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Abstract

The term science popularization is an established nomenclature in policies and
research studies that focus on the relationships between science and the public in
Brazil. However, the multiplicity of means and players through which it operates,
and of communication processes and intentionalities that guide it, require historical,
political, theoretical, and linguistic boundaries. Communication, diffusion,
dispersion, and dissemination are some terms that are sometimes considered
different and, at other times, synonyms for popularization. This text proposes a
reflection on this conceptual plurality, emphasizing the importance of improving
the understanding of science popularization as a pedagogical and cultural effort, a
set of social communication practices, an academic field of study, and a basis for
public policies. Inspired by theoretical formulations by communicators and
educators, we propose a definition considering five aspects: sources, players,
vehicles/means, languages, and intentions of science popularization.

Keywords: public communication of science, science and society, non-formal

education
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Resumo

A expressao divulgagao cientifica parece consagrada nas politicas e nas pesquisas que tratam das
relagdes entre ciéncia e piiblico no Brasil. No entanto, a diversidade de veiculos e atores pelas quais
opera, ¢ de processos de comunicacao e intencionalidades que a regenm, exigem demarcagoes bistoricas,
tedricas, politicas e idiomaticas. Comunicagdo, difusdo, dispersio, vulgarizagao e popularizagdo sio
alguns termos que, ora divergen, ora sao apresentados como sindnimos de divulgagao. Este ensaio
propae uma reflexao sobre essa pluralidade conceitnal, reforcando a importancia de aprofundar os
entendimentos da divulgacao cientifica como um esforco cultural pedagdgico, conjunto de praticas
sociais de comunicacao, campo de estudo académico e base de politicas priblicas. Inspirado pelas
Jormulagoes tedricas de comunicadores e educadores, propoe-se uma definicao que considera cinco
elementos: fontes, atores, veiculos, lingnagens e intengoes da divulgacao cientifica.

Palavras-chave: Comunicagio ¢ Educacao, Cultura Cientifica, Educagao Nao Formal

Scientific communication, education, and citizenship

According to Mansur et al. (2021), the coronavirus pandemic (COVID-19 or Sars-Cov-

2) tore down the walls that separated society from scientists and exposed an urgent need for

science to quickly approximate the hermetic language of scientific articles to the language used

in journalism, social networks, audios, and videos that circulate among non-initiated people.

The authors consider that this type of initiative

(...) has been gaining importance worldwide. It occurs partly as an intuitive response from

scientists to antiscience movements but also mainly due to the understanding of the political

and economic interests related to scientific evidence questioning (Mansur et al., 2021, p.1).

However, since Ziman’s (1991) and Miller’s (1992) fundamental works, understanding

the relationships between science and the public has been a considerably challenging task for

educators, researchers, communicators, the academy, and lay communities. Over the past

decades, science started to be seen and produced from new epistemic perspectives. Science

communication practices, both internally and externally, also underwent transformations mainly

due to the new Digital Information and Communications Technology (DICT).
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Information society did not confirm itself as a democracy of knowledge. On the
contrary, considering the algorithmization of content in digital networks, there are fewer social
and technical devices able to generate and regulate a "safe truth". The current context
encompasses epistemic and communicative disputes: place of speech, narratives, knowledge,
and information sources. Well-known frauds and crimes are also reinvented: charlatanism,
gossip, disinformation, false debates, data manipulation, offences, libel, and defamation
(Brockington & Mesquita, 2016; Castelfranchi, 2018; Oreskes & Conway, 2010; Posetti &
Bontcheva, 2020).

The public knowledge about how science and technology are devised as human,
theoretical, and material constructs has become even more crucial to understanding society and
tully exercising citizenship nowadays. The works published by Laugksch (2000) and Valladares
(2021) and the contributions of Gil and Vilches' (2001) and Lotenzetti's (2017) allow us to
understand that Scientific and Technological Literacy (STL) is essential to mastering basic
concepts of the sciences, their history and nature, their relationships with other cultural aspects,
and the capacity to operate the comprehension of said concepts in public, private, and collective
life in an ethical and altruistic way, thus envisioning the possibility of a citizenship that is
politically active, individually autonomous, collectively committed, and not submissive to

experts.

Nevertheless, over more than two centuries since the expansion of large education
systems and the massification of school education, it has been believed that propaedeutic
formation should occur within these institutions. However, the scenario has changed
definitively. Since the late 20th century, the exhaustion of formal education as the quintessential
education space has been highlighted, with non-school environments (such as other cultural
activities and spaces) being recognized as responsible for and capable of contributing to the
education of individuals and the community (Falk & Dierking, 2002; Gohn, 1999; Marandino,
2017; Rogers, 2004). Nowadays, means of communication, artistic manifestations, cultural
spaces, and, more recently, online environments form the landscape of education and science
and technology public communication. This is the place of meaning for what we conventionally

call science popularization.
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Science popularization: a fragile concept?

In 1954, when José Reis, a doctor, microbiologist, and one of the founders of Sociedade
Brasileira para o Progresso da Ciéncia (SPBC- Brazilian Society for Science Progress) and Associagao
Brasileira de Jornalismo Cientifico (AB]C- Brazilian Association of Scientific Journalism), published
his article titled Dzvulgagio Cientifica [Science Dissemination| in Revista Ciéncia ¢ Cultura, it was
impossible to know that future generations of researchers and communicators would enter the
21st century academically indecisive and/or excited when debating what science and technology
popularization is, why and how it is done, and who is authorized to communicate it. On social
media, intense disputes take place whenever someone does not cite sources, produces content
for niche audiences, uses science to legitimize their personal opinions, or suggests that their

intention is not educational .

Half a century ago, José Reis defined science popularization as the “communication, in
simple terms, of science as a process, the principles established in it, and the methodologies it
uses” (Reis, 1982, p. 116, our translation). However, other definitions arose as science,
education, and communication transformed. In the mid-1980s, for instance, a journalist, Wilson
Costa Bueno suggested that the activity was defined as a process of transmitting scientific and
technological information to a broad audience through decoded and accessible language (Bueno,
1985). In the 21st century, Germano and Kulesza (2007, p. 20) emphasized the intention to

“make science known, expanding it to a wider audience”.

