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Abstract

The Covid-19 pandemic has sparked an unprecedented public debate over socio-scientific controversies, particularly
regarding vaccination and social distancing measures. Despite the potential of such subjects for developing critical
thinking and a sense of citizenship, the theme of controversies is still incipient in science museums. This documentary
study investigates the way three science institutions have proposed online exhibits on Covid-19 on Google Arts & Cul-
ture platform and checks their potential for favoring teaching on controversial science topics. Google Arts & Culture
platform was searched for Covid-19-related keywords and the filtering of the results was based on focus and organ-
izing institutions. Three exhibits were detected, whose analysis was submitted to an inter-rater agreement (Cohen’s
kappa). The results revealed the predominance of social and economic aspects that can strongly favor more scientifi-
cally progressive views of both science literacy and a socially undistorted science. On the other hand, the superficiality
of political discussions on science topics, a lack of naturalization of the controversial discussions, and an excessive use
of textual content were identified, thus revealing some initiatives have not explored the interactivity, multimediality,
and the way dilemmas that mark the trajectory of science museums extend to online exhibits. From this perspective,
we point out paths for teaching and learning socio-scientific controversies in museums.
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Introduction

The educational process aims at human development
and provides access to the civilizational heritage, which
consists of knowledge, skills, and products that help to
overcome the limits imposed by nature and promote the
scientific and cultural evolution of humanity (Rodrigues,
2001). In this sense, museums are important educational
spaces, since they enable contact with knowledge and
products from previous generations through the exhibi-
tion of their collections and objects. However, this is not
the only aspect that makes those institutions places of
teaching and learning.
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Museums are currently understood as environments
that promote non-formal education (Marandino, 2008;
Taylor & Neill, 2008), i.e., an educational process with
specific objectives planned by an institution that is not
part of the formal education system, which is comprised
of compulsory and higher education establishments
(Zabala & Roura Galtés, 2006). Non-formal places of
instruction do not replace schools, but are associated
with them, contextualizing the contents worked in class-
rooms (Santos et al., 2017).

Museums are conceived as an important field within
the non-formal education sector (Pastor Homs, 2009),
since collections, exhibitions, buildings, websites, lec-
tures, publications, and their teaching materials con-
stitute a source of resources that provide countless
possibilities for learning. The educational basis sup-
ports museological activities; it is present from the
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construction of an exhibition script, arrangement of
objects, and writing of explanatory texts to the contact
of an instructor with visitors (Dominguez, 2009), going
beyond a mere presentation of content, thus awakening
creativity, questioning, critical thinking, reflection, and
(re)construction of knowledge, configured in an educa-
tional act (Santos, 2001).

Besides the aforementioned tasks, science museums
perform various social functions, teaching and commu-
nicating science, promoting science literacy, investigating
and disseminating the culture of study fields, preserving
the environment and promoting awareness for its pres-
ervation, training specialists, and arousing public interest
in scientific topics (Delicado, 2004). Furthermore, they
present the developments and discoveries of national sci-
ence, encourage public engagement in decisions on sci-
ence and technology spheres, and debate controversial
science topics (Delicado, 2007), defined as.

(...) those topics that have connections to science and
inspire complex decision making about issues of
societal or personal relevance. This includes societal
controversies (...) such as genetic cloning and global
climate change, which have been defined as issues
that are ‘based on science concepts or problems, con-
troversial in nature, discussed in public outlets, and
frequently subject to political and ethical influences’
(-..) We also include personal controversies within
our conception of controversial science topics, which
we define as science-related issues individuals face
in their everyday lives, as they decide such things as
what to eat, what kind of medical treatment to seek,
or whether to engage in sexual behavior (Brotman
etal, 2011, p. 89).

Such topics have been especially observed during the
Covid-19 pandemic, which, in addition to a health crisis,
has revealed several other associated problems, such as
racism, xenophobia, unemployment, and hunger (Blus-
tein et al., 2020; Elias et al., 2021; Sinha, 2021), as well as
the emergence of an infodemic, i.e., the circulation of a
massive volume of information (not necessarily accurate)
facilitated mainly by social media. The phenomenon has
impacted public debates on social, political, and scientific
issues, thus bringing controversial topics such as vaccina-
tion, social distancing, and science denialist movements
to the spotlight. According to the World Health Organi-
zation (WHO), a joint effort by researchers, govern-
ments, and other community members is necessary for
combatting the crisis effects, since the dissemination of
information with no scientific evidence can represent a
threat to life (World Health Organization, 2020).

The Covid-19 communication crisis has also affected
other media outlets. Podcasts, intrinsically connected
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with the mobility of their listeners, were initially
impacted by the lockdowns and needed to be re-sig-
nified. As a result, the consumption profile on Spotify
— one of the biggest audio streamers — has changed,
indicating an increase in the listener’s preference for
news content (Spotify, 2020). On the other hand, the
same platform hosted podcasts that spread misinfor-
mation about Covid-19, leading to a global protest and
concern about the content accuracy from streamers
that reach large audiences (Sisario, 2022).

In the United States (US), the time people spend
watching TV significantly increased in 2020 compared
to the previous year, indicating a viewer’s preference for
traditional media as a source of accurate information
(Casero-Ripollés, 2021; Nelson, 2020; Nielsen, 2020).
However, despite holding people’s attention, not all
media were really addressing topics of public interest —
an analysis of the websites of 50 US state broadcasting
associations revealed a prioritization of industry prac-
tices over community-related issues (Blaney & Hunt,
2021).

