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Executive summary

Equity is a key aim of both Open Science and Responsible Research and Innovation (RRI), but could thes
policies actually worsen existing inequalities? Thasetices require resources (funding, time, knowledge,
skills), and the traditionally advantaged usually have more of them. Will their privilege mean that they are
the ones to benefit most? Access to scientific products and processes is not made uifigim secause

they are made available via the Internet. The potential for the Open Science and RRI agendas to realise these
LINEYAASa 2F aAyOtdzaA@dS FyR adadlAylFofS NBaSk NDOK
to implementation imposd by a diverse range of institutions and individuals. Making processes open will
not per se drive wide reise or participation unless also accompanied by the right knowledge, skills,
technological readiness and motivation to do so. These vary considexetolys institutions, businesses and
populations. Differences are further intensified by other factors like geographic location, language abilities,
technological skills, educational levels and access to basic equipment (e.g., Internet access). Those ir
posiSadaArzy 2F &dzOK OF LI OAdGASa INB FR@GFYydlF3ISRE gAi
LidzG G NR&A] o0& O2YRAGA2Y DI 2T SROddtzZii KEBS SFRBOY & b

Identifying and avoiding such dynamics has been the aim girthject ONMERRIT (Observing and Negating
Matthew Effects in Responsible Research & Innovation Transition), investigating implementation of OS and
RRI across a range of stakeholder categories, and in particular for those at the peripheries, to ask whether
RRI interventions might actually deepen socioeconomic inequalities (such as the digital divide) and conflict
with the sustainable development goals. How do geographical, smtioomic, cultural and structural
conditions lead to peripheral configuratioimsthe European knowledge landscape? What factors are at play
and what can be done (at a policy level) to foster absorptive capacity and enhance OS/RRI uptake and
contributions to scientific production across regions?

To answer thesguestionswe have vestigated the impact of Open Science and RRI practices in academia,
industry, and policy. We particularly focused on institutions and individuals working in the areas of
agriculture, climate and health (key pillars of the UN Sustainable Development).Goaksddition, we
examined the role of gender across all investigated questions. Our multidisciplinary team used a combination
of qualitative and computational methods, complemented by stakeholder engagement aaga&ton in

order to examine the advantges and disadvantages in responsible and open research practicddEGRIT

had several research strandsidying the role of Open Science and RRI in academia and itag@gmwith
industry and policy.This report sgthesisesfindings from across the projedidocumented in these
deliverable$, highlghting keyfindings relating tdON-MERRI® crosscuttingissueqDGs 25, 3, and 13).

ONMERRIE 824612 5
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1. Introduction

Scientific knowledge is a key resource for achieving societal and economic goals. Responsible Research ar
Innovation (RRI), and especially Open Science, public participation, and gender equality, promise to
fundamentally transform scholarship to make stiic endeavours more inclusive, participatory, accessible

and reusable beyond the ivory towers of universities and research institutions, and to increase the academic,
economic and societal impact of research outputs. These aims form aartisg) ageda that stands to

O2y (i NRA 0 dzi S (0 2SudM#nibie DevElopiinektSso€BDAR)dhat cover a range of pressing issues,
such as eradicating poverty and hunger, ensuring access to clean water, qualitli@duestablishing good

health and weHbeing, as well as gender equality, and combating the intensifying climate crisis, among others.
DA@SY (KS FdzyRIYSyidalf NREtS 2F a0OASYyOS Ay (2RI &Q:
expected tomake a substantial contribution in meeting these challenges (see also BeRuigjat al. 2021).

Equity is a key aim of both Open Science and Responsible Research and Innovation (RRI), but could thes
policies actually worsen existing inequalities? Thasetices require resources (funding, time, knowledge,
skills), and the traditionally advantaged usually have more of them. Will their privilege mean that they are
the ones to benefit most? Access to scientific products and processes is hot made urifigrign secause

they are made available via the Internet. The potential for the Open Science and RRI agendas to realise these
LINEPYAASE 2F aAyOfdzaAdS FyR &adzadlFAylofS NBASEHNDOK
to implementation imposd by a diverse range of institutions and individuals. Making processes open will
not per se drive wide reise or participation unless also accompanied by the right knowledge, skills,
technological readiness and motivation to do so. These vary considexetolys institutions, businesses and
populations. Differences are further intensified by other factors like geographic location, language abilities,
technological skills, educational levels and access to basic equipment (e.g., Internet access). Those ir
posiSaaArzy 2F &dzOK OIF LI OAdGASa FINB FR@GFyYydF3aISRE oA
Lidzd G4 NRA]l] o0& O2yRAGAZ2Y DI 2T SKROMEUAIiKEBS SFRBOV &b

Identifying and avoiding such dynamics has been the aim girttiect ONMERRIT (Observing and Negating
Matthew Effects in Responsible Research & Innovation Transition), investigating implementation of OS and
RRI across a range of stakeholder categories, and in particular for those at the peripheries, to ask whether
RRI interventions might actually deepen socioeconomic inequalities (such as the digital divide) and conflict
with the sustainable development goals. How do geographical, smtinomic, cultural and structural
conditions lead to peripheral configuratioimsthe European knowledge landscape? What factors are at play
and what can be done (at a policy level) to foster absorptive capacity and enhance OS/RRI uptake and
contributions to scientific production across regions?

To answer thesquestionswe have nvestigated the impact of Open Science and RRI practices in academia,
industry, and policy. We particularly focused on institutions and individuals working in the areas of
agriculture, climate and health (key pillars of the UN Sustainable Development).Goaksddition, we
examined the role of gender across all investigated questions. Our multidisciplinary team used a combination
of qualitative and computational methods, complemented by stakeholder engagement aagaton in

order to examine the advantges and disadvantages in responsible and open research practicéddEGRIT

had several research strands (documented in theéskverabled studying the role of Open Science and RRI

in academia and its intéaces with industry and policy.

ONMERRIE 824612 6
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ON-MERRIT investigated all these questions broadly across three domains of interest. These were agriculture,
Ot AYIGSE FTYR KSFIHfGKE FyYyR KIS 06SSy OK2aSy T2N i
sustainabledevelopment goals. By undertaking research into barriers to participation in and exploitation of
open scientific outputs, OIMERRIT sought to directly address SDG 2 (Zero Hunger), SDG 3 (Good Health anc
Well-Being), and SDG 13 (Climate Action), in additioinvestigating gender as a creggtting issue.

The project synthesised this evidence to reveal the extent to which Open Science and RRI (including public
Sy3ar3asSySyid FyR 3ISYRSNI Sljdzr f Ao RSALIAGSSEKSKRKE
logic of the Matthew effect. OM 9 wwL ¢ Qa | yIfe&aAia 27 Lidsedgolioyméiigd!l 3 S
helped enhance the understanding of conditions that determine which societal actors are able to make their
@2A0Sa KSI NR Aoftimpartandsodetal chialeRgeafktechscientific developments. This

will aid in identifying barriers and excluded groups and assist in understanding how the public engages with
scientific issues, including those relating to key sustainable developigeals, with the intention of
AYONBFaAYy3a (GKS LldzofAo0Qa Sy3alF3aSyYSyid ¢A0GK NBfALFO
equality in the public participation in science. Throughout@BERRIT, gender was a key crosiing issue

in each analysisA focus on the motives and practises exhibited by economic actors in interacting with
scientific developments and outputs in the age of Open Science further informs understanding of the
interaction of science and society in the broadest sense.

Background and preparation
e Literature research; construction of data-collection

] ngig 88 instruments; collection and preparation of datasets
May 20
O ee—
j
Active research phase
BBhase 2 - N Conducting surveys, interviews, workshops; performing data
experiments; analysing results; writing up
Mar 19 /
e 21 O eee——
ﬂ
Synthesis and recommendations
Bohace 3 -1 Distilling findings into case-studies; conducting validation and
policy modelling activities; creating final recommendations

Oct 21-
Mar 22

O e—

Figurel. ONMERRIT project timekn

The results summarised below are intended to enable Open Science policy to move beyond the current state
of-the-art to better incorporate selfeflexive critique of the consequences of polinjerventions and to

reveal gaps and deficiencies in current policy measures. This the project hopes to achieve by making
evidencebased policy recommendations on how stakeholders (Research Performing Organisations,
Research Funders, and other stakeholfleseould amend indicators and reward/incentive schemes to
address and/or mitigate these factors, thus breaking new ground for equitable Responsible Research and
Innovation.

ONMERRIT 824612 7
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This deliverable is structured as follows:

Section 2 presents a systematic Scoping Review of current evidence-ar@ONw L ¢ Qa Y I 2 2 N.
dynamics of cumulative advantage and threats to equity in Open Science, with reference to related
factors in RRI.

Section 3 presents an overview of the finginfrom ONa 9 wwL ¢ Qa NB&ASF NOK Ayl
support and incentives (deriving mainly from Work Package 3), including reference to specific
findings of relevancetoON 9 wwL ¢ Qa GF NBSG {dzadlF Ayl ofS 5S@Sft ;
Section 4 presents an overview tfe findings from OMt 9 wwlL ¢ Q& NBASH NOK Ay
industry (Work Package 4), including reference to specific findings of relevance-&0900Mw L ¢ Q &
target SDGs.

Section 5 presents an overview of the findings from®@B wwL ¢ Q& NB a Sriakngpdad A y {
societal actors (Work Package 5), including reference to specific findings of relevancate @Nv L ¢ Q a
target SDGs.

Section 6 presents findings from across the project on issues related to gender equity and the
transition to Open Science and RRI.

Section 7 concludes by reviewing key findings and relating this to the final tasks-BMfERRIT to

create policy recommendations.

ONMERRIE 824612 8
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2. Scoping Review of relevant literature

A first task within ONMERRIT was to systematically scopelitezature aboutthe ways in which dynamics

and structures of inequality could persist or be exacerbated in the transition to Open Science, across
disciplines, regions and demographics. Wittstbihapter, we describe these finding&iming to synthesise
findings, identify gaps in the literature, and inform future research and policy, our results identify threats to
equity associated with all aspects of Open Science, including Open Access;AlpeDAta, Open Methods,

Open Evaluation, Citizen Science, as well as its interfaces with society, industry and policy. The text situates
these findings within the broader RRI landscape, especially the elements of public engagement, gender
equity, scienceommunication and governance. Key threats include: stratifications of publishing due to the
exclusionary nature of the authgrays model of Open Access; potential widening of the digital divide due to
the infrastructuredependent, highly situated nature open data practices; risks of diminishing qualitative
YSUK2R2t 23AS48 a AGNBLNRPRAZOAOAf AGEéd 0S02YSa adyzy
means of transparent evaluation; and crucial asymmetries in the Open Science relationshipsiusthyin

and the public, which privileges the former and fails to fully include the latter.

2.1. Introduction

Academia remains critically inequitable. The Global North dominates authorship and collaborative research
networks, pushing the Global South to the ipdrery (CastGibson et al. 2018; Monre@/hite and Woodson

2016). Even within richer regions, a fetish for heorly defined3 21 f 2F GSEOSf f Sy 0S¢
breeds cumulative advantage in funding allocation for the higifiestied institutions (Nolke et al. 2020). At

the level of individuals, early success shapes future success (Bol, Vaan, and Rijt 2018). Women occup
relatively fewer higheipositions, tendto achieve senior positions at a later age, are awarded less grant
funding and have fewer "ghA Y LI OG0 Llzof A OF GA2yab o6. NRgy Si |tod H
and BlairLoy 2010; Penner 2015). Lack of equity has been found to shut out participation in the scientific
conversation and potentially reduce motivation, happiness and gil@ss to work, even amongst those who
actually benefit (Gesiarz, de Neve, and Sharot 2020). These inequalities undoubtedly testify to broader
societal imbalances but, as observed since the 1960s (Zuckerman 1988), dynamics of social mobility play ou
in acalemia in specific ways (cf. Bourdieu 1975).

Open Sciencehas been proposed at least in part as a corrective for some of these issues. Open Science has
0SSy RSTAYSR |d GiONIyaLl NByd FyR | 0O0SaarofSelyz2s
Yy S ¢ 2 NJ) a{Saedand Mefligeugntes 2018). It is a varied movement to reform research through
more transparent and participatory practices including Open Access to publications, research data sharing,
opening research methods and processes, nmaeans of transparent research evaluation, and the re

! This chapter was recently published as: Raslauer Tony, Reichmann Stefan, Cole Nicki Lisa, Fessl Angela, Klebel
Thomas and Pontika Nancy (2022). Dynarofccumulative advantage and threats to equity in open science: a scoping
review.Royal Society Open Scienu#p://doi.org/10.1098/rs0s.211032

2Ly 9y 3t AAKI GKS $2NR Sa0ONFBOF &y RA KdiVH y3yi A& oS ESydaSS i
G118y 2 6S SEOfdzaAA2YyINBE 2F (KS&S R2YFIAY&Z YR Y2NB A
LINEBTFSNNBR 08 a2YSd 2SS KSNB dza S ( K$shoutda\dad a3 e 16 reseSrdhly &
from all academic disciplines.

