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Abstract—
COVID-19 restrictions have detrimental effects on the population, both socially and
economically. However, these restrictions are necessary as they help reduce the spread of the
virus. For the public to comply, easily comprehensible communication between decision-makers
and the public is thus crucial. To address this, we propose a novel 3D visualization of COVID-19
data which could increase the awareness of COVID-19 trends in the general population. We
conducted a user study and compared a conventional 2D visualization with the proposed
method in an immersive environment. Results showed that the our 3D visualization approach
facilitated understanding of the complexity of COVID-19. A majority of participants preferred to
see the COVID-19 data with the 3D method. Moreover, individual results revealed that our method
increases the engagement of users with the data. We hope that our method will help
governments to improve their communication with the public in the future.

TO REDUCE the detrimental effects of
COVID-19, the population of every country was
encouraged by their respective governments to
change their daily lifestyle significantly. Measures
to control the spread of the virus included, for
instance, wearing masks, limits on the numbers

of people in gatherings, or even strict quaran-
tine/lockdowns. Yet, communicating the need for
such measures is a challenge as such control
measures can have an enormous impact on peo-
ple’s lives. Thus, the public needs to be better
informed why such measures are necessary. In-
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creasing public awareness also increases willing
compliance with such measures [1]. For this to
happen, better and effective communication be-
tween researchers, governments, health authori-
ties, and the public is the key [2].

Much of this communication centers around
different trends in the spread of COVID-19. For
example, this can involve comparisons with other
jurisdictions, illustrations of how the number of
cases has changed after measures have been im-
plemented, and comparisons with previous pan-
demics. Yet, the rapid increase in COVID-19
cases makes it challenging to convey this message
in a way that is easy to understand. The specific
challenge in visualizing such data is that many
of the trends are exponential in nature [3]. Re-
searchers are familiar with such trends and know
how to deal with them, e.g., through logarithmic
plots.

The specific challenge is that explaining such
trends to the general public is more challenging;
people may not understand (or notice) the funda-
mental difference between linear and logarithmic
visualizations to show the number of cases, or
they might not interpret the data correctly [4].
Thus, there is a need for simple, effective, and
easy-to-understand data visualization methods for
COVID-19 trends, which would allow the public
to more easily understand the severity of the
situation.

Other work studied COVID-19 data visualiza-
tion to improve the communication with the pub-
lic [5], [6], [7], [8]. For instance, Wang et al. [3]
studied different methods of visualizing COVID-
19 data, including electronic posters, infograph-
ics, and videos. 3D data visualization has been
used in various fields, including industrial engi-
neering, construction, education, and medicine.
Previous work also experimented with 3D visu-
alization methods in Virtual Reality (VR) and
Augmented Reality (AR) systems. For instance,
targeting users wearing a VR headset, Sharma et
al. [9] used bar graphs to present COVID-19 data
and compared the user experience with desktop
and tablet interaction. The results showed that
participants preferred interacting with COVID-
19 data in VR systems. Similar research was
conducted for New York [10] and Poland [11].
In another study [12], WebXR was used to show
COVID-19 data as line plots and bar graphs on

geographic maps. The authors also investigated
multi-user interaction with COVID-19 data in an
immersive environment [12]. Their tool aimed to
inform a wider public and to help people better
understand government decisions about COVID-
19.

In this immersive user study, we focus on
visualizing daily new case data for COVID-19.
Our main objective here is to improve the quality
of the communication between authorities and the
population by increasing the public awareness of
the severity of the pandemic. To achieve this,
we propose a 3D visualization of the COVID-19
data and then evaluate it in an immersive (virtual)
environment as the first step. Currently, data on
the spread of COVID-19 is shown almost always
through 2D graphs. To identify which option
is better for the communication of COVID-19
data, we thus compared our 3D visualization with
conventional 2D graphs. In the process, we in-
vestigated the following research questions: How
do people respond to existing COVID-19 data
visualization methods? How does their reaction
change with unconventional visualization tech-
niques in an immersive environment? Do people
understand the severity of the problem better with
the new method?