Despite its importance, discussing controversial sci-
ence topics has been little explored by museology. Most
of the time, museums present knowledge as something
finished and unquestionable, through either writ-
ten texts, or even interactive devices, thus leaving lit-
tle space for debate, questioning, and the unknown
(Arnold, 1996; Butler, 1992; Delicado, 2007; Huddles-
ton & Kerr, 2015; Pedretti et al., 2018).

This study aims to detect the elements present in
three online museum exhibits on Covid-19, namely
Coronacene — Thoughts in Times of Pandemic
(Museum of Tomorrow, 2021), COVID-19 — Mass
manufacturing a vaccine (Museum of Engineering
Innovation, 2020), and Field in focus: predicting pan-
demics (Smithsonian National Zoological Park, 2020)
that can potentially enable teaching on controversial
science topics. The analysis of the elements used (or
not) by the exhibits to address such themes can help
teachers, curators, and museum instructors reflect on
both construction of this type of exhibition and its edu-
cational potential.

The following research questions have been raised:

1. To what extent do virtual exhibitions on Covid-19
organized by science, technology, engineering, and
mathematics (STEM) institutions include elements
that address controversial aspects of the pandemic?

2. Does the way in which such elements are present in
the visual, audio, and textual contents of the exhib-
its created by STEM institutions and published on
Google Arts & Culture contribute to the teaching of
controversial socio-scientific topics?
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Virtual exhibits of science museums are also held on
platforms other than Google Arts & Culture (e.g., self-
owned websites and social media accounts). However,
the present investigation prioritized a consolidated plat-
form that gathers and standardizes online exhibitions for
comparing their contents.

Methods
This research is exclusively documentary, i.e., devoted
to the mapping of a field of knowledge towards discus-
sions on both aspects privileged to the detriment of oth-
ers and possible paths from the results (Romanowski &
Ens, 2006). The three museum online exhibits on Covid-
19 are presented from the perspective of teaching contro-
versial science topics. An examination of online exhibits
was conducted by the authors and considered exhibi-
tions published between March 11, 2020, which dates the
WHO pandemic status, and October 1, 2021, the date of
this analysis, whose execution steps are shown in Fig. 1.

Due to the Covid-19 pandemic, virtualizations began
to play a leading role in socio-cultural relationships,
among which museum visits stand out (Lerario, 2021),
and lockdown measures adopted as public health policies
in many countries led some museums to use online plat-
forms for connecting with their audiences in the midst of
the health crisis (Vayanou et al., 2020). According to the
International Council of Museums, ICOM, at least 50%
of museum institutions sought digital communication
channels (e.g., social media, live streams, and online edu-
cational actions) during that period (International Coun-
cil of Museums, 2020).

In this scenario, Google Arts & Culture is a free plat-
form that has stood out for its power for mapping
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cultural actions at an international level and simulat-
ing virtual tours, featuring a range of audiovisual tools
such as 360° videos and street view navigation (filter 1).
Despite the efforts to maintain activities online, several
institutions do not have the necessary infrastructure, and
40% of the world population still do not have access to
the Internet (Kemp, 2021).

Keywords “pandemic’, “Covid-19’; and “coronavirus”
— in Portuguese, Spanish, and English — were inserted
in the platform’s search tool for filtering museum online
exhibits on the subject of study, thus resulting in 94
unique “stories” (filter 2). Exhibits that focused on the
Covid-19 pandemic, of which some addressed the dis-
ease and/or the SARS-CoV-2 virus, were then identified,
resulting in 18 initiatives that addressed topics such as
abrupt changes in everyday life, personal thoughts and
feelings, face masks, vaccines, wildlife, frontline workers,
and sociopolitical issues and materialized them in audios,
videos, illustrations, comics, photographs, paintings, bill-
boards, poems, and other textual types (filter 3). Finally,
the exhibits prepared by STEM institutions were selected
(filter 4), thus leading to three productions, namely
Coronacene — thoughts in times of pandemic, COVID-
19 — mass manufacturing a vaccine, and Field in focus:
predicting pandemics, detailed below. Such exhibits are
dynamic, i.e., comprised of slides that move up and down
across the screen, according to the mouse cursor

Elements common to the teaching of controversial science
topics

From a literature review, Huddleston and Kerr (2015)
argued on the pertinence of teaching controversial

Filter 1: selection of

platform exhibits

Filter 2: selection of
search terms

Filter 3: focus of
exhibitions

Filter 4: organizing

institutions institutions

Fig. 1 Execution steps of the survey on online exhibits on Covid-19
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science topics based on (a) product-based justifications,
emphasizing (i) the relevance of discussing social, politi-
cal, economic, and moral issues, important to the student
life, and (ii) compensating for the one-sided and confus-
ing presentation of subjects made by the media. In con-
trast, (b) process-based justifications include reasons that
are:

(i) Subject-related (e.g, understanding that con-
troversy is not to be feared, but part of life in a
democracy, the ability to discuss contentious issues
in civil and productive ways, strategies for engaging
in such discussions, realizing that one’s views mat-
ter as do all in a democracy); (ii) cross-curricular
(e.g., language and communication skills, confidence
and interpersonal skills, higher-order dialogic and
thinking skills, information-processing, reasoning,
enquiry, creative thinking, and evaluation skills);
and (iii) civic behavior (greater political interest,
pro-democratic values, increased political engage-
ment, more civic knowledge, greater interest in dis-
cussing public affairs out of school, more likely to
say, they will vote and volunteer as adults) (Hud-
dleston & Kerr, 20185, p. 14—15, our emphasis).

Due to the documentary nature of this research (which
does not involve observations of people interacting with
the analysis materials), the justifications cited by Hud-
dleston and Kerr (2015) were adapted by two analysts
(first and second authors of this manuscript) towards
identifying key elements that could properly answer our
research questions.