ONMERRITE 824612 9
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orientation of research to be more inclusive of and responsive to the needs of society and industry (Pontika
et al. 2015). Its motivations are diverse. Fernandez Pinto (2020) argues that Open Scienee/aaously
seen,inter alia as a culture, a goal, a movement, a set of policies, a project and a research strategy. Fecher
YR CNARSAA]1SQa o6vwnmn0 RSTFAYAGAZ2Y 2F hLISy {OASyQC
F A& dzY LG A 2y & éFd HSK A aAIRSAHOIA i OK22f a4 2F (GK2dzZaKGé¢ NB
Open Science:

Infrastructure SchoolAims to create open platforms, tools and services to enable efficient and
collaborative research

Public SchooAims to make science assible to citizens and others beyond academia
Measurement Schookims to develop alternative assessment systems for research

Democratic Schookims to make knowledge freely available to everyone

Pragmatic SchoohAims to make scientific processes moféagent, collaborative and open

{20AFf YR SLIAAGSYAO 2dzaGAOS IINB OSyaNrft G2 i

Schools), but important drivers of all. Equity has been a key aim of Open Science since its inception. The
stirring language of the foundational 2002 Budapest Open Access Initiative, for example, claimed Open
I 00Saa 02dzZ R aKIlI NB f S| NiftheyomdatonFoildiy Ginganighida dnfnonl Y R LJ2 2 |
intellectual conversation and quest for knowledge ¢ O/ &Yt ® HnnuHOUDP bASEASYQS:
5Aa020SNe¢ RS@2:GSa | OKILIISNI G2 GKS gl ea Ay BKA
ObAStasSy HnmoU® a2NB NBOSyifeéezr aAyONBIFaSR SldaAide
stakeholderdriven study (AWY KI'y S | f® wanmyod !'a DNIKS S Ff o
openness and transparency provide opportunities to advance diversity, justice, and sustainability by

LINEY2GAYy3d RADGSNEBSS 2dzaidx FYyR adzadl Ayl oftS 2dzid2YS

However, equity is one aim of Open Science amongst others, including increasing research quality and
efficiency. Depending on definitions and priorities, these overlapping aims may conflict. What is more, these
aims are necessarily refracted through thengmeting motivations of a myriad of actors (including
researchers, research institutions, funders, governments, publishers). The equivocal nature of Open Science
hence leaves room for interpretative flexibility in adoption and implementation, while itsyhpalitical and
economic implications mean that diverse and potentially conflicting motives are at play. Disconnects
between expressed ideals and eventual policies and practices should be expected.

This is especially so since academia seems perniciodslyVaINI} 6 £ S (2 f23A0a 2F aO0dz
0SSy NBO23ayAaSR |4 tSFradg airyO0S aSNIz2zy LINRPLR2ASR
successful scientists tend to receive disproportionately high recognition or rewards (e.g., reputatio
resources, access to infrastructure) in comparison to their-ffaswus counterparts (Merton 1968; 1973;

My y Lo C2NJ aSNIizysz dgaeaidSyvya 2F NBgINRZ Fft20F0A
operate to create and to maintain a skastructure in science by providing a stratified distribution of chances
FY2y3 aO0ASydAada F2N) AAIAYATFAOIYG aO0OASYUGATAO 62N
effect at work in research at the level of article citations (Wang 2Qadinals (Lariviére and Gingras 2010),
institutions (Langfeldt et al. 2015), departments (Weakliem, Gauchat, and Wright 2012), and countries
(Bonitz, Bruckner, and Scharnhorst 1999), and along persistent fault lines of inequality like race (Hofmanner
2011)and gender (Rossiter 1993). It is at work across a range of scientific activities, including peer review
(Squazzoni and Gandelli 2012), public engagement (Woods 2015), and funding acquisition (Zhi and Menc
2016). Although for Merton the Matthew effect wamtentially detrimental in clustering resources and

ONMERRIE 824612 10
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stifling innovation, he also saw it as a functional element aiding assessment of the credibility of sources,
allocation of attention, and recognising outstanding contributions (Squazzoni and Gandg)li BO1 while

the Matthew effect in its various forms might be functional at a system level, it no doubt has the effect of
advantaging and disadvantaging the contributions of individuals, as well as the individuals themselves, based
on secondary attributesGiven the equity aim of Open Science, this is problerpatice

Merton later broadened his thought to identify the Matthew effect as an example of cumulative advantage,
GKSNBoe aO2YLI N GAGS I ROl yGl 3S dncrénfentsioNstructyrd IRcatdn, LI O
and available resources make for advantage such that the gaps between the haves and tmetsave
A0ASYOS ola Ay 20KSNJR2YFAya 2F a20AFt tAFSU0 6AR!
The lineslelineating the Matthew effect and cumulative advantage are often blufriédr our purposes, and

to avoid confusion, in what follows we will prefer the broader term cumuladidreantage andefine it along
GAGK 5At NBGS YR 9ANNGQK a0 jFRANI Ay ljddek £ ASiyeS NIENRYEASIO
' FF@2NIo6tS NBfIFIGAGS LRaAdGA2Yy 06S02 Y Stesé meddaristhslzNID ¢
are also closely related to what is referred to as preferential attachment in networkyhedere power

law distributions are a result of the positionality and individual attributes of specific agents as nodes in a
network shape possibilities for future accrual of resources within that network, such as larger nodes having
more possibility foconnection (Barabasi and Albert 1999).

We hence understand Open Science as a diverse agenda to increase transparency, accessibility an
participation in research, where equity isemmonly stateciim. We also, however, understand that various
aspects ofacademia are particularly vulnerable to logics of cumulative advantage. Bringing these threads
together, we are led to ask whether Open Science is itself affected by such mechanisms, and whether they
endanger the equity aim of Open Science.

As argued by Abrnoz et al. (2018), Open Science policies are situated within power imbalances and historical
inequalities with respect to knowledge production (cf. Mirowski 2018). Uncritical narratives of openness
therefore may fail to address structural barriers inokiedge production and hence perpetuate the
cumulative advantage of dominant groups and the knowledge they produced. Making processes open
requires capacities (in terms of knowledge, skills, financial resources, political will, technological readiness
and motivation) which vary across regions, institutions and demographics. In addition, persistent structural
inequalities and social and cognitive biases will not be eliminated in an Open Science world. We must
therefore ask how equitable is the implementatiohOpen Science across a range of stakeholder categories,

in particular those at the peripheries? Might interventions in some cases actually deepen inequalities or be
at conflict with wider Open Science goals? How do geographical,-scaimmic, culturabnd structural
conditions lead to peripheral configurations in the Open Science landscape? What factors are at play and
what can be done (at a policy level) to enhance uptake and contribution to the production of scientific
knowledge by everybody?

withthA & OKF LIASNE 6S FAY G2 &aeadasSylraaodortte &a02L) SE
and discourse exists in the literature about the ways in which dynamics and structures of inequality could
persist or be exacerbated in the transitonto®y { OA Sy OSZ I ONRP&a RA&AOALI AY

51 fGK2dzZaAK &a20A2t23AaG4&4 YlIeé ARSyi(GATe AlG az2ftSte Fa NBT
rewards, the Matthew effect has been taken up to descpbenomena of accumulation in areas as diverse as online
markets (Berbeglia and Hentenryck 2017), reading and literacy (Stanovich 2009), sexual networks (Blasio, Svensson, ar
Liljeros 2007) and transitions to democracy (Lindenfors, Wilson, and Lindbedl 202

ONMERRITE 824612 11
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Our scope includes all aspects of Open Science, including Open Access, Open Data, FAIR Data, Open Metho
Open Evaluation, Citizen Science as well as its interactions with the interfaces betierere sand society

and industry. Results are presented according to these dimensions. This will synthesise evidence and
discourse, identify gaps in the literature, and inform future research and policy. Given that the intention is to
describe the generakspe of the issues, no systematic quality appraisal of studies is carried out.

This study uses the PRISMA framework (Page et al. 2021) to align study selection with the research questior
and will follow the relevant aspects of the PRISMA Extension forirf@céteviews to ensure thorough
YFELIWA YIS NBLR2NIAY3 yR Fylteara 2F GKS € AGSNF G dzNJ
the extent (that is, size), range (variety), and nature (characteristics) of the evidence on a topic ormquestio
determine the value of undertaking a systematic review; summarize findings from a body of knowledge that
is heterogeneous in methods or discipline; or identify gaps in the literature to aid the planning and
O2YYA&aaA2yAy3d 2F TFdzidzNBE NBaSI NOKe o

Since the rany potential benefits of Open Science have been-argjued elsewhere (McKiernan et al. 2016;
Munafo, Nosek, Bishop, Button, Chambers, Sert, et al. 2017; Fell 2019; Tennant et al. 2016), our presentatior
here necessarily focuses in greater depth on thassas where Open Science implementation potentially
endangers the aim of greater equity in science. This emphasis should not be interpreted as signalling that the
authors believe that the negatives outweigh the positives. Yet Open Science has now undipuabted of

age, as mainstream policy in many regions and institutions, and must itself be open to critical and continued
reflection upon the ways in which implementation may run counter to ideals. We believe such critique should
be welcomed; above all byOpen Science advocatesn order to reorient implementation strategies and
optimise outcomes wherever possible and desirable.

2.2. Methods

Methodologically, following identification of the above research question, the work has been structured
according to thdollowing four steps: Identify relevant studies, Select eligible studies, Chart the data, Collate
and summarize the results.

2.2.1. ldentifying relevant studies
A search was conducted for published and grey literature on the research area from January 2880 to
present, published in English. The authors first conducted a search of electronic databases (Scopus and Wel
of Science) on 23rd December 2020 for citations and literature using the below queries.

Web of Science (All Databasedp27 results

TOPIC{((open science" OR "science 2.0" OR "Open Access" OR "open peer review" OR "all
OR "alternative metric*" OR "open data" OR "reproducib*' OR "FAIR Data" OR "open inng
OR ‘"citizen science" ) AND ( "matthew effect*” OR Udative advantage" OR "inequ*" C
"*justice™))

Timespan: 200@020. Databases: WOS, BCI, BIOSIS, CCC, DIIDW, KJD, MEDLINE, RSCI, §

Search language=English

ONMERRIE 824612 12
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Scopus 1543 results

TITLEABSKEY ( ( "open science” OR "science 2.0" OR "Opers’A€Bs "open peer review" C
"altmetric** OR "alternative metric*" OR "open data" OR "reproducib*' OR "FAIR Datg
"open innovation" OR "citizen science") AND ( "matthew effect*” OR "cumulative advantag
"inequ**)) PUBYEAR 1999 AND ( LIMITO (LANGUAGE , "English"))

2.2.2. Selecting eligible studies

Searches yielded 3170 total results. Following manual deduplication, 2661 results remained for title/abstract
screening, which was guided by the PRISMA framework, spditific eligibility criteria applied to ensure
relevance for the study and its research questions. The selection process followed the recommendations in
the Preferred Reporting Items for Systematic Reviews and Matdyses Extension for Scoping Reviews
(PRISMASCR) checklist and mapped using the PRIBMAart (Figre 1). Web searckengines and other
sources were used to identify strongly relevant gliégrature from bodies likely to have produced relevant

grey literature reports such as research fundamsearchperforming organisations, academic publishers,
student coalitions, OECD and UN. Finally, this was augmented byskarzhing references of the included
a0dzZRAS& | yR NBIFISINGSYWIXESED 60kaS 212 f 26 Ay 3T Ay Of dzaAzy

Articles on potential effects in Open Science as they relate to the propagation of cumulative
advantage

Conducted internationally or nationally

Published from 1 January 2000 until current

Available in English

Full textcould be obtained

Study is a review artie, commentary article, editorial, conference paper, or other pesfiewed
article

Study is a greliterature report from a recognised stakeholder

All types of methodology (quantitative, qualitative, mixed, etc.) are eligible

Based on these criteria, twreviewer$ then separately assessed eligibility via screening of titles and
abstracts. Where at least one reviewer perceived the study eligible, it was included (50% necessary
percentage agreement). In total, 239 articles were judged relevant by datdeasreviewer.Full textswere
retrieved on 29 February 2021. All reasonable attempts were made to obtaintéuli copies of selected
articles (if not openly accessible, then first via institutional access privileges, and if that failed vidoratgr

loans or contacting the authors directly), whereupon a further 31 articles were removed as thaxfullas

in a language other than English or the ekt could not be obtained. Following this, 208 articles were
carried forward to the next stage.

4 Tony Rosslellauer and Stefan Reichmann
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other

sources
[ Identification of studies via databases and registers ] Identification of studies
_ via other methods
S 3170 records identified from: Records removed before Records identified
k] Scopus (n = 1543) screening: from:
= : _ I Duplicate records removed Web searching
= Web of Science (n = 1627)
= (n =509) Organisations
£ Citation searching
(n=163)
v

Records screened »| Records excluded

(n = 2661) (n =2422)
f:" v
= Reports sought for retrieval Reports not retrieved (full-text
§ (n E%BS} vg e —®| not available or not in English)
3 (n=31)

A4
- Reports excluded (not relevant

Rep-::ér[t}ssassessed for eligibility ——| according to the inclusion criteria

(n =208) or no relevant findings): 103
3 o o
E Studies included in review <
Q (n=105)

Adapted from: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit:
http://www. prisma-statement.org/

Figure2. PRISMA diagram showing literature searching and scoping process

Full textsof the remaining articles were then examined by the first and second authors to determine to which
research sulmuestions the article was relevanThis literature was then delegated amongst authors
according to topic.

