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1. Introduction

Over the past decade the term Responsible ReseactHnnovation (RRI) was
increasingly introduced in the European Union poldiscourse for science and
technology [1]. Its meaning stems from the previoasademic debate about
responsibility in science and technology, coinedresponsible innovation’ within the
theoretical backgrounds of Technology Assessmefyj éhd Science, Technology and
Society (STS) studies [2—-4]. The concept of "Resfme Innovation" introduced
ethical dimensions in contexts of increasing comaard uncertainty arising from the
potential impacts of emerging technologies. Amoryepo studies, Hellstrom [5]
developed a general framework for ‘responsible wation’ compatible with
technology assessment and management of 'sysianoeations;Owen and Goldberg
[6] studied the implementation of problem anticipatas well as the responsible
development of new technologies; and von Schomf@ngroposed a regulatory ethical
framework for new technologies. Several authors8-{1Q] argued in favour of
improving the RRI concept, in order to obtain betsscial impact through the
formulation and implementation of more effectivebjpc policies for science and
technology.

Within the science policy domain, RRI was integdads a soft-law in the European
funding Framework Programme for Research and Tdobimal Development,
‘Science with and for Society’, which in turn issdeibed as an instrument to address
European societal challenges tackled by the Hori20R0 [11]. Formalized by the
European Council with the declaration of Rome invélaber 2014, RRI was broadly
defined as ‘the on-going process of aligning redeand innovation to the values,
needs and expectations of society’. For such perporequires that all stakeholders,

including civil society, take shared responsibilitr the processes and outcomes of



research and innovation. It operates in six preeefi key dimensions: social
engagement, gender equality, science educatiom, apEess to scientific results, ethics
and governance [12].

However, the generic language involving the RRtalisse led to a debate calling
for deeper clarification as the concept itself wagarded as vague and un-defined
[4,13]. RRI entered the academic literature acfadds of knowledge giving rise to
diverse and often conflicting definitions and impestations. Zwart et al. argue that the
RRI discourse is a language shift, or a metonymganie of signifiers’, aiming to
promote change in the European scientific fundiygjesn with expected but uncertain
impact on researchers and research groups [13joédfh it is not consentaneous, the
most cited and widely accepted definition of RRIobgs to the European Commission
officer, Rene von Schomberg [3,14], who is also aademic. According to his

definition:

“Responsible research and innovation is a transpareinteractive
process by which societal actors and innovatorsobex mutually
responsive to each other with a view on the (ethieaceptability,
sustainability and societal desirability of the awation process and its
marketable products (in order to allow a proper edbding of scientific

and technological advances in our societ{g]’

The strongest criticisms to this definition arisenh its imprecise language as,
for example, Societal desirability is a subjective value prone to various
understandings which may cause RRI to be intergratel handled as an ideological

tool [15-18]. Following this claim, RRI principldgave been questioned based on the



premise that there are several societies withineggceach one defending different
values, needs and expectations for themselves, himaering a common ground of
understanding [19]. More recently, Stahl et al.icemt a growing consensus on key
features outlining RRI, but still highlighting sonteeply-rooted contradictions and
problems in putting them into practice [20].

Other prolific scholars already engaged in theiestridebate of ‘responsible
innovation’ in science and technology seem to hhekped draft the official Rome
Declaration [21]. This cooperation between acadenand policymakers may well
explain the blend between technical and stereotyaeguage which characterize the
complexity of the RRI discourse: on the one hand;zlwords are usedd-libitum by
institutions and science policy makers [22] in ortlecommunicate general ideas to a
wider public in a top-down manner; on the othercham a bottom-up direction,
academics conceptualize these broad ideas intafispgantexts with diverse and often
contrasting meanings [23].

In this sense, ‘responsible research and innovatn@y have several meanings
at once. Philosopher and linguist Ludwig Wittgemsp@stured that the changing nature
of language, enhanced by its continuous practisethe phenomenon behind the
formation of new simpler forms of language, the meg of which can only be
obtained from contextualization — language-gamey. [Ih fact, what Wittgenstein
designates by language-games can be considerdéoutindation of Bensaude Vincent’s
definition of buzzwords: As linguistic units buzzwords are usually charasied by
their poor semantics. Being deprived of consistaetaning they serve as slogans,
advertisements.[22]. In a similar approach, Bos et al., use tekem ‘big words’ to
describe uncontested, all-encompassing concepishvafiow multiple interpretations

and specifications the structuring of scientific practice [23].



The goal of this study is not to search for meanmghe institutional science
policy language, but rather to uncover the diswersproperties in the academic
literature about RRI, and to frame it in a disaiplly context. This is important because
academic literature relies on a complex systemntdéractions, based on language
communication between scholars that is expectagueal new themes and trends, as
opposed to the political institutional discours@atbRRI that remains reasonably stable
since its initial implementation — the same phragdbe first institutional definitions of
RRI are still used in current documents of the paemm Commission. See, for example,
the Horizon 2020 Work Program 2018-2020.