Initially, the analysts separately selected the appropri-
ate justification (if any) (a-i, a-ii, b-i, b-ii, b-iii) for the
study and individually identified key elements within the
previously selected justifications, thus creating catego-
ries of analysis. Finally, they compared and agreed on the
selected key elements through discussions.

The categorization resulted in an investigation of the
following six key elements: political, social, economic,
moral, civic and productive exposure of different opin-
ions, ideas, discourses and/or knowledge, and the ele-
ments that oppose the fear discourse — which refer to
(a-i), (a-ii) and (b-i) justifications.

The literature points to the political dimension of con-
troversy, since it crosses the interests and positions of
institutions, including those of a governmental nature —
which is especially evident in the Covid-19 pandemic and
requires global efforts in crisis management (McIntyre,
2018; World Health Organization, 2020). Therefore, the
political elements analyzed cite relevant entities in the
local and/or global political scenario, legislative meas-
ures, and decision-makers.
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Social elements in the exhibits concerned the impact
of the pandemic on life in society or the civic duty of its
citizens during the event, reinforcing the potential of
museums for the exercise of citizenship. On the other
hand, economic elements, also associated with the socio-
political action that permeates the controversial science
topics — from the perspective of the resources necessary
for the production of knowledge and the impacts gener-
ated (Pedretti & Iannini, 2020) — refer to infrastructure,
processes, technologies, and funding.

The socio-scientific controversy can also enable moral
reasoning on science topics (Pedretti & Iannini, 2020).
According to Zabala (1995), pp. 45, our translation),
moral elements favor the learning of attitudinal contents,
divided into values — “principles or ethical ideas that
allow people to judge behavior and its meaning’, attitudes
— “relatively stable tendencies or predispositions of peo-
ple to act in a certain way’, and norms — “standards and
rules of behavior to be followed in certain situations by
all members of a social group” — considered in the per-
spective of such definitions for this analysis.

The civic and productive exposure of different opin-
ions, ideas, discourses, and/or knowledge regards
moments in which the exhibits (i) promote a clash of
ideas through provocations for the visitor to take a stand,
(ii) disseminate the positions taken by themselves, (iii)
and give voice to “minority” groups towards breaking
with prevailing stereotypes and paradigms and compen-
sating for unilateral communications made by the media
(Huddleston & Kerr, 2015). The latter aspect is espe-
cially relevant in view of a new generation of museums
with the potential to promote debates and more progres-
sive visions of science literacy — i.e., knowledge “of” and
“about” science — and reflections on the importance of
scientific evidence, argumentation, tolerance, and respect
for individuals with different cultures and views (Pedretti
& Iannini, 2020).

Elements that oppose the fear discourse concern
moments in which controversy is assured in the exhibits
as something common to everyday social life, whose dis-
cussion underpins democratic education and, therefore,
should not be feared (Hess, 2009; Huddleston & Kerr,
2015). This approach becomes relevant in the face of the
discourse of fear, in which certain institutional commu-
nications sensitize their audiences through visual and/or
textual mechanisms that illustrate the catastrophic con-
sequences of anti-scientific positions, strategies also used
by denialist communities for exerting opposite effects
(Shimizu, 2020).
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Text, audio, and visual contents

The survey on elements common to the teaching of con-
troversial issues considered each slide a unit of analysis
(UA), from the cover to the credits, in which text, audio,
video, and/or image contents were investigated — the
two latter were grouped together as visual contents. The
exhibits, in their entirety, were taken as units of context
(UaQ).

The basis for the categorization was the observation of
the exhibits’ multimodality, i.e., the integration of differ-
ent semiotic modes (e.g., combining written discourse
with layouts, typographies, and illustrations), generating
hybrid forms of communication (van Leeuwen, 2015).
Although technology has enabled the customization of
content and, therefore, expanded the idea of multimo-
dality, those three categories of analysis were chosen
because of their clear distinguishability, facilitating, for
example, the analysis of videos with still images.

The categorization follows the concept of communi-
cative act. In this sense, the information represented by
audio, video, or text in the exhibits could still convey a
complete message among the interlocutors through
means and signs (Bordenave, 2017). All forms of writ-
ten representations were considered texts; every voice
speech was assumed an audio content and any imagetic
representation, either dynamic (e.g, video recordings),
or non-dynamic (such as still images), was classified as
visual.

Inter-rater agreement

The analysis of each exhibit was conducted individually
by two analysts towards identifying the recurrence of ele-
ments related to the teaching of controversial science top-
ics (political, social, economic, and moral ones, elements
that oppose the fear discourse, and civic and productive
exposure of different opinions, ideas, discourses, and/or
knowledge) in the contents of the exhibits (visual, tex-
tual, and audio), detailed below. The agreement between
the analysts was calculated by Cohen’s kappa coefficient
(K). Cohen’s kappa is a statistical parameter commonly
used to verify inter-rater agreements. It is more consist-
ent than a simple percentage calculation, since it takes
into account the agreement reached by chance (Cohen,
1960). Kappa varies between 0 and 1 and can be inter-
preted according to Landis and Koch (1977) as follows:
poor agreement (K<O0); slight agreement (0 <K <0.20);
fair agreement (0.21 <K<0.40); moderate agreement
(0.41 <K <0.60); substantial agreement (0.61 <K <0.80);
almost perfect agreement (0.81 <K <1.00). Interestingly,
the values calculated for Cohen’s kappa in this analy-
sis were greater than 0.80 for all inter-rater agreements
and non-agreements in scores were resolved through
discussions.
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Below are the results from the analysis of those ele-
ments in the contents of Coronacene — Thoughts in
Times of Pandemic, COVID-19 — Mass manufactur-
ing a vaccine, and Field in focus: predicting pandemics
exhibits.

