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The datafication process transforming society enables 
us to witness the pandemic from a global perspective. 
This article provides an example of immersive architecture 
in which coronavirus-related scientific literature was 
revealed during Ars Electronica 2021. Like a starry sky, 
a network visualization representing more than 600,000 
articles was showcased in the Deep Space 8K theater, 
where spectators were accompanied in reading insights. 
The case study of 3D Cartography of COVID-19 illustrates 
a novel way to present data in public spaces to foster 
conversations and reflects on how visual data literacy 
can be addressed in museums.

Seeing is believing. That’s the most credible and the 
most powerful sense that we have. We need to see 
things. We long to see things.

Heino Falcke, EHT Science Council Chair.
 (Galison, 2020, min. 20:25)

1. Introduction

Each one of us reacted differently to the coronavirus 
pandemic that affected society in recent years. In such 
a context, researchers felt empowered to offer their help, 
contributing according to their capacity. While medical 
schools have focused on treating illness, specialists from 
other domains have contributed differently. Among 
them, sociologists have studied the ritual of clapping to 
thank healthcare workers (Rigal & Joseph-Goteiner, 2021), 
and historians have drawn comparisons between the 
pandemic and the cholera epidemic from the nineteenth 
century (Huber, 2020). In this unprecedented global 
emergency, practitioners of data visualization and 
information design have managed the pandemic in their 
own way.

The coronavirus disease triggered an event 
characterized by a continuous data flow, perhaps for the 
first time with such magnitude. Information and data 
designers found themselves translating data into visuals 
to summarize the infection status for the reader’s eyes. 
The New York Times, for example, created cutting-edge 
data visualizations that more than once have found space 
on the front page (Coleman, 2021). The pandemic was 
sensed at two scales: globally through data and locally 
through a more personal dimension given by stimuli 
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such as phone calls and ambulance sirens. Readers ab-
sorbed both perceptions to form a unique representation 
in mind, supporting Loukissas’ argument that underlines 
how “large-scale data sets are also local” (Loukissas, 2019, 
p. 21). Put simply, the COVID-19 infection initiated an 
unprecedented data-driven global event during which 
coronavirus-related digital information from all over the 
world was collected and visualized to be accessible to a 
large audience (Rodighiero et al., 2021).

It has been almost three years since the first 
COVID-19 cases appeared, and institutions still collect 

data to make them publicly available for reuse (Wilkinson 
et al., 2016). For example, Johns Hopkins University’s 
contribution was commendable: they established an in-
formation system collecting information on many aspects 
of COVID-19, including an extensive dataset of scientific 
literature (Wang et al., 2020). They also designed many 
data visualizations to grasp the phenomenon’s complexity 
from a visual perspective. Among these data visualiza-
tions, the best-known representation is undoubtedly the 
map of infections, which is still present in our minds 
today (see Figure 1).

Figure 1. The dashboard created by Johns Hopkins University has accompanied 
us throughout the pandemic. The map gained high visibility over time, making the 
website a reference for scientists and Internet users interested in the pandemic
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2. One First Response to COVID-19

During the first lockdown, as designers, we posed the 
question of how to help citizens through this difficult 
time using data visualization expertise and toolkits. 
Since our research domain intersects with Science and 
Technology Studies (Sismondo, 2004/2010) and the 
Mapping of Science (Börner, 2010; Petrovich, 2020), we 
endeavored to map the scientific literature collected by 
Johns Hopkins University (Wang et al., 2020) to show 

the effort made by scientists to cope with the pandemic. 
The Johns Hopkins University dataset of scientific 
articles was analyzed with advanced techniques of 
Natural Language Processing (Manning & Schütze, 1999) 
and mapped using a model of network visualization 
(Moon & Rodighiero, 2020; Rodighiero & Romele, 2022) 
to represent the most active researchers. The result 
was a network visualization entitled the Cartography 
of COVID-19, which presents about 5,000 researchers 
according to their lexical similarity (see Figure 2).  