Wilson Bueno (1985), the author of the first doctoral thesis on scientific journalism in
Brazil, later acknowledged the maturation of the practices and the field of study and academic
investigation and because of it, a stir or, at least, a conceptual fragilization. Bueno (2010) states
that “the Brazilian literature on communication and science popularization has not been
contributing, over time, to refine some basic concepts of science communication and

popularization: approximations that support theory and practice in these fields (p. 1).

Barata et al. (2018) have a similar opinion when affirming that it is “a developing field
that needs to develop stronger theoretical contributions and to solve frontier problems with

other fields of knowledge” (p. 2539). Thus, in line with Magalhies et al. (2017) understanding,

!'In 2020, streaming platform Netflix announced a series called Mundo Mistério (Mystery Lab), hosted by YouTuber
Felipe Castanhari. The show’s content and form triggered a heated debate on what science popularization in the
field of History is and who should or can do it.
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we agree that such lack of development prevents the limits and the scope of the concept from

being clearly defined.

Furthermore, the research conducted by Rocha et al. (2017) reassessed the concepts
used in other studies conducted in TLatin America and found nine different expressions?,
suggesting that there is no consensus about the similarities and differences among the various
terms. The study systematized the geographical variations in the usage of the term over time, as

well as the semantic differences regarding the different scenarios and areas that would compose

the field (means of communication or science and art museums, for example).

Ogawa (2012) went beyond and understood that the

Difficulties in definition may arise not only from the complexity of the area itself but also
from a diversity of visions and dreams within the science communication community.
Individuals, groups, and organizations within this community have their respective ideals of
“future” in terms of the relationship between sciences and society, but they neither explicitly
express them nor are even consciously aware of them. It goes without saying that such
images of an ideal “future” emerge from their own values. [...]. Differences in values or value
orientations within the science communication community have not generally been taken

into serious consideration thus far (p. 4).

It is not surprising that in an Editor’s Note text called “Por wma critica a divulgagio cientifica”
[For a critique of science dissemination|, published in Revista Psicologia from Universidade de Sao
Panlo (USP), Professors Massola, Crochik and Svartman (2015) questioned where the power of
the term science popularization would come from because it is impossible to understand it as a

single movement and there is nothing that characterize it specifically.

In this respect, it is relevant to mention the language issue pointed out by Caribé (2015):
the Brazilian Portuguese words divulgacio and vulgarizagio share an etymological origin, vulg,
which means pegple. Derivations of the Latin word vu/gus are only present, therefore, in languages
of Latin origin, such as French, Spanish, and Portuguese. In English-speaking countries, the
term divulgagao cientifica, meaning to make science popular, is not used (Caribé, 2015; Mueller &

Caribé¢, 2010). In English, expressions like science popularization ot scientific dissemination are used as

2 The nine acknowledged terms in the original language of the aforementioned article are: Divulgacion de la ciencia;
Communicacion de la ciencia; Edncacion no formal en ciencia; Popularizacion de la ciencia; Alfabetizacion cientifica; Comunicacion
Piiblica de la Ciencia; Percepeion social de la ciencia; Democratizacion de la ciencia; Apropiacion social del conocimiento cientifico /
apropiacion de la ciencia.
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synonyms for divulgacio cientifica. More recently, science communication (SciCom) or public

communication of science and technology (PCST) seem to be preferred in academic references.

Nevertheless, in Brazilian productions, the expression divulgacao cientifica is still the most
common term (Fetter, 2022; Germano & Kulesza, 2007; Rocha et al., 2017), but the rationale
and the theorization behind what science popularization as a practice means remain polysemous
and even controversial. This conclusion is also present in a study by Fetter (2022), who analyzed
114 Brazilian articles based on the Communicative Theory of Terminology. The large number
of theoretical contributions, especially from the fields of communication and education, requires
that discourse should always be delineated, situated, and contextualized. Journalists speak based
on the Communication framework, whereas educators are, obviously, based on Education.
Unfortunately, the intersections and permeabilities have not been satisfactorily discussed and

reconciled.

Therefore, there are still questions over how science popularization actions have been
(and will be) constituted as cultural and educational public policies. In Brazil, where the activity
is recognizably vigorous (Entradas et al., 2020), Conselbo Nacional de Desenvolvimento Cientifico e
Tecnolggico (CNPq- National Council for Scientific and Technological Development) uses the
term divulgacao cientifica to identify actions related to the theme — such as naming one of their
supporting committees and an award in the field (Prémio José Reis de Divulgagao Cientifica e
Tecnolggica)y (CNPq, 2022). In the scope of Ministério de Ciéncia, Tecnologia e Inovacao (MCTI-
Ministry of Science, Technology, and Innovation), to which CNPq is connected, the sector
dedicated to the field refers to science popularization - Popularizacio da Ciéncia, a popular term
in Spanish-speaking countries. Another good example is the text of the decree establishing the
Programa  Nacional de Popularizacio da Ciéncia (PopCiéncia- National Program of Science
Popularization), which uses the term “popularization” as a motto, but also uses the expression
divulgagao cientifica (e tecnoldgical) [scientific and technologic dissemination] when citing research
studies and other works in non-formal education spaces. Moreover, the expression comunicagio
priblica da ciéncia [public communication of science] also had relevance in the document, both as

a goal and as a way of acting (Brazil, 2023).

Hence, this text seeks to expose and situate the terms of this terminological variety and
the debates about the definition of science popularization nowadays to achieve some

conciliation based on the references already consolidated in the education and communication
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fields. After all, the development of the area as a field of research and professional activity is
compromised if there is no single definition that accommodates all of the nuances of the
expression, considering the institutional dimension, the theoretical contributions from related
areas, the formulations available in academic productions, the historicity of public policies and,
of course, the diversity of actions, practices and initiatives characterized as science
popularization in Brazil (Barata et al., 2018; Fetter, 2022; Moreira & Massarani, 2002; Reynoso,
2012; Rocha et al., 2017; Silva, 2007).