Text analysis studies on RRI have been conducteking use of different
methodologies [9,22,23], however these are focusedhe contextual meaning and
correlations of buzzwords and ‘big words’ in sciemolicy discourses. Likewise, text
analysis of official EU documents was conductedorder to discuss difficulties in
implementing RRI [25]. More recently Mejlgaard dt 6] proposed a quantitative
approach to describe the European RRI landscapeatkezing different countries
from the six-dimensional model perspective. Howetee literature keeps some gaps
that we propose to fill. Our study differs from théhers in that it seeks to uncover
trending themes and linguistic traits changing trex in the academic community, but
also to frame the discussion about RRI in the cdnté academic disciplines and
research topics. To accomplish such analysis weags® the combined use of
computational tools, methodologies and strategiesazial network analysis, text
mining and content textual analysis in a data sgeer-reviewed articles related to the
topic of responsible research and innovation —ajgication of these tools facilitates
the analysis of large datasets and provides cl@asmghts into discursive phenomena, in

addition to substantially reducing the human ewbranalysis as they are based on



increasingly sophisticated algorithms. With theuhss we hope to obtain a clearer
understanding of the changing nature of the RRiadisse in the academic literature, as
well as to identify and analyse its emerging themeghout losing sight of the
European policy determinations stated in the Datilan of Rome. In this sense, we
believe we are responding to the challenge posdddyjgaard and Bloch, according to
whom there is a continued need to explore the yettend trends within the emerging
discourse on responsible research and innovatidn [2

The article is organized as follows: in the nexitiem we provide a description
of the methodologies, disclosing why and how we tgothe corpusof analysis, how
data was managed, and what tools and strategiessee to analyse data. In the
following section we present and describe the tesahd in the final sections we open
the discussion from the results and close withfithe remarks, study limitations and

future research.

2. Methodology

2.1.Dataset

For the analysis we used data extracted from Scommisabstract and citation
database of international peer-reviewed reseatehalure, covering a wide range of
fields of knowledge with an emphasis on the sosténces and related subjects [28].
The Scopus database has been used extensivelyalyses that map knowledge in
specific research topics and academic disciplinegluding studies that use
methodologies similar to the one in our study [PP,By means of a Boolean search,
we searched the term “responsible research and/atioa” in the title, abstract and
keywords of peer-reviewed articles only, publisirethe English language until the end

of 2017. We chose not to include the search otdha “responsible innovation”, often



found in the science policy literature. “Responsilsinovation” is an older and wider
concept, not necessarily related to the Europeaentdtc policies of the RRI
framework, although it is on the basis of its catreonceptualization. By removing this
term from our search we are aware that some atiolay have been excluded.
However, this methodological choice was appliedrsure the robustness of the sample
in that it prevents the entry of many unrelatedcks in the dataset which could cause
inaccurate results. Also, we chose not to include dcronym RRI in order to avoid
confusing results, as it has many other meaningsh as “Renal Resistive Index” or
“Respiratory Infection”. The search delivered 14fickes published until 2017, with the
first publication identified in 2009. Two of thetiates were removed due to duplication,

and the remaining 145 were downloaded (see talile C.

2.2.Data management techniques and strategies ofaysis

The main criterion applied in collecting and handlithe data was the careful
narrowing of the corpus of analysié.the corpus of analysis is too broad, the text
mining algorithms lose their sensitivity due to re@sed fuzziness and abundance of
residual and unfocused subjects, thus hiding amngrgimg patterns [31]. This criterion
was applied in the search process with Scopus$emteparation of the data for the text
analysis, and also through network filtering.

First of all, the articles were labelled by resbatapic according to their content.
This process was based on the field of study aiflise in which the concept of RRI is
contextualized in each article. For example thdystlxploring responsible innovation:

Dutch public perceptions of the future of medicalimimaging technologys labelled

! Arentshorst, M.E., de Cock Buning, T., Broerse, J.E.W. (2016), Exploring responsible innovation: Dutch
public perceptions of the future of medical neuroimaging technology, Technology in Society, DOI:
10.1016/j.techsoc.2016.01.003



in the neurosciences. The lalRRIrefers to articles devoted to the discussion of &R
the main topic, either through empirical studieshwough theoretical reflections, there
being no clear association of a discipline or fiefdstudy in these cases. With these
procedures we are able to draw a contextual lapdsatthe disciplinary level of the
application of RRI, and also to highlight the sétadicles whose main topic is RRI.
After this process, the data was handled in twpsstth different computational tools
according to the intended objectives: Nvivo wagduee the text analysis of the articles,
and Gephi to analyse the network structure of dmepte. Both software were used in
similar analysis e.g [32,33] respectively (see FegD.1).

In the first step, with Nvivo, the articles wereded in separate sections: “Title”,
“Abstract”, “Keywords”, “Introduction”, “Body”, and‘Discussion & Conclusions”. In
order to overcome the different structures of thelas we defined the “Body” as all
the text between the “Introduction” section and ftti#scussion & Conclusions”
section. Footnotes, tables and text boxes werénohtded in the analysis. This coding
strategy was defined based on the existing evideheé the used language and
communication purposes differ from section to sec{i34,35]. Not surprisingly, this
was confirmed with a word similarity cluster anasysf the different sections, which
showed a strong similarity between “IntroductiorfBody” and “Discussion &
Conclusions” sections, and less similarities betwebe “Title”, “Abstract” and
“Keywords” sections. This led us to narrow the teatpus of analysis down to the three
similar sections — “Introduction”, “Body” and “Disssion & Conclusions”. After the
coding process, buzzwords of the RRI terminologychsasresponsible research
innovation scienceor technology were manually removed. Stopwords like, if, and
or, were removed automatically by the software. Stechmords were also clustered in