MOTIVATION & HYPOTHESIS
Previous work has reported that in some sce-

narios, users tend to prefer 3D over 2D visual-
izations, especially when the data is sufficiently
complex, e.g., [13]. COVID-19 case data can be
fairly complex, if the vast differences between
the low number of cases, e.g., during summer,
and the steep peaks due to various “waves” are
considered. In 2D graphs for such data, it can
be challenging to observe changes in the peri-
ods with small numbers, since the scale on the
axis needs to accommodate the large numbers to
capture the peaks. However, these small varia-
tions play a crucial role for fighting against the
pandemic, as any exponential trend initially starts
(very) small.

In this work, we hypothesized that our novel
visualization method helps users to perceive
COVID-19 data better than conventional 2D
methods. Given that our visualization illustrates
variations across a wider range of values in an
easily perceivable way, we expect users to prefer
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our visualization method over the 2D one. Thus,
our approach could be used to increase the quality
of the communication between researchers, deci-
sion makers, and the community.

THE 2D VISUALIZATION OF
COVID-19 DATA

We collected data for daily COVID-19 cases
from four different countries in Europe until
November 30, 2021, from the respective official
sources. We chose countries that had (roughly)
similar numbers of inhabitants – France 67.30
million, Germany 83.24 million, Turkey 84.34
million, and United Kingdom 67.22 million. Due
to the weekly cycles in the data, we smoothed the
collected data on new daily cases with a 7-day
averaging filter, similar to most other COVID-
19 data visualizations. Then we normalized the
COVID-19 incidence data to the number of cases
per million inhabitants. This data was then di-
rectly presented in a 2D data visualization.

A NEW METHOD FOR 3D
VISUALIZATION OF COVID-19 DATA

For the 3D visualization of the data, we de-
signed an approach that makes it easier to see
changes in areas with smaller values (see Fig-
ure 1). The classic answer to showing more detail
in such ranges is a logarithmic data transform.
However, this type of visualization is typically not
usable outside of a scientific or medical domain,
as the broad public does not understand such
transformation of the data [4].

Consequently, we decided to investigate a
visualization that used the volume of a 3D object
to illustrate case numbers. In other words, in
our 3D visualization method for daily COVID-
19 cases, we use the third dimension to depict
the data as a 3D volumetric object (see Figure 2)
which is a rotationally symmetric, as though
generated by a lathe. In the graph, time progresses
on the horizontal axis, and the cross-sectional
area of each slice of the volumetric object is a
circular area representing the daily number of
new COVID-19 cases. Since the area of the circle
= π×r2, the radius r of the circle is proportional
to the square root of the number of cases on that
day and is used as the Y axis value. As a con-
sequence, the overall volume of the object to the
left of a given date then represents the cumulative

number of COVID-19 cases up through that day.
We also used a directional light in the scene to
provide depth cues for the shape of the object. To
differentiate data for each country, we used colors
from Adobe Color (http://color.adobe.com) with
a square color harmony rule on the color wheel.

PILOT STUDY
To understand the impact of our 3D visualiza-

tion, we first conducted a pilot study. Although
previous work had shown that participants can
prefer to see visualizations in immersive environ-
ments [13] we decided to first analyze the impact
of our 3D visualization method on a 2D screen
to test if this visualization approach is easy to
understand.

Our pilot study comprised 20 participants (8
female, 12 male) aged between 19-24 years (M =
21, SD = 1.4) with (corrected-to-)normal vision.
They followed news about COVID-19 case num-
bers at different frequencies. Our prototype was
built using Unity (http://unity.com) and enabled
participants to move and select the created meshes
for the 2D and 3D data as shown in Figure 3. We
allowed users to zoom in/out, pan the camera,
and to interact with the data for different coun-
tries through drag and drop with the mouse. We
included two GUI buttons to place the plots either
side-by-side or stacked on top of one another,
to enable a direct comparison of the 2D and 3D
plots.

In the pilot study, we first explained the dif-
ference between the 2D and 3D visualizations
to participants. Then, participants were presented
with an example question to be answered, first
with a 2D visualization and then another with a
3D one. For each question, the software explained
the correct answer step-by-step. The participants
were encouraged to ask questions and the exper-
imenter clarified accordingly.