Figure 2. This network visualization 
represents the linguistic structure 
of 5,000 researchers working on the 
coronavirus. The digital interface 
allows users to zoom into specific 
areas of interest to reveal the 
researchers’ identity hidden behind 
the keywords. The interface and its 
code are available online at https://
rodighiero.github.io/COVID-19/
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In the visual, keywords work as orientation points on 
the topics covered by the articles, and the topographical 
overlay indicates the activity level of researchers; a more 
detailed explanation of the data visualization is provided 
by Rodighiero, Wandl-Vogt, and Carsenat (2022).

Despite some distinction gained in 2020 through 
DH Awards, which honored the project as the best 
data visualization in digital humanities, the visual 
method still demonstrated limitations in displaying 
large datasets. Although today’s browsers can handle 
increasingly complex interfaces, the Cartography 
of COVID-19 revealed speed constraints in graphic 
rendering, even when using advanced video game 
techniques such as WebGL (van der Spuy, 2015). 
Limiting the network to 5,000 researchers was not a 
design choice but a measure necessary to reduce the 
computational load: the original idea was to display 
more than 80,000 researchers to make visible the 
vast scientific community coping with the pandemic. 
Although the Cartography of COVID-19 had made pos-
sible the identification of the most active researchers 
and the most trending topics, the scientific community 
was not represented in its entirety, reducing the sense 
of sublime that can be conveyed through complex 
visualizations (Manovich, 2008).

3. A Successive, More Complex Response 
to COVID-19

The opportunity for the second response to COVID-19 
was provided by a generous grant awarded by DARIAH, 
the Digital Research Infrastructure for the Arts and 
Humanities, which was interested in funding “specific 
responses to the pandemic that engage arts and humani-
ties.” Our proposal was entitled Making the Pandemic 
Understandable Using Public, Hi-resolution Screens and 
put forward data visualization as a way to fight the fear 
of the invisible, as stated in the original abstract:

According to social psychology, individuals experience 
fear when they do not understand a phenomenon. This 
is also the case of the current pandemic: coronavirus 
is something that is invisible to the eyes, especially 
during its transmission. One way to deal with this fear 
is to make tangible a phenomenon that is invisible. The 
project aims to reveal the massive scientific work that 
doctors, researchers, and academics are doing to fight 
the illness provoked by COVID-19 by making use of 
data visualization in public spaces to foster understand-
ing and conversation among viewers. (Papaki, 2020)

The idea was elegantly simple: to visualize the 
scientific literature on coronavirus to make people aware 
of the collective effort made by doctors, researchers, 
and academics. However, 600,000 scientific articles 
were collected by Johns Hopkins University when the 
proposal was accepted, a number which greatly exceeded 
the 5,000 researchers previously displayed.

The plan was to overcome the computational limit 
through the technology provided by Ars Electronica, an 
Austrian institute active in the field of new media art 
that organizes a festival in Linz every year. The institute 
houses the Ars Electronica Center, a museum whose 
primary function is to offer visitors interactive experi-
ments at the intersection of art, technology, and society. 
The Ars Electronica Center operates the Deep Space 
8K, an interactive theater which can accommodate 
spectators in an immersive space. Two 16-by-9-meter 
projections create a feeling of immersion by merging on 
the stage, as described in Figure 3 (Sick-Leitner, 2015). 
Such a projection system extends a computer equipped 
with powerful graphics cards capable of handling 
heavy graphics rendering in a resolution of 8,192 by 
4,320 pixels. As a result, the advanced technology of 
Deep Space 8K was the only way at our disposal to 
render 600,000 coronavirus-related publications in a 
unique and complex data visualization.
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4. Design Process