the same group, such as, for examptljc ethics ethical ethically, etc. The removal



of these frequent words reduced the residual effeahy result mined from the sample,
and facilitated the observation of emerging pattdreyond the buzzword language. The
text analysis was conducted making use of diffetechniques:Word Frequency
Querieslist the most frequently occurring words or cortseim the coded text, thus
highlighting the main lexical trends and topicstle sample; comparative analysis of
Word Frequency Queriesnplemented in different subsets of the samplekilny for
language variations between them; dbiected Content Analysiswith the aim of
extracting deeper meanings from the most importaeines revealed in the sample
[36].

In the second step we created a citation netwotk Wephi, counting only the
citations between the articles in the dataset,thod obtaining a clear visualization of
the network structure of the sample, in a simiéehion to the study by Hoffmann et al.
[33]. Each article of the sample is represented abyiode, and each citation is
represented by a directional edge (arrow) conngdio nodes. The citation network
enabled us to remove isolated articles from thepésynand also to calculate degree and
betweenness centrality measuf@sgreeis a centrality measure that counts the number
of edges connected to a node. Nodes with a highgred are more central to the
structure and tend to have a greater influencdheméetwork [37]. When the network is
directed, such as the one we built, it is possibleneasure in-degree and out-degree
centrality, according to the direction of the edgBstweennessentrality measures how
often a node is located on the shortest path betwee other nodes. Nodes with high
betweenness values function as bridges betweerterdudn scientific networks this
generally points to interdisciplinarity and alsalicates high influence in the structure

of the network [38].



Although social network analysis is generally nonsidered in the context of
impact assessment of academic literature, studiess shat centrality measures are
highly-correlated with citation counts [37,38] andn be complementary to existing
forms of impact assessment [33].

In the context of our study, network analysis igpartant because it is expected to
reveal the most influential articles of the sam@er assumption is that this influence
has an impact on the thematic approach and diseutanguage of the remaining

articles.

3. Descriptive analysis and results

3.1.Citation network and word frequency counts

Figure A.1 shows the structure of the citation retwwith 115 articles of the
sample. The remaining 30 articles (not in the gyapdre removed from our analysis, as
they were isolated from the main cluster, thathsy didn’t cite or weren'’t cited by any
articles in the sample. Therefore, centrality measdor these outside articles are equal
to zero, meaning that their influence on this nekws null.

We observed the impact of the removal of theseclastifrom the sample by
comparing the word frequency analysis of two groaparticles. Group A consists of
all 145 articles and group B consists of the 1llas in the central cluster network
which compose our main corpus of analysis. In Tablethe 25 most frequent words
are ranked for both groups. Words in group B areketh according to their rank
variation when compared with group A, thus showtimg impact of the removal of the
30 articles outside of the network cluster. Resatiefirm that groups A and B are
rather similar, with slight rank variations, shogionly considerable disparity in the

words,Actor (+5) andRisk(-6).



Table B.1 also characterizes group X consistinthef30 articles removed from the
sample. When compared with the main cluster agticlegroup B, group X contrasts by
introducing eleven new words showing a high vasiatin the word frequency rank.
This suggests that the language pattern and theagaproach of the articles in group X

diverge from the patterns evidenced throughoutrithan sample.

3.2.Citation network centrality measures

Centrality measures are based on the structurbeotitation network and do not
take into account any text content in the articlegure A.2 shows both degree
centrality, on the left, and betweenness centratitythe right. Larger nodes represent
higher values and higher influence on the netwadrke tables next to the graphs show
the values for each of the three most influentidicies in each measure. Degree
centrality measurements show a clear overpowerifigeince of one single articlén
the network, mainly because of the in-degree valboieh counts 67 citations incoming
from the articles in the sample. The low out-degr@ee of this article can be explained
by the fact that it is one of the first to addrd®RI, being that, at the date of its
publication there were only four published articleshis sample that could be cited.
Betweenness centrality measurements confirm the satitle as the most influential of
the sample, but introduce two other artitlesth high values which characterize them
as vital to the structure of the network.

The results of all centrality measurements ledousctept these three articles as the
most influential in the sample and therefore witteay potential to influence the

academic discourse about RRI. These articles kem tas discursive references and will

> _R. Owen, P. Macnaghten, J. Stilgoe, Responsible research and innovation: From science in society to

science for society, with society, Sci. Public Policy. 39 (2012)
> _B.E.Ribeiro, R.D.J. Smith, K. Millar, A Mobilising Concept? Unpacking Academic Representations of
Responsible Research and Innovation, Sci. Eng. Ethics. 23 (2017)

- A. Rip, The past and future of RRI, Life Sci. Soc. Policy. 10 (2014)
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be the starting point to content analysis of a Beoaet of articles aiming to deepen the

results in the final discussion of our study.