Results and discussion
Although Google Arts & Culture platform maps almost
all science museums and is a reference for museums of
all areas of knowledge, especially in view of the growth
of online exhibits, the contribution of STEM institutions
to promoting virtual visits is still barely observable on
it. Such a fact has opened a range of reflections on the
underfunding of science museums for the maintenance
of online communications (Kemp, 2021), platforms’
biases behind the digitalization of art and culture (Kizh-
ner et al,, 2021), absence of socio-scientific controversy in
the collections of those institutions (Colombo Junior &
Marandino, 2020), and a view of science that minimizes
its sociocultural dimension (Davies et al., 2019).

The three online exhibits prepared by STEM institu-
tions, which are the focus of this study, are detailed in
what follows.

Online exhibits

Coronacene - thoughts in times of pandemic (1)

Conceived by the Development and Management Insti-
tute in partnership with Estidios Globo, GloboNews,
and Fiocruz, Coronacene is a temporary exhibit of the
Museum of Tomorrow — an institution founded in Rio de
Janeiro, Brazil, in 2015, with the help of public and pri-
vate authorities. The institution aims to provide “ideas,
explorations, and questions about the time of great
changes in which we live and the different paths opened
up for the future” The exhibit, made possible by the
Culture Incentive Law and consisting of 37 slides, was
launched in March 2021 and curated by Luiz Alberto
Oliveira, Leonardo Menezes, and Eduardo Carvalho and
showed the impacts of the pandemic on the role of sci-
ence, struggle, and mourning.

In this perspective, it mixes texts (in English, Portu-
guese, and Spanish), statistical data, images, videos (2D
and street views), and audio and shows both the physical
space of the institution and tourist and everyday places
around the world. It also displays testimonies (from a
virologist and an indigenous leader), virus models, labo-
ratories and scientific instruments (e.g., microscopes,
computers, and flasks), and people (anonymous ones, vis-
itors, indigenous ones, families, students, victims, teach-
ers, cleaning professionals, health professionals, drivers,
food delivery professionals, and scientists).
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COVID-19 - mass manufacturing a vaccine (2)

The exhibit is part of the collection of the Museum of
Engineering Innovation, a virtual institution created by
the UK’s Royal Academy of Engineering and maintained
by technical professionals, engineers, designers, and
computer scientists in partnership with societies, compa-
nies, and universities. The collections, available in English
on Google Arts platform since November 2020 under the
label “this is engineering’, showcase engineering aspects
not obvious in everyday life and inspire the next genera-
tion of professionals.

Twenty-seven slides show the work of a team of engi-
neers at King’s College London responsible for the devel-
opment of a large-scale production process for RNA
vaccines, called the factory-in-a-box, against Covid-19.
Texts and images compose the narrative, illustrating and
describing scientific instruments (Eppendorf flasks, Petri
dishes, among others), products (factory-in-a-box device
and vaccines), virus models, laboratories, and people
(team of engineers formed by professors and graduate
students).

Field in focus: predicting pandemics (3)

The third exhibit, containing 40 slides, was organized by
the Smithsonian Institution — a group founded in 1846
by the US Congress to value culture and science — in
partnership with Myanmar ministries. With offices in
Washington, United States, the Smithsonian organiza-
tion has an international complex of museums, research
centers, and cultural, educational, and zoological parks
maintained with government and private fundings. The
exhibit, available in English, retrieves a series of videos
from the institution and adds elements from January
2020 for illustrating the work of scientists and govern-
ment and society members in protecting animal species
and predicting pandemics, including those caused by
coronavirus.

Set in Myanmar, the online exhibit features texts,
images (photographs of viruses obtained by scientific
equipment, researchers, people, and animals), and vid-
eos (2D and 360°). The pandemic theme is explored in its
emergence, highlighting the relationship between wild
animals and diseases, including Severe Acute Respira-
tory Syndrome (SARS). Although old materials had been
gathered from the institution and mixed with current
images of coronaviruses, the exhibit took shape on the
platform in the face of the current pandemic, especially
to illustrate the birth of pandemics in nature — and not
in the laboratory, as certain controversial speeches about
Covid-19 dedicated themselves to affirming.

Frequency of the contents and elements identified

Figure 2 displays the recurrence of textual, visual, and
audio contents, as well as elements related to the teach-
ing of controversial science topics in the exhibits. Each
slide can concomitantly show more than one type of con-
tent, so that the number of UA of the three exhibits over-
laps the total number of slides. The inter-rater reliabilities
of the recurrence of the exhibits contents, calculated by
Cohen’s kappa, were 0.86 (Exh 1), 0.92 (Exh 2), and 0.83
(Exh 3) — all reached the maximum level (Landis & Koch,
1977).

According to Fig. 2, textual content was the most
recurrent resource, followed by visual and audio ones
(50%, 47%, and 7% on average, respectively). In exhibits 2
and 3, the textual content was similar to popular science
texts, since journalistic lead, explanatory procedures,
boxes, eye-catching titles, among other aspects, were
used for the dissemination of information (Vieira, 2007).
According to Majetic & Pellegrino, 2018, and Tuten &
Temesvari, 2013, popular science texts have mediated
innovative didactic strategies that aim to provide skills
from public communication of science and technology,
such as critical thinking, information literacy, and oral
and written expressions. The use of other textual types
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Fig. 3 Frequency of elements about teaching of controversial issues in the exhibits per materials

rather than the formal teaching of STEM is observed
especially in exhibit 1, which included poems, revealing
humanistic aspects of the scientific theme.