The definitions guiding us so far

In Brazil, the first theoretical productions about science popularization were
systematized and published due to José Reis” work. He wrote three articles, published between
1954 and 1967, under the laconic but eloquent title Divulgacao Cientifica [Science Dissemination].
Since then, the author has established a difference between science communication among peers
and science communication with a broader audience. José Reis wrote that the process dates
back to the origins of modern science and its institutionalization in European societies and
scientific academies. However, the author situates the germ of science popularization in eatly
19th-century France. His theoretical focus was centered around intentionality and materialized

in passages such as

The press and the media must understand that science is not worth only the headlines it
could generate (and they are not usually created by science itself) but also the value of
information, which needs to be clear among broader audiences. Thus, partial science and

charlatanism will not be mistaken for science (Reis, 1957, p. 48, our translation).

Thus, the activity should be organized, systematized, and developed based on
intentionality. According to Reis (1976), it should be “more than the presentation of a scientific
fact, thus implying the investigation of problems related to philosophy, history, politics,

sociology, and science organization” (p. 61).
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Nevertheless, the community and the literature more frequently referred to Wilson
Bueno (1985) when defining science popularization®. According to the author, the practice
consists of “using resources, techniques, processes and products (channels or vehicles/means)
for the dissemination of scientific or technological information or information related to
innovations to the lay public” (p. 1421). Unlike José Reis’ proposal, this definition does not
focus on the intentionality of the practice, but on its forms and contents. The concept of
dissemination dialogues directly with the consolidated reach of mass media; and the conception
of information dialogues with a directional communication model — from where information

“abounds” to where it “is lacking”.

Before the turn of the century, Manuel Calvo Hernando, another journalist, revisited
Phillipe Roqueplo’s classic book Le partage du savoir. Science, culture, vulgarization [Knowledge
sharing. Science, culture, and vulgarization], from 1974, and made a negative definition of sczence
popularization reverberate widely. Roqueplo (1974, our translation) cited Le Lionnais (1958) when

he explained that science popularization (dissemination, in this case) was

the action of explaining and diffusing knowledge, culture, and scientific thinking under two
conditions, under two reservations: the first one is that the explanation and diffusion of
scientific and technical knowledge should occur out of the scope of official education or
equivalent education [and] that these extracurricular explanations should not intend to train
experts, not even to improve their expertise, because, on the contrary, we intend to complete

specialized culture outside their expertise area.

Finally, discussions on how to do science popularization started to mature in the 2000s,
and the definitions started to reflect the need for an intentional and systematic transposition
process from restricted language to a more colloquial and intelligible language for non-initiated
audiences. Science communication started to appear in the literature produced in English as a
synonym for science popularization. Authors Schiele and Landry (2012, p. 34) crafted the
concept from this perspective, stating that science communication encompasses “all activities
related to the mediation, interpretation, dissemination, and explanation of sciences — the extent
of efforts to inform, raise awareness and mobilize the public.” From another perspective,

Germano and Kulesza (2007) harnessed references from Latin American popular education to

3 Wilson da Costa Bueno’s academic production has been referred more than 4700 times by the scientific

community. His articles from the 1980s have been cited more than 150 times each, and the article Comunicagio
clentifica e divulgaco cientifica: aproximagies e rupturas conceituais, from 2010, has been cited more than 770 times.
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favor the use of the word popularization rather than divulgacio [dissemination], thus valuing
liberating cultural actions and the people as the focus of reflective and dialogical

communication.

When such a variety of formulations is put together, we are taught that there is a set of
elements taken into consideration so that science popularization is acknowledged (and
acknowledges itself) as an activity: its origins or sources; the publics at which it is aimed; the
construction of a new discourse through the transformation of language; and, finally, the values

and intentions that motivate or guide practice.

The five essential elements to define science popularization

Starting from the references cited so far, our experiences when producing and
consuming science popularization, and from heated debates within research groups, practice
collectives and undergraduate and graduate classes, we understand and defend that science
popularization should and could be acknowledged in any cultural manifestation that 1) is not a
formal, propaedeutic, and systematized teaching activity, 2) originates from or has academic
science as a source, 3) is aimed at the lay public, 4) is characterized by the adaptation or
transposition of scientific language, and that 5) intends to democratize scientific culture and

rationality.

Therefore, activities not situated within or related to institutionalized scientific
knowledge, whether academic literature or scientific field professionals, should not be
considered science popularization. Publications in journals, communication in events, public
databases, interviews, and public manifestations provided by institutions and players from the
'circle' are what define the sources of science populatization. Even science popularization
mediated by communication professionals, such as the public relations team of an institution or
specialized journalists, will be closer to the good practices of science popularization as long as
they are loyal and committed to understanding their sources. Thus, if the origin or source of the
social dialogue has academic practices or characters as its declared reference, or if it is closely
related to the context of production of institutionalized and formal scientific knowledge, then

it is, potentially, science popularization.
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However, as Vogt and Morales (2018) suggested, popularization is the meeting point
between science and society — something which, as a rule, does not occur in journals or academic
conferences. Sources are based on institutional science but means/vehicles or ways of
popularization are not. They are spread over culture: science popularization happens through
the communication means and practices that circulate out of the academic diffusion and
dissemination setting. Therefore, it is through the Arts, such as Literature or Theater, or through
news media, for example, that popularization takes place in society. In the specific case of the
media, in addition to traditional broadcasting, the past decade saw the migration of the
relationship between science and the public to social networks (Brossard & Scheufele, 2013;

Brossard & Scheufele, 2022).

On the other hand, science communication — meaning dissemination — occurs among
peers, among those who have been initiated, through specific rites and language. That is to say,

an article or a symposium should not be mistaken for science popularization.

The third fundamental element is the players who practice science popularization. The
activity can be done directly by people who compose and act within the scientific field
(researchers, students, technicians) or mediated by communication professionals who use the
former as their sources. Even science enthusiasts, such as amateur entomologists or
astronomers, bird watchers, fossil collectors, or even a child participating in a citizen science
project, could be potential popularizers. After all, their activities dialogue closely with science as

a process and are subject to criticism from the community.

The fourth element is related to the fact that the identity of the initiatives' target audience
is as important or even more important than the popularizetr’s profile. It is not about
communicating with audiences who are already interested and familiar with the topics
disseminated but promoting a secondary communication (Epstein, 2012) with people who do
not circulate where that specific scientific knowledge was produced; or, moreover, with people
who are distant or detached from formal education environments — who are conventionally

called lay public.