3.3.Discourse changes overtime

With aim of investigating changes in the patterhshe RRI literature, we divided
the sample of 115 articles into two groups in ordemmplement a comparative word
frequency query: the first group consists of aticées published by the end of 2014,
and the second group, all articles published betvwgtd5 and 2017. The criterion for
this division was based on the date of the Romddbestion for Responsible Research
and Innovation (November 2014), from which the nembf RRI publications has
substantially increased (see Figure A.3). TablerBriks the 25 most frequent words for
both groups. Group C consists of articles pubtisitern 2009 to 2014 and group D
consists of articles published from 2015 to 2017ord¢ in group D were marked
according to their rank variation when comparechvgtoup C. The comparison of the
two groups showed three main outcomes: (1) the statie trend on the top of the
ladder is related witkthics which is ranked second in group C and first iougr D; (2)
words likehealth nanotechnologwr synbiq fall out of the ranking, perhaps indicating
that RRI became less dedicated to these specificipines, and is increasingly
becoming more multidisciplinary. Also words liEtSA ELSI, fund Europe future or
governance either drop in or fall out of the word frequenmnking, suggesting a
decrease in the approach of science policy isg@¢$nally, words related with putting
RRI to practice, public participation and stakeleol®engagement, such asiblic,
participate practiceandstakeholderare either at the top of, or significantly high in

the ranking.
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3.4.Research topics in RRI

All articles were labelled (Table B.3) according ittentified research topics as
described in the methodology section. The mosiuiatresearch topic in the sample is
RRI that is, articles that are specifically focusadthe study and discussion of RRI.
Figure A.4 shows the distribution of the main reskaopics by the two time periods
defined in the previous subsection. The topic ladehsOtherscovers all topics with
less than 4 published articlds. the period between 2009 and 2014, we identifled
research topics, with a relevant concentration dictles mainly focused orRRI
NanotechnologyTechnology Assessmeficience Policyand Synthetic BiologyFrom
2015 to 2017 we observed a great increase in thebeu of research topics in the
literature, with a total of 28 identified. In thperiod of time, the emphasis is on the
same topics of the previous period, although wasslconcentration, as other relevant
topics emerge, such atelth SciencesNeuroscienceEducationand ICT. This result
reinforces the idea that RRI is becoming incredginmultidisciplinary.

Figure A.5 shows the distribution of research tegiy the two groups of articles
identified in the citation network analysis (GroBpand Group X of Table B.1). Group
X is represented in black and is composed of arsiitye of topics relatively well
distributed, highlighting only the topic of nandw@ology as the most frequent.
Nevertheless, in Group B, represented in grey, teghoology continues to be one of
the most frequent topics. This means that, the vaiaf Group X from the sample does
not call into question the diversity of topics imetmain corpus of analysis.

In order to deepen the disciplinary aspect of RRI disclosed the most frequent
words of the five main topics in Table B.4, whereganeral tendency for the
prominence of specific technical language of eaxictis evident. These results are

further discussed in the next section.
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4. DISCUSSION & CONCLUSION

This article was motivated by our perception ofieac diversity of definitions and
understandings in the academic literature arourdctncept of Responsible Research
and Innovation. We have argued that the controvemsyrounding RRI is often
positioned in the discursive domain and lies palaidy within the academic debate,
rather than in the institutional discourses foeace and technology of policy makers.
In this study we analysed a set of articles dedat&b the subject of RRI, searching for
emerging language patterns beyond the use of budswihat could illustrate the
existence of a discursive homogeneity, possiblyngoay to some consensus among
scholars. Although it does not include all thesérg literature on the subject, the
corpus of analysis of our study was defined acogrdo several criteria that sought
greater robustness and representativeness of thplesalt was then analysed with
computational tools, which facilitate the readimgl avisualization of large amounts of
data. We used network analysis, first, to refine sample to a set of 115 articles and,
second, to find the most influential articles inetlsample through centrality
measurements; with this method we identified tloeatral articles in the network. We
then ran word frequency queries to different sudbsétthe sample, aiming to uncover
emerging themes and patterns in the literature.ebhaer, we labelled the articles by
research topic in order to get a better understgndin the disciplinary landscape
surrounding RRI. Following these results, we prdceean in-depth discussion making
use of directed content analysis.

Our findings confirm a discrepancy between the alisses of European policy
makers for science and technology and academitisipating in the debate about RRI.

In 2014 the Rome Declaration recommended six kewedsions for Responsible

13



Research and Innovation: social engagement, gesgiality, science education, open
access, ethics and governance. However, only tifréeese dimensions seem to be of
significant concern to academics, in that the nigja@f the most frequent words of our
sample can be easily related with the dimensiongtbics, social engagement and
governance. Gender equality, open access, andcscexiucation are less relevant for
the academic debate about RRI. The wagesderandequality are ranked below the
top 500 words, moreover, a large part of the refege to gender equality are embedded
in the text as descriptions or transcriptions @& #ix dimensions of RRI, and not so
much as the main topic of a discussion. This magsest that gender studies scholars
have not perceived RRI as a privileged field otdssion for gender-related ideas, and
also that scholars involved in the debate about &Rhot focus so much on gender
equality as a central topic of controversy. Sinllathe wordaccessis ranked poorly
amongst the most frequent words. Although conteatysis also revealed the effect of
a large quantity of descriptions and transcriptiohshe six dimensions of RRI, it also
revealed that a few articles in the sample apprag@En access in more detailhe
same occurs with the dimension of science educatismelated words likeniversity
student or education are very poorly ranked and only a couple of k$ién our sample
approach the topic directly

But why is there such a discursive divergence betwacademics and policy makers

regarding the six dimensions of RRI? We point duee¢ possible causes: first, as

% _van Oost E, Kuhlmann S, Ordéiiez-Matamoros G, et al. (2016) Futures of science with and for society:
towards transformative policy orientations. Foresight 18(3): 276—296. DOI: 10.1108/FS-10-2014-0063

- Chatfield K, latridis K, Stahl BC, et al. (2017) Innovating responsibly in ICT for ageing: Drivers,
obstacles and implementation. Sustainability (Switzerland). DOI: 10.3390/su9060971.