On the other hand, less frequent audio and video
contents enabled exhibits 1 and 3 to be more interac-
tive, making the Internet user be part of the experience,
especially through the use of different online media
formats (Bardoel & Deuze, 2001; Schultz, 2000). As
an example, the museums incorporated street views
and 360° video tools into their slides so that the visitor
could explore the exhibit site even in front of a com-
puter screen, thus opening up a range of interpretations
for the concept of “visitation” Exhibit 1 gave voice to its
interviewees through the inclusion of podcasts, provid-
ing a more intimate experience to the visitor (Lindgren,
2016).

Indeed, the choice of contents of those exhibits
revealed the way issues that limit science museums with
a face-to-face structure also apply to an online environ-
ment, especially regarding debates on the contempla-
tive and interactive nature of the exhibitions, which call
into question the possibility of the visitor acting as a
mere observer or pusher of buttons (Cazelli et al., 2003;
Pedretti & lannini, 2020). In digital format, informa-
tion competes for the Internet user’s attention (Zulli,
2018) and, therefore, betting on attractive and interactive
resources can facilitate the retention of the visitor in that
environment, since it is enough to close the browser tab
for leaving the exhibit.

Figure 3 shows data on the frequency of the elements
commonly present in the teaching of controversial issues
per online exhibit on Covid-19 prepared by STEM insti-
tutions, evidencing their recurrence in the different types

of content used in the narratives (textual, visual, and/or
audio). The inter-rater reliability of the analysis, calcu-
lated by Cohen’s kappa, was substantial for exhibits 1 and
3 (K=0.74 and K=0.69, respectively) and almost perfect
for exhibit 2 (K=0.81), according to Landis and Koch
(1977). Such elements are not exclusive, i.e., a same UA
can contain references to more than one element, and
they are also intrinsically connected with the approach
chosen by the exhibits.

Social elements were the most recurrent in all con-
tents of exhibit 1 (33% present in textual contents and
33% and 43% in visual and audio ones, respectively) due
to the focus given to the socio-scientific controversy of
COVID-19 pandemic, which covered mainly the impacts
of coronavirus on the society. Figure 3 also shows how
the disease affected the daily lives of people and differ-
ent social groups, the economy, and the routine of cities.
Therefore, the significant and well-distributed presence
of political, economic, and moral elements, elements that
oppose the fear discourse, and the civic and productive
exposition of different opinions, ideas, discourses and/or
knowledge can be observed in its contents.

In contrast, exhibit 2 focused only on economic and
social elements. The first stands out and corresponds to
83% and 67% of visual and textual contents, respectively,
due to the perspective adopted by the museum, which
portrays a methodology for a mass production of vac-
cines against the coronavirus. As a result, the social ele-
ment was also considered to showcase the importance of
engineers in dealing with the pandemic (33% of textual
content and 17% of visual one).

Similarly to exhibit 1, exhibit 3 showed a predomi-
nance of social elements in the three types of content,
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followed by a civic and productive exposition of different
opinions, ideas, discourses, and/or knowledge, and the
elements that oppose the fear discourse — the latter two
present mainly in text and audio contents. Such recur-
rence is associated with the fact the museum focuses on
the importance of science and collaboration among gov-
ernments, citizens, and scientists to map and identify
new viruses, thus preventing the occurrence of future
pandemics. In addition to the social aspect, the theme
enabled the emergence of political, economic, and moral
discussions.

In general, social and economic elements were the
most frequent in the three exhibits (33% and 30% on
average, respectively), in contrast to political ones (5% of
the contents identified, on average). The results regard
the approaches chosen by the museums to address the
controversial topics, discussed in what follows.

Political, social, economic, and moral elements

Regarding the political elements, present only in exhib-
its 1 and 3, the museums aimed to show mainly the rel-
evance of cooperation among the various organizations
for solving the Covid-19 pandemic (e.g., WHO), men-
tioning, among other aspects, health guidelines, govern-
ment measures to support research, and the impacts of
political events on the pandemic scenario:

Global Health Program researchers work closely
with resident scientists — and collaborate with
Myanmar’s Ministry of Agriculture, Livestock and
Irrigation; Ministry of Health and Sports; and Min-
istry of Natural Resources and Environmental Con-
servation — to collect and analyze biological sam-
ples from wildlife and the humans they come in
contact with (Exhibit 3, slide 5).

The community that surrounds the non-formal and
informal teaching spaces often does not perceive the
political dimension attached to them (Allen & Crowley,
2014; Lewenstein, 2016); consequently, they do not exer-
cise their political role in society, which resides in their
being attentive to.

(.) a multiple range of actors and processes that
constantly re-examine the social aspect from its
interactions, not to configure a heroic narrative or to
situate it as a unique agent of change, but rather to
unveil its complexities, alter its meanings, and relate
it to other social agents. In this light, the position of
the museum in relation to its interaction with net-
works of social agents, citizenship, and the various
institutions, practices, and actions must be analyzed
(Montero, 2012, p. 79, our translation).
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Such a lack of perception of the political dimension is
evidenced in exhibit 2, which focused on the economic
elements associated with the theme from the follow-
ing statement: “To bring Covid-19 under control with
a vaccine, we will need to vaccinate about 60% of the
almost 8 billion of people on Earth” (slide 6). Economy
is projected in exhibit 2 due to its focus on a method
of a large-scale manufacture of vaccines for Covid-19.
However, as pointed out by Shimizu (2020), the issue of
vaccination concerns not only infrastructure, but also
social, cultural, political, and historical aspects. In this
sense, the museum environment and the controver-
sial debate lose their potential to promote democratic
education and a sense of citizenship (Pedretti & Ian-
nini, 2020) to be considered by curators, teachers, and
instructors in view of the activities offered.