Although it seems to be a trivial concept, its comprehension is more challenging in
practice when popularizers need to plan and assess their audiences. According to Warner (2002,

p. 420), “the reflexive circulation of a given discourse” should be situated within the social space
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and historical context in which it occurs or is being created. That is, audiences “do not exist

apart from the discourse that addresses them” (Warner, 2002, p. 410).

Still in this respect, a significant passage in the foreword for Science in the Public Sphere:

A history of lay knowledge and expertise reads:

Once the walls between those who know and those who do not have been shaken, we all at
some point become active publics of science, as students, visitors, spectators, users or
patients, but also as disseminators, amateurs and experts of a given corpus of knowledge.
Even the leading world experts in subatomic particles or molecular biology, to cite just two
emblematic examples from the latest frontiers of science, are also ignorant in other spheres
of knowledge or other human skills. This dynamic view of the construction of knowledge
is thus based on this flexible use of the idea of ‘publics (Nieto-Galan, 2016, p. 08).

Thus, there is no absolute separation between the learned and the lay, but a continuous
and flexible gradation of audiences, leading to the niching of some science popularization

actions — a challenge closely linked to the processes of language transposition.

In this respect, Semir (2002) evoked the end of the 17" centuty by referring to Bernard
de Boyer de Fontenelle on the need to search for explanatory langunage that pleases both “the wise
world” and “the lay public”. There the author situated the dawn of the definition of science
popularization. Nieto-Galan (2016) explained that, in the two following centuries, the
professionalization and specialization of science created a growing gap between experts and the
lay public. The phenomenon of specialization and professionalization of scientific language is
also discussed in an article by Sun et al. (2021), who analyzed the first scientific journal in history

— Philosophical Transactions of Royal Society.

Based on Gaston Bachelard’s epistemology, Nieto-Galan (2016) stated that scientific
progress stemmed from the victory of specialized knowledge (episterze) over public opinion
(doxa). The 20 century widened the gap between the discourse of science authority and public
opinion. Silva (2007) warned about it by suggesting that maybe science popularization did not
bring science closer to the public; on the contrary, it circumscribed interlocution spaces.
Regardless, a certain type of popular science remained alive in books, public conferences, games,
and presentations, with professional popularizers aiming at the proper language to share
knowledge with all emerging social segments (Mueller & Caribe, 2010; Nieto-Galan, 2010).

Therefore, everyone, including scientists and popularizers, must understand that a particular
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sort of science, albeit introductory and apodictic (Fleck, 2010), is present in society and will

always affect academic science to a greater or lesser extent.

From this perspective, the research group led by Professor Martha Marandino, from the
Education College of the Universidade de Sao Paulo (USP), for example, has contributed to
understanding science popularization in museums and science and technology centers. Their
works are based on Yves Chevallard’s Theory of Didactic Transposition and its derivation, the
Anthropological Theory of the Didactic, both originated in the fields of Science Teaching and
Education, to investigate what is taught and how it is learned in these spaces (Marandino et al.,

2003; Marandino et al., 20106).

We understand that academic science is not the popularized science. The wise
knowledge, the object of reference, undergoes a reformulation to become likely to generate
interest and be understood by audiences detached from the context where it is produced and
gains meaning. This new knowledge results from recontextualization, syncretism with other
forms of knowledge, simplification or extrapolation, and communication techniques and

creativity.

From the communication field, Epstein (2012) offers concepts that allow us to
differentiate the language of communication between peers from science popularization. While
the former is “predominantly referential”, the latter navigates through fantasy and imagination
as instruments of persuasion, thus performing an emotive, poetic, and phatic function. They are
different languages and styles, but both are committed to scientific truth. When discussing
scientific journalism, Zamboni (2001) stated that this linguistic phenomenon resulted in a new
text genre different from the one that originated it. Sanchez-Mora’s (2022) definition of science
popularization is based on the same aspect: the author understands that popularization is a
multidisciplinary activity aimed at communicating scientific knowledge to different audiences

by recreating knowledge with fidelity and contextualization in order to make it accessible.

From the field of Education, it is possible to add a perspective related to Social Studies
of science and technology and to the concept of Discourse. Based on Ramos et al. (2006) and
Magalhaes et al. (2017) proposal, we understand that science popularization should undo the
conception of linguistic transparency to better understand and plan the effects produced on the
public, based on what is said — and not said — about science and technology. After all, the

production of meaning does not occur only based on the sender’s message, and the
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transposition of scientific language to science popularization language is undoubtedly a process

imbued with power.

In these aspects lies the understanding of reciprocal relationships between science and
the public and of the transformation processes of scientific knowledge into a new discourse,
which is the focus of Valle and Andrade (2022) original study. Employing Pierre Bordieu’s

concept, they assessed science popularization as a research field.

Here we emphasize the role played by the values and intentions that guide the initiatives
or practices for the definition of science popularization; they are not always clear, conscious, or
declared, as previously described by Ogawa (2012). And this is the fifth element from our

reflections: intentionality.

In their Handbook of Public Communication of Science and Technology, Bucchi and
Trench (2014) stated that science popularization historically started as a popularization effort
through spectacularization between the 18th and 19th centuries and then became an ode to
science in the first half of the 20th century. Only after World War II did the coverage and public
display of science become more critical, even suggesting the need for some public participation
and control in the 1980s. This perspective only transformed in the late 1990s by overcoming
the paternalistic model, characterized by a vertical, top-down relationship. Finally, the 21st
century reverberated proposals of involvement and engagement from political participation and

citizen science perspectives.

Furthermore, the aforementioned authors suggested that the first decade of the 21*
century saw the crisis of traditional mediation (magazines, museums and mainly mass media —
'V and newspapers) with the unfolding of expertise democratization through social networks

— and a possibility of transparency and visibility for science institutions and professionals.

In the dispute among the referred models, Caribé (2015) points out that there seemed
to be a certain subordination of science popularization (and other practices) to the scientific
community, with the centralization of its intentionality and pertinence on the sender. The
highest representation of this relationship was in the informational or deficit model. Thus, other
fields of interlocution, such as the public understanding of science (PUS) and scientific and
technological literacy (STL), would be responsible for directing the community’s eyes to the

receiving public.
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From Bodmer (1985) to Bucchi and Trench (2021), clear and necessary relationships
were established: between the perception and public understanding of science, and between
scientific communication/education and scientific culture. Here, the aforementioned
exhaustion of formal education at schools is reaffirmed, so José Reis must be cited once again
to give pertinence to the pedagogical meaning of science popularization and its manifestation

forms.