> - Heras M and Ruiz-Mallén | (2017) Responsible research and innovation indicators for science
education assessment: how to measure the impact? International Journal of Science Education. DOI:
10.1080/09500693.2017.1392643

- Blonder R, Zemler E and Rosenfeld S (2016) The story of lead: A context for learning about responsible
research and innovation (RRI) in the chemistry classroom. Chemistry Education Research and Practice.
DOI: 10.1039/c6rp00177g.
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noticed by Zwart et al. [13], the neologism RRI wed introduced bottom-up by the
research community, but rather in a top-down maryethe European Commission.
Second, before the inception off the term RRI aatlelabout responsible innovation
was already going on in science and technologyiestudith significant literature on
issues ofethical application of scientific knowledge [7,39ublic engagementvith
science [40,41] and sciengevernancd42,43]. On the other handpen accesgender
equality, and science educationvere also being debated in the academic literature
however in other research fields outside the cdmé&xesponsible innovation. In this
regard, further research might shed some lighthencuses of lower commitment of
some academic communities to the concept of RRrdTthere is evidence that these
divergences may also be related to broader aspmstend the specific interests of the
academic communitiefs a recent study seems to suggest [26] the weifigach
dimension of RRI varies geographically due to cettal factors of social, cultural and
political nature.

By comparing articles published by the end of 2Q4i4 articles published between
2015 and 2017, we noticed a greater initial attentivas given to issues related to
European science and technology management polica@sely concerning funding
programs. This first time-period can be regardea@ @eriod of instability, most likely
caused by the uncertainties resulting from the nppreanced changes in the European
scientific system. From 2015 onwards, as RRI becamestablished framework in the
European funding programme for research and teobiual development, we noticed a
decrease in the academic concerns about the fotw&ence governance and policy in
Europe, contrasting with an increasing emphasisanal engagement issues, since
words like participate practice stakeholder or engagemenémerge at the top of the

ranking, while words likéuture, impactandfund fall significantly down in the ranking.
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Social engagement within the context of RRI cansben as a policy instrument to
promote changes, not only in general society brttquéarly in the forces at work of the
European scientific system. From this perspedtieeemergence of social engagement
evidenced in the literature means that effortsbaiag made to take RRI from theory to
practice.

The concept of "responsible innovation" was firgveloped in contexts of
increasing concern about complex technologicalesystwith great potential for impact
on society. The wordkealth nanotechnologyr synbio (for synthetic biology), listed
on the top of the most frequent in the first setudicles (group C), reveal some of the
most significant fields of knowledge implementinlRRWith the increasing focus on
social engagement issues, complexity is added acdébate as multiple stakeholders
with different views, needs and demands have brougtw ideas that definitely
changed RRI into a much more complex and multigisary field. But,despite changes
in language identified over tima the academic literaturé is important to note thaince
the inception of the term “Responsible Researchlandvation”, terminology related
with ethics remains unchanged on the top of thet madsvant topics — in facgthicsis
a constitutive semantic property inherent to thamneg of the woraesponsibleln this
sense, our findings reveal that the most trendicgdemic perceptions of RRI
emphasize the values ethics public engagemerandparticipation

The disciplinary aspect of RRI was deepened thrabghanalysis of the sample
decomposed into research topics. The most freqoeit is labelled as pure debate of
RRI, and is increasingly growing in the literatuiidnis might suggest that RRI is still
subject of an ongoing self-reflective practice bgademics aiming to define it
conceptually, in a process that shows great siitidarwith the dimension of reflexivity

proposed by Stilgoe et al. [10]. When comparingrtiest frequent words between the
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main corpus (group B of Table B.1), and the toRiRl in Table B.4, no relevant
variations are found, either in terminology or ankings, with the exception for the
word participatethat is less frequent in tleRItopic. The same trend is verified in the
remaining topics, with the worgsarticipateandethicslosing relative significance. This
may be due to the more frequent use of lexis Spdoifeach topic, and to the secondary
prominence attributed to RRI in these articles.

The topicsRRI, Technology Assessmeartid Science Policyare all interrelated and
can be framed within the disciplinary field of thecial sciences; whildanotechnology
and Synthetic Biologyall into the field of the natural sciences, amioing RRI in the
context of its practical application. These areengécresearch fields working on the
frontiers of knowledge, with many potential are&sisk and uncertainty, and therefore
likely to be contextualized in a responsible framdw Other topics with similar
features are identified, although with lower ineide. Artificial Intelligence for
example, which is currently debated worldwide as ohthe most challenging research
fields raising ethical and technical issues mosthated with its unpredictability and
uncertain impacts on the future of humanity, hdshal characteristics to be a topic of
RRI par excellence However, in our analysis the topic éftificial Intelligence is
almost absent and clearly underrepresented, suiggestlue for future research: why
have some cutting-edge scientific communities eadagore easily to the discussion
around RRI than others?