2.2.3. Charting the data and summarizing results

Each author responsible for that theme then appraised thk text to determine whether the study
contained relevant evidence or discoardVhere it did (n=105), a data charting form (Table 1) was followed
to electronically capture relevant information from each included study.

> TRH: general factors, open evaluation; SR: Open/FAIR Data, policy aspects; NP: Open Access; TK: Open Methods; |
society aspects; AF: industry aspects
ONMERRIT, 824612 14
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Data chart heading Description

Author Name of author/s

Date Date article sourced

Title of study Title ofthe article or study
Publication year Year that the article was published
Publication type Journal, website, conference, etc.
DOI/URL Unique identifier

Relevance to which study questions Open Access, Open/FAIR Data, Open Methods, Gpaluation,
Society, Industry, Policy

Key findings, including study aims, Noteworthy results of the study that contribute to the scoping

details, design and data sources  review question(s). Where relevant, overview of the main

(where relevant) objectivesof the study. Type of study, empirical or review, etc.
Notes on methods used in study (whether qualitative or
quantitative, which population demographics studied, etc.).

Detail the data sources.
Tablel. Data charting form

Authors then used further snowalling and specific keyword search using web search engines and other
sources to identify further relevant peeeviewed material as well as grdiferature, yielding a total 163

items identified by other methods, in additido the 105 items identified via Scopus, for inclusion. All results
were then exported to a single library in the Zotero opmurce reference management software. Data
charting was collated in a combined CSV file. Thautbor responsible for each thentlen drafted an initial
narrative summary of the evidence. These sections were then compiled by the lead author and revised into
a full first draft, which was then shared with all-aothors, who worked collaboratively to revise the study
and fill any peteived gaps in evidence and argument.

These methods were pregistered in advance on Z2December 2020n{tps://osf.io/t6uy9/). All materials

and data are available at DOI: 10.5281/zenodo0.4936202. This resultingsaript deviates slightly from the
pre-registration in broadening the title and framing of the chapter from a narrow focus on the Matthew
effect to dynamics of cumulative advantage and threats to equity more broadly, in order to better reflect the
scopeof the preregistered search queries and the resultant chapter.

2.2.4. Results

The following sections present our synthesis of this literature. Since the many potential benefits of Open
Science have been waltgued elsewhere (McKiernan et al. 2016; Munafd, NpB&hop, Button, Chambers,

Sert, et al. 2017; Fell 2019; Tennant et al. 2016), our presentation here necessarily focuses in greater depth
on those areas where Open Science implementation potentially endangers the aim of greater equity in
science. This entmasis should not be interpreted as signalling that the authors believe that the negatives
outweigh the positives. The presentation of the results is in a descriptive format (narrative summary) to align
with the study objectives and scope of the review, grttenomenonoriented according to the various
dimensions of Open Science: Open Access, Open Data, FAIR Data, Open Methods and Open Infrastructur
hL)Sy 9@l fdzr A2y a ¢Sttt a hLISy {OASyOSQa AydSN
overarching issues which apply generally across the dimensions of Open Science.
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2.3. Overarching issues concerning inequity in Open Science

Open Science is aimed in part to counteract inequity. Opening access to publications enables readership
beyond those prideged by journal subscriptions (Suber 2012; Willinsky 2009).-§beatang and open
methods allow reuse beyond the narrow networks of existing collaboration (Wilkinson et al. 2016). Greater
transparency in processes of evaluation might eliminate biaslecsen procedures (Wilsdon et al. 2015;
RossHellauer 2017). Participatory processes of Citizen Science could make scientific endeavours more
inclusive and understandable for large audiences (Nielsen 2013).

But, as Chin, Ribeiro, and Rairden (2019) remis, "transitioning to open research involves significant
financial costs." Open Science relies upon local training and support, as well as infrastructure and resources.
Even in welresourced regions such as Europe (Tenopir et al. 2017; MoRRI consg@ii8hand the US
(Tenopir et al. 2014), readinetsvels of training and support infrastructure amongst nations and institutions

are highly diverse. These disparities are, of course, even greater in what Siriwardhana (2015) terms
G NB a 23RIE  3GW/énittatyGpéndScience practices depend on underlying digital competences
(Steinhardt 2020), the continuing realities of the digital divide (Maiti, Castellacci, and Melchior 2019) have
real effects on participation in an Open Science world.

Implementationof Open Science must also be supported by policy. As Prainsack and Leonelli (2018) argue,
G2LISYy aOASyOS Aa I LREAGAOFE LINR2SO0 G2 |y S@Sy
Open Science policy landscape is highly variable acragsns, funding organisations and institutions
(Sveinsdottir, Proudman, and Davidson 2020). Policy priorities shape incefrticeures and resource
allocation, and hence drive different implementation strategies. Open Science perhaps began as atgrassro
movement of scholars, but its quick uptake into national and institutional policy has seen it linked to wider
goals, including economic growth. In Europe, the European Commission (EC) has been a driver of Oper
Science (Burgelman 2021). But as an inftizé 2016 EC publication makes explicit, this interest is at least

LI NIfe Y20AQBFGSR o0& hLISy {O0ASyO0SQa LISNOSAGSR LRG
Ay 3At20Ff 1y26ft SR3IS YI NJ S i dGenheyal fai ReSeahhagdTrddvation 201&.y | -
To which we must naturally ask, at whose expense?

In light of this, we should take seriously a strand of critique which links Open Science to broader trends to
reshape the academy under neoliberal principles to emphasise markietciples of competition,
foregrounding its economic role in training the workforce and fostering new products and services, at the
expense of the social mission to provide upward mobility for marginalised populations (Slaughter and
Rhoades 2000; Maisuriad Cole 2017; Canaan and Shumar 2008; Mirowski and Sent 2002). For some critics,
Open Science has the potential to merely fuel these developments. In the words of Tyfield (2013), Open
{ OASy0SQa tS3r0e YIFe 0SS RSTAY S:¢w mpil edoribtny ol KdAWREO (0 &
LINE RAzOGA 2y £ YSEYyAy3a GKS YINJSOGAAaAlLGA2Yy 2F aOASy
{AYAfT NI & FT2NJ aANRgaAlAZ hLISYy { OASo-@d@itfitns dolbnisiNg a dz
theres¢ NOK f I yRaOlILIS gA0GK | K2ad 2F G22ftax aSSiAy3
the research process being subject to increasing division of labour wherein smaller and smaller chunks are
made objects of public scrutinye.g., open projects, open lab notebooks) (Mirowski 2018, 197). Such
RSPSt2LIySyida O2dfR a45$8x Ay (KS 62NRa 2F YIyal o
SYGNBYOK RIFEYFIAY3I AyadaddaZiazylf &aGNHOGdNBE YR A
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2.4. Inequities in Open Access

The ratonale for Open Access (henceforth OA, whereby scientific publications are distributed online, free of
cost or other access barriers under open licensing conditions) to research publications is often centred
around the democratisation of knowledgewhat K G Kt SSy CAGT LI GNRA O] OHAMMDOD
NEYSR& |y AYolflyOS 0SG6SSYy AYyF2NNIGA2Y GaKI @Sa |
Access is posited as boosting return on investment (Mayer 2013) and as a solution to in eiqfdynation

access in regions (Nwagwu and Ahmed 2009; Bawa 2020; Koutras 2020; Arunachalam 2017; Raju, Claasse
and Moll 2016; Koutras 2015) and disciplines, especially to improve public participation in conversations
related to social challenges like dlth, education and agriculture (L. Chan, Arunachalam, and Kirsop 2009;
Terry 2009; Robinson and Scherlen 2009; Scherlen and Robinson 2008; Adelle 2019; Roehrig et al. 2018). Ye
AAYAT NI G2 hLISYy {OASYyOS Y2NB O0ONBNMNRYE A RS2MAA3 L Olat
2019). Democratisation is but one aim amongst others, including efficiency gains through speeding
dissemination and potentially lowering publishing costs (Suber 2012). The diverse ethical, political and
economic priorities mtivating these aims in turn present a range of possible routes to OA implementation.

I ONMXzOA Lt A&&dzS Ay (GKA& NBIIFINR KFad 0SSy (GKS SEG!
h! ¢ 0 2 @S Nardhigiig oD pSHichtions in OSrLI2 A A 12 NAS& O6aDNBSY ht! é

Gold OA can be supported via a multitude of business models, including consortial funding (also called
G5AFY2YR h! é¢3x OFd CdzOKa FyR {lyR2@Ff Hnmo0O 2N @2
publications are financedlia Article Processing Charges (APCs). Than®id€él is controversial since the
benefit of OA (free readership) is offset by a new barrier to authorship at the other end of the publication
pipeline. In this regard, the extent to which OA policy has baéred by richer, global North nations risks
reshaping scholarly communications to enable access but still foster exclusion. As the costs of APCs are
usually borne by institutions or research funders (via project funding), those with fewer resources are
diss RGFYydlF3ISR O0{ANAGI NRKIFIYl HnanmpT wlkadz SG It ® Haun
GLIz0t AOIF GAZ2Y Ay 2Ly | 00Saad 2NJ KEoNRAR 22dz2Ny I f ax
NBaSI NOKé 62 At Si (watershedvimoment foDAPL GAldBSOAZMDI® yecehtl§i, the related
fundest SR AYAGAL (A @S & werd initially accusey &t igrioting éxgeriehces and interests of
RSOSt2LIAY3 yIGA2ya yR I O A y-@mniediblojeddsS a2 NIyA i3S
(Debat and Babini 2019). Although Plan S has arguably somewhat corrected course here (Bosman et al. 2021
Becerril et al. 2021), the overall impact of Plan S remains to be seen.

APCbased OA hence risks stratifications of publishing as-nesburced researchers can cover even the
highest APCs while less wiadsourced researchers cannot (Pourret et al. 2020; Boudry et al. 2019; Kyle Siler
et al. 2018; Batterbury 2017; Sotudeh and Horri 2008; Gray 2020; Christian 2008; Davison et &ll&3)5;
Crowther, and Harvey 2017; Tennant and Lomax 2019; Mdl&gera and Mongé\ajera 2018). Even in well
resourced areas like the UK, rising costs (Copiello 2020) of APCs is recognised as an issue which will mitiga
h! Qa ySi 0SyST) hhoughWaey publShiers bffer deeaiversvamd discounts to authors
unable to pay, restrictive terms and administrative burden, as well as the extent to which they seemingly
LI I OS | dzK2NBR Ay (GKS LlRaAaildAz2y 2 Fcriticidged Asya Weak r2dyonse O K |
to an urgent issue (Lawson 2015; Burchardt 2014). This may have effects on specific demographics. Fo
instance, Niles et al. (2020) found that women tend to take cost into consideration significantly more than
do men when deiding where to publish. This issue is made especially pressing by the citation advantages

Swi t Iy { | y-Ritpg:/Ank.chalitibresyrg/{ ¢
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linked to OA publishing (Tennant et al. 2016; Ottaviani 2016). Usually seen as an important driver for
motivating OA, in the light of equity such an advantage maach merely further fuel a classic Matthew
effect, privileging those actors with the resources to pay for OA in the most prominent journals.

Given the problematised (Ferr&apena et al. 2016) but persistent association between journal prestige
(often quantified via the journal impact factor) and publication quality, it is especially problematic, then, that
publishers often charge more for high impact journal publications (Gray 2020; Tennant and LomaX2019).
addition, APC rates are highlyriable across disciplines (Demeter and Istratii 2020) and regions (Pourret et
Ff® WwAaHNnOI YR FNB SaLISOAFfte& LINRPOfSYILGAO AYy oKI
in the Social Sciences and Humanities (Eve 2014).