Reynoso (2012) states that revisiting the concept of popularization reaffirms the social
and pedagogical intentionality of popularization, which materializes in the goal of achieving
scientific and technological literacy and the social appropriation of science and technology. Such
edncational dimension also appears in theorizations like the one by Burns et al. (2003), who define
science popularization as a search for “producing one or more of the following personal answers
to science [by drawing an analogy with the vowels AEIOU]J: awareness, entertainment, interest,

opinion-forming and understanding or comprehension” (p. 183).

Finally, Bueno (2010) expands his previous proposals and states that even the
pedagogical dimension (in the sense of educating) should go beyond the enunciative tradition,
from one who knows to those who do not, by using dialogicity and interaction. This proposal
stems from a type of communication fully supported by education, thus pointing out that

permeabilities and connections between fields are possible.

Defining without limiting: science popularization as a plural

concept

As we have seen so far, several literature collections and reviews highlight that there is
no peremptory definition, a strict meaning, that can be applied to all contexts, means, practices,

and actions that claim to be or are identified as science popularization.

We agree with Bueno (2010), who wrote that maybe we cannot (or should not) try to
overcome the conceptual imbroglio over the term through historical or filiation disputes. On
the contrary, considering some disruptions and approximations is necessary and appropriate, as
it is a flexible, graded, and plural concept. Just like biologists, who formulated and make use of

at least five different definitions for the concept of species (typological or phenetic, biological,
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evolutionary, phylogenetic and ecological), maybe science popularization researchers and

popularizers should navigate across the plurality and permeability of different domains.

If we agree that a definitive formulation is not necessary, we could analyze science
popularization like a guiding scale, more accommodating of the profusion of variables
surrounding the expression. Because of this, using the elements presented in the previous
section, we propose a conceptual spectrum through which we can reflect upon and even
characterize science popularization. In the figure below, we share the understanding that actions
and initiatives are characterized as science popularization as they get closer to the extreme right

of the spectrum.

Figure 01
Spectrum of science populatization practices ftom the perspective of a2 plural definition.
@ SCIENCE POPULARIZATION @
Expert . Deteliched
o Audiences Distant
Initiated .
Publics Lay
Alternative :
Academic
Common sense Sources .
. Institutional
Opinions
He@etic Languages Accessible
Restrict Adapted
Vague Pedagogical Clear
Omitted intentionality Committed

Amidst a range of possible actions (cultural manifestations and means of
communication), it is important to understand that several elements can and should be
considered for a proposed definition. After all, as we differentiate science popularization from
formal educational practices, we also need to distance it from uncommitted initiatives and use
credible sources of scientific knowledge. Thus, audiences can be niched, but it is not peer-to-

peer communication; sources do not have to be in the latest publications, but they should be
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close to culture and institutional scientific practices; language does not need to rule out scientific
terminology, but it should move away from hermeticism and closer to colloquial language; and
even pictorial or entertainment actions, due to their potential, should be considered science

popularization as long as they assume or allow us to recognize some pedagogical intention.

From this point, the most diverse forms through which science popularization can
manifest itself in the public setting are legitimized: a poster at a bus stop, a demonstration at a
public hearing, a tray liner with nutritional information at a restaurant, or a literary short story
with a scientific theme would all be popularization. In fact, there seems to be no limit to the
means or forms through which science can meet the public within a perspective of

communicational interaction and pedagogical intentionality.

Based on the aforementioned interpretation and the other references brought to this
discussion, we insist that popularization is not (and should not be) only related to scientific
concepts but to practices, processes, players, stories, values, and attitudes. Scientists, students,
initiated enthusiasts, and communicators willing to mediate the process are legitimate

popularizers.

Further reflections and other debates

The crucial point of the discussion about the concept of science popularization seems
to be the motivation or intention in its different manifestations. On the one hand, initiatives like
producing a new museum facility or making a video for a social network usually start with the
assumption that widely disseminating knowledge has a social value translated into education and
democracy. On the other hand, this assumption is not what motivates the existence of actions
like scientific journalism, which tends to be more clearly guided by professional and corporative
dimensions. In light of this, we should acknowledge that the definition of science popularization

is not detached from those who practice it — consciously or not.

Other examples as actions such as Pint of Science public conferences or the countless
college initiatives to take science to the streets differ from a literary work or a film that
approaches a scientific theme. Even among counterpart manifestations, such as in the case of
cinema, there are clear differences between films like Jurassic Park and Interstellar. That is why

it is not simple to establish general limits. What we call science fiction is a point of intersection
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between thinking and feeling, reason and emotion, skepticism and belief; it melts such dualities.
It is unclear if we should consider science a character or a co-author when defining science
popularization. Could science be the raw material for fiction and still be popularized? When Kip
Thorne, an American physicist, was a consultant and producer of Interstellar, did he transform
the film into something that went beyond cinematic entertainment? These are still unresolved

questions for our research and practice community.

Particularly, we understand that science and technology can be texts or pretexts amidst
culture and that there are several nuances of intentionality among what cultural manifestations
seek. For instance, the works of Dutch graphic artist Escher are full of the most refined
mathematical concepts. However, they are artworks before they could possibly become works
of mathematics popularization. Cultural products are not transparent just because we want them
to be. Even if we curated and organized Escher’s works according to the concepts in them,
what we could more clearly define as science popularization would be only one among several

possibilities to understand and exhibit the artist’s production.

Hence, it is difficult and probably inappropriate to establish an a priori measure of
whether poetry or music is more (or less) capable of captivating or approaching, informing or
clarifying, calling for a vocation or seducing, teaching or educating compared to a news article
or to a podcast episode. Consequently, a definition of science popularization only seems to be
possible by individually situating the initiatives, emphasizing their characteristics, revealing or

interpreting their original intentions or measures and, perhaps, assessing their results.

