey, black or white background,
some like the Pakistani [57] use colors extensively. Beyond the already mentioned
maps, timelines are used often to provide current trends of the disease spread. Some of
the dashboards like JHU [7], WHO [58] or RKI [53] provide bar charts. Bubble maps,
in which the bubble sizes illustrates the incidence rates, are identified as a new
development [7, 58, 60]. As recommended in the literature, most of the dashboards do
not display more than nine elements on a single screen.

Comparison with literature: By comparing the analysis results of established
dashboards with the literature, it can be stated that the success factors are relatively
similar. Identified salience in the analyzed dashboards lies in the outstanding
importance of maps to illustrate regional differences of the virus distribution and
timelines to illustrate the current trends of COVID-19. Apart from well-known
visualizations, bubble maps play an important role. Further, the position of visual
elements follows a certain structure in the analyzed dashboards, as the most important
numbers like case and death numbers are displayed on the upper left side of the
dashboards mostly. This constitutes a new implication not directly mentioned in
literature.

5 Discussion, Limitations and Future Work

Finally, we examined to what extent our research questions could be answered. First,
the success factors of the pre-corona dashboards should be determined. These should
be based on dashboards of previous pandemics and epidemics. Higher-level aspects of
success should also be examined by including general crisis dashboards. A basis for
answering the first research question (RQ1) was built by using the literature and content
analysis, from which three main categories could be determined. With regard to the
category of visualization, the targeted use of color as well as the use of familiar
visualization elements such as bar charts plays a major role [31]. Regarding the
dimension of functionality, interactive and user-friendly tools should be built in [2, 9,
42]. Special emphasis is placed on interactivity, as it gives the user a feeling of self-
determination and a dynamic way of using the dashboard. With regard to the content
dimension and given the severity of the topic (the population’s health situation and the
danger of deaths), it is deemed especially important to use several reliable data sources
[30, 37, 48]. Individual important indicators on communicable diseases such as
prevalence and mortality rates have also been identified [52].

We also found answers to our second research question (RQ2). Here it should be
examined to which scope the previously identified success factors are reflected in the



corona dashboards. In the area of visualization, it was recognized that the aspect of
maps in the corona dashboards has taken on even a more important role than described
in the literature. Furthermore, it was recognized that bubble maps are frequently used
in corona dashboards, which allows the user to easily capture how severely a region is
affected by the virus. In terms of functionality, the filtering aspect often mentioned in
the literature has been further improved in practice. Since higher data transfer rates are
possible today, increasingly detailed data can be made available. This allows the user
to retrieve an expanding range of regional data. User-friendliness has been frequently
mentioned in the literature. By providing the function to use many dashboards as mobile
applications, a lot of corona dashboards also meet this requirement. However, at the
same time the dashboards lose functionality through the developments of mobile
devices. For example, the aspect of warning when thresholds are exceeded is no longer
considered to be important. This is due to the fact that efficient corona warning apps
take over this function. The user no longer needs to actively obtain the warning and is
instead informed via push messages. Considered to be even more important than
described in the literature, the aspects "updating™ and "reliable data sources" on the
content level play an enormous role in the analyzed dashboards. Nearly every
dashboard showed the time of the last update which was usually less than 24 hours ago.
This is due to the high infectivity with the coronavirus, which can lead to drastic
changes in the course of infection within a short time.

These results can be relevant for both dashboard creators and clients, like
governments or other official authorities. It can be seen that the success factors of
pandemic dashboards have changed only to a small extent over time. Most of the
functionality of pre-corona dashboards was also used in corona dashboards. It is
important to note that functionalities gain in importance as a result of technical progress
(e.g. individualization is better possible due to higher data transfer rates) or may even
be outsourced to new applications only focusing on a specific function (warning
mechanism is executed by other techniques). This demonstrates that technical progress
must always be considered when designing dashboards in pandemics in order to create
an information tool adapted to the needs and wishes of the users.

There are some limitations in answering our research questions. Only a limited
number of databases was included in the search. Thus, there may be other success
factors for pandemic dashboards that could not be identified and considered. Likewise,
only a limited number of corona dashboards was included in the analysis, so that
success factors of other corona dashboards may have been missed. The evaluation of
the dashboards depended on the partly subjective examination of the authors of this
article. An evaluation of the dashboards by a larger number of reviewers would provide
a more objective result. Since the dashboards do not publish their design principles and
templates transparently, it can also not be ruled out that they copied from each other
during conception. This could neither be proven nor refuted with the available
information.

For future work, the same aspects could be examined with the help of a larger
number of databases. Likewise, study participants could be questioned on aspects such
as usability and information content of corona dashboards with the help of use cases in
order to enable a more objective evaluation of the dashboards. Based on this, a best



practice for future pandemic dashboards could be developed, which would be available
to future governments and dashboard developers as a framework. Mistakes in the
development could be avoided and important design aspects could be included. In
addition, technical progress in terms of new functionalities must also be considered.
Because there is no prediction as to when exactly the next pandemic will come.
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