The APC model, coiby SR g A G K GKS LINBaadz2NE (2 &Lzt AaK 2N L
KStfLISR 3IAQPGS NRAS (2 ¢gKIG Aa GSNX¥YSR GLINBRFUG2NEE
articles with little or no editorial rigour (Grudniewiczetal. 804 ® ¢ KS SEGSyid 2F GKS
problem has been argued as overhyped by traditional publishers eager to discredit OA (Eve and Priego 2017)
LYRSSRX OO2NRAY3 (2 {KSYy FyYR .2I N}l ouHnmpmi®d Al 2
there is a problem, nonetheless. Authors from developing nations or withdegsloped competences in
English, already known to be disadvantaged in traditional publishing (MoChridhe 2019; R@astaieda

2020; WilliamsJones et al. 2017; Batterbu2017; Foxall 2019) as well as eardyeer researchers with

limited publishing experience, are known to be especially affected by predatory publishing (James 2017; Nnaji
2018; Soler and Cooper 2019; Allman 2019; Netyaon, Olivero, and Britto 2017; Ki2018). Given the

stigma attached to publishing in these venues, predatory publishing therefore poses a risk to the
development of earhcareer and developingiorld researchers and potentially contributing to what Collyer
GSNXa aGg2 &S LWNBDdiAS a10dzE (SA RRAVYET 1 26f SRIS LINR RdzOSR
YI NBAYlIf AaSRY RAAYAAASRI dzy RSNI@F f dzZSR 2NJ A YLX &

Such stratifications in publishing, favourimgditionally advantage@ctors (including feprofit publishers),

will only exacerbate historical inequalities (Garuba 2013) and undermine wider aims of Open Science. Hence,
a4 beélYyea2K | NHdZSa>X FT2N a2LI8y | 00Saa G2 o6S YSIy
conSLIidzZ £ YSGK2R2t23A0Ft FyR O2yidSElGdzZ f &aLISOATA
(Nyamnjoh 2010). We therefore agree with Czerniewicz (2015) who argues that such consequences are the
result of too narrow a focus on achieving @&r se by KA OKS@SNJ YSI yas ¢A (K2 dz
AySlidAadlrotsS 3t20lFf LIR2GSNI ReylIYAOa 2F 3t 20t 1y26
Ydzai ONRI RSYy 2dzNJ F20dza GFNRBY | O00S&aa G2 (yz26fSR:
scholdNX @ O2YYdzyAOlI GA2YEé D

2.5. Inequities in Open Data and FAIR Data

Data sharing has been linked to increased citation rates (H. A. Piwowar, Day, and Fridsma 2007), economi
growth (Tennant et al. 2016), transparency (Gilmore et al. 2017), reproducibility (Toel¢bsanald 2018),
improved research quality (Fecher, Friesike, and Hebing 2015), reuse (Linek et al. 2017) and efficiency
(Leonelli, Spichtinger, and Prainsack 2015). These benefits have often been dissociated from specific researc!
contexts, however. Hengcsome suggest that the Open Data movement has overestimated the homogeneity

of research environments (Olmdé%fiuela, Benneworth, and Casiartinez 2015), resulting in a

‘bl Gdz2NBE S@OSy NBOSyidfe F3aINBSR (SN¥a G2 OKIFNEBS !t/
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ASYSNIfA&ASR alaadzyLliazy GKFG FEf aACGNSykKOSNba dKE®T
(Rappert and Bezuidenhout 2016). Such an assumption fails to appreciate that conditions for making data
available differ across disciplines (Borgman 2015) and regions (Rappert and Bezuidenhout 2016). The concer.
of data as decontetualized facts removable from context that underpins the idea of data sharing has come
under criticism of late as scholars are beginning to appreciate that data are situated and mutable [140]. In
FILOGZ Al KFra o06SSy adz33asa inshorella.teem\ihase ieaning shanges with I
context: with the specificity of the research purpose, with the scope of data collection, and with the goal of
the research (Borgman 2012).

Data sharing occurs for many reasons, including reproducibility of pebligesearch, enabling others to ask

new questions, and making publicly funded research publicly available (Leonelli, Spichtinger, and Prainsack
2015; Borgman 2012). The situated nature of research practices means motivations vary across research
contexts (Hillyer et al. 2017). Hence dasharing is viewed more favourably in some fields than others
(Leonelli 2016, 57). To date, much work on data practices has arguably been led by the (biomedical) science:
(Perrier et al. 2017), with less attention to othdisciplines. For example, the FAIR principles (to make data
Findable, Accessible, Interoperable, and Reusable, but importantly not open) (Wilkinson et al. 2016), were
heavily inspired by life sciences research. This initial focus has carried over topleosempirical work on

their adoption (L. M. Bezuidenhout et al. 2017). But contexts differ depending on issues like the readiness
level of data formats (Weinshall and Epstein 2020) and whether research involves human subjects (Cychos:
et al. 2020; Barglet al. 2019; Ross, lguchi, and Panicker 2018). For these disciplinary reasons, a blanket
appreciation of Open Data as inherently democratic is problematic (J. A. Johnson 2014; 20482efiise

all policies may therefore disadvantage those disciplanes actors less able to participate, and further add

to the prioritisation of STEM subjects.

Data inequalities are also cumulative, shaped by individual and community characteristics, access to
infrastructure, and political and economic factors (Cinnam08Q® 218), affecting the abilities of different
groups to partake in the 'gift economy' (Klump 2017) of academia. As ethnographies efv@siarn)
research (L. M. Bezuidenhout et al. 2017) show, access is not enough to guarantee that Open Data can be
reused effectively because reuse requires not only access, but other resources such as skills, money, and
computing power (J. A. Johnson 2018). Those working in environments where these are in short supply might
be put at a disadvantage (L. Bezuidenhout et24l17; L. M. Bezuidenhout et al. 2017; Rappert and
Bezuidenhout 2016). Additionally, making use of Open Data is closely linked to data literacy, potentially
marginalising those that cannot engage with data effectively (Atenas, Havemann, and Timmermann 2020
.22y YR [ 2Lt FYR HamMdpT 5QLAYITAZ2 FYyR . KIFENBIJF H
particularly accessible to research institutes with more budget". Hence, increasing evidence suggests that
instead of levelling the playing field, opelata might simply empower those already advantaged (Carroll,
Rodriguez_onebear, and Martinez 2019; Cinnamon 2020; Kitchin 2013). In this way, existing inequalities
moderate the positive effects of Open Data which means they might be just a further nisshahereby

the rich getricher insteadf leading to the democratisation of knowledge.

In addition, effects of datintensive research on careers should be monitored for their outcomes regarding
equity. Studies of authorship contributions to publicatiomsve found a clear gender divide (Lariviere,
Pontille, and Sugimoto 2020). Women are more likely to contribute to the investigation, data curation or
writing of the original draft, whereas men are more likely to contribute to tasks associated with $gniori
(supervision, funding acquisition, resources). This division of labour and capital among researchers might
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reinforce existing hierarchies and cumulative advantages, in that additional workload involved with Open
Data is frequently proportionally carrigdore by women.

These barriers to participation in Open Data are made ever more pressing by the citation advantages linked
todatad KIF NAy3 ol & ! & tAg26FNE 51 &3 YR CNRARRAYLlF HAnN
conception of the Mattheweffect through establishing a clear (not necessarily causal) connection between
Open Data practices and citation advantage. Giving due attention to the various contexts within which data
sharing does or does not happen is therefore paramount for meetieggbals of inclusivity and openness
espoused by the Open Science agenda.

2.6. Inequities in Open Methods and Open Infrastructures

Open science and in particular open methods, which involve practices like sharing analysis code, lab
notebooks or preregisteringralyses, hold the promise to counter current concerns regarding integrity in
reporting and the reproducibility of research (Chambers 2013; Nosek et al. 2015; Munafo, Nosek, Bishop,
Button, Chambers, Percie du Sert, et al. 2017). There are a few potempiatis on equity, however. First,

it seems plausible to expect that betteesourced academics could be early adopters in terms of open
methods (Siler et al. 2018). Wedlsourced institutions can provide the necessary setting to successfully
integrate open practices into the research workflow more easily. Wedlourced and higistatus actors tend

to be early adoptersin general (Rogers 2003) and methods such as preregistration or sharing of research
notes and code need additional training, effort and axcto infrastructure to be implemented correctly. To

the extent that transparency in research is increasingly becoming a benchmark for quality (Leonelli 2018),
these wellresourced players will potentially have an advantage.

Secondly, the meanings and Iimiof openness are not uniform across disciplines. Calls to increase the
reproducibility of research findings originated in specific fields, most prominently biomedicine and
psychology (Button et al. 2013; John, Loewenstein, and Prelec 2012). While nercets for increased
standards in reporting are diffusing to further disciplines, it must be recognised that the notion of
reproducibility is not equally applicable everywhere. Methodological approaches as found in mathematics,
information sciences andomputer sciences are clearly better suited for reproduction, based on their
reliance on statistics and their level of control over the research environment. On the other hand, qualitative
approaches as found in parts of the humanities, history and sodiehces are more difficult to assess in
terms of reproducibility (Leonelli 2018; Penders, Holbrook, and de Rijcke 2019). In the same way that the
FAIR data principles have been designed primarily for quantitative data (data that does not rely on human
subjcts), extending the standards of quantitative methodologies to qualitative approaches in attempts to
YI1S GKSY Y2NB daOASYyiATAOE YlIe a20a0dz2NB dzyt 92AR
or further devalue qualitative approaches whichoat meet such criteria. This could then also reproduce
existing inequalities of race and gender, since quantitatbeised fields, in particular STEM, are known to
favour white men, and academic participation among women and racial and ethnic min@rhigher within

the humanities and social sciences (Li and Koedel 2017).

Finally, open methods are heavily infrastructutependent, reliant on networked online platforms and other
e-Infrastructures. Concerns have been raised about the extent to whictatpti-owned platforms may
frustrate the aims of Open Science (Mirowski 2018; Andrews 2020; Plantin, Lagoze, and Edwards 2018)
Recent years have seen major publishing corporations like Elsevier, Wiley and Springer (via subsidiary Digite
Science) rush taapture researcher workflows through a host of proprietary tools which often eschew
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interoperability in favour of intraoperability with their own product suites (Andrews 2020; Posada and Chen
2018). Hence, there is a growing recognition of the need fomCp&ence infrastructures to themselves be
open source and communiyoverned to ensure they (and the data they generate) remain community
resources responsive to community needs (Andrews 2020:-Rekssuer, Schmidt, and Kramer 2018; Okune
etal. 2018; Thy2a HnmMcT . AfRSNE [AYZ YR bSe&ft2y HAamMpO®
danger of being outflanked, if not rendered irrelevant, as a result of our media environment changing from
being contentdriven to being increasingly datitiven. Fo the datadriven world is one in which the data
OSYiGNB R2YAYylF(diSaé¢ ol Lff HanmpL®

Yet sustainability and governance models for open infrastructures remain unclear. Funding often comes from
competitive project grants whose bureaucratic funding logic oftenunexg inflexible and shorteterm

project workplans be satisfied at the expense of longemm planning, agile development and broader
interoperability within the infrastructure ecosystem (Hasani Mavrigi et al. 2020). In addition, open
infrastructures ofen rely on voluntary contributions frompensourcecommunities (Ficarra et al. 2020). In

this regard, we must first ask: who is building and for whom? According to Ehls (2@p&ssource
communities generally skew heavily young (average agé22 and nale (9198%). How this homogeneity

of contributors may influence issues like gentbaas (Vorvoreanu et al. 2019) in desigropén-sourcetools

should be monitored. In addition, that mainly younger people may be contributing requires us to examine
the ways in which contributions are rewarded. In the prestige economy of acadeapiansource
contributions are heavily undervalued in promotion, review and tenure procedures, where publications still
dominate (Schimanski and Alperin 2018). Hence, we mightsappen infrastructures are very often reliant

upon the unpaid contributions of eargareer researchers, whose precarious employment conditions
(Herschberg, Benschop, and van den Brink 2018) mean that their time could be better invested in terms of
careg advancement (Hasselbring et al. 2020). Appropriate credit and recognition (e.g., during evaluations
for hiring, promotion and review) of work involving open methods and open infrastructures are therefore
key for attaining equitable outcomes in the uptadeopen methods and development of infrastructures.

2.7. Inequities in Open Evaluation

Open evaluation identifies the ways in which Open Science principles of transparency and inclusivity can be
applied to the evaluation of research and researchers via pmgew or metrics.

Peer review, assessment of research outputs by external experts, is the gold standard for evaluation and
selection in scholarly publishing, conferences and funding allocation, but is often criticised as inefficient,
unreliable and subjedio bias (Bornmann 2017). Open Peer Review applies Open Science to reform peer
review in various ways, most prominently by removing reviewer anonymity or publishing review reports
(RossHellauer 2017). A major supposed advantage is increased review qlyattppponents counter that

this may compromise review processes, especially considering pavbalances, either by discouraging full

and forthright opinion or opening especially eadgreer reviewers to potential future reprisals from
aggrieved authorgater on (Rooyen, Delamothe, and Evans 2010). Given that a recent study found that
publishing reports does not compromise review quality, at least when allowing anonymity (Bravo et al. 2019),
it seems the issue of d@nonymising reviewers is the main igsin contrast to other elements of open peer
review, opening reviewer identities is not favoured by researchers {(Rekauer, Deppe, and Schmidt 2017).

Research metrics are used throughout research and researcher evaluation processes, usually baged heav
on counting citations, often aggregated via mechanisms like timeléx or Journal Impact Factor. However,
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citations have been widely criticised for being too narrow a measure of research quality (Wilsdon et al. 2015;
Hicks et al. 2015; Curry 2018).eTapplication of particularistic standards is especially perilous for -early
career researchers who have yet to build their profile. By using citation metrics to evaluate research
contributions, the Matthew effect leads to the seHinforcement of initialpositive feedback (Wang 2014).
Moreover, indicators such as the impact factor are highly reactive (Fleck 2013) and therefore exacerbate a
guasimonopolization of resources (prestige, recognition, money) in the hands of relatively few institutions
and indivdual researchers.

CKS NARAS 2F (GKS wAaROAldZ2wSHI Y NXKES YRR OFffa F2
to be part of balanced research assessment by aggregating additional online impact measures such as tweets
likes, shares, bmkmarks, blogs and press coverage (Priem et al. 2010; H. Piwowar 2013). With their intention
to expand the scope of research assessment using new sources of web data, altmetrics have been associate
with the move to Open Science (Wilsdon et al. 2017; Mel2@13). Perceived advantages include the speed

of data availability and ability to track outputs beyond publications (Priem et al. 2010; H. Piwowar 2013).