Like Calvo Hernando (1992), we believe that a negative definition of science
popularization could be beneficial in cases where some form of limitation is acceptable. Thus,
we defend that it should be acknowledged as a pedagogical practice but not organized under the
didactic terms of formal education (systematic, sequential, summative, propaedeutic, evaluative
and certifying). In this sense, science popularization is part of what is conventionally called, in
Brazilian Portuguese, non-formal practices or environments (Calvo Hernando, 2012; Gohn,

1999; Gohn, 2006; Jacobucci, 2008; Marandino et al., 2003).

When analyzing school within the scope of science popularization, Argtello (2001) said
that while schools and science teachers educate pootly. It is also true that few popularizers know
science and education, and that few scientists know how to popularize and educate. Such

precariousness has obviously been minimized in the past few decades. However, we should still
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consider the distances and barriers between those who produce science, those who
communicate it to the public, and those who teach it at school. What we know for sure is the
close relationship between science popularization and science teaching at school. They share
the goal of expanding the scientific and technological literacy of the whole society and
consequently consolidate scientific citizenship and culture. Science popularization can
complement, enrich, expand, illustrate, contextualize, and update formal education — although
it depends on the quality of popularization and school didactics. The problem lies in the fact
that the science propagated through science popularization is usually more up-to-date and
controversial than school science and that the presence of science popularization at school still
occurs fundamentally as a formative resource and supplemental material (Baldinato & Porto,

2008; Batistele et al., 2018).

In another sphere, it is important to pay attention to the institutional contexts when
addressing the differences among science popularization, diffusion, and dissemination. Due to
motivations from scientific practice itself, in addition to the specific peer-to-peer
communication, scientific institutions are guided by institutional interests and not by public
interest. In this respect, Fonseca (2019) wrote a text exposing how institutional communication
(in this case, Brazilian universities) dismisses public interest and favors the circulation of internal

information and interests, or based on public relations.

Nevertheless, from our viewpoint, it is important to situate science popularization as a
possible academic practice linked to the core activities of institutions (especially public ones).
We understand that science popularization should be accommodated and integrated as a
valuable academic practice within the concept of university outreach given the role played by
universities as science and technology producers and the community principles of social impact
and dialogicity in extension actions (Valério, 2006). In Brazil, this link is already present in some
institutions, such as the Science Popularization Department of Universidade Federal de Minas

Gerais, located at the Office of University Outreach.

In conclusion, we have deepened some questions and proposed new ones for science
popularization to ponder and strengthen the social and academic debates about the relationships
between science and the public through science popularization. For this reason, we have
proposed a possible definition of science popularization without intending to sound peremptory

or limiting, aiming to avoid any divisions among actions or to diminish the practice’s merit and
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power as a cultural phenomenon. On the contrary, we understand that a plural definition —
wider and more accommodating — could make science popularization even more relevant within

the context of philosophical and epistemic liquidity inherent to science today.

References

Argtello, C. A. A ciéncia popular. (2001). In Massarani, I. C., Moreira, & F. Brito. Ciéncia e
priblico: caminhos da divulgacao cientifica no Brasil (pp. 205-206). Casa da Ciéncia, UFR]J.

Baldinato, J. O., & Porto, P. A. (2008). Michael Faraday e a histéria quimica de uma vela: um

estudo de caso sobre a didatica da ciéncia. Quimica Nova na Escola, 30, 16-23.

Barata, G., Caldas, G., & Gasoigne, T. (2018). Brazilian science communication research:
national and international contributions. ~Anais Da Academia Brasileira De Ciéncias, 90(2),

2523-2542.

Batistele, M. C. B., Diniz, N. P., & Oliveira, J. R. S. (2018). O uso de textos de divulgacao
clentifica em atividades didaticas: uma revisao. Revista Brasileira de Ensino de Ciéneia e

Tecnologia, 11(3), 182-210.
Bodmer, W. (1985). Public understanding of science. The Royal Society.

Brasil, Casa Civil. (2003). Decreto n.°11.754. Didrio Oficial da Unido. Se¢io 1. 26 de outubro.

p.19. Imprensa Nacional.

Brockington, G., & Mesquita, L. (2016). The consequences of bad science communication.

Revista da Biologia, 15(1), 29-34. https://doi.org/10.7594/revbio.15.01.03.

Brossard, D., & Scheufele, D. A. (2013). Science, New Media, and the Public. Science, 339,40-41.
DOI:10.1126/science.1232329.

Brossard, D., & Scheufele, D. A. (2022). The chronic growing pains of communicating science

online. Scence, 375(6581), 613-614. https://doi.org/10.1126/science.abo0668.

Bucchi, M., & Trench, B. (2014). Science communication research: themes and challenges. In
Routledge Handbook of public communication of science and technology. (pp. 1-14, 2. ed.).
Routledge.

Pro-Posicoes | Campinas, SP | V. 36 | ¢2025c0502EN | 2025 19/25



~ http://dx.doi.org/10.1590/1980-6248-2024-0047TEN
Pro-posicoes

e-ISSN 1980-6248

Bucchi, M., & Trench, B. (2021). Rethinking science communication as the social conversation
around science.  Journal — of  Science Communication, 20(3), 1-11.

https://doi.org/10.22323/2.20030401.

Bueno, W. da C. (1985). Jornalismo cientifico: conceito e fung¢oes. Ciéneia e Cultura, 37(9), 1420-
1427.

Bueno, W. da C. (2010). Comunicacao cientifica e divulgacao cientifica: Aproximagoes e

rupturas conceituais. Informagao & Informagio, 15(1), 1-12.

Burns, T. W., O’Connor, DJ, & Stocklmayer, S.M. (2003). Science Communication: A
Contemporary Definition. Public Understanding of Science, 12(2), 183—202.

Calvo Hernando, M. (1992). Periodismo Cientifico. Paraninfo.

Caribé, R. de C. do V. (2015). Comunicacao cientifica: Reflexdes sobre o conceito. Informagao &
Sociedade, 25(3), 89-104.

Castelfranchi, Y. (2018, dez.). Noticias falsas na ciéncia. Ciéncia Hoje. n. 350.

http://cienciahoje.org.br/artigo/noticias-falsas-na-ciencia/.

Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico [CNPq]. (2022). Apresentacao

dos Comités Assessores.

