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The effect of scientific impact on science communication through art from the lens of deviance theories
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Abstract

Exploring the multifaceted relationship between scientific impact and science communication
through art, our study surveys 2,500 Spanish artistic researchers. Guided by deviance theories and
double standards theories we reveal a nuanced pattern: the effect of scientific impact initially
impedes science communication through art, turning positive after a given impact threshold.
Striking a harmonious science-art balance emerges as a mitigating factor, fostering broader
links between science communication through art and scientific impact. Our findings
advocate for targeted incentives to encourage science communication through art without
compromising scientific impact, contributing to a deeper understanding of their complex
interplay.
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1  Introduction

The promotion of public engagement with science is increasingly important in societies where
technological innovation and scientific advances shape our daily life. Science communication
plays a crucial role in promoting this process as it can provide clear and accessible explanations of
scientific concepts and discoveries to the public [Besley, Dudo & Yuan, 2018], allowing
people, scientists and institutions to make informed decisions on issues related to science,
such as public health and environmental policy [Bubela et al., 2009]. Most importantly,
it also encourages engagement and collaboration between scientists and the public,
which can in turn lead to a more socially robust form of innovation and science, and to
an increased social impact of science [Sætra, 2024; Weingart, Joubert & Connoway,
2021].


Science communication, however, is not a single, monolithic practice. There are different aims and
approaches in science communication [Kappel & Holmen, 2019]. Science communication has
been traditionally divided in two main general approaches: public outreach and public
engagement [Bao et al., 2023; Entradas, 2022; Anzivino, 2021]. Drawing from the long criticized
deficit model, public outreach was supposed to involve one-way communication from
scientists to the public, with the aim of disseminating information, raising awareness and
increasing scientific literacy among non-experts [Irwin & Wynne, 2012]. The deficit model,
however, was fiercely criticized for framing the general public as a passive observer that
need to be educated in scientific matters in order to be able to appreciate science and
technological advances [Simis, Madden, Cacciatore & Yeo, 2016; Maia Loureiro & Horta,
2024].


Informed by the “dialogue model”, public engagement conceived science communication as a
relational activity, establishing a two-way communication process, involving the public in the
design of research agendas and the evaluation of scientific practices and policies [Azagra-Caro &
Boni, 2023; Rossi, Rosli & Yip, 2017]. However, the term “public engagement” has gone through
significant changes, losing accuracy and becoming an umbrella term, whose definition may
vary depending on the objectives, motivations, audience involved, type of activities
conducted or stage of the research process in which it is promoted [Weingart et al.,
2021].1


However, as Metcalfe [2022] powerfully argued, these models could not really exist independently
from each other but they all struggled to solve a specific problem, i.e. the relationship between
scientists and the public, or blame someone for the difficulties in finding a solution. In contrast,
she advocates to embrace the chaos and messiness of science communication, drawing elements
from all theorized science communication models to actually increase the chances of success. As
she puts it: “Scientists and publics play multiple roles; they can seek out and receive scientific knowledge;
they can discuss and debate scientific knowledge; and they can determine and shape the direction of scientific
knowledge”.


Metcalfe, actually, was not alone in claiming that the boundaries between outreach and engagement
have become essentially blurred. Indeed, drawing on cultural theory, Davies, Halpern, Horst, Kirby and
Lewenstein [2019] have argued that science communication is a process of meaning-making where
the creation process occurs through: 1) the mobilization of ideas about experience; 2) the framing
of science communication through identity work; 3) science fiction and 4) paying attention to emotion.
In their view, science communication is always entangled within, and itself shaping, cultural stories
and meanings. As a result, they suggest moving beyond debates concerning ‘deficit or dialogue’ as
the key frame for public communication of science. More recently, it has been argued that science
communication is also a way to expand citizen science, increase the diversity of publics who engage in
science communication endeavours and helps citizens to address social justice issues [Lorenz, 2020].


Interestingly, some initiatives bringing together scientists and local people to co-produce scientific
knowledge through art installation or collective story telling exercises proved at the same time a process
of creative knowledge production, and a successful strategy of science communication and outreach [Rios
& Negrete, 2013; Stevens & O’Connor, 2015]. Other initiatives based on the hybridization between art and
science, otherwise known as SciArt initiatives, have not only helped reconsidering the complexity and
potentiality of science communication, they have also raised a growing interest in art as a key element in
science communication and engagement [Halpern & Rogers, 2021; Parks & White, 2021; Reinsborough,
2020; Zaelzer, 2020; Lesen, Rogan & Blum, 2016]. Science communication through art has, thus, proved a
powerful and effective way of engaging audiences, making scientific concepts more accessible and
understandable and leading to innovation [Fritzsche & Dürrbeck, 2020]. Art also evokes emotions,
stimulates creativity and provides a visual representation of complex scientific ideas [Marozzo, Crupi,
Abbate, Cesaroni & Corvello, 2024]. By using artistic mediums such as paintings, sculptures, installations,
films and performances, scientists and science communicators can create a bridge between science
and the public and affect public perception of science [Muscio, 2023; Kirby, 2016; van Dijck, 2003].