Given general agreement on the limitations of, and ersdiance on, citations, broadening the rangé
possible data sources for research evaluation is welcome. Yet altmetrics themselves have been criticised for
I £t1-01 2F NRodzalySaa |yR adzaOSLIIAGOAtfAGE G2 w3al Y]
geographical regions; reliance 002 YYSNOA It Sy idAdASa F2N GKS dzy RS
controversy rather than quality; undeepresentation of data from languages outside English; and
underrepresentation of older papers (Mingers and Leydesdorff 2015; Hogan and Winter 205dtn\ét al.

2017; A. E. Williams 2017; Bornmann 2017; Momeni and Rabbat 2016; Pooladian and Borrego 2017; Ghaly
9t F0RX YR az2adFFI uwHnmcoO®d 9F0OK 2F (KS&AS O2dzxZ R KI ¢
research assessment and advagtasome at the expense of others. In addition, the very idea of expanding
GKS ydzYoSNI 2F YSGNROa dzaSR F2NJ laasSaavySyda OFy oS
Ryan (2016), for example, argues that metpes seare tools of surveilince, enclosing academic freedoms

by furthering a neoliberal idea of the academic as a competitor in a game of visibility, and promulgating a
negative culture of competition that is the root of much ill in the academy (c.f. Mirowski 2018; Tyfield 2013).

2.8. Inequities in Citizen Science

Strengthening the relationship between science and society is a key pillar of Open Science. Citizen Scienc
seeks to foster inclusion in knowledge production by involving the public in scientific processes. Practises
range fromresearch where the public contribute data to scientific projects via crowdsourcing platforms, to
GSEGNBYS OAGAT Sy aOASyOShH 2N dadNRy3Ite& LI NILAOALN
all aspects of research and are able to make vdkiabe of the research results in ways that benefits their
lives and communities (English, Richardson, and Gaeadwis 2018; Allen 2018). It is the latter, rooted in
traditions of participatory research, that most directly and strongly challenges thardips of inequality

within academia (Morale®oyle and Frausto 2020; English, Richardson, and G&abtis 2018).
Participatory research is directed by a seiflexive, critical, ethicfocused approach to research design,
conduct, distribution of laboufTimmermann 2019) and financial benefits (Saleh et al. 2020; Kumar 2019;
CAYYSNXYIYY HAMPOYEX 2dzildzia FyR AYLI OGA OD2RNRS Si
2014; Saleh et al. 2020). Questions of equality, justice and equity are oftereddOttinger 2017; Kumar
HAaMPpT | SYRNAO1 & SO fd wamyT hQ[ SFENE HWHamy T wl LKI
the lived experience and situated expertise of the participants and communities upon which the research is
focused (Moraledoyle and Frausto 2020; Mena et al. 2020; Holzmeyer 2019; Allen 2018). Further, those
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that participate in Citizen Science and participatory projects develop scientific expertise that would otherwise
be unavailable to them, making them more effective denatic actors who are able to challenge policies,
OABAO SELISNIA&EZST yR O2N1E2NIGS LR6SNI Ay LIzNBE DA G
Krings, Kornberg, and Lane 2019; Allen 2018; Misonne 2020; Eymard 2020; Barzyk et al. 20id&sH¢nd

al. 2018).

Nevertheless, Citizen Science may also in some circumstances perpetuate inequalities. When participants
serve merely as free data collectors, those who primarily benefiresearchers\{ercammen et al. 2020;
Derrien et al. 2020; Prudiet al. 2019; Burke and Heynen 2014). Where such practices bridge the global north
and south, data extraction absent anything else echoes colonial exploitation (Saleh et al. 2020). Additionally,
there are issues of biassed inclusion in terms of the pdjmria that are invited to participate in traditional
Citizen Science (Herschan et al. 2020; Oti et al. 2019), with the most marginalized groups likely to be left out
(Derrien et al. 2020; Friedrich, Reichel, and Renkert 2020; Vercammen et al. 2020;Ka@{@)l Likewise,

there is biassed participation in the crowdsourcing of information (Bright, De Sabbata, and Lee 2018). Finally,
approaches taken by welhtentioned researchers may also reinforce existing inequalities, like when a
paternalistic stancés taken towards participants (see the use of "provide voice" in Hendricks et al. 2018);
research seeks to prove the quality and validity of citigenerated data, thereby reifying the expertise
divide between scientists and the public (Vercammen et@G202 Ottinger 2017; Derrien et al. 2020); or when
science education is framed as a unidirectional resource coming strictly from scientists (e.g., Beattie,
Hippenmeyer, and Pauler 2020). All these have implications for equity in Citizen Science rel&titogooac
themes of how cumulative advantage can impact participation in Open Science, especially related to issues
of digital divide, differential levels of resources and skills, and data equity. Again, it-gorminant actors

who are at risk. Shellelggan et al. (2020) criticise such instumentalisation of participants as demonstrating
GKFEG Ay hLSy {OASyOS alLidzmtA0&a 2LISNIGS a OAGAT Sy
reflecting on or critiquing the broader institutional and ©A SG I f FNJF YSE2N] & F2 NJ dzL
findings point towards a biassed inclusion of populations invited to participate in citizen science projects,
which tends to perpetuate the divide between experts and publics and raises questions of reptiese

and equity: Whose voices are represented in Citizen Science projects, and for which reasons?

2.9. Inequities at the interfaces of Open Science and society, industry and
policy

The societal impact of research has been an increasing factor in-padikiyg throughout academia in recent

years, especially in research evaluation exercises. The drive for Open Science and new forms of knowledg:
production has been intimately linked, at least at the polieyel, with this agenda (Albornoz et al. 2018). For

instt yOSY GKS 9! 0StAS@#Sa hLlSy {OASYyOS daAyaldNHzySyi
SO02y2YAO SELISOI iGaneral fosReseardh AndBrdvagoN 20165 However, we can question
the terms on which such responsiveness has thus &enbsought. As we shall see, there are crucial
FA@YYSUNARSE gKAOK LROSYyuGAlrfte O2YLINRBYA&ASTI 2N I
equity in research.

Firstly, we must point out that achieving impact is a resourceful activity. A dorhtheme in our study so

far is that enabling access is not enough and this is also the case for societal impact. In policy uptake of
scientific knowledge, for example, it has been suggested that Open Science will help by making scientific
resources moraeadily available to poliegnakers and other policy actors (Olesk, Kaal, and Toom 2019;
Tennant et al. 2016; Willinsky 2003). However, such uncritical narratives of openness fail to address structural
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barriers in knowledge production. Firstly, more higiofile OA output from established actors may lead to
further overrepresentation of knowledge produced by dominant groups (ElSabry 2017; Hillyer et al. 2017;
Okune et al. 2016). Perhaps more importantly, though, in addition to access, relationships between
academics and polieyakers are a main factor in policy uptake of science (Oliver, Lorenc, and Innveer 2014).
Policymakers, with limited time to make decisions and to seek advice, heuristically rely on (personal)
networks of experts that have previouslyrmtdbuted to policymaking (Dodson, Geary, and Brownson 2015).
wWSaASENOKSNEQ YR AYGSNYSRAFNASAQ GNIXyatlrdAazy aiAa
(Gold 2009), with tailored messages a key driver of uptake (Boyko, Kothari, ahénA2D16). Building
relationships and finduning messaging require time aedfort andcan be significantly bolstered by support
structures within researciperforming institutions (Abekahlkrumah et al. 2018). Hence, researchers with
access to such support are advantaged in ensuring uptake.

Knowledgetransfer services are also vital iostering the uptake of scientific resources in industry. Here,
indicative evidence shows that Open Science might have a positive economic impact. A recent synthesis (Fel
2019) summarises the literature to find that Open Science can help indugtake through (1) efficiency

gains through easier access to publications (Rowlands et al. 2011; Houghton, Swan, and Brown 2011;
Houghton et al. 2009; Jubb 2011) and data (Beagrie and Houghton 2012; 2014; 2016), as well as reduction o
transaction costs via collabative approaches (Jones et al. 2014; McDonald and Kelly 2012) and lower labour
costs or increasing productivity (Houghton, Swan, and Brown 2011; Parsons, Willis, and Holland 2011; Leesol
and StGallay 2011; Chalmers and Glasziou 2009), and (2) enaklingnoducts, services or collaborative
possibilities (Houghton and Sheehan 2006; H. L. Williams 2013; Arshad et al. 2016). However, evidence point
towards firms (particularly small and mediwsized enterprises) lacking necessary skills such as information
literacy, to fully benefit from open resources (Houghton, Swan, and Brown 2011; P. A. Johnson et al. 2017;
Huber, Wainwright, and Rentocchini 2020). Given the above discussion of the underlying digital competences
necessary for uptake of FAIR Data, thil e especially acute for those on the wrong side of the Digital
Divide. Again, the most welesourced stand to benefit most. Ironically, this fact extends even to the
demonstration of impact. As Bornmann (2017) points out, institutional societal impauften assessed

based on casstudies which are "expensive and tiraensuming to prepare". This all suggests that uptake

of scientific knowledge, even in an age of Open Science, remains prone to dynamics of cumulative advantage

There are more fundameat dimensions of asymmetry. Regarding industry, Fernandez Pinto (2020) argues
that current Open Science policies risk perpetuating the commercialisation of science in three ways. Firstly,
the focus on openingubliclyf dzy RS R NB a S| NOK rivilede@ positiontof/aRoitingi dgdnnessK S
Fd GKSe&@ aSS8S FTAléX FR2LIAY3I 2LSyySaa ogKSNB Ad Aa
2013) and ignoring it in less favourable circumstances, such as where findings may impact sales., Secondly
L2t A0é FT20dza 2y hLISy {OASyOSQa LI i Sndustlylcdnnedtién isa LJdz!
RSSLISYSR gA(GK2dzi ONRGAOFE NBFESOGA2Yy 2y GKS aSL
research, including scandals in corporafmnsored scientific research (c.f., McGarity and Wagner 2010;
Michaels 2008; Oreskes and Conway 2010), conflicts of interest and their influence on research work (cf.
Lundh et al. 2017), and the ways in which strong intellectual property regimight inhikit or corrupt
scientific research (cf. Biddle 2014). Finally, repeating the point made above, the networked and platform
dependent nature of Open Science enables commercial interests to increasingly control and commodify
research processes (cf. Tyfield 30Mirowski 2018). For Fernandez Pinto, therefore, the issue lies in the
unequal terms on which Open Science engages industry, with the latter privileged. This asymmetry in favour
of industry can in turn can be seen as an endorsement within Open Scietie ofrketization of science

and the specific neoliberal vision of the academy which underlies it (cf. Holzmeyer 2019).
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ShelleyEgan et al. (2020) identify another asymmetry, this time at the expense of the public. The authors
compare the Open Science agia with that of the seemingly complementary Responsible Research and
Innovation (RRI). RRI is a science policy movement, especially prominent in Europe, which seeks to bettel
integrate science with society (Owen, Macnaghten, and Stilgoe 2012; von Sclyp2@d&). Deriving from a
tradition of participatory research, Technology Assessment and anticipatory governance, RRI aims to avoid
GSELISNI Kdzo NA &é | yR dzy A-Foabef R.Saryue Qratyi GiirdsS ty @F8,aGpen { K
{ OASYy0SQa mofedpragriaficylls fodud¥d®n terms of engagement with the public. Whereas
GwwL Q& | LILINRIF OK (G2 2LISYyAy3 dz) -Befine $hy Rimas afid?meany of A y ¢
G§SOKYAOlItf LINRPOSaasSa Ay 2NRSN) (2 A @peNSclerdcs restriétsS A NJ
ambitions for opening up to adjustments and improvements to processes based on quality criteria ultimately
NE2GSR Ay (KS SEA&GAY3I NBaSINODK aeadsSyowé hLSy {C
directonofsa Sy OS® LG Aa Ffaz2 asSSy Fa FlrLAtAy3a G2 Fdz
O2y@SNEFGA2Y LI NIYSNER YR O0SYSTFAOAIFINRSAE 2F (SOKy
GSN¥a GKIG aSS1T YSNB RALE 21908 02500yt adiZSAOKS/ 3 e0b €
2y LINBPRdzOAYy3a O6SOKAOFIffte FyR &a20ASGrfttev a3a22RéE
Fdzy OlAz2ylffte0 aoSaité¢ 2dzid2YSaz gKAES h{ FT2NI Ada
almost entirely with the latter, and more often concerns itself with issues of efficiency, optimization,
AYGSaANIGA2Y FYR LROGSYUAFITf ®¢ ¢KS | dziK2NR adza3asSai
leaves it in line with prevailing politicahd institutional (i.e., neoliberal) aims.

Such a purely technocratic definition is no doubt at odds with the view of Open Science held by many
FRP20FGSad |, S GKS SldA@20Ft yI G§dz2NB 2F ahLSy { OA
henceshould be taken as a call for the Open Science community to more fundamentally appraise the way its
priorities are presented, and the deeper ways in which societal voices can be engaged as equals in setting
research agendas. It further illuminates the wadg which the radicality of Open Science can be questioned,
and the extent to which Open Science merely enables the further neoliberalisation and commodification of
research knowledge.