Although 600,000 graphic elements exceed the compu-
tational capacity of Internet browsers, Deep Space 8K’s 
hardware enabled us to overcome this technical limit 
using Unity, a game engine widely employed for iOS and 
Android (Hocking & Schell, 2022). The data handling 
process was similar to the Cartography of COVID-19, 
although the code was rewritten in Python, a program-
ming language suitable for data science (Vanderplas, 
2016). Natural Language Processing techniques were 
used to extract lemmas from titles, abstracts, and 

keywords. Then, all publications were analyzed by 
their lemmas’ frequency via TF-IDF statistical method 
(Manning & Schütze, 1999). Afterward, the multiple 
dimensions of TF-IDF output were reduced through 
t-SNE, an algorithm of dimensionality reduction capable 
of spacing out a high number of elements (Maaten & 
Hinton, 2008), especially when compared to force-
directed graph drawing systems (Bostock, Ogievetsky, 
and Heer, 2011) already employed in the Cartography 
of COVID-19. The use of t-SNE is recognizable by the 
pattern of clusters typically associated with such an 
algorithm: the network visualization is organized by 

Figure 3. This schema summarizes the composition of the Deep Space 8K in the Ars Electronica Center. 
Eight devices project a large image on the stage’s floor and wall. Visitors experience an immersive visual 
from the surrounding balconies or the seats positioned at the entrance
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clusters composed of scientific articles referring to the 
same topic.

From an aesthetic point of view, the most 
significant difference between the first and the second 
response is the Unity feature to display elements in 
three-dimensional space. In this regard, the additional 
dimension was used to illustrate the temporal 
evolution of scientific literature, like a timeline. This 
expedient was particularly useful for emphasizing 
those articles published before the pandemic, as 
the coronavirus was also studied during the SARS 
epidemic in 2002 (Feng et al., 2009).

The Unity environment also transformed the graphic 
design by substituting vector graphics usually employed 
in HTML5 canvas with three-dimensional computer 
graphics. For example, if the Cartography of COVID-19 
represented researchers as circles, the Unity environ-
ment used bright points for scientific publications. 

Similar to the maps that allow astronomers to identify 
star formations (Kanas, 2012), the 3D Cartography of 
COVID-19 reveals thematic clusters and the evolution of 
scientific literature.

Figures 4, 5, and 6 show three screenshots of the 
600,000 scientific publications collected by Johns 
Hopkins University until June 2021, mapped in the 3D 
Cartography of COVID-19. The three-dimensional model 
is rotated from figure to figure to simulate the transition 
from the front view, organized by language similarity, to 
the side view working as a timeline.

In continuity with the previous work, such a 
network visualization was later called 3D Cartography 
of COVID-19 Research (Ars Electronica, 2021; Jandsl 
& Stocker, 2021). The fascination with displaying large 
datasets in public spaces is gaining momentum in 
digital humanities, Sarah Kenderdine being among 
its leading representatives (Kenderdine et al., 2021). 

Figure 4. 
This screenshot shows 
how scientific articles 
are organized into 
thematic groups. The 
white floating keywords 
in front of each cluster 
indicate the content. 
When one article is 
selected, the same 
keywords appear at the 
bottom center, along 
with the publication date 
and the viewer’s virtual 
position in the three-
dimensional space
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Figure 5. 
By zooming in and 
rotating the viewpoint 
angle, details reveal 
thematic clusters and 
discern the temporal 
dimension of the visual 
model. The bright points 
in the background that 
represent older articles 
have been darkened to 
give a greater sense of 
depth

Figure 6. 
Although most of the 
scientific literature 
was dated using day, 
month, and year, some 
featured just the year of 
publication. This lack of 
precision created two 
large plane surfaces 
cutting the three-
dimensional space and 
representing 2020 and 
2021. The spectacular view 
created by the inaccuracy 
of dating, which recalls 
the star cluster of the 
Milky Way, persuaded 
us not to simulate 
publication dates, which 
would have created a 
more homogeneous 
temporal distribution
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Kenderdine is a professor of Digital Museology at 
École polytechnique fédérale de Lausanne, where she 
directs the laboratory for experimental museology 
(eM+) and the exhibition space EPFL Pavilions. In 
the paper Immersive Visualization Architectures 
and Situated Embodiments of Culture and Heritage, 
Kenderdine presents five immersive architectures to 
show heritage sites through large-scale digital environ-
ments (Kenderdine, 2010). In these case studies, 
Kenderdine uses immersive architectures to situate 
visitors in faraway places, allowing them to admire 
cultural sites that no longer exist but which have been 
preserved digitally. A key feature of 3D environments 
is the ability to recontextualize the visitor’s point of 
view into a modeled digital space.