Yet, art is not only a successful medium to communicate scientific contents but actually a space
where new and shared knowledge may be created through a successful engagement between
scientists and local people [Tingay, 2018]. In fact, the role of art in science communication cannot
be limited to the dissemination phase: art can play a key role in actually co-producing scientific
questions, methods and results. As a result, an open and collaborative interaction between science
and art in the early research stage can contribute to an increased understanding of science
communication in both research and society [Jonsson & Grafström, 2021]. While the use
of theatre in science communication, for instance, has opened up a fertile space for
negotiation and co-creation of knowledge [Parry, 2020], the use of poetry as a research
tool or as a public engagement method has facilitated dialogue between scientists and
publics and often levelled existing hierarchies between scientists and publics [Illingworth,
2022].


The ability of science communication through art to increase the societal impact of science, thus,
has been largely acknowledged and studied. Yet, what do we know about its relationship with
scientific impact? Over the past two decades, researchers have been increasingly subjected to
systematic pressure to redouble both their scientific and societal impacts [Smit & Hessels, 2021;
Rushforth & de Rijcke, 2015; Hicks, Wouters, Waltman, De Rijcke & Rafols, 2015; Bornmann, 2013].
Even if, in principle, scientists can simultaneously increase their social impact and their scientific
impact, the actual relationship between these two aspects of the scientific endeavour remains
understudied. The effect of achieving an ever-higher scientific impact on the actual effort to
engage in science communication is not always clear-cut and has been the subject of
some debate [Sanz Merino & Tarhuni Navarro, 2019; Neresini & Bucchi, 2011]. Some
studies have found a positive relationship between scientific impact and engagement in
public communication, suggesting that researchers with a higher scientific impact are
also more likely to engage with the public [Shema, Bar-Ilan & Thelwall, 2012; Jensen,
Rouquier, Kreimer & Croissant, 2008]. Conversely, other studies have found a negative or
no relationship between scientific impact and science communication [Besley et al.,
2018; Bubela et al., 2009]. Despite the effectiveness of art in engaging audiences and
making scientific concepts accessible [Rios & Negrete, 2013], the interplay between
science communication through art and traditional scientific impact remains, thus largely,
unexplored.


In this paper we will, thus, try to cast some light on the effect of scientific impact on science
communication through art and explore whether it changes along the academic ladder. To do so,
we will address specifically a community of researchers that we define “artistic researchers”.
Interestingly, a recent study addresses the motivations and visions of science artists, who,
according to the working definition, are artists who use scientific contents, ideas and methods to
generate artistic works. It comes to the conclusions that scientists, institutions, funders,
and other organizations seeking to support science artists or incorporate SciArt into
public communication efforts should ensure they offer opportunities for creators to
fulfil both internal and external goals. Doing so could be an important step towards
supporting more mutually rewarding collaborations and, ultimately, a more vibrant SciArt
landscape [Fleerackers, Brown Jarreau & Krolik, 2022]. In our study, we have decided to
focus on the ideal counterpart: i.e. scientists who also produce artistic works. In our
working definition, artistic researchers are scholars who primarily identify themselves as
academics, who also pursue artistic endeavours [Lam, 2020; Caerols Mateo, Verdú Ruiz &
Viñarás Abad, 2017]. They employ various forms of art like creative writing, visual arts or
performing arts, potentially in science communication [Matias, Dias, Gonçalves, Vicente &
Mena, 2021; Zaelzer, 2020; Reinsborough, 2020]. Indeed, several eminent academics
often develop artistic work [Root-Bernstein & Root-Bernstein, 2013], with over half of
the research population showing artistic inclinations, frequently involved in science
communication [Azagra-Caro, Benito-Amat & Planells-Aleixandre, 2022]. Indeed, scholars like
Leonardo da Vinci, Santiago Ramón y Cajal, Umberto Eco, Alexander Borodin, and Thor
Heyerdahl, exemplify the enduring presence of artistic researchers across time and
borders.


This paper, thus, aims at contributing to a deeper understanding of the relationship between
science communication through art and scientific impact in four key ways. Firstly, it adopts a
theoretical lens grounded in deviance theories to explain the unique challenges faced by artistic
researchers in science communication through art. Unlike non-artistic science communication
practices, scientific communication through art needs an artistic personality [Feist, 1998] and a
more intensive institutional support through communication units. This may intensify conflicts
with scientific impact, potentially labelling artistic researchers as deviating from the
norm.


Secondly, we explore how the relationship between achieving scientific impact and involvement in
science communication through art changes according to different levels of scientific
impact.