Entradas, M., Bauer, M. W., O’Muircheartaigh, C., Marcinkowski, F., Okamura, A., Pellegrini,
G., Besley, J., Massarani, L., Russo, P., Dudo, A., Saracino, B., Silva, C., Kano, K.,
Amorim, L., Bucchi, M., Suerdem, A., Oyama, T., & Li, Y.-Y. (2020). Public
communication by research institutes compared across countries and sciences: Building

capacity for engagement or competing for visibility? PLOS ONE, 75(7), ¢0235191.

Epstein, I. (2012). Comunicagdo da ciéncia: rumo a uma teoria da divulgagdo cientifica.
Organicom, 9(16-17), 18-38
Falk, J. H., & Dierking, L. D. (2002). Lessons without limit: how free-choice learning is transforming

education. AltaMira Press.

Fetter, G. L. (2022). Variacdo terminoldgica nas pesquisas sobre divulgagao cientifica: Analise
dos termos empregados por professores-pesquisadores das universidades brasileiras.

Trabalhos em Linguistica Aplicada, 61, 46-59.

Pro-Posicoes | Campinas, SP | V. 36 | ¢2025c0502EN | 2025 20/25



~ http://dx.doi.org/10.1590/1980-6248-2024-0047TEN
pro-posicoes

e-ISSN 1980-6248

Fleck, L. (2010). Génese e desenvolvimento de um fato cientifico (Trad.: Georg Otte, Mariana Camilo de

Oliveira). Fabrefactum.

Fonseca, A. A. (2019, jun.). Comunica¢ao das universidades ainda despreza interesse publico.
Observatirio da Imprensa. Ed. 1042.
https:/ /www.observatotiodaimprensa.com.br/ ciencia/comunicacao-das-

universidades-ainda-despreza-interesse-publico/.

Germano, M. G., & Kulesza, W. A. (2007). Popularizagao da ciéncia: Uma revisio conceitual.

Caderno Brasileiro de Ensino de Fisica, 24(1), 7-25.

Gil, D., & Vilches, A. (2001). Una alfabetizacion cientifica para el siglo XXI. Obstaculos y
propuestas  de  actuacion.  Imvestigacion  en  la  Escuela, 43,  27-37.

https://doi.org/10.12795/1E.2001.i43.03

Gohn, M. G. (1999). Educacio nao-formal e cultura politica: impactos sobre o associativismo do terceiro setor.

Cortez.

Gohn, M. da G. (2006). Educacio nao-formal, participa¢io da sociedade civil e estruturas

colegiadas nas escolas. Ensazo: Avaliagao e Politicas Priblicas em Educacao, 14, 27-38.

Jacobucci, D. F. C. (2008). Contribui¢des dos espacos nao-formais de educacao para a formagao

da cultura cientifica. Revista Em Extensao, 7(1), 55-66.
Laugksch, R. C. (2000). Scientific literacy: A conceptual overview. Scence Education, §4(1), 71-94.

Lorenzetti, L. (2017). A Alfabetizacao Cientifica na Educacdao em Ciéncias. ACTIO: Docéncia em
Ciéncias, 2(2),1-3.

Magalhaes, C., Silva, E. da, & Gongalves, C. (2017, abr.). A interface entre alfabetizacao
cientifica e divulgacio cientifica. Areté | Revista Amazionica de Ensino de Ciéncias, 5(9), 14-
28.

Mansur, V., Guimaraes, C., Carvalho, M. S., Lima, L.. D. de, & Coeli, C. M. (2021). Da publicacao
académica a divulgacdo cientifica. Cadernos de Saide Piiblica, 37, e00140821.
https://doi.org/10.1590/0102-311X00140821.

Marandino, M. (2017). Faz sentido ainda propor a separacao entre os termos educagao formal,

nao formal e informal? Ciéncia & Educacao, 23, 811-816.

Pro-Posicoes | Campinas, SP | V. 36 | ¢2025c0502EN | 2025 21/25



~ http://dx.doi.org/10.1590/1980-6248-2024-0047TEN
Pro-posicoes

e-ISSN 1980-6248

Marandino, M., Bueno, J., Gomes, F. de O., Kiistel, F. L., & Oliveira, A. (2016). Os usos da
Teoria da Transposi¢ao Didatica e da Teoria Antropolégica do Didatico para o estudo

da educacao em museus de ciéncias. Revista Labore em Ensino de Ciéncias, 1(1), 69-97.

Marandino, M., Silveira, R. V. M. da, Chelini, M. J., Fernandes, A. B., Rachid, V., Martins, L. C.,
Lourengo, M. F., Fernandes, J. A., & Florentino, H. A. (2003). A educag¢do nao formal
e a divulgagio cientifica: O que pensa quem faz. Anais 4.° Encontro Nacional de Pesquisa em

Ensino de Ciéncias. https:/ /tepositotio.usp.br/item/001445322.

Massola, G. M., Crochik, J. L., & Svartman, B. P. (2015). Por uma critica da divulgacio cientifica.
Psicologia USP, 26, 310-315.

Miller, J. D. (1992). Toward a scientific understanding of the public understanding of science
and technology. Public Understanding of Science, 1(1), 23-26.

Moreira, I. C., & Massarani, L. (2002). Aspectos historicos da divulgacao cientifica no Brasil. In
1. Massarani, I. C. Moreira, & F. Brito (Otg.). Ciéncia ¢ Piiblico: caminbos da divulgacao
cientifica no Brasil (pp. 43-64). Casa da Ciéncia.

Mueller, S. P., & Caribé, R. de C. do V. (2010). A comunicagao cientifica para o publico leigo:
breve historico. Informacio & Informagao, 15(1esp), 13-30.

Nieto-Galan, A. (2016). Science in the Public Sphere: A history of lay knowledge and expertise (1st ed.).
Routledge.

Ogawa, M. (2012). Towards a 'Design Approach' to Science Communication. In J. K. Gilbert,
& S. M. Stocklmayer, SM. (Eds), Commmunication and Engagement with Science and Technology
(pp. 261-272). Routledge.

Oreskes, N., & Conway, E. M. (2010). Merchants of doubt. How a handful of scientists obscured the truth

on issues from tobacco smoke to global warming. Bloomsbury.

Posetti, J., & Bontcheva, K. (2020). Desinfodemia: Descifrando la desinformacién sobre el Covid-19-
Unesco Digital Library. https:/ /unesdoc.unesco.org/ark: /48223 /pf0000374416_spa.