Another notable absence in our results is paterthéenlow frequency of the
words that identify the four dimensions to opernadiize RRI, as proposed in 2013 by
the European Commission report by Hoven et al. ] further developed by Stilgoe
et al. [10]: anticipation inclusion reflexivity and responsivenessAccording to the

authors these dimensions are guidelines for stdleh@ngagement in research and
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innovation processes, designed to address etlgpatts and social needs. In our results
Responsiveneds ranked 69; anticipationis ranked 18% inclusionis ranked 199;
andreflexivity is ranked 53%. From these ranks it is not possible to determihether
the contextual meaning of the words in each of ukterances refers to the four
dimensions of the RRI operation. Since they arggshic words, we assume that some
of the uses refer to other contexts, and that eotlgh examination would result in even
lower ranks. In order to test this, by means oblkocation analysis to the full sample,
we searched for the use of the four words togethtbin the same article and the results
showed only ten articles. One of the reasons feddlw frequency of these words may
be related to the fact that these dimensions weneosed in 2013, covering only part of
our sample which starts in 2009. Additionally, dagefactor explained by the timing of
the publication process may also have had an imagsabnly two out of these ten
articles are published in 2014 and 2015, and theaimng eight articles are published
in 2016 and 2017, which suggests that attentiomncdezll to the four dimensions of the
RRI operation is increasing.

By analysing the citation network of the sampleg¢harticles were identified as the
most influential and the most interdisciplinarysed on the results of degree centrality
and betweenness centrality measurements. All these articles labelled &Rl topic
revealed a similar pattern to that of group B, theisforcing the hypothesis of potential
discursive influence of these on the remainingkasi of the network. Words likethics
engagemenandactors are ranked as the most frequent, but on the dthed, the use
of the wordparticipation is rather rare. Accordingly, the terpublic engagements
clearly preferred to the terrpublic participation perhaps due the nature of these
articles, debating the concept of RRI from a geneeespective: public engagement is a

broad concept, while public participation can besidered as one of its subcategories
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[45]. Public participation can be assumed as gwoned form of engagement, in that it
implicates mechanisms of participatory democraay public deliberation with greater
potential to bring about change, rather than jhst involvement of social actors in
public dialogues or public consultations [46]. thnis sense, the use of the term
engagemenin the one hand clearly marks a change from iaqus top-down deficit
models of the relationship between science andesgdiut on the other hand it is still
not committed to any specific model of communicati@tween science and society.

The subject of public engagement as one of the medstant is not so surprising
since the agendas of RRI and public engagementecgawvith each other; on the one
hand, RRI is broadly defined as the alignment adfreze with society and, on the other
hand, public engagement is about involving lay peapth experts either in decision
making or in any knowledge production processes.ricace the debate on public
engagement, it was founded on the call for deemgd® in the relationship between
science and society. This resulted in the tramsitirom the usage of the word
understandingo the wordengagemenas an illustration of the change from the deficit
model, which assumed the public as being ill-infedrabout science, to a dialogical
model which allows the public as a valid contributegardless of its scientific literacy,
as discussed by [35,47-49] and others.

The problems and controversies of the older debatpublic engagement became
deeply rooted in the academic discourse about RRIl.a result, and as we have
previously mentioned, the dimensions génder equality open accessnd science
educationare underexplored in the RRI literature, perhdps due to the fact that these
are less dialogic modes of relation between sciancesociety. Owen et al. [1] noticed
that the distinctions between instrumental, normeasind substantive motivations in the

field of public engagement are applicable to thecept of RRI. Arguing further that
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the primary point of discussion and clarificatidroald be focused on the purposes and
motivations of RRI at the policy level, insofar BRI risksbecoming just a new label
for the prevailingstatus qup as well as being used instrumentally to achiexe p
committed policies.

But other restrictions have been identified in titerature. For example, the
problem that an overemphasis on public engagemet fwster the misconception
among the public that participatory processes amigh to prevent any undesirable
outcomes [25,50]; or the fact that it is often alied that civil society actors may not be
able, or willing, to participate or engage in anieg practice with science and
technology as an expression of a possible “engagerfaeigue” [4] that would
undermine both RRI and public engagement deterinimat These examples, among
others, make it clear that RRI agendas cannotdlatéxl from the problems of public
engagement. Therefore, efforts should be made telale participatory models to
respond to the complexity of RRI, such as in thel RBols project [51],in which
instruments are developed to assist the implementaf the various RRI dimensions.