Thirdly, we introduce the concept of a “science-art balance” — the equilibrium between scientific
and artistic work. Peer acceptance of the artistic facet is crucial, as it facilitates the reconciliation of
the researcher’s dual identity [Chen, Zhang & Jin, 2023; Tiffany, Hautea, Besley, Newman &
Dudo, 2022]. Measures leading to peer acceptance of the artistic facet are expected to alleviate
potential contradictions between the logic of scientific impact and science communication through
art.


Though we are aware of the blurring conceptual boundaries between public outreach and public
engagement [Bao et al., 2023; Entradas, 2022; Anzivino, 2021], we explore separately the effects of
scientific impact on these distinct communication approaches.


In the rest of the paper, we will, first, outline and discuss the existing literature on scientific impact
and communication, then we will discuss our hypotheses, our method, our samples and the
variables, and then, we will finally present and discuss the results and the implication for policy
making.





2  Literature review




2.1  The conflictive context of scientific impact

The main mission of researchers is to increase and refine scientific knowledge in their respective
fields. Due to a variety of changes in the governance of science, evaluation and metrics that
occurred in the final decade of the twentieth century, scientists’ performance in relation to
this objective has often been measured through citation impact, H-index or similar
indicators. These bibliometric indicators have become the standard way to measure
scientific impact, i.e., the recognition by peers of one’s research work. A higher citation
index leads to greater prestige and promotion, which in turn tend to drive researchers’
motivations. Peers and evaluators judge researchers according to their scientific impact,
while policy documents at every level (from supranational to organisational) encourage
researchers to focus on increasing their scientific impact. In this context, scientific impact, and
the citation indexes used to measure it, have become a norm of science [Abbott et al.,
2010].


While this norm quickly became a distinctive dimension of research activity, the way of evaluating
and measuring it has evolved across time and space, with the science citation indexes elaborated
by Web of Science (WoS) or Scopus being the most accepted ones [Archambault, Campbell,
Gingras & Larivière, 2009]. Nevertheless, these indexes have been criticised for being too narrow,
encouraging perverse behaviours and pushing science into controversial directions, at the expense
of more exhaustive, complex, open and socially responsible forms of conducting, supporting or
evaluating science [American Society for Cell Biology, 2012: DORA declaration, CoARA
declaration]. As part of these growing critiques, increasing emphasis has also been given to a
different type of impact that science should pursue: societal impact.2 Whilst there is still a
raging controversy about what societal impact means and how it could be measured
[Bornmann, 2013], there is consensus on the idea that the production of scientific knowledge
should not only circulate among scholars but also among other societal actors, including
civil society organisations, business companies, public institutions and the lay public
[Sivertsen & Meijer, 2020], encouraging processes of co-creation [De Silva, Gokhberg,
Meissner & Russo, 2021]. While the debate on how to identify and measure societal
impact may go on for years from now, the emphasis on an increased societal impact has
reached both national, international and European funding agencies [Reale et al., 2018;
Milotay, 2017]. Hence, science communication, including SciArt, has acquired a renewed
importance for scientists as a means of achieving increased societal impact. Notably, though,
increasing societal impact requires continued efforts and dedicated strategies to implement
communication plans [Daneke, Priscoli & Garcia, 2019], which may, in turn, withdraw
resources from other activities specifically devoted to increase their scientific impact.
The following subsections will, thus, explore the links between scientific impact and
science communication through art in more detail. Figure 1 may help to visualise the
relationship.
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Figure 1: Conceptual approach to artistic researchers’ public outreach and engagement
without science-art balance. 

2.2  Scientific communication through art and its emerging dilemmas: initial negative
relationship with scientific impact

Within this context, public communication through art has gained a prominent position, sparking
attention towards artistic researchers [Azagra-Caro et al., 2022; Lam, 2020; Caerols Mateo et al.,
2017; Root-Bernstein & Root-Bernstein, 2013]. In the context of our research, we consider artistic
researchers to be scholars who produce both scientific and artistic works. Often, they use their
artistic works in the context of science communication, getting involved in SciArt. However, due
to the ever-present pressure to achieve a higher citation index, artistic researchers find it difficult
to carve out time and resources to engage in SciArt as much as they would potentially like. If
standard evaluation processes in academia continue to emphasise scientific over societal impact,
artistic researchers — and scholars in general — face the choice between scientific and
societal impact, often reducing the resources available for science communication. If we
look at this process from the perspective of deviance theories, deploying too many
resources for science communication could be considered a violation of the norm, not
formally (like a crime against the law), but informally (by breaking unwritten rules).
Fostering science communication through art would therefore be an informal deviance,
which then acquires a negative connotation and may get easily sanctioned [Erikson,
1962].