In the other exhibits, the economic elements were
mostly associated with the employment issue (exhibit 1)
and the scientific research infrastructure (exhibit 3). In
those cases and in line with the approach chosen by
the institutions, the intersection of those aspects with
the socio-political dimension of the theme was more
explicit in contents such as.

Transformed societies. Have you ever stopped
to think you might go through a pandemic? For
many, the answer is no. In 2020, companies went
bankrupt, business closed its doors and our rou-
tines were interrupted due to the new coronavi-
rus. Though it seems like a science fiction film, this
really happened. Brazil, 14.1 million unemployed.
3rd quarter/2020, IBGE, Instituto Brasileiro de
Geografia e Estatistica/Brazilian Institute of
Geography and Statistics (Exhibit 1, slide 15).

Social elements were present in all exhibits, asso-
ciating human behavior with the development of the
pandemic in texts and images. Exhibit 1 portrayed the
consequences of the disease for the society, showing its
impacts on people’s daily lives, in the forms of commu-
nication and interaction with the world:

COVID-19 disproportionately affects groups who
are neglected by society. It is essential to face these
social problems for tackling this challenge. Other-
wise, we will never be able to fully overcome the
2020 pandemic or other future ills, even with vac-
cines or medications (Exhibit 1, slide 28).

Exhibit 2 highlighted the researcher’s civic duty of
seeking solutions to health issues, and in exhibit 3,
the social elements focused on the impacts of science
on studies of the nature and prediction of pandemics.
By approaching those elements, museums favor reflec-
tions on the social dimension of science, sometimes
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Fig.4 Excerpt from exhibit 3 that refers to moral elements

suppressed throughout STEM careers. They are also
aligned with the science, technology, and society (STS)
movement, which aims at teaching science that forms
citizens capable of making critical decisions and envi-
sioning the implications of science and technology in
everyday social life (Mansour, 2009).

Finally, the moral element emerged in some moments
of exhibits 1 and 3. In the former, it stood out in the
memorial dedicated to the victims of Covid-19 in Brazil
(Fig. 4), whereas in the third, the attitudes and values of
organizations towards respecting the human-wild animal
relationship and concomitantly fighting the pandemic
were discussed:

At times, it may also be difficult to ask local partici-
pants to wear the protective equipment when they
have long interacted with these animals without it.
Ultimately, the team’s goal is to put as little stress as
possible on their partners in the field, the local com-
munity members they interact with and the animals
they sample (Exhibit 3, slide 29).

By highlighting the moral character of socio-scientific
controversies, museums show aspects external to science,
i.e., those that dialogue with personal values, behaviors,
and attitudes (Pedretti & Iannini, 2020), which, accord-
ing to Meyer (2009), is a potential for museums to not
only address a controversial topic, but also generate
controversy.

In general, bringing debates over social, political, eco-
nomic, and moral issues to the exhibits contributed to
the discussion of social events in the light of evidence and
to teaching, favoring a more “real” and “human” science
in the eyes of the public (Pedretti & Iannini, 2020). Such
debates show characteristics of a science that deals with
problems faced in everyday life and that moves away from
an absolute truth. From this perspective, exhibit 2 high-
lighted the provisional nature of science, i.e., that science
is mutable, favoring the emergence of new knowledge as

new evidence rises (Sotério, 2022), especially in the face
of an unprecedented disease:

(...) Currently, we don’t even know how long immu-
nity from a vaccine will last because Covid-19 is
so brand new. We may need one or two doses, or it
could be needed every year like the flu jab (Exhibit 2,
slide 6).

By approaching those aspects, museums are no longer
spaces for the presentation of a finished and immutable
scientific knowledge as a transforming agent of reality
concomitantly affected by its demands. They increas-
ingly assume the role of contemporary agoras (Pedretti &
Iannini, 2020), acting as a “safe space for difficult discus-
sions” (Science Center World Congress, 2008, p. 1).

Elements aimed at civic and productive exposure of different
opinions, ideas, discourses, and/or knowledge

The civic and productive exposition of different opinions,
ideas, discourses, and/or knowledge in the exhibits pre-
pared by STEM institutions is evident in the proposition
of provocative questions, giving space to the confronta-
tion of ideas without distancing itself from the scientific
discourse. Such elements appeared only in exhibits 1 and
3; they can be included in museum exhibits precisely
through provocative questions, favoring public engage-
ment in discussions on topics considered complex and
leading to a confrontation of the visitor’s personal val-
ues with scientific evidence (Pedretti & Iannini, 2020).
Exhibit 1, in which such elements are more recurrent,
showed both texts and audiovisual contents that pro-
moted those aspects.

Turning point. Microorganisms have always shaped
human history. Just like the Black Death, the Span-
ish flu, and HIV. In 2020, the new coronavirus
affected us all. Will life ever be the same as it was
before? Do we want that? Will this struggle prepare
us for other global challenges, such as the climate
change? (Exhibit 1, slide 3).
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In fact, our questioning on whether we want the same
life as the one we had before leads to a contraposition of
ideas, thus opening paths for reflections on the “old” and
“new” normal. The dilemma refers to what Kuhn pro-
posed when weaving relations between the already estab-
lished (normal) science that responds satisfactorily to the
current paradigm but which, in the face of events whose
solutions are no longer satisfactory, gives rise to a new
(revolutionary) science that, with time, tends to become
a normal one again (Kuhn, 1970). Such a behavior reflects
the way moments of rupture provide scientific advance.
Indeed, we tend to leave the pandemic towards a daily life
with more advanced technology in which, for example,
vaccines are produced in record times (Lurie et al., 2020).
Concomitantly, we will also get used to a way of existence
with at least 6 million fewer people in the world — WHO
data from April, 2022.