Underlying many controversies in the literature @#bBRI are ethical and moral
aspects that are, in fact, the foundations of #ikeg discussion about the social aims of
science, which gradually called the wider publicptoticipate in the debate about the
application of scientific knowledge for social b&hésee, for example [52,53)). In this
sense, and since the phenomena of engagementeiscethical questions, such as, for
example, instrumental versus moral stakeholdergarmgant in [54], one would expect
the RRI literature to disclose a debate combirngtigics and engagementssues. A
collocation analysis to all content in the samptind disclose a significant correlation
between both. In other words, the dimensionpulblic engagemerdnd ethics with

some exceptions, appear to be generally discuspeatately.
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One of the exceptions to this rule, is Rip’s acdddh framing public engagement
within the traditional division of moral labour, veh can be assumed as a strategy to
adjust diverse values by merging normative indigidonorality with ethical elements
governing social institutions. This appears to adipularly suitable in a complex social
setting where scientists, technologists, indussts| government actors and other social
actors are committed to maximizing the positive actpof science and technology on
society. But this approach is not without probleasthe demand for the 'right impacts’
has difficult ethical dimensions and include sigraht political and social dilemmas
[1]. The notion of ‘right impact’ on society andetlbest ways to achieve it is definitely
not only of ethical substance, but also suggestsdbtcial and political dilemmas may
be conflicts of ideological nature underlying pgbbpinion, institutional behaviour,
politics and, ultimately, decision makers.

Ethics and ideology are interconnected and manicatissues of our time are
inevitably developed from and around ideologicaluea [55,56]. The discussion of
ideology in RRI is scattered throughout the sanaple is mostly found in the context of
engagement, as actors or stakeholders involvedriicgpatory action either potentially
carry ideological biases that contribute to the jmwductivity of engagement practices
[18,57], or can be infected by the ideological amh&kRI [13]. Also, risk and scenario
anticipation, namely in fields of emerging scieacel technology with high uncertainty
levels, appear to be rich in ideological visionstioé future [15,17]. However not
representing a trending topic in the literaturegoidgical factors may constitute
significant obstructions to the arrival of a corm&non the definition of RRI.

From the perspective of academic discourses, RegpgerResearch and Innovation
is a dynamic ethical framework increasingly narmgvon issues of social engagement,

bringing problems of an ideological nature whichynpaevent a consensual theoretical
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definition of RRI. If there are in fact significaitteological constraints to the practice of
RRI's ethical foundations, it would be thought-pkwg to deepen the understanding
on how potential ideological beliefs of differemdcgal actors are fuelling, or infecting

the RRI debate, and bringing its controversies iamoapparent everlasting state of
entropy. In contrast, RRI is applied and put intagtice in a growing number of

academic disciplines and research topics, whichleaah to a self-organized definition

based on its ongoing implementation. The combinadifcthese seemingly contradictory
forces makes the future of RRI uncertain. We majne@s the worsening of the

buzzword effect of the concepts associated with, RRhing the academic debate into
an inconsequential litangy in another way, RRI may become a complex andchohyn

concept, resulting from the unpredictability of ebinteraction.

4.1 Limitations and future developments

In our study we pursued emerging patterns in tlagl@mic literature on Responsible
Research and Innovation in a restricted set otlagi We are aware that there is a
margin of error in the results to the extent thaptd of the literature has been excluded
from the sample. For example, by choosing to aeapeer-reviewed articles only, we
left aside books, book chapters and conference rpapéhich also constitute an
important medium of academic discourse. Howevealliphases of the sample setting
process we complied with criteria that favouredatsustness, in this sense we consider
that the results can be admitted as reliable emgtgends.

Ethics and public engagement are the clearest tierpatterns revealed in our
study. This led us to continue our research seekiegper knowledge of public
engagement and participation in science and teogggdolicy, making use of not only

guantitative methods but also qualitative methodhsclv provide more detail to the
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topics under study. We have solid reasons to cenditht public engagement and
participation are key elements to better undersianadtical and conceptual tensions
underling RRI.

Finally, our perception is that the literature @gdely composed of case studies,
which, although of great value, are limited to thgecificity of their contextual
circumstances. In order to deliver a more extendsibn into this academic debate,
further impact assessment and evaluative researcteeded, perhaps through more

systemic approaches that provide wider insightstiné RRI project.
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Appendix A

Figure A.1

Citation network

Directed graph

Nodes J 115 \ 79,31% visible

Edges I 227 { 100% visible

Figure A.2

Degree centrality
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Article In-degree | Out-degree Degree

Owen, R.etal, 2012 67 1 68
Ribeiro, B.., etal, 2017 3 12 15

Rip, A., 2014 10 4 14

Betweenness centrality

e .
Article Betweenness
Owen, R. etal, 2012 835
Rip, A., 2014 49,5
Ribeiro, B.E., etal., 2017 49
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Appendix B

Table B.1
Rank A — all articles B — main cluster T X — removed from sample 1
1 ethics ethics = ethics =
2 public public = user *new*
3 need need = public -1
4 participate policy +1 need -1
5 policy practice +2 value +6
6 governance participate -2 governance +2
7 practice future +1 risk +13
8 future governance -2 health *new*
9 new stakeholder +1 participate -3
10 stakeholder new -1 new =
11 value value = policy -7
12 product product = nanotechnology *new*
13 assessment assessment = knowledge +2
14 risk actor +5 community *new*
15 knowledge knowledge = future -8
16 involve engage +2 application *new*
17 concern involve -1 regulator *new*
18 engage concern -1 care *new*
19 actor impact +3 potential +5
20 emerge risks -6 Europe *new*
21 potential emerge -1 information *new*
22 impact challenge +1 stakeholder -13
23 challenge mean +2 scenario *new*
24 community potential -3 involve -7
25 mean researcher *new* decision *new*
Table B.2
Rank C - 2009-2014 D - 2015-2017 11
1 future ethic +1
2 ethic public +7
3 ELSA participate *new*
4 governance practice +19
5 health need +1
6 need policy +2
7 new stakeholder +7
8 policy governance -4
9 public value *new*
10 nanotechnology new -3
11 ELSI product +10
12 impact future -11
13 emerge assess *new|
14 stakeholder engage *new:
15 fund actor *new*
16 global knowledge +9
17 Europe concern +7
18 involve risk *new*
19 researcher involve -1
20 synbio mean *new*
21 product impact -9
22 challenge emerge -9
23 practice potential *new*
24 concern challenge -2
25 knowledge information *new*