Our pilot study consisted of 3 main parts, each
of which involved a set of questions. Participants
first answered 10 questions about the data, where
they used the 2D visualizations, followed by an-
other 10 questions based on the 3D visualizations.
In the third part, we showed both 2D and 3D
visualizations for the same data to the participants
and asked them to report which data visualization
they used to answer the question.

The questions were not the same for both
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Figure 1. Magnitude comparison of 2D vs 3D visualization of COVID-19 data for France. The differences
between the visualizations are visible when comparing areas with low numbers such as in June-August 2020,
where little detail is visible in the 2D data, and, e.g., the time between October 2020 and December 2020, when
the COVID-19 numbers were high.

Figure 2. Side-view of the 3D data visualization of COVID-19 data for Germany.

4 IEEE Computer Graphics and Applications



(a)

(b)

Figure 3. a) Conventional 2D graph with a linear Y axis and b) our 3D visualization with its square root
transformed Y axis.

visualizations, but similar in nature, such as Be-
tween France and Germany, which country had
the fewest COVID-19 cases on July 2020?; Where
was the highest number of COVID-19 cases ob-
served at the beginning of April 2020?; Rank
the countries by the number of cases of COVID-
19 at the beginning of June 2020, from largest
to smallest; and Between Turkey and the United
Kingdom, how many times did the COVID-19
cases in Turkey exceed those in the United King-
dom?

In the third part, where participants were
presented with both 2D and 3D visualizations, we
asked questions such as Which country had the
most cases in January 2021?; In which country
was the first COVID-19 wave seen?; and Which
country had the fewest cases of COVID-19 in
November 2021? To conclude the experiment, we
gathered additional comments and insights about

the experiment from participants through a semi-
structured interview.

Pilot Study Results and Discussion
According to the quantitative results for the

first set of questions for the 2D visualization,
participants correctly answered 63.5% of them. In
the second set with the 3D visualization method,
they correctly answered 65.5% of the questions,
only a slight improvement. For the third set,
which involved direct comparison between 2D
and 3D, participants chose the 3D visualization
method 133 out of 200 times (66.5%) to answer
the questions.

The questionnaire results indicate that while
there was no preference to use the 3D visual-
izations to answer questions in general, 18 out of
20 participants preferred the 3D method when the
data visualization was difficult to interpret, e.g.,
because case amounts in May 2020 are small and
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relatively similar (see Figure 3).
The experimenter observed that, at the begin-

ning of the experiment, and because participants
were not used to 3D visualizations, the majority
of the participants found the 3D visualizations to
be more difficult to comprehend. But once they
learned to interpret the 3D graphs, they found
them to be very practical. Still, 15 out of 20
participants tended to choose the 2D visualization
to identify obvious peaks in the data. Participants
stated that the 2D visualization made it simpler
to identify peaks, but that it was more difficult
to interpret the data when the values were small
as it was difficult to see differences between the
data in the grid.

The results support our initial hypothesis to
a certain extent, in that our 3D visualization
method helps participants to perceive the complex
aspects of COVID-19 data more easily than the
conventional 2D method that is typically used to
communicate with the public. Seven participants
who had prior experience analyzing 2D graphs on
other platforms stated that, once they experienced
our 3D visualization method, they did not prefer
to use 2D as much. However, as mentioned above,
at the start of the experiment 3D was perceived to
be more challenging. We posit that such 3D vi-
sualizations are still unusual in people’s everyday
life which mostly involves 2D environments.

IMMERSIVE USER STUDY
The results of the pilot study showed that the

majority of participants preferred our 3D visual-
ization method when the data was complex and
hard to understand. These results motivated us
to test our visualization method in an immersive
environment, i.e., would users better grasp our
3D visualization if they could experience and
manipulate our 3D volumetric object in 3D using
an immersive VR display?