2.10. Discussion

This synthesis of evidence is intended to focus attentiorttee ways prevailing capacities, resources and
network centralities¢ combined with structural inequalities and biasesan help shape Open Science
outcomes.lnequalities and dynamics of cumulative advantage pervade modern scholaaskipur results

show that despite its potential to improve equity in many areas, Open Science is not exempt. Merton advises
GKFG OdzydzZt F A@BS T RAFyGFr3IAS RANBOGA 2dzNJ FidSydAazy
trained capacity, structural location, and d@adle resources make for successive increments of advantage
such that the gaps between the haves and the hawts in science (as in other domains of social life) widen
dzy At RIEIYLISYSR 060& O2dzy SN At Ay 3 LINE O&ac&evéthad a SN
this mechanism is at work at various levels throughout Open Science, potentially endangering equity. We
have identified key areas for concern, summarised below in Table 2.
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General Factors

Open Access

Open Data and
FAIR Data

Open Methods and
Open
Infrastructure

Open Evaluation

Costs of participation: OS is resouingensive in Less welresourced

terms of infrastructure, support, training. institutions and regions.

Political agendas: OS requires political will, but = Regions and institutions

political agendas shape OS implementation. without such political backing

Egecially where economic growth is a stated or where political goals

ambition, this may be problematic. promote inequitable OS
implementations.

Neoliberal logics: OS seen as potentially Scienceper se but especially

entrenching structures and ideologies of neolibel thosedisciplines and

commodification and marketisation of research = researchers who do not fit

knowledge as an economic resource to be this agenda.

exploited rather than as a common good for the

well-being of humanity.

Discriminatory business model: AB&sed OAis  Less welresourced

exclusionary and risks stratifying authorship researchers, institutions and

patterns. regions. May also impact
specific demographics,
including women.

Predatory publishing: Limited issue which Authors from developing
nonetheless primarily adversely affects ron nations and earhcareer
dominant groups. researchers

Situatedness of datpractices: Data practices are Qualitative researchers and
highly contextdependent, meaning onsizefits- disciplines

all policies risk privileging some disciplines.

Cumulative nature of data inequalities: Creating Less weltesourced

and exploiting Open Data $trongly linked to researchers, institutions and
access to infrastructure and daliseracy. regions.

Citation advantages of Open Data: Open Data = Less weltesourced

seems linked to increased citations and hence | researchers, institutions and

early-adopters benefit (Mattheweffect) regions.

Transparency as a benchmark for quality: Open Less weltesourced

methods require additional training, effort, researchers, institutions and
infrastructure. WeHlresourced and higistatus regions.

actors may potentially have an advantage.

Reproducibility as aine qua norfor research: Qualitative researchers and

Relatedly, meanings and limits of openness not disciplines.

uniform across disciplines. Uncritically extending

quantitative standards methodologies may

obscure necessary interpretive work or further

devalue qualitative approaches.

Platformlogic of Open SciencBeliance on Science as a whole.
privately-owned platforms may frustrate the aims

of Open Science and increase surveillance

capitalism in academia.

Lack of reward structures for contributions to ope Earlycareer researchers.
infrastructure: Open Science seems at risk if it

relies on closed and proprietary systems; yet op¢

infrastructures often rely on shotterm project

funding or volunteer labour which is not properly

rewarded within current incentive structures.

Openidentities peer review: Peer review where = Earlycareer researchers,
reviewers are deanonymised may either by others from nonrdominant
discourage full and forthright opinion or opening groups.

especially earkgareer reviewers to potential

future reprisals from aggrieved authors later on.
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All, especially nofEnglish
Suitability of altmetrics as a tool for measurit language research and areas
impact: wheresocial media use is les
pronounced.

Altmetrics criticised for: lack of robustness and
adzaOSLIGAOAT AGE G2 w3l
media use between disciplines and geographica
regions; reliance on commercial entities for

dzy RSNI @Ay3 RIFEGFET AYyRAC
quality; underrepresentation of data from
languages outside English; exacerbating tyranny

metrics.
Citizen Science Logics of participation in Citizen Science: Eviden The public, especially
of biased inclusion in populations invited to marginalised groups.

participate; potential for data extraction absent
anything else to echo coloniakploitation

Interfaces with Resourcdntensive nature of translational work: = Less weltesourced
society, industry, Making outputs open is not enough to ensue researchers, institutions and
policy uptake and societal impact. The importance of = regions.

(resourceintensive) translational work means
richer institutions and regions may still dominate
policy conversations.
Science as a whole, but
Privileging of economic aims: The terms on wh especially those domains not

Open Scienceengages industry is asymmetric: €asily exploited by comerce.
perhaps reflecting the importance of econom

growth as a key aim. Industry is free to participe

(or not) in open practices, as it suits them.

o o The public.
9EOf dzaAz2y 2F az2zOASulf
AyOft dzaAz2y 27F Llzoft A& )
and asymmetry (experts/public).

Table2. Summary of identified areas of concern for equi@jen Science

Ambiguity and politics:Open Science is an ambiguous and deeply political concept. We should not expect
that all of the diverse practices, much less their many possible routes to implementation, that fall under this
umbrella term should accoridh every aspect. Equity is one aim amongst others and may conflict with others
like efficiency and transparency. The polRNA @Sy F20dza 2y hLISy {OASyOSc
growth, in particular, seems designed to maintain economic advantagdamck conflicts with wider aims

of global equity. Moreover, narrow focus on specific elements of Open Science, at the expense of a more
holistic view of the (dys)functioning of the scientific system as a whole, may exacerbate such factors.

Resourceintensity and network effects: Cumulative advantage relates to logics of accumulation and
preferential attachment based on network positionality and possession of resources. The restenséve

and networked nature of Open Science means itis also vulnaatilese logics. Explicitly linking authorship
channels to possession of resources potentially stratifies Open Access publishing. The expensive
infrastructures and training necessary to participate in engaging with Open Data and methods means those
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privileged in these regards are primed to benefit most, at least initially. The importance of such underlying
competences means that ensuring access is not enough to ensure equity of opportunity in an Open Science
world absent broader measures to overcome theiwdigdivide. In addition, the ways in which these
underlying competences interplay with actor attributes to shape logics of participation in networked
communities means that there are concerns for who is privileged by proposals to reform areas like peer
review and research evaluation, as well as who contributespien-sourcetools and services.

Narrow epistemologiesThe term Open Science itself is often seen as exclusionary of the arts and humanities
in the anglophone community. More pernicious, thoughthe potential devaluation of epistemic diversity
GKFG FTGdSyRa hLlSy {OASyOSQa F20dza 2y (GNIyaLl NByC
the latter concepts are becoming almost synonyms for research quality itself, rather than justampor
means of assuring quality some domainQualitative methodologies for which transparency is less possible
and reproducibility less relevant may be further marginalised if this trend continues. If so, Open Science will
only add to the furthelcumulative advantage of STEM subjects within the academy at the expense of social
sciences and humanities.

Neoliberal logicsiIn addition, certain central assumptions of Open Science seem to further promote the
commodification and marketisation of researdlaking science more responsive to the market risks further
intensifying competition at the expense of communalism. Further, plattor;d 3 A O LISNIIF RSa hl
enabling infrastructures. Not only does this risk latkby commercial vendors, but logicd data
accumulation and tracking further enframe researchers as something to be measured in a regime of
surveillance capitalism. If so, Open Science may act to only further advantage the neoliberalisation of
academia, which is often identified as a ramatuse of many of the issues Open Science is claimed to fix.

2.11. Conclusion

The synthesis itself is subject to some key limitations, including some ironically linked to issues discussed.
The authors all work in the Global North at relatively weHourced indtutions and are funded by an EC
research grant whose conditions of application reflect a focus on the situation in Europe. Article search was
primarily via databases (Web of Science and Scopus) which employ strict inclusionary criteria, and although
this was combined with snowalling and secondary literature searching, it still might be the case that our
review has not captured all available evidence. Further, the language skills of the authors meant a pragmatic
decision to only include articles in Engli$n addition, reviews are necessarily retrospective. Although we
have tried to be as balanced as possible, these particularities of standpoint, resources and inclusion criteria
no doubt influence our critique.

Our work here has been to scope the (Englisiguage) literature to date concerning threats to equity within

the transition to Open Science. This is of course preparatory work and by no means the end of the story.
Directions for future work may include first the extension of this study to cowalitire in languages beyond
English. An additional study using the same methodology but involving alimgiial team covering the

major world languages could be envisioned, and the present authors would be happy to collaborate in such
an endeavour. Secalty, the issues raised in this work deserve much more scrutiny and so future primary
research work involving qualitative and quantitative approaches on these issues is desired. Finally, this work
has aimed primarily to scope the issues involved and isstrohgly normative in the sense of producing
specific recommendations on what policy actions may be suggested to correct potential negative effects on

ONMERRIE 824612 28



D6.3 Synthesis Report PUBLIC

equity in the transition to Open Science. Such recommendatiatisbe the focus of the upcoming ON
MERRIT Deliverable 6.4
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3. ONMERRIT findings (WP3): Research
cultures, Open Science and RRI

Scientific knowledge is a key resource for achieving societal and economic goals. Open Science (OS) ar
Responsible Research and Innovation (RRI) promise to fundamentally transform $ipdtabsing greater
transparency, inclusivity and participation to research processes, and increase the academic, economic and
societal impact of research outputs. These form a cmgng agenda that stands to contribute to most of

thel, bQa {dzadl Ayl o6fS 550ISYRLIWVNE (F D&$  BENIJof{ 5OMI0E F NI 2 F
Single Market strategy. Yet access to scientific products and processes is not made uniform simply because
they are made availde via the Internet. How equitable is the implementation of OS and RRI across a range
of stakeholder categories, and in particular for those at the peripheries? Might RRI interventions, in some
cases, actually deepen socioeconomic inequalities (the tidjitale) and be in conflict with wider sustainable
development goals? How do geographical, segonomic, cultural and structural conditions lead to
peripheral configurations in the European knowledge landscape? What factors are at play and what can be
done (at a policy level) to foster absorptive capacity and enhance OS/RRI uptake and contributions to
scientific production across regions?

Such questions lie at the heart of @QRERRIT. The work conducted in@ wwlL ¢ Qa ¢2NJ LI O
GwSaSI NAgR GadLilaME | yR AyOSyiAg@dSaed LINRPJARSA NROK
WP3 included several tasks which aimed to study how the application of RRI and Open Science policies
principles and practices affect research, researchers and tlae@ecs across diverse contexts. Here we
provide an overview of key WP3 research results, as well as a related study from WP6 on reform of research
assessment, highlighting findings of relevance forD8lwwL ¢ Q& GKNBS (S& {5D R2Y

The following sectiondiscuss and summarise key findings from four project deliverables:

50®dm awwlL YR hLISyYy {OASyOS 51 4lFaSatacs

50®H G/ dzy dzt I G A @ Sciehcr &htl RRI: 1A BefgheOhhyE Sh LuSdel VG A G F G A DS
50Pod d! LI 1S 2F hLISY {OASYOS YR wSallRyaAiof S
D6.1 Investigating Institutional Structures of Reward & Recognition in Open Science & RRI

3.1. Datasets on Open Science and RRI

Ouir first task was to gather multiple sets and sources of data, which could then be analysed and shared with
the research commity. We focused on two specific approaches:

1. A dataset on Promotion, Review and Tenure policies {®Rdies) from institutions in seven
countries (Austria, Brazil, Germany, India, Portugal, United Kingdom and the United States). The
respective policies are collected by the study team and subsequently coded for a range of
OGN RAGAZ2Yy LI 0&dzOK a GKS fSy3adGakK 2F 2ySQa |/ *
and nontraditional indicators (such as the rate of Open Access (OA) publishinghtrveng of
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research data and code, engagement with the public and citizen science). The full analysis was
undertaken in ONMERRIT WP6, and recently made available in our repérii Investigating
Institutional Structures of Reward & Recognition in Open Science &MARBorpus of scholarly
research outputs processed from Microsoft Academic Graph (MAG) and CORE, a large aggregator o
Open Access (OA) content.

2. Afull description of the methodology inwad in collecting these datasets is available in Deliverable
Report5 0 ®m  awwlL I VR h LBhZenpdo. Me dlsd thterid Itolpublisk theidéata itself
via a data publication in the near futwr

3.2. Cumulative Advantage in Open Science and RRI

Dynamics of cumulative advantage run deeply in science: initial success leads to beneficial circumstances
later on. Multiple mechanisms related to this dynamic have been identified, such awiiadocation of
NEgl NRa (261 NRa 0SGGSNI (y26y aOASydAaada o6GdSNYSR
to receive further funding after initial funding has been secured, and persistent tnegeesentation of
women in general. In our whr we wanted to explore how OS and RRI are related to these dynamics, whether
they mitigated or potentially worsened them. To this end, we conducted four quantitative research studies
addressing a range of research questions, including: Who produces andombBumes open access research
literature? How is institutional performance related to the application of RRI policies and OA publishing?
Does the uptake of OA publishing change existing hierarchies within academic publishing, and if so, in which
ways acoss asubsetof ON9 wwlL ¢ Q& GF NBSG ! b { dza il ASDG2ZAerS HBGRQD St 2
SDG 3 Good Health and WeBeing and SDG 1&limate Action?