When researchers use their own art for scientific communication, signalling their artistic skills,
they may be labelled as ‘artistic’ researchers. Although, a priori, this does not have a positive or
negative connotation, labelling theory suggests that the dominant group — scientific peers — has
the power to decide what the sign of the connotation is, according to the behaviour of the labelled
person [Becker, 1963]. If the artistic researchers score low in scientific impact and high in science
communication, scientific peers operating according to current dominant evaluation paradigms
will be likely to rebuke this behaviour and thus attribute a negative connotation to the ‘artistic’
label. We know from stigma theory that this judgement does not need to be always true:
artistic researchers could, in principle, increase their scientific impact and sustain their
involvement in science communication through art [Goffman, 1963]. However, we also know
that people may internalise stigmatising norms and behave accordingly: some artistic
researchers may internalise the negative connotation of the label, assuming they will not be
able to improve their scientific impact and at the same time sustain their involvement
in science communication. The pursuit of scientific impact requires focus, depth and
awareness of what other researchers and research stakeholders consider interesting
at a very precise moment and fast reactions in the event of shifting interests. These
arguments would suggest a negative relationship between scientific impact and science
communication.


This effect will be higher if artistic researchers communicate their science through public
engagement rather than public outreach, given the higher complexity of the former (supported by
the “dialogue model” and establishing a two-way communication process) compared to the latter
(informed by the “deficit model” and involving one-way communication). Public engagement
activities involve complex interactions with different types of lay public and thus require extra
resources. In this respect, public engagement requires a deeper commitment to science
communication [in the sense of Laursen & Salter, 2006], the same as creativity research considers
public diffusion as a sign of commitment to art [Carson, Peterson & Higgins, 2005]. Even more
recent approaches, which criticise the distinction between these engagement and outreach in
favour of a more complex and sophisticated approach of co-creation between science and art,
emphasise the high amount of time and resources that science communication activities require,
especially when scientists and lay people are called into shared, co-creative activities. A
predominant focus on scientific impact, conversely, requires time and efforts that may
be detracted from the depth of commitment to science communication, especially in
this co-creative and engagement modalities, which may be perceived as negatively
stigmatising vis-à-vis quality peers [Azagra-Caro, Fernández-Mesa & Robinson-García,
2020; Becker, 1963]. Consequently, we may expect scientific impact to be negatively
related to science communication, public outreach and public engagement through
art.


Hypothesis 1. Scientific impact is negatively related to science communication, public outreach
and public engagement through art.





2.3  Science communication and scientific impact: positive relationship beyond a threshold

While the previous subsection explains a possible negative effect of scientific impact on science
communication, other theoretical reasons exist which suggest a positive effect [Jensen et al., 2008].
First, scientific impact tends to grant researchers social and academic prestige, which attracts
society’s attention. Second, elite researchers are more legitimised to speak for their organisations,
especially to the public. Third, for researchers who have proved to their peers the importance
of their findings, a later challenge may be how to also convince the public. Fourth,
researchers who enjoy scientific impact may spend more time on social networking with
stakeholders, for the mere reason that they attract more collaborators. Actually, empirical
studies have shown that variables related to scientific impact, such as h-index, academic
productivity, age and seniority, increase the probability of being involved in science
communication [Thune, Reymert, Gulbrandsen & Aamodt, 2016; Bentley & Kyvik, 2011;
Jensen, 2011; Jensen et al., 2008]. As a result, there is a legitimate reason, endorsed by
published evidence, to expect a positive relationship between scientific impact and science
communication.3


These two views are at odds with each other (a positive and negative effect of scientific impact on
science communication) unless the effect of scientific impact on science communication changes
over time, that is, along the distinct stages of a researcher’s career, when scholars have achieved
various levels of scientific impact. The deviance literature also suggests that there may be
non-linearities in the relationship between scientific impact and science communication through
art. In other words, the notion of double standards raises the expectation of a negative relationship
up to a certain threshold, beyond which a higher scientific impact will involve more efforts in
science communication, i.e., a curvilinear U-shaped relationship [Fleerackers et al., 2022; Collver &
Weitkamp, 2018]. Society often employs double standards, and so do researchers. People may
judge what is acceptable in some groups as not acceptable in others [Foschi, 2000].
Similarly, scientific peers may see science communication through art as non-acceptable in
certain researchers but acceptable in others, especially if there is a shared belief in a
minimum threshold of acceptable scientific impact, which may discriminate between
groups.