The experimentation on immersive architectures 
can be further enriched by accommodating multiple 
visitors who can simultaneously engage in conversa-
tion. This model of collective consumption is linked 
to Bruno Latour’s pioneering work, described in the 
article From Realpolitik to Dingpolitik: Or How to Make 
the Things Public (Latour, 2005), which opens the 
catalog of the ZKM exhibition Making things public: 
atmospheres of democracy (Latour & Weibel, 2005). 
Using the term gathering to translate Heidegger’s 
German concept of ding, Latour illustrates a new way 
of seeing politics, no longer organized by political 
alignment but by subjects of interest. In the text, Latour 
puts forward two questions with relation to this model, 

“The first question draws a sort of place, sometimes a 
circle, which might be called an assembly, a gathering, a 
meeting, a council; the second question brings into this 
newly created locus a topic, a concern, an issue, a topos” 
(Latour, 2005, p. 6). So, while the first question refers to 
a space where individuals can get together, the second 
empowers the same place with the representation of a 
subject matter. In the context of this article, Latour’s 

model can be seen even more dramatically when a 
particular subject matter is brought into the gathering 
via immersive architectures, bringing to the audience 
a more vivid perception. By joining Kenderdine’s 
and Latour’s points of view, the image that emerges 
corresponds to a gathering place where a subject matter 
is presented through immersive data visualization. 
Such an immersive architecture hosts people as both 
contemplators and debaters to call attention to a 
specific subject and stimulate public discussion.

For the 3D Cartography of COVID-19 Research, Deep 
Space 8K was decorated using scientific publications’ 
metadata. There, visitors were confronted with the 
massive work of scientists to cope with the pandemic, 
usually invisible to their eyes. Like Rudolf Arnheim saw 
reasoning and visual perception as intimately related 
(Arnheim, 1969, p. V), immersive architectures extend 
the sensory experience of information in a place where 
visitors are invited to think collectively.

5. Data Literacy

The concept of data literacy stresses how deeply rooted 
in text and writing education systems are, and that new 
skills to understand data are urgently needed (D’Ignazio, 
2017; D’Ignazio & Bhargava, 2015). In this moment of 
information explosion (Balazka & Rodighiero, 2020; 
Gray et al., 2018; Kaplan & Lenardo, 2017; Kitchin, 2014; 
Van Dijck, 2014), a novel educational approach concern-
ing information would be valuable, especially in visual 
terms as already pointed out by László Moholy-Nagy 
(Cooper, 1989, p. 14). Indeed, everyone should look at 
data visualization with critical eyes to grasp insights and 
patterns, questioning how the visual has been created. 
This ability would help understand global phenomena 
which are mainly perceived through data, such as the 
spread of COVID-19 (Rodighiero et al., 2022). In this 
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sense, the definition of data literacy should be extended 
to visual literacy, a concept developed in the 1970’s by 
Boston University Professor Donis Dondis (1973/1975) 
and more recently reprised by Isabel Meirelles 
(2013, p. 9). László Moholy-Nagy, Dondis, and Meirelles 
pointed out the necessity for education in graphic 
design at different moments, and there is the opportu-
nity today to combine visual pedagogy with critical data 
in what can be referred to as visual data literacy.