Regarding our first question, we investigated levels of production and consumption of Ajpess (OA)
research literature globally, measured the proportion of citations to OA literature, and tested for correlations
with gross domestic product (GDP) per capita at the country and continental level. We find moderate
correlations between OA produon and OA consumption: institutions whose researchers publish more OA
also cite more OA. Although we initially expected that countries with lower GDP (per capita) would have a
higher OA consumption than production, we did not find any such correlation.

Bulding on data from the MoRRtoject andcombining it with data from the Microsoft Academic Graph, we
investigated the relationship between policies on RRI and their potential impact. We found a strong overall
correlation between one of the RRI pillarseasures opublic engagement with sciencand RRI policies at

the national level (r=0.79, n=344). Furthermore, we found demonstrably higher levels of public engagement
with science in countries where these policies are more embedded. On the other hanfhuneé no
correlation between how a country performs in terms of gender equality policies and the actual balance in
numbers of male vs. female researchers. Our results therefore indicate that policies are not always linked to
practices in linear ways, andat individual indicators taken in isolation could be misleading.

Overall, the research conducted in this research stream highlights that it is the higher ranked, more
prosperous and more prestigious institutions that appear best able to adopt, adamhdobenefit from the
evolving landscape of Open Access publishing. Moreover, these trends hold true over time, on the global
level, and when broken down to individual continents and subject areas. We therefore have to conclude that
structural inequalitiedn current academic publishing are not necessarily remedied by the Open Science
movement, with specific trends such as Adtven OA publishing potentially exacerbating dynamics of
cumulative advantage. Importantly, if research on key global issues islondn by welresourced actors,
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it risks being oblivious to challenges faced by societies and communities less embedded into the global
production of knowledge.

The above findings and much more related information is availatileSnt A @S NJ 6t S o ®H &/ dzY
in Open Science and RRI:A Ldrg@t £ S v dzl v (ioh hehdild @S { ( dzR@& ¢

3.3. The Uptake of Open Science and RRI in Policy and Training

Training and skills are key aspects in the uptake ofnCeence and Responsible Research and Innovation
practices. In our research we aimed at understanding current institutional structures for OS/RRI training and
their relation to current levels of adoption of OS/RRI practices. To this end, we conducted:

An international survey to assess their practices and opinions regarding OS/RRI, as well as the
institutional support for these practices

In-depth interviews with representatives responsible for training provision in 11 institutions across
three continents tadentify the support, drivers and barriers to OS/RRI from an institutional point of
view.

For our survey, we received responses from 167 active researchers, with a slight skew towards more senior,
male academics from Europe, working in the fields of $&tgences, Engineering and Technology and the
Natural sciences. Concepts of OS/RRI, such as Open Access publishing, Research Data Manageme
Reproducible Research, and Citizen Science, are looked upon favourably, as a different way to do research
although some reluctance and doubts were present on how to put them into practice. Research Integrity and
Gender are the topics that gathered more consensus and are best implemented.

Interestingly, we found that the majority of our survey participants had noeieed training in any of the
above OS/RRI topics (very often a large majority). The most popular topics for those who had received
training were OA publishing, Research Integrity, Gender, Open Data and OS in general.
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In our second study, we interviewed representatives from eleven higher education institutions responsible
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Figure3. How many training events have you attended on these topics?
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for implementing OS and RRI policies, from nine countries and in senior positions. Alihoggheral

researchers at these institutions are aware of and show some familiarity with OS, OA, RRI and FAIR dat:
concepts, misunderstandings remain. Awareness differs across disciplines and levels of seniority and does
not necessarily translate into pcice. The main barriers to OS/RRI uptake which were mentioned by our

interviewees are the lack of incentives, awareness, and time; concerns of sharing and legal issues; lack of

infrastructure and services; cultural/behavioural issues; lack of fundingiress; lack of central

coordination within and between institutions; and the need for OS/RRI policies. Interviewees advised that
conversations regarding reform on research assessment criteria and publications metrics were underway.

Training support servisgfor OS/RRI available at the institutions are focused on institutional services or tools,
RDM (data management planning, GDPR and data sharing), Data protection and handling of sensitive data
OA, Open Science funder requirements, Research Integritytaiw$ EThe main challenges faced in providing
training are ensuring participation from diverse audiences; lack of staff; lack of institutional support (funding

or central coordination); and tailoring training to audience needs. These issues may be mitigategh the

integration of training in course curricula, the development of specific and more practical training, and the
improvement of online materials.

These results highlight the difficulties involved in providing OS/RRI training and support satvibes

institutional level and reiterate the fact that training in OS/RRI is essential for researchers to be able to
LISNF2NY &a0ASYyOS Ay
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worldwide. There is a need for dkill professionals and the development, normalisation and integration of
OS and RRI into curricula. In addition, the role of communities in reinforcing practices and promoting a real
cultural change must be fully embraced. More work should be undertakerioster interoperable
infrastructures, integrated training resources and péeipeer training, as well as increased resources for
training staff and infrastructure.

All results are available el S NI 6f S odo® a! LIl 1S 2F hlJSy {OASyOS
AV t 2 A 08 ohZémodot NI Ay Ay 3£

3.4. Research assessment reform for open and responsible research
practices

Change is deep underway to make research more transparent and partigipdm@ugh new open and
responsible research practices. Key movements for change include Open Science, such as publishing Ope
Access (OA) or sharing research data and code, and approaches that make research and innovation more
responsive to the needs obsiety (Responsible Research & Innovation, or RRI). Funders such as the European
Commission, with its 95.5 billion Euro funding scherm®izon Europeare part of this movementas
increasingly requiring open and responsible practices within the research they fund. Yet, current research
assessment processes are increasingly recognised as a barrier to this geatiaPssues include the
overuse of inappropriate indicators, an overemphasis on quantity over quality, and a neglect of open and
responsible practices per se.

As part of our Horizon 2020 proje€@IN-MERRITinvesigating issues of equity in open and responsible
research), we wanted to quantify the extent to which practices and goals of Open Science and RRI activities
are considered by universities across the globe when assessing researchers for promotion andrethise

end, we collected and analysed documents on the policies for promotion, review and tenure from 107
academic institutions with a total of 145 policies, across seven countries (Austria, Brazil, Germany, India,
Portugal, UK and US). In order to drane@aningful conclusions on the level of countries, we sampled more
institutions for countries with larger higher education systems, such as the US and the UK.

Across all countries and institutions, by far the most common indicator mentioned in the pdlities & & S NI .
G2 GKS LINRPFTSaaArzyés pKAOK AyOfdzRSa FOGAGAGASE a
O02YY2y AYRAOIG2NBR 6SNB dzoAljdzAii2dza O2y OSLIia &dzOK |
end of the spectrum, data sharingas mentioned by no university, and OA publishing by one. Indicators
referring to RRI concepts were also quite uncommon, with very few policies mentioning concepts related to
gender or citizen science.
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Service to profession 76 (71%)
Number of publications 52 (49%)
Impact 49 (46%)
Peer review 48 (45%)
Publication quality 45 (42%)
Patents 44 (41%)
Industry 39 (36%)
Public engagement 37 (35%)
Journal metrics 27 (25%)

Engagement with policy makers —————— 24 (22%)
Citations =———e 17 (16%)
Software ——— 14 (13%)
Gender of reviewers — 10 (9%)
Gender equality —— 9 (8%)
Gender balance of reviewers — 6 (6%)
Citizen science =—= 4 (4%)
Openaccess < 1(1%)
Data + 0(0%)

0% 20% 40% 60% 80%
# of institutions mentioning indicator (% of total sample)

Figure4. How common are vaus indicators used by universities for assessing scientists overall?

While institutions still seem to focus on more conventional indicators such as numbers of publications or
impact, there are substantial differences between countries. For examplee waHilAustrian universities
mention taking into account the number of publications, this is much less common idKhi& turn, UK
universities also seem not to give much weight to patenting, which is quite common in Brazil. All universities
fromthesetv2 O2dzy i NA SaX K2¢gSOSNE YSyidiAz2y aaSNBAOS G2
countries. Finally, only institutions from Austria and Germany consider gender in their policies.
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Figureb. How common argarious indicators across countries? The indicators (left side) are ranked by how frequent they are on
average across all countries

As it stands, there seems to be much to be done when it comes to including indicators of Open Science and
RRI into hovinstitutions reward specific scientific practices. It can be argaed=(izabeth Gadd recently has

that Open Science principles should not be tdget of specific metrics, as they represent basic acts of good
research practice. We believe that institutional policies for promotion, review and tenure are an important
steppingstonefor academia to transition into a world of openly available outputsacademic research.
However, it should not be forgotten that various practices (such as data and software sharing) might be
better suited to some disciplines than others. Implementing the same policies across all disciplines would
onlyservetomarginas NBX a Sk NOK (GKIFG ljdZAdS aAyYLi e g2N]la RATFT
Nevertheless, the need for reform could not be clearer, as our findings that open and responsible research
practices are rarely considered within promotion and tenureges clearly show.

More detail on our methods and our results is available in our rejpeestigating Institutional Structures of
Reward & Recognition in Open Science & RRI
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3.5. Results of specific relevaa for the SDGs

Following ONa 9 ww L ¢ Q& F 2 O tzd Sutaihabie ONBIGmMentSEBESDG Zero Hunger (SDG 2),
SDG Health/WeBeing (SDG 3) and SDG Climate Action (SDG 13), we investigated aspectsidisBiAg

across papers relevant to the three SDGs. To identify research relevant to these three SDGs, we relied or
OSDG.4§j an open source initiative that integrates various existing approaches to classify research according
to SDG. Our analysis showst wellresourced actors publish OA more frequently in all SDG areas, as well
as publishing in journals with on average higher APCs, which might worsen already existing structural
hierarchies within academia.

Any observations of the growth of OA in resgarelevant to the SDGs 2, 3, and 13 have to be interpreted
relative to the overall expansion of OA across science, as well as general structural specificites of the three
areas. A key question in this regard is the breadth of research institutions aativigtio the body of scientific
publications. Contrasting the three SDGs in this respect shows that research in SDG HeaBbiNge|EDG

3) is more concentrated than research in SDG Climate Action (SDG 13). The top 20% of instibutiobiste

up to 55% of the publications. Research on SDG Zero Hunger (SDG 2) is much less concentrated, with the to
20% of institutions contributing about 40% of publications.

Another area where substantial differences can be observed between research being conduittedroae

SDGs, is the share of female authors. We found the share of female authorships to be increasing across al
SDG domains, but on different levels. While this share has increased from 30% in 2006 to 37% in 2019 for
research being conducted on SD@akh/Well-Being (SDG 3), research being conducted on SDG Climate
Action (SDG 13) increased from below 20% of female authorships in 2006 to 27% in 2019. Thus, while the
increase in percentage points is similar, female authorships are substantially morearoin research on

SDG Health/WelBeing. This finding is consistent with prior research (Lariviére et al) 20ti&xplained by

higher rates of female researchers in caetated areas, while shares of female researchers are lower in areas
related to mahematics and computer sciences.

The expansion of OA publishing has been-detlumented (Piwowar et al. 2018, lyandemye and Thomas
2019). Here we focus on how this growth materialises in research being conducted in the three SDGs, and
how the growth of OApublishing is accompanied by increasing levels of Article Processing Charges (APCSs).
Overall, we find an equal growth in OA publishing across research being conducted on the three SDGs. O/
publishing is slightly more common in research on SDG HealthBE&lh (SDG 3) than in the other two SDG
areas (the share of OA publications being about 5% higher). Similar to the distinction discussed above, that
more prestigious institutions publish more research, we also find that more prestigious institutionshpublis
OA more frequently. However, this correlation is not equally strong for all SDGs. The share of OA publications
of a given institution are only weakly related to the institution's prestige in SDG Climate Action (r=.11tor =
.21). This relationship idgrenger for research on SDGs 2 and 3, however it is also declining (from r = ~.4 in
2008 to r =~.23in 2018). We can therefore conclude that there appeared to bemdiver advantage, with

more prestigious institutions publishing OA more frequentlyt this advantage seems to diminish as OA
publishing is becoming more common across science.

8 OSDGiuttps://osdg.ai/

9 Institutions were classified based @, 10% from the Leiden RankingThis measure refers to the number of a
university's publications that are within the top 10% cited of their field. The top 20%:tufifitns are measured as the
top 20% of institutions according to their value @fRos%
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Analysing OA publishing along the dimension of country income, we find higher rates of OA publishing among
researchers from institutions from high income coungraes well abbw-incomecountries, with the countries

in between exhibiting lower rates of OA publishing. This pattern is particularly salient for research being
conducted on SDG Health/Wd@king, where publications by scholars from institutions from-iogome
countries in fact have the highest rates of OA publishing. This finding has been attributed to high levels of
research funding on infectious diseases such as HIV or malaria in masglsadn African countries
(lyandemye and Thomas 2019). In trease, there are multiple concurrent processes at play which shape
overall rates of OA publishing.