Once that threshold is passed, scientific impact can even be beneficial for artistic creation.
High-quality researchers may have more to say about science and can communicate science
through art without much extra effort. Their proven facility for scientifically impactful
ideas may allow them to be more creative artistically [Root-Bernstein & Root-Bernstein,
2013; Root-Bernstein et al., 2008]. It may also be the case that prestige attracts numerous
research collaborators, which may free time and resources for the star scientist, who
may, in turn, devote more efforts to science communication through art. This is another
dimension of the Matthew effect in scientific credit and recognition [Merton, 1968],
academic entrepreneurship [Van Looy, Ranga, Callaert, Debackere & Zimmermann,
2004], science funding [Ranga, Perälampi & Kansikas, 2016; Bol, de Vaan & van de Rijt,
2018] and funding of science-society interaction [Azagra-Caro, Carat & Pontikakis,
2010].


For these reasons, we expect that science communication through art will show a similar
U-shaped relationship with scientific impact, that is, an initial negative relationship which
becomes positive beyond a certain threshold. Given the previously mentioned difference in
requirements between public outreach and public engagement, we may expect public outreach
activities to benefit more than public engagement when the U-shaped curve becomes
positive.


Hypothesis 2. Scientific impact is positively related to science communication through art (both as
public outreach through art and as public engagement through art) beyond a minimum quality
threshold.





2.4  Science-art balance as a mediator between scientific impact and science communication

It is important to mention that the tension between science communication and scientific impact
does not proceed from an essential incompatibility between the two activities; rather, it derives
from context specific and contingent individual, professional, organisational and institutional
reasons [Chen et al., 2023]. There are also other possible reasons leading artistic researchers not to
get involved in science communication through art, e.g., because their artistic work is unrelated to
their research lines, does not open up professional opportunities through competence signalling or
needs to be hidden from colleagues or because it simply does not count as a merit [Azagra-Caro
et al., 2020].


These reasons lie in the continuum between individual and social behaviour in which a group
shapes its members’ selves, according to social identity theory [Tajfel & Turner, 1979]. Social
identity is the portion of an individual’s self-concept derived from membership of a social group
[Tajfel & Turner, 1986]. In the case of scientific communication through art, this would be the
self-concept of artistic researchers (outgroup) derived from the larger population of researchers in
which they are embedded (ingroup). As soon as the group determines a preference for the
self-concept of the ingroup (a positive distinctiveness), there is conflict with the outgroup, which
may feel discriminated against [Tajfel & Turner, 1979]. However, a group can reduce the degree of
conflict by accepting the value of different self-concepts [Hackel, Zaki & Van Bavel, 2017; Johnson,
Massiah & Allan, 2013]. Yet, if different and previously irreconcilable self-identities become
accepted, or even complementary, in the eyes the group, a balance is achieved. This
importantly allows all members of the group to maintain, foster and combine their different
selves. In the case of scientific communication, we may call this acceptance science-art
balance.


This name of the construct is inspired by that of work-life balance, the equilibrium between
personal life and career work [Collver & Weitkamp, 2018; Jones, Burke & Westman, 2013]. By
analogy, science-art balance is the equilibrium between scientific work and artistic activities,
which, drawing from social identity theory, we define as the extent to which other researchers
accept and positively value the social self of artistic researchers. Researchers certainly need social
support to feel motivated [Tur-Porcar, Salas-Vallina & Azagra-Caro, 2024]. Encouraging the
positive evaluation of all aspects of the scientific endeavour, and not just the publication outputs,
the CoAra agreement on the reform of research assessment, signed in 2022 by hundreds of
academic institutions worldwide, is an example of a significant movement in the direction of a
science-art balance.4


When science-art balance is present, there is no conflict between scientific impact and science
communication, and our former prediction of a U-shaped relationship between scientific impact
and science communication will no longer hold. While in the absence of science-art balance
the U-shaped relationship prevails, when science-art balance is introduced, the latter
mediates the relationship between scientific impact and scientific communication (through
art).


Hypothesis 3. Science-art balance mediates the relationship between scientific impact and science
communication, public engagement or public outreach.


Figure 2 proposes the final model to be tested after including this mediation effect.
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Figure 2: Conceptual approach to artistic researchers’ public outreach and engagement
with science-art balance. 

3  Data and methods

The study population consists of Spanish researchers, defined as authors of scientific publications,
affiliated to a Spanish organisation, and is taken from the corresponding authors on publications
in the WoS from 2013 to 2016. The corresponding author is usually one of the lead authors and
contributors to the content of the manuscript [Mattsson, Sundberg & Laget, 2011] or is
perceived as such [Bhandari et al., 2014]. Editors appoint corresponding authors as
reviewers [Weiss, 2012] and they are considered reliable sources of knowledge about
the publication and the underlying research [Wren, Grissom & Conway, 2006]. Thus,
corresponding authors match our concept of academic researcher, that is, academic regardless of
organisation type, and the idea of researchers who identify as academic rather than
artistic.


We gathered some 65,000 valid e-mails. To launch the survey, we obtained ethical certificates from
our two mother organisations, CSIC and the Polytechnic University of Valencia. We ran a first
pilot test in July 2017, a second pilot in April 2018, and the definitive survey was administered
between July and November 2018. We received over 7,300 responses; that is, a response rate of
11% and a sample size with a 95% confidence level and a 1% margin of error, which is
representative of the population.