On the other hand, the civic clash of ideas appears
through the taking of a position by the STEM insti-
tutions, within a controversial topic. As an example,
exhibit 1 cited the origin of the Sars-Cov-2 virus with-
out giving space to the negationist discourse that limits
the subject, but positioning itself alongside the scientific
evidence:

From virus to pandemic. The first records of the
SARS CoV-2 virus, which causes COVID-19, are
from the city of Wuhan, China in 2019. The initial
outbreak among regulars of an exotic-animal wet
market suggests that the disease was transmitted by
an animal (Exhibit 1, slide 12).

Such a position has become quite emblematic regard-
ing the Covid-19 theme, thus leading to a clash between
scientists — armed with evidence of the emergence of
the disease from animal vectors — and conspiracy theo-
ries about the creation of the virus in the laboratory. The
same issue was portrayed in exhibit 3 towards destigma-
tizing the human-wild animal relationship in the light of
scientific knowledge (Fig. 5), compensating for unilateral

communications made by the media that fomented xen-
ophobic discourses and unregulated slaughter of those
species as a disease containment measure (Abutaleb &
Harris, 2021; Budhwani & Sun, 2020; Maron, 2021; Sac-
ramento et al., 2020).

Exhibit 3 also brought perceptions of different experts
(e.g., ecologists, veterinarians, and social scientists)
on the pandemic at different moments of the narrative,
offering the visitor a range of knowledge equally relevant
to solving the problem at hand. The inclusion of such ele-
ments has contributed positively to the dissemination of
undistorted views of science through non-formal teach-
ing spaces, since they show collaboration among groups,
teamwork, and multidisciplinarity (Pérez et al., 2001).

According to Pedretti and Iannini (2020), the exposure
of controversial topics can potentially develop argumen-
tative and critical skills fostered by exhibits in situations
such as those aforementioned. However, museums occa-
sionally miss such an opportunity by suggesting unique
answers and/or interpretations to questions raised. As an
example, although exhibit 1 has opened space for reflec-
tions on the future desired in a post-Covid-19 pandemic
scenario, it has delivered an answer that speaks for the
collective: “When all this is over, we want the Tomorrow
that is more sustainable, less unequal” (Exhibit 1, slide 7).

Elements that oppose the fear discourse

Elements on this topic were detected only in exhibits 1
and 3, and both elements that oppose the fear discourse,
aligned with the desirable elements in teaching contro-
versy (Huddleston & Kerr, 2015), were identified.

Exhibit 1 used elements that oppose the fear discourse
to highlight the way pandemics are naturally recurrent in
the history of life in society and, therefore, should be seen
as a learning period for future pandemics, which is facili-
tated by scientific development, as shown in:

Science is the protagonist. During the pandemic, sci-
ence took its place at the forefront of the response to
the coronavirus, developed health guidelines that
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slowed the infection rate, and prevented healthcare
systems from becoming quickly overwhelmed. Now,
scientists work to develop diagnostics and health-
care products (Exhibit 1, slide 25).

Similarly, exhibit 3 reinforced the need to discuss the
prevention of pandemics through science, which is pos-
sible only with the collaboration of local communities
and government. In this case, elements that oppose the
fear discourse point to the destigmatization of the pub-
lic debate on such a controversial topic by illustrating
a community in which those groups operate together
despite their differences (Fig. 6).

On the other hand, the fatality of the disease, material-
ized in a video showing coffins and graves (Fig. 7, refer-
ring to exhibit 1), promotes the audience’s awareness
of the seriousness of the matter and the importance of
searching for accurate information.

Evidently, Covid-19 has brought daily life closer to
an imminent tragedy; however, the denialist discourse

has also appropriated the theme of fear and catastrophe
towards discrediting the facts. As an example, the presi-
dent of Brazil, Jair Bolsonaro, started to defend the num-
ber of people recovered from the disease in order to omit
the state of public calamity, alleging mental exhaustion of
those who followed the “pessimistic data” (Lemos, 2020).

As highlighted by Shimizu (2020), fear articulates dif-
ferent positions in a controversial debate, both trust and
distrust. In the latter case, exhibits may lose the poten-
tial to promote educational engagement, i.e., to attract
visitors to an experience that results in learning (Pedretti
& Iannini, 2020), thus moving away from the aforemen-
tioned elements, which they value for a teaching that des-
tigmatizes debates on controversial issues.

Conclusions

In general, the educational dimension was present in the
online exhibits on Covid-19, covering the discussion on
controversial issues of science topics at different levels
regarding political, social, economic, and moral elements,
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elements that oppose the fear discourse, and civic and
productive exposure of different opinions, ideas, dis-
courses, and/or knowledge (Huddleston & Kerr, 2015).

The structure of those virtual educational spaces
showed a predominance of textual content, a resource
commonly used in traditional science teaching, and fewer
uses of audio content. The multimediality allowed by
Google Arts & Culture puts museums at an advantage
over other competing media that do not have so many
resources. However, an exacerbated use of a single type
of content can cause online exhibits to lose their poten-
tial for multimedia instruction — i.e., the combination of
pictures (still images, videos, or any other format) and
words (printed or spoken texts) that leads to their cogni-
tive representations to promote learning (Mayer, 2017).