Ramos, M. B. (2006). Discursos sobre ciéncia & tecnologia no Jornal Nacional. (Dissertagao de

mestrado, Universidade Federal de Santa Catarina). Repositorio Institucional da UFSC.
Reis, J. (1967). Divulgacio da ciéncia. Ciéncia e Cultura, 19(4), 697-702.

Reis, J. (1976, out.). Comunicagao da Ciéncia. Anbenbi, 1(1).

Pro-Posicdes | Campinas, SP | V. 36 | ¢2025c0502EN | 2025 22/25



~ http://dx.doi.org/10.1590/1980-6248-2024-0047TEN
Pro-posicoes

e-ISSN 1980-6248

Reis, J. (1982, jun.). Depoimento de um divulgador. Ciéncia e Cultura, 34( 6), 800-816.

Reynoso, E. (2012). La cultura cientifica en los museos en el marco de la educacion informal. [Tesis

doctoral]. Universidad Nacional Auténoma de México, Ciudad de Mexico.

Rocha, M., Massarani, L., Pedersoli, C., Massarani, L.., & Rocha, M. (2017). La divulgacion de la
ciencia en  Ameérica  Latina: Términos, definiciones y  campo  académico. Fiocruz-COC.

http://sedici.unlp.edu.ar/handle/10915/120620.

Rogers, A. (2004). Looking again at non-formal and informal education: towards a new
paradigm. In A. Rogers, Non-formal education: flexible schooling or participatory edncation? The
University of Hong Kong

Roqueplo, P. (1974). La partage du savoir. Editions du Sueli.

Sanchez M., A. M. (2002). Guia para el divulgador atribulado I: Ensefianza y aprendizaje de la
divulgacion. En E/ Muégano Divulgador, 17, 4-5.

Schiele, B., & Landry, A. (2012). The Development of Science Communication Studies in
Canada. In B. Schiele, M. Claessens, & S. Shi (Eds.), Science Commmunication in the World:
Practices, Theories and Trend (pp. 33-63). Springer Netherlands.

Semir, D. (2002, oct./dic.). Aproximacién a la historia de la divulgacién cientifica. Quark, 26.
Silva, H. C. da. (2007). O que ¢ divulgacao cientifica? Ciéncia &> Ensino, 1(1), 53-59.

Sun, K., Liu, H., & Xiong, W. (2021). The evolutionary pattern of language in scientific writings:
A case study of Philosophical Transactions of Royal Society (1665—1869). Scientometrics
1206, 1695-1724.

Valério, M. (20006). Agdes de divulgagao cientifica na Universidade Federal de Santa Catarina: extensio como
compromisso social com a edncagao em ciéncia e tecnologia. [Dissertacio de Mestrado, Programa
de Pos-graduagao em Educagiao Cientifica e Tecnologica]. Universidade Federal de

Santa Catarina, Florianépolis, Brasil.

Valladares, L. (2021). Scientific Literacy and Social Transformation. Sczence & Education, 30(3),
557-587. https://doi.org/10.1007/s11191-021-00205-2.

Valle, L. R. do, & Andrade, T. H. N. de. (2022). A divulgacio cientifica enquanto campo. Revista
Tecnologia e Sociedade, 18(50), 230-242. https://doi.org/10.3895/rts.v18n50.14697.

Pro-Posicoes | Campinas, SP | V. 36 | ¢2025c0502EN | 2025 23/25



~ http://dx.doi.org/10.1590/1980-6248-2024-0047TEN
pro-posicoes

e-ISSN 1980-6248

Vogt, C., & Morales, A. P. (2018). Cultura cientifica. In C. Vogt, M. Gomes, & R. Muniz, R.
(Org.), Comciéncia e divulgagio cientifica. (pp. 13-22). BCCL: Unicamp.
Warner, M. (2002). Publics and counterpublics (abbreviated version). Quarterly Journal of Speech,

88(4),413-425. https:/ /doi.org/10.1080/00335630209384388.

Zamboni, L.M.S. (2001). Cientistas, jornalistas e a divulgacao cientifica: subjetividade e heterogeneidade no
discurso da divulgacao cientifica. Autores Associado/Fundagiao de Amparo a Pesquisa do

Estado de Sao Paulo.

Ziman, J. (1991). Public Understanding of Science. Science, Technology, & Human 1 alues, 16(1),
99-105. http://www.jstor.org/stable/690042.

Notes

Submission data:
Submitted to evaluation on August 9, 2024; revised on November 04, 2024; accepted
for publication on February 16, 2025.

Corresponding author:

Valério, Marcelo — Universidade Federal do Parana — UFPR, Setor de Educacio,
Departamento de Teoria e Pratica de Ensino, Rua Rockefeller, 57, Bairro Rebougas,

Curitiba, PR. Brasil.

Pro-Posicoes | Campinas, SP | V. 36 | ¢2025c0502EN | 2025 24/25



~ http://dx.doi.org/10.1590/1980-6248-2024-0047TEN
pro-posicoes

e-ISSN 1980-6248

Authors’ contributions:

Valério, Marcelo — Conceptualization (Lead), Writing-original draft (Equal), Writing —

review and editing (Equal)

Takata, Roberto — Conceptualization (Supporting), Writing-original draft (Equal),
Writing — review and editing (Equal)
Support and Funding:

Programa de Pés-Graduagiao em Educagiao em Ciéncias e em Matematica (PPGECM),

da Universidade Federal do Parana.

Research data availability:

The contents underlying the research text are included in the manuscript.

Copy Editing services:

Normaliza¢do bibliografica (APA 7% ed.), preparagao e revisio textual em portugués:

Vera Lucia Fator Gouvéa Bonilha <verah.bonilha@gmail.com.br>
Versio para lingua inglesa: Leonardo Luis Spanghero <leospanghero26@gmail.com>

Text preparation and English revision: Viviane Ramos <vivianeramos@gmail.com>

Responsible editors:

Associate Editor: Helena Sampaio <https://otcid.org/0000-0002-1759-4875>

Editor-in-Chief: Chantal Victéria Medaets <https://orcid.org/0000-0002-7834-3834>

Pro-Posicoes | Campinas, SP | V. 36 | ¢2025c0502EN | 2025 25/25