The survey included a Short Creativity Achievement Questionnaire (SCAQ), adapted from Carson
et al. [2005]. Respondents chose the art fields in which they had practised (see list and distribution
of responses in Supplementary material Table A1). If they indicated a minimum of one, we
considered them artistic researchers. A somewhat surprisingly 58% of the respondents
developed artistic activities. Figure 3 illustrates their distribution by activity type, which
clustered in three non-mutually exclusive groups: nearly half of artistic researchers
engage in creative writing, one-third in visual arts, and a smaller portion in performing
arts.
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Figure 3: Types of artistic activities of academics (n
= 7,352). 

These artistic researchers had to voluntarily reply to two Science Through Art Questionnaires
(STAQ I and II, see Supplementary material Table A2), based on the case study in Azagra-Caro
et al. [2020]. A total of 2,543 respondents filled these in (59% of all artistic researchers), which
conforms our sample.


The first questionnaire included four items on public outreach (the degree to which researchers
incorporate scientific knowledge in their art), and the second included eight items on public
engagement (the degree to which researchers diffuse scientific knowledge by word-of-mouth with
art businesspeople, other artists and the public, or get ideas from them). All items were scored in a
range between 1 and 5. Reliability was high with Cronbach’s alphas of .89 and .85,
respectively.


Our three dependent variables were science communication through art (mean of the 12 items of
STAQ), public outreach through art (mean of the four items of STAQ I) and public engagement through
art (mean of the eight items of STAQ II). The three dependent variables had continuous values but
were constrained to the range of 1 to 5. To account for this censoring with lower and upper
boundaries, we applied tobit regressions.


Our first independent variable was scientific impact, which addressed Hypothesis 1. We
measured it as Field Normalised Citation Score (FNCS). In a first step, for each paper, we
divided the number of forward citations (a two-year window: publication year and
the following two years) by the average number of forward citations received by all
Spanish papers in that thematic category and that year. For example, a paper published in
2016 received one citation in 2016, 2017 and 2018; this paper belongs to two categories:
‘Mathematics, Applied’ and ‘Mathematics’; all Spanish papers published in 2016 in those
two categories received an average of 1.25 and 0.97, respectively; the FNCS would be
((1/1.25) + (1/0.97))/2 = 0.91. In a second step, we grouped all the papers for every
corresponding author and averaged the FNCS. Finally, because the distribution was
unbalanced, we transformed it into quartiles, so the final variable ranged between 1 and
4.


Our second independent variable was scientific impact squared to account for non-linearities in the
effects of scientific impact, which addressed Hypothesis 2.


The mediating variable was science-art balance, which ranged from 1 to 7, and addressed
Hypothesis 3. The survey contained an eight-item questionnaire on the extent to which
respondents had integrated art in their scientific profession (see Supplementary material Table
A3), based on nominative statements from the qualitative research in Azagra-Caro
et al. [2020], e.g. “I try to make colleagues aware of my artistic facet”. Reliability was
high and significantly improved with the elimination of three items (Cronbach’s alpha
 = .85). The
variable was the average of the five remaining components. The mean value of 2.89 (Table 1)
indicated that the science-art balance was low in the sample, compared to the median of
4.
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Table 1: Artistic researchers: descriptive statistics of variables. 



For the full sample of researchers, we controlled for a wide range of institutional (science field,
country and region of residence), sociodemographic (university affiliation, sex, age, nationality,
language, education, civil status, number of children), occupational (employment situation and
type) and organisational (number of organisations, ownership regime, directive positions)
variables. Table 1 presents the descriptive statistics and Supplementary material Tables A4 and A5
the correlations. The final sample excluded outliers of some of these controls, e.g., abnormally
high age or large number of children.


4  Results




4.1  Descriptive results

As Figure 4 indicates, the average value of science communication through art is 1.7. Given
that it is below the median of 2.5, it suggests that science communication through art
deviates from the academic norm and is not frequent. Within this low general level, the
average value of public outreach is higher than of public engagement. This is consistent
with the idea that public engagement deviates even further from the norm than public
outreach.
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Figure 4: Degree of involvement of artistic researchers in science communications
(n
= 2,543). 

Figure 5 shows that artistic researchers involved in either public outreach or engagement score
lower in scientific impact, in agreement with Hypothesis 1.
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Figure 5: Scientific impact by type of science communication, under and over average
(n
= 2,543). Mean-comparison t tests indicate significant differences of scientific impact
between groups. 