Participants
We recruited 20 different participants (11

female, 9 male) aged 19-24 years (M = 21,
SD = 1.36). Our study was approved by the
Ethics committee of Kadir Has University. All
participants had normal or corrected-to-normal
vision, i.e., none of the participants had color
blindness or other visual disorders. 7 participants
did not follow the news about COVID-19 cases,

6 followed once or more in a month, 1 participant
followed only once in six months, and the remain-
ing 6 checked once or twice a week. None of the
participants followed COVID-19 case counts on a
daily basis. 13 participants followed COVID-19
case counts through social media, while the re-
maining 7 participants followed COVID-19 news
via TV and/or through other people. None of
the participants followed COVID-19 new cases
through official government websites.

Procedure
We designed our software so that participants

could interact directly with the visualizations,
e.g., they could grab and move the objects in
3D. The intent was to enable direct interaction
with the graphs and more importantly, to make
the content more engaging for the participants.
We built our system with Unity and visualized
2D and 3D data as shown in Figure 4. We used
a Oculus Quest 2 in our experiments, and a
Samsung Galaxy Tab S7 FE for sharing instruc-
tions, demonstrating the differences between the
visualization methods, and for having participants
complete the final questionnaire. We also added
a virtual panel above the left controller, which
participants could use to enable and disable the
2D and 3D objects with the right controller. This
panel had the same function as the GUI in our
pilot study and can be seen in Figure 4.

In the lead-up to the experiment, we verified
that all content was clearly visible to participants
in the virtual environment. We (again) used the
palette from Adobe Color to identify appropri-
ately distinguishable colors for the visualizations,
used a light color for the walls to ensure dis-
criminability, and placed point lights in the room
corners to create highlights on the visualizations.
We scaled all user interface elements, including
the visualizations, so that it was easy to interact
with them within the virtual environment.

At the beginning of the experiment, the ex-
perimenter first explained the procedure step-
by-step to the participants. Then, participants
were asked to fill out the consent form and a
demographic questionnaire. Afterwards, the ex-
perimenter showed participants how to use the
Oculus Quest 2 and the software, explained how
to grab objects, click the virtual buttons, and
how to enable or disable the 2D and 3D graphs
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Figure 4. Virtual environment used in the study. a) 2D data visualization used as the benchmark condition.
While some of the lines may not be clearly visible in the image due to capture resolution limits, we made
sure that participants were able to see the lines clearly in the VR HMD (Head-Mounted Display). b) Our 3D
visualization algorithm evaluated in the study. c) Juxtaposition of 2D and 3D visualization used in the study.

by interacting with the panel (see Figure 4).
Subsequently, the participants were allowed to try
out the VR system until they felt comfortable. The
system then showed an image comprising both
2D and 3D visualizations of a country, such as
Figure 4, to highlight the difference between the
visualization methods.

We used the same experimental method as in
the pilot study, i.e., we first asked participants
to answer questions with 2D visualizations, then
with 3D visualizations, and then showed both
versions simultaneously and asked them which
version they preferred for a given task. Task ques-
tions were shown to the participants on the wall of
the immersive environment, and participants ad-
vanced to the next question through the buttons on
the virtual panel attached to the controller. When
the participants had determined their answers, the
experimenter recorded them on a tablet. During
the study, the experimenter also observed the
interaction of the participants with the 2D and
3D visualizations. After the experimental tasks,
we gathered insights and comments about the
experiment in a semi-structured interview.

Results
Quantitative Results. In the first section in-

volving the 2D visualization method, participants
correctly answered 61% of the questions. In the
second part, where the participants experienced
the 3D visualization method, they answered 75%
of the questions correctly, a noticeable improve-

ment compared to the 2D method. In the third
section, where the participants were given the
option of using either 2D or 3D visualizations,
66% of the answers were given using the 3D
plots.

Preference Results. All of the participants
found 3D graphs easy to use for evaluating
COVID-19 data, and 13 out of 20 participants felt
they learned something new about the COVID-19
trends from the 3D visualizations, unlike the 2D
graphs. In the end, 19 out of 20 participants stated
that they wanted to see COVID-19 data with the
3D visualization method.