33




Table B.3

Number

Topics of articles
RRI 22
Nanotechnology 17
Technology Assessment 17
Science Policy 15
Synthetic Biology 12
Health Sciences 7
Neuroscience 7
Education 6
ICT 6
Economy/Bio-Economy 4
Industry 4
Robotics 4
Business 3
Geoengineering 3
Science Communication 3
Energy 2
Sustainability 2
Aerospace engineering 1
Agriculture 1
Anthropology 1
Aquaculture 1
Artificial Intelligence 1
Computer Ethics 1
Earth observation 1
Port Development 1
Quantum Technology 1
Research Integrity 1
Techno-utopianism 1

Table B.4

RRI Nanotechnology | Technology Assessmeni Science Policy | Synthetic Biology
1 ethics nanotechnology future government biology
2 practice government policy public synthetic
8 need practice assessment policy health
4 public public mean ELSA synbio
5 policy standard practice need global
6 stakeholder| actor debate participation public
7 Europe emerge need value product
8 government| dialogue new fund participation
9 value new public challenge policy
10 | new researcher knowledge knowledge new
11 | actor individual stakeholder ELSI application
12 | care need value ethics reflection
13 | involve engage technical scenario government
14 | scientist ethics care practice ethics
15 | concern participation impact actor need
16 | engage organize world stakeholder potential
17 | researcher policy risk decision concern
18 | participate stakeholder engage new future
19 | term future decision Europe scientist
20 | concept initiative actor researcher stakeholders
21 | open involve politics involve bacteria
22 mean risk challenge programme engineering
23 | emerge scenario ethics citizen challenge
24 | product nano consequence community regulation
25 | decision potential present future emerge
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Appendix C

Table C.1

YEAR | AUTHORS | JOURNAL | TOPIC | GROUP DOI
Articles Published Between 2015 and 2017 - those rked in gray were removed from the citation network(Group X)

2017 Serholt S et al. Al & Society Education B 1TM7/s00146-016-0667-2
2017 | Almeida, MS; Quintanilha, Al Bioch. and Molecular Bio. Ed. Education X 10.1002/bmb.20988
2017 Pidgeon, NF; Spence, E Biology Letters Geoengineering X 10.1098/rsbl.2017.0024
2017 Yang, P; Han, B China & World Economy Econdsig/Economy B 10.1111/cwe.12224
2017 Jirotka, M et al. Communications of the ACM TIC B 10.1145/3064940
2017 Low, S Earth's Future Geoengineering B 10./A00BEF000442
2017 McLeod, C et al. Energy Res. & Social Scienge  Synthetic Biology B 10.1016/j.erss.2017.06.017
2017 Metze, T et al. Environ. Science and Policy| orteeny/Bio-Economy B 10.1016/j.envsci.2017.04.015
2017 Coenen, C; Grunwald, A Ethics and Informafienh. Quantum Technology B 10.1007/s10676-017-%132-
2017 Gardner, J Euro. J. of Paediatric Neur. Neigose B 10.1016/j.ejpn.2016.04.019
2017 Lynch, DHJ et al. Ind. Crops and Products BooyiBio-Economy B 10.1016/j.indcrop.2016.10.035
2017 Mittelstadt, B Information Health Sciences X 10.3390/info8030077
2017 Heras, M; Ruiz-Mallén, | Int. J. of ScienceuEation Education B 10.1080/09500693.2017.1392643
2017 Glerup, C et al. J. of Responsible Innovatiol RRI B 10.1080/23299460.2017.1378462
2017 Bechtold, U et al. J. of Responsible Innovatio | Technology Assessment B 10.1080/23299460.201761136
2017 Zimmer-Merkle S; Fleische J. of Responsiibi®vation Technology Assessment B 10.1080/2329204(7.1338105
2017 van Lente, H et al. J. of Responsible Innovati Technology Assessment B 10.1080/23299460.2026263
2017 Dickel, S; Schrape, J-F J. of Responsiblevation Techno-utopianism B 10.1080/23299460.20110%23
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Emerging patternsin the academic literature on Responsible

Resear ch and I nnovation

Highlights:

Academic debate on RRI emphasises the dimensions of ethics and public
engagement.

Academic discourse on RRI changed since 2014, along with the Rome
Declaration.

RRI isincreasingly multidisciplinary,

RRI is still away or absent from disciplines with high levels of risk and
uncertainty

Ideology may be a major obstacle to reach consensus on theory and practice of

RRI.