4.2  Main regression results

Table 2 presents the results for estimating researchers’ involvement in science communication
through art. Columns 1–3 include regressions without the mediating variable, science-art balance.
Scientific impact conflicts with science communication, public outreach and engagement. Hence,
according to this finding, at least up to a certain threshold, scientific impact is detrimental to
science communication, through either public outreach or engagement, which supports
Hypothesis 1.
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Table 2: Tobit regression of science communication through art
(n
= 2,543). 



There is a positive curvilinear effect of scientific impact on science communication and public
outreach. Hence, both have a positive relationship with scientific impact beyond a certain
threshold, which partially supports Hypothesis 2. The lack of a square effect of scientific impact on
public outreach suggests that not even the mechanism of double standards can counterbalance
the larger amount of resources required by public engagement compared with public
outreach.


Testing the mediation of science-art balance requires two steps [Mihalache, Jansen, Van den Bosch
& Volberda, 2014; Baron & Kenny, 1986]. First, we need to estimate science-art balance as a
function of scientific impact. That the estimated effect is significant is a precondition for
mediation. Column 4 shows that this is the case: scientific impact has a negative, significant effect
on science-art balance.


Hence, we can proceed to add science-art-balance as an independent variable in columns 5–7,
again with science communication, public outreach and engagement as dependent variables.
Science-art-balance enters with a positive and significant coefficient, meaning than it fosters all
types of science communication. Its inclusion also removes the significance of the linear and
quadratic terms of scientific impact.


The only exception is that squared scientific impact has a significant effect on public outreach.
However, it does not deserve much discussion because the effect is borderline significant and
because after the robustness checks in the next sub-section, it is no longer significant. We can
conclude that the evidence supports Hypothesis 3.


Among the control variables, age is beneficial, whereas being a woman is unfavourable for science
communication, public outreach and engagement. Belonging to the field of Art and Literature,
living abroad and holding a Ph.D. are all beneficial conditions for science communication, either
public outreach or engagement. Multidisciplinarity, region, university affiliation, foreign
nationality, not having Spanish as a first language, being married and having several
children are not important before introducing the science-art balance variable. University
affiliation and not having Spanish as a first language increase their positive influence after
introducing the science-art balance variable, but the fact that none of these variables have
significant effects on science-art balance (column 4) implies that mediation is not taking
place.


4.3  Robustness tests

The sample used so far includes all types of professional situations. The bulk consists of employed
researchers working for others, but there are some unemployed or independent researchers. The
survey asked some information exclusively to employed researchers working for others: number
of organisations, occupation of a directive position and ownership regime of their organisations.
This defined a subsample with more control variables. We performed a robustness check by
applying the models in this subsample.


In Table 3, columns 1–4 contain the results (we show the results on public outreach and
engagement for economy of space). The sign and significance of the independent and mediating
variables remains the same, so the hypotheses hold.




[image: PIC] 
Table 3: Tobit regression of science communication through art: employed researchers and
stepwise estimation (n
= 2,347). 



Two new control variables exert a positive, significant influence on public engagement:
working in several organisations and holding a directive position. Both are related to
researchers’ power, and their positive effect is consistent with the theory (underlying our
hypotheses) that power facilitates deviance from the norm and thus allows for science
communication.


In both the full sample and this subsample, many control variables are not significant. Including
them in the regression may confound the significance of other parameters. To check the
robustness of the results, Table 3, columns 5–8 show a stepwise estimation of the tobit
models that removes insignificant variables progressively. The hypothesis testing is still
unchanged.


We also tried alternative specifications of the model. We considered a sample selection model
where, first, artistic researchers choose to either communicate science or not, and then their degree
of involvement in science communication. The results indicate that the two decisions are
independent; therefore, there is no sample selection bias.


We accounted for the possibility that public outreach and engagement decisions are
correlated by running a multivariate regression. This is not a preferred estimation because it
does not account for the censored nature of the variables and does not allow for the
computation of robust standard errors. However, even if under these conditions the results
hold, it constitutes a sort of robustness check. This is the case: the hypotheses are still
verified. The results also suggest that both decisions (public outreach and engagement) are
correlated.


5  Conclusions

In an increasingly complex research assessment context, where both scientific impact and societal
impact are highly valued and being pursued, we may expect a tension between the
two, given that time and resources are limited and scientists, thus, may be required to
choose one over the other. Despite a growing literature on the rising importance of
science communication through art (SciArt) to achieve higher societal impact, little
is known about the relationship between SciArt and scientific impact. Drawing from
deviance theories (notably labelling, stigma and double standards theories) and social
identity theory, and supported by a large-scale quantitative survey evidence, our paper
contributes to fill this gap by theoretically and empirically demonstrating a U-shaped
curvilinear effect of scientific impact of researchers on science communication through
art.