Qualitative Results. All participants found
the 2D visualizations challenging to interpret.
Further, in the first section of the experiment all
participants struggled to comprehend the (in their
words) “complex” 2D graphs, which then pre-
vented them from, e.g., making correct decisions
around data in areas where the lines in the graphs
were superimposed on each other. Participants
commented “it was difficult to read the data”, “I
had a hard time understanding the values when
two lines superimposed”, and “it was complex.”

The participants stated that the 3D visualiza-
tion method made it easier to see variations of the
data in areas with both small and large absolute
values. Further, the immersive presentation also
seems to have made the 3D visualization more
attractive, which improved engagement with the
data. Reading and understanding the 3D data
proved to be easier and more interesting for the

May/June 2022 7



Department Head

participants. At the end of the experiment, par-
ticipants commented: “The 3D graph was more
informative”, “it is new for me but it was easy
to understand”, “it was fun”, “I had a different
experience”, “I enjoyed a lot”, “It was easy to
read and understand”, and “it was easy to pro-
cess visually”. One participant commented: “[the
proposed visualization] must be disseminated im-
mediately. It makes it even more clear to see the
number of COVID-19 cases and ratios.”

Based on our observations during the study,
in the part of the experiment that allowed partic-
ipants to use either the 2D or 3D visualization,
several of the participants first tended to gaze at
the 2D visualizations because of their familiarity
with 2D graphs from previous experiences. In
spite of that, all the participants adapted to use 3D
graphs by the end of the experiment. Participants
mentioned “3D was easier to read because the
variation in it makes it easy to detect the right
answer for each question”, “I think it was easier
to use 3D because you can see the differences
whether they were small or large”, “in 2D graphs,
when lines overlap, it was very difficult to read
them”, and “at the beginning, I chose 2D graphs
because I am used to them. After I got used to 3D
graphs, I started using the [3D visualizations].”

DISCUSSION
In this paper, we proposed a 3D visualiza-

tion method to represent the number of new,
confirmed COVID-19 cases daily from official
sources and – to assess user preferences – com-
pared it with more conventional 2D graphs being
used for the same data. We first conducted a pilot
study to analyze our visualization algorithm on a
2D monitor in comparison with a conventional
2D plot. These results showed some preference
for our 3D visualization method, particularly for
complex, hard-to-interpret data. But then in our
immersive user study, users stated a clear prefer-
ence for our 3D visualization when viewed using
a 3D VR display, finding them easier to under-
stand. Indeed, 19 out of 20 participants stated that
they preferred seeing COVID-19 data visualized
as 3D representations. This also supports and
extends outcomes from previous research [13]. At
the start of the experiment, all participants needed
some time to understand the 3D visualization, but
once they did, they found it to be very useful.

One of the limitations of this study is that
we used university students as participants, gen-
erally between 19 and 24 years old. In a general
population, we would expect people with a wider
range of ages and also a greater range of VR and
computer display experience. Also, people who
have specific medical conditions, such as asthma
or weakened immune systems, may be even more
interested in the data. We also acknowledge that
the colors in the figures may not be fully rep-
resentative of what participants saw, since the
colors shown on screens, printouts, or in the VR
system are not guaranteed to be the same. Still,
we ensured that the colors of each object were
easily distinguishable on the monitor and headset
we used.

The purpose of our study was to understand
if our 3D visualization method conveys COVID-
19 trends better to the general population. Our
work is still in the “preliminary study” stage, and
we are working towards a more comprehensive
evaluation where we will address the aforemen-
tioned limitations. Also, in future research, we
plan to use the 3D visualization method in AR,
where users can interact with the virtual 3D
data within the real environment, as previous
work [16] identified that interacting with 3D AR
visualizations is preferred over 2D ones within
virtual environments. Further, Herring et al. [17]
showed that interacting with 3D data on im-
mersive interactive maps can allow for greater
appreciation of its impact. We also want to test
our 3D visualization approach with real-life 3D
printed versions, where the user can directly
“feel” the data further, based on the premise
that people readily understand the comparative
volumes of different containers in real life, and
show them on our 3D visualization object at the
appropriate points in time. We believe that our 3D
volumetric visualization technique can be useful
in communicating many types of growth data.
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