Such a dynamic also reflects a discussion familiar to
the history of science museums, in which the role of the
visitor in an expository versus interactive exhibit is ques-
tioned. Exhibits 1 and 3, which extensively used different
online media formats such as 360° videos, street views,
and podcasts, promoted greater interaction and extrap-
olation of the “visitation” concept, thus making the visi-
tor the center of their learning process in a self-guided
adventure from one click. On the other hand, when only
images and texts are used (as in exhibit 2), such possi-
bilities are reduced, bringing the visitor closer to being
a spectator. Digital interactivity, which competes with
the retention of the Internet user’s attention (Bardoel &
Deuze, 2001), must not be distanced from its educational
purpose, so that it does not turn the visitor into a mere
“pusher of buttons” (Cazelli et al., 2003; Pedretti & Ian-
nini, 2020).

The political, economic, social, and moral elements
revealed a correspondence between the theme and the
social dimension in all exhibits (33% of the contents, on
average), as expected from a controversial discussion that
deals with themes that affect society in different spheres.
On the other hand, the political issue was the least fre-
quent in the narratives (5% on average) and superficially
covered at certain times. Such a result is in line with
studies that deal with the non-perception of the political
dimension of non-formal and informal teaching spaces
(Allen & Crowley, 2014; Lewenstein, 2016). In this sense,
curators, teachers, and instructors must pay attention to
the museum’s potential to promote democratic teaching
and citizenship training based on controversial themes.

Undistorted conceptions of science and more pro-
gressive views of science literacy, desirable in a new
generation of museums (Pedretti & Iannini, 2020),
should be encouraged by curators and instructors.
Such aspects were facilitated by the presentation of
characteristics of science and the scientific process,
such as provisionality, collaboration among groups,
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infrastructure requirements, and multidisciplinarity.
The results were achieved from the insertion of social,
moral, economic, and political elements and from the
civic and productive exposition of different opinions,
ideas, discourses, and/or knowledge in the exhibits.

Compensation for unilateral media communications,
which is beneficial to public debates (Huddleston &
Kerr, 2015), occurs when cultural and customs differ-
ences, beliefs, and opinions on a controversial subject
are guaranteed in museums, as observed in the civic
and productive exposure of different opinions, ideas,
discourses, and/or knowledge. Since the exhibits were
curated by STEM institutions, the elements led to
reflections and the taking of a position on the Covid-
19 topic without departing from a scientific discourse.
Such a result corroborates the potential for scientists
and STEM institutions active in social networks to mit-
igate the effects of misinformation caused by the Covid-
19 infodemic (World Health Organization, 2020).

Regarding elements that oppose the fear discourse,
exhibit 3 revealed an effort to naturalize the controver-
sial discussion and illustrate the collaboration of differ-
ent social groups towards thinking of joint solutions.
On the other hand, exhibit 1 gave way to the fear dis-
course through mechanisms of awareness on the sever-
ity of the disease and the role of science in the face of
fatality. Fear articulates both pro and anti-science posi-
tions (Shimizu, 2020), which may reduce the potential
of educational engagement by museums, due to move-
ments observed throughout the pandemic that tried to
associate debates on controversial themes with mental
exhaustion. Fatality should not be ignored; however,
mechanisms must be created so that museums can
provide an inviting environment for the resolution of
challenging issues, given the diversity of thoughts and
behaviors that coexist in a society (Huddleston & Kerr,
2015).

It is noteworthy that the results reported here on the
types of content (visual, textual, or audio) analyzed in
the three exhibitions created by STEM institutions are
related to the topic of Covid-19. Therefore, different
findings are likely to be observed in analyses of exhibits
that address other socio-scientific issues, such as climate
change or evolution.

This study on controversial issues of science topics
showed “that our view of scientific content knowledge is
dependent on our culture, for example our norms, values
and worldviews, and it is dependent on the time we are
living in” (Sjostrom & Eilks, 2018, p. 67). However, the
presence of exhibits organized by STEM institutions is
still not very recurrent on Google Arts & Culture plat-
form, when compared to other areas of knowledge. In
this sense, a way has been opened for reflections on the
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sociocultural character of science and technology: what
is preventing us from connecting hard sciences to “Arts
& Culture”?

Other limitations regarding the low publication rate of
Covid-19 exhibitions by STEM institutions on the ana-
lyzed platform may be related to the posting of subjects
to Google approval, the need for the exhibition belong-
ing to an organization with its own institutional web-
site and email address, and the exhibit preset formats of
slideshows (Google Arts & Culture Platform Help, 2022).
Specific analyses on the platform’s advantages and dis-
advantages incorporate the current literature in the field
(Proctor, 2011; Cowin, 2020; Kizhner et al., 2020; Verde &
Valero, 2021).

In contrast, the adhesion of museums to digital envi-
ronments was intensified during the pandemic, for many,
as a matter of survival (Vadja, 2020), increasing the num-
ber of online visitors in 2020, but also required the exist-
ence of a “digital staff” and financial investments from
museums. The challenges for the maintenance of such
institutions have become a public concern that urges gov-
ernment investments, since museums house collections
related to the past, present, and future of humankind and
many organizations lack the necessary infrastructure to
publish online exhibits (International Council of Muse-
ums, 2020; Network of European Museum Organisa-
tions, 2020).

Future work should investigate facts not addressed in
this documentary study and that refer to the analysis of
visitors’ interactivity with the museums’ online exhibi-
tions towards identifying other elements pointed out by
Huddleston and Kerr (2015) regarding cross-curricu-
lar aspects and civic behavior. Another limitation to be
addressed is the teaching of controversial science topics
based on platforms that provide quantitative data about
number of clicks, views, and visitor interaction time in
each exhibition, currently not available on Google Arts
& Culture for its visitors. Comparisons on the approach
to the Covid-19 pandemic by STEM museums in online
exhibits and other competing media — such as independ-
ent websites and social networks — can also be made for
guiding future actions for online exhibitions created by
STEM institutions and fostering discussions on socio-
scientific topics.
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