Specifically, as anticipated, we observe a negative relationship between scientific impact and
scientific communication through art at lower scientific impact level, evolving into a positive
relationship as researchers improve their scientific impact. Senior researchers, driven by factors
such as prestige, power, and collaborative support, are more likely to find spaces where scientific
impact and communication mutually reinforce each other. Notably, this pattern holds true for
public outreach through art but it does not apply to the more demanding and sophisticated public
engagement through art. We wonder, though, whether this may be different in some specific
academic disciplines or controversial research topics which facilitate the adoption of public
engagement activities, for example social science research or research topics connected to GMOs,
AI or the biobased economy. We cannot, however, address this hypothesis here, which is
certainly a limitation of this paper, but we consider that this specific issue requires further
studies.


Introducing the concept of a “science-art balance” as a mediating factor, we found that this balance
turns the relationship positive at every level of scientific impact, extending to public engagement
through art. These outcomes, especially the existence of a U-shaped curvilinear effect of scientific
impact on science communication through art, offer valuable insights and present several
recommendations.


Meeting current policy targets for fostering science communication would be impossible unless
we made the pursuit of scientific impact compatible with science communication at every stage of
the academic career, not only during its last part. This initiative entails some controversial
implications, such as the implementation of specific measures to diminish power differences based
on scientific impact and to encourage a balanced integration of science and art. Peer recognition of
science communication through art as a merit in researchers’ curricula, among a mix of
incentives, can vigorously support science communication through art. A collateral finding
is that even as science communication, and especially SciArt, evolves and becomes
increasingly framed as an activity that goes beyond a mere dialogue between scientists and lay
public into a more sophisticated approach aiming at establishing fertile co-creation
dynamics generating new forms of knowledge, it still requires a very high amount of time
and resources, which very few academics can afford to dedicate to communication
activities.


One important implication of our findings, thus, is that policymakers and funding agencies should
encourage researchers with lower scientific impact to engage in science communication through
art by providing resources, training, and recognition for their efforts. This support can potentially
increase the visibility and impact of their research, without diverting significant time and
resources. Similarly, measures should be developed to inspire or support high-impact researchers
to engage in science communication through art, and especially in both public engagement and
co-creation activities.


Beyond these academic related initiatives, these findings suggest that it would important to design
specific programmes to further bridge the gap between the scientific community and the public,
by encouraging co-creation dynamics between researchers and different stakeholders,
increasing public literacy in science and making science more responsible, open, effective and
socially robust. The combined effect of a) providing resources and recognition to artistic
researchers with lower impact to increase the impact of their research, b) providing
support and incentive to high impact researchers to engage in science communication
through art and c) generally supporting more interaction between researchers and the
different social stakeholders could, in turn, lead not only to an increased effectiveness of
public engagement with science, improving science literacy and evidence-based policy
decisions, but also to more socially innovative, responsible and ambitious scientific
research.


Since the data stems from Spanish artistic researchers, the generalizability of the findings in other
contexts should be a line of future research. The culture of scientific impact is deeply embedded in
the research system [Delgado-López-Cózar, Ràfols & Abadal, 2021; Cañibano, Vilardell,
Corona & Benito-Amat, 2018]. The Spanish six-year research awards (sexenia) are based on journal
impact factor and citation impact, and then sexenia-based indicators (e.g., ratio of actual versus
potential sexenia) are used for promotion and funding. Publishing in first quartile journals has
been a must for researchers now in their 40 or 50’s (the average age of survey respondents), and a
crucial threshold for feeling and being respected by peers. Concerns about societal impact are,
thus, very recent in Spain. Hence, the results may be typical of countries like Spain, where
scientific impact heavily influences promotion, and researchers experience more stress or
pressure, especially if the evaluation process is highly quantitative, and may, thus, not be
generalizable.


Last but not least, our study also opens avenues for exploring the impact of support from home
organizations in facilitating researchers’ outreach and engagement through art. Some institutions
may employ communication specialists who assist in disseminating artistic findings to the
public. While we controlled for organizational diversity by distinguishing between
universities and other affiliations in our control variables, future research could employ
more refined measurements and place greater emphasis on investigating this specific
aspect.
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Notes


1. A third model, the “participatory model”, in which science is understood as one of several
sources of knowledge, focuses more on participation and knowledge co-creation and set
scientists and lay public more or less on equal foot. This model reconfigured lay public
and citizens in general as active and knowledgeable actors in a variety of co-creation
process in knowledge production and technological innovation [Stier & Smit, 2021; Yang,
2024].



2.  https://coara.eu/agreement/the-agreement-full-text/.



3. The opposite line of causality, from science communication to scientific impact, also suggests a
positive association between both [Fleerackers et al., 2022; Bevan, Mejias, Rosin & Wong, 2021;
Alonso-Flores, De Filippo, Serrano-López & Moreno-Castro, 2020; Alonso-Flores &
Moreno-Castro, 2018; Lamb, Gilbert & Ford, 2018].



4.  https://coara.eu/.
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