When writing about literacy, Catherine D’Ignazio 
frequently quotes Paulo Freire and his pioneering model 
of popular education, which aims at an “emancipation 
achieved through the literacy process” (D’Ignazio, 
2017). Freire advocates the dialogic practice that involves 
teachers and students in an open discussion and main-
tains that we can change society through conversation. 
He writes,

In order to understand the meaning of dialogical 
practice, we have to put aside the simplistic understand-
ing of dialogue as a mere technique. Dialogue does 
not represent a somewhat false path that I attempt 
to elaborate on and realize in the sense of involving 
the ingenuity of the other. On the contrary, dialogue 
characterizes an epistemological relationship. Thus, in 
this sense, dialogue is a way of knowing and should 
never be viewed as a mere tactic to involve students in 
a particular task. We have to make this point very clear. 
I engage in dialogue not necessarily because I like the 
other person. I engage in dialogue because I recognize 
the social and not merely the individualistic character of 
the process of knowing. In this sense, dialogue presents 
itself as an indispensable component of the process of 
both learning and knowing. (Freire, 1970/2000, p. 17)

The dialogic practice plays a significant role in 
immersive architectures, where exhibited information is 

not left to the visitors but requires a pedagogical activity. 
For example, the 3D Cartography of COVID-19 Research 
was not only a technical installation but primarily an 
event in which spectators acquired knowledge for 
interpreting data, giving them the essential tools to form 
their own opinions.

The Cartography of COVID-19 Research was presented 
during Ars Electronica 2021. On September 9, at 10am, 
the visitors at Ars Electronica Center entered the Deep 
Space 8K. The event started with a brief presentation by 
project partners, followed by a 20-minute description of 
the data visualization. While the presenter was speaking, 
a collaborator with a gamepad navigated the three-
dimensional space (see Figures 7, 8, and 9). Firstly, the 
spectators were introduced to the central role that Johns 
Hopkins University played in collecting data related to 
the coronavirus. Then, the data visualization was shown 
from a distant point of view, from which 600,000 scien-
tific articles were visible at once. By zooming in, viewers 
were accompanied on a visual journey from full view to 
detail, characterized by a narrative based on short stories. 
For example, the SARS epidemic between 2002 and 2004 
was used to introduce the timeline: the disproportion 
of scientific literature between the epidemic and the 
pandemic was immediately evident to the audience, 
helping viewers to understand the impact of COVID-19 
on the research environment. Finally, the frontal lesson 
was followed by a discussion in which spectators raised a 
wide range of questions, most of which related to artifi-
cial intelligence and the future of immersive architecture. 
Such a moment of confrontation was in line with Freire’s 
dialogic practice, which maintains that it is vital for 
society to discuss and understand. The concept of visual 
data literacy relying on this pedagogical approach should 
not be confined to schools and universities, but should 
be extended to public spaces, of which museums are an 
excellent example.
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Figure 7. 
Ars Electronica’s visitors followed the 
frontal presentation that introduced 
them to the spatial organization 
of scientific articles, touching on 
many arguments, including artificial 
intelligence

Figure 8. 
By rotating the visualization in the 
three-dimensional space, visitors 
observed the temporal dimension 
of scientific literature in two plane 
surfaces corresponding to the years 
2020 and 2021
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6. Conclusions

This article summarizes the efforts made to make 
visible the invisible work of scientists by visualizing 
COVID-19 scientific publications to the general public 
during an art festival which took place in September 
2021. Museum visitors still struggle to read data 
visualizations when not engaged in dialogic practice 
(Börner et al., 2016), and the most relevant output of 
the 3D Cartography of COVID-19 Research lies at the 
intersection of immersive architectures and visual data 
literacy. Considering the complexity of the work, the 

idea of guiding visitors through data-driven immersive 
spaces was invaluable. Similar to museum guides who 
provide the most relevant concepts to understanding 
art, data-driven guides can indicate the crucial keys to 
understanding facts and therefore, are worth further 
exploring. In addition, data-driven places for gathering 
are essential not only for the subject per se but rather 
for their capacity to promote visual data literacy and 
stimulate conversations among citizens.

Submission: 11 April 2022
Accepted: 7 November 2022

Figure 9. 
Spectators observed the data 
visualization in front of them. Although 
the floor projection was not used 
because of technical limitations, the 
immersive effect was still impressive
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