A key aspect in this regard is which model of OA publishing is being employed. There is growing evidence tha
the APGbased publishing model is detrimental @quity in publishing outcomes (Olejniczak and Wilson 2020,
Smith et al. 2021). In our analyses of research being conducted on the three key SDGs, we observe simila
GNBYyRa® CANBGEZ ¢S 20aSNBS | avlitt (2gMdeddybsS O2
wFNRY GKS [ SARSY wlylAy3v FtyR GKS FT@SNr3as 1t/ O
This correlation is strongest in research on SDG Zero Hunger (r = .43 for institutions assigned by first author,
20152018), andowest in SDG Climate Action (r = .25). This finding reveals remarkable differences between
the bodies of research which are relevant to these two SDGs. As mentioned above, research being conducted
on SDG Zero Hunger is generally less concentrated, wotle mqual contributions between institutions
according to their prestige ranking. At the same time, this body of research is strongly structured by prestige
levels when it comes to OA publishing. Considering only publications that involved an APC, eesdanch

less prestigious institutions publish more frequently in journals with low APCs in SDG Zero Hunger than in
SDG Health/WeBeing. Importantly, in our sample there are only very few cases of researchers from less
prestigious institutions publishingPCGbased papers on SDG Climate Action. This gap likely stems from a
combination of factors. Our approach did not find much research on SDG Climate Action (SDG 13) being
conducted by researchers at institutions with low prestige. Combined with geneoaligr Irates of OA
publishing across institutions with low prestige, the share of -ARed OA by researchers from less
prestigious institutions is therefore very small.

Investigating the relationship between institutional prestige and levels of APC ower We observe an
increasing gap between where researchers from less and more prestigious institutions in terms of the APCs
charged by journals publish. This increasing gap cannot be attributed to rising levels of APCs among some
major publishers, since waid not rely on historical data for APCs per journal. This increase is observable
across research on all three SDG areas.

In sum, when investigating differential rates of OA publishing according to institutional prestige within the
analysed SDGs, we falira clear hierarchy: more prestigious institutions publish more OA than less
prestigious institutions, which is in line with the findings by Siler et al. (2018). However, across all three SDGs,
but particularly in SDG2 and SDG3, the association betwedituiimmal ranking and the share of OA
production is weakening. We can therefore conclude that while affivater advantage for betteresourced
institutions to have higher rates of OA publishing is clearly visible, this advantage seems to diminish
somewtlat as OA publishing enters the mainstream. At the same time, there appear to be growing inequities
related to the modes of publishing, with the AB&sed model ofOA publishing potentially exacerbating
dynamics of cumulative advantage.
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3.6. Summary

From thesevarious lines of research, we can make the following conclusions: The current ways of how Open
Science is being implemented favour bettesourced actors, particularly in the case of Open Access
publishing. Policies aimed at fostering responsible prastafeesearch and innovation are related to actual
implementation in nodinear ways, where uptake of RRI practices hinges to a large degree on structural
FIOG2NRE GKFd LINBRFGS GKS LIRtAOASAQ AYLI SYS¢wl (A2
training on RRI and OS practices, which is exemplified in common chalfengdsn providing adequate
training, such as ensuring participation from diverse audiences; lack of staff; lack of institutional support
(funding or central coordination)al tailoring training to audience needs. In terms of evaluating researchers

for review and tenure decisions, it is increasingly suggested to include practices of OS and RRI in the list o
criteria; as of today, this is only rarely the case. Research beirducted on the three key SDGs Zero Hunger
(SDG 2), Health/WeBeing (SDG 3) and Climate Action (SDG 13) exhibits heterogenous trends, with
increasing rates of female authorships and OA publishing across the board. Our findings provide a rich
evidence bae which informs the development of guidelines and recommendations, soon to be published as
deliverable D6.4.
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4. ONMERRIT findings (WP4): Open Science I
Industry

Spurring growth and innovation in industry is a key goal of pofiaiters. A commonly stated advantage of
Open Science is greater return on investment for funders, as results are madsabke to industry.

I OO2NRAY 3 G2 (4Enerd foQRES | SNIONKS OHiy2RNT By 2 @ A2y T F2NJ
research results [is] the springboard for increased innovation opportunities, for instance by enabling more
sciencebased stardzLJd (1 2  SirdclrbtEsSnéral for Research and Innovation, 20888 Qpen Science
resources actually being taken up by industry, though? Recognising that studies to date in this area were
scarcgFell, 2019)ON-MERRIT set out to investigate how far small and meeiieed enterprises (SMEs) and
industry actors take up Open Access publications, open data, etc., and to what extent these resources are
integrated into their working environments, drivers and barsieén this context, as well as impacts on
technological inventions.

Our investigations comprised (1) a literature review about the information seeking behaviour as well as the
current uptake of OS resources in SMEs and industries, (2) a qualitativelstirdyifterview/ questionnaire
instruments) to investigate barriers and drivers to uptake of Open Science resources in industry, (3) a
guantitative study of the extent to which openly available scientific work influences technological innovations
and pateris. ONa 9 wwlL ¢ Q& GKNBS 1S@& R2YIlIAya NBf I &ftiRgissues { 5D
across all these issues and we here highlight specific findings of interest in understanding barriers and drivers
to uptake of Open Science resources in thesmdins here. As many pertinent issues were identified that
apply across domains, however, we first provide an overview of general findings.

The following sections discuss and summarise three project deliverables:
D4.1 Information Seeking Behaviour and Open Science Uptake in Industry: A Literature Review
D4.2 Drivers and barriers to uptake of Open Science resouraasustry
D4.3 Quantifying the influence of Open Access on innovation and patents

4.1. Information Seeking Behaviour and Open Science Uptake in Industry

The literature examined in Deliver&l n ®m ALY F2NX I GA2Yy {SS1Ay3 . SKI ¢
LYRdzAGNE¢ AYRAOIGSE GKFG NB&ASEFNODK 2dzilLlzia OdzNNBYyY
seeking behaviour in many industrial sectors, with a general lack of informsdieling skills amongst
employees. Domakspecific knowledge is essential for exploiting scientific resources for commercial needs,
and these skills are often acquired by either hiring graduates or directly collaborating with academia. Open
access to researchinflings is found to provide efficiency gaine.(time and cost savings associated with
accessing research), as well as enabling the development of new products, services, and companies, by
lowering the barriers for companies of all sizes (from largadito startups) for accessing basic research.
However, @ademic sources (open or not) seem to be of low to medium relevance for the innovation needs
of most companies. Only companies in certain sectors like chemical or pharmaceutical industries rely on
academic knowledge to a considerable degree, while sources like customers, competitors or suppliers are of
greater importance for the majority of companies. This has several reasons which in consequence also inhibit
the uptake of Open Science resources.tFa@mpanies (especially SMESs) have difficulties in finding relevant
academic sources, partly because their employees lack relevant skills for gathering sources, partly due to
ONMERRIT 824612 40
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time constraints. Second, translating results from basic research into comrenegvation needs highly
trained employees. These employees are commonly present in companies with a dedicated R&D department,
i.e.,companies with a research culture that also values engagement in the academic sphere (i.e. by publishing
research findings The apparent mismatch between basic research and industrial innovation may be
attributable to a decline in the diffusion of basic research by industrial actors. Third, data published alongside
scientific papers is very specific in many cases and thexeifat suited for commercial exploitation. All these
potential barriers seem to be of lower concern for companies with a focus on drug development, compared
to general manufacturing companies.

4.2. Drivers and barriers to uptake of Open Science resources uistiryd

A commonly stated advantage of Open Access to publications and data is greater return on investment for
funders, as results are made reusable to a range of societal actors including industry. Is open research data
actually being taken up by industrifhe concept of absorptive capacity is fundamental for understanding
whether industrial actors are able to benefit from Open Science resources, such as research papers or data.
' 0a2NLIIAGS OF LI OAGe NBFSNE G2 daXhénSextergahiffokniniion, 2 T
FAaAYAEFGS AGZ FyR FLILX @& AG (2 O02YYSNDlgfHuBry Ra ¢
Wainwright and Rentocchini 2020) highlights how SMEs in particular struggle to benefit from Open Data.
How do companiedrd relevant resources to satisfy their information needs? The most common barriers in
this regard were identified as difficulties in explicating information needs and finding relevant information,
lack of time, accessibility, and concerns regarding cdrgaality. Accessibility seems to be the most relevant
factor in finding information (Guo 2009; Yitzhaki and Hammershlag 2004; Kwasitsu 2003; Su and Contractor
2011). Although recent studies.§.,Kraaijenbrink and Groen 2006) document the ubiquity ofrcleiag for
information on the Internet, personal contacts are still fundamental.

Research outputs currently play a peripheral role in general information seeking behaviours in many
industrial sectors. The evidence points to a general lack of informatieking skills amongst employees.
Exploiting scientific resources for commercial ends requires subjamtific skills that are commonly
acquired either through hiring graduates or directly collaborating with academia (Fell 2019; Starasts 2015).
Open Accesw research findings is associated with efficiency gains, as well as enabling the development of
new products, services, and companies, by lowering access barriers to basic research.

How do academics collaborate with nacademimrganisations in the industrial domain? Two publications

by Perkmann et al. (201&andPerkmann et al. (2021) analyse this in detail. Perkmann et al. (2013) is a
literature review of papers from 1989 nmm addzRéAy 3 dal OF RSYAO Swdal 3ISY
related collaboration by academic researchers with io®F RSYA O 2 NBI yAal GA2y aé
NnHNU® wSalLISOGADGS OGABAGASE O2yarad 2F aodd O2f f
informal activities like providingad2 O I RGAOS YR ySg2NlAy3 SAGK LN
424) and play an important role in bringing academic research into the industrial world (Cohen, Nelson, and
Walsh 2002). Perkmann et al. (2013) suggest that academic engagement iskevelfthenomenon in that

it takes characteristics from the individual, institutional and organisational context into account. Individual
academic engagement is strongly linked to researchers who areestalblished andconnected, are more

senior, and hve more social capital as well as a high number of publications and government grants.

I OF RSYAO 8y3FasdvysSyid Aa RANBOGEE ftAYy|1SR (G2 | OFRSY
FOFRSYALlF 0aSNI2y wmMdopcyLI 4 o oghd rénibicétiRnkoygh a virRioussdycle OFK A
I OKAS@SYSyida IyR NBildNya 2y GKz2aS | OKAS@SYSyitac
findings that male academics are more likely to engage with industry, take up more prominent positmbns, an
are able to mobilise more resources and establish wider networks. Results are inconclusive on the
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institutional and organisational levels. Academic engagement has been found to correlate positively,
negatively, or not at all with the research qualityaafademic institutions. Academic engagement strongly
depends on highly motivated and successful individual researchers and is mostly independent of their
affiliated institution or organisation. In a recent update, Perkmann et al. (2021) confirm somefofdimgs

in (Perkmann et al. 2013): i) academic engagement is complementary and consistent with the promotion of
academic research activities, ii) highly engaged researchers are more likely to be committed to academic
engagement, iii) academic engagemerdrrelates positively with acquiring research funding and iv)
academic engagement is driven by individual traits. With regard to gender, women engage less in academic
engagement than men. Academic engagement is also found to depend on peer influencecgnlithdiand

to correlate with academic entrepreneurship.

Ly 2dzNJ ljdzt £t AGFGAGS adGdzRe 58St AGSNI o6t S nodH &5 NR SN
we continued our investigations regarding the uptake of RRI and Open Science in r&MBEduatry by
consulting industry players using interview/questionnaires. For maximal understanding of a particular
context, the nterviews were focussed on industry respondents in Austria, while the questionnaire sought
broader insights from respondenticross Europe about the current uptake of Open Science resources in
SMEs and industries. In general, these studies highlighted that knowledge about Open Science is rather low
FYR G2 | OSNIIFIAY RS3AINBS NBfIFGISR (2 weBordzhst®Rey (4 Q
Data, Open Access and alBpenSourcecode already play an important role in the respective companies.

For example, our interview partners mentioned using weather data, location agten-source code
libraries, or open access publiaats of the corresponding domains. However, this uptake strongly depends

on the characteristics of the companies and the employees' background. For example, all our interview
LI NIySNE K2fR I YIFIadSNRa RS3INBS [ yRinsta20p§ thisftiep |
need to use OS resources to stay competitive. The qualitative investigation identified several drivers that
support the uptake of Open Science resources: (1) employment of people with a university, (2) offering
incentives and suppt for uptake as motivation, (3) targeted training to increase awareness and uptake, (4)
knowledge transfer via interdisciplinary cooperation, and (5) focus on the benefits of exploiting the wisdom
of the crowd. We also identified barriers that hinder toptake of Open Science resources: (1) relative
scarcity of (especially heahltelated) open data, (2) licence restrictions for the commercial use of some data
sets, (3) the reliability and validation of data, and (4) fees for Open Access publishing.

4.3. Quanifying the influence of Open Access on innovation and patents

Ly 2dzNJ ljdzr yOGAGlF GA@S addzRé 5St ABGSNI OGS ndo avdzZ y
LJ- G S wem@ré ikterested in finding to which extent openly available scientific worlagtsgechnological
inventions.

Citation practices differ between academic writing and scientific patenting. In academia, only authors are
expected to cite all relevant work, whereas in patenting, both inventors and examiners are legally obliged to
supportclaims made in the patent application through citations (van Raan 2017). US patent law requires the
patent examiner to select references carefully (Tijssen 2001). The European Patent Convention demands that
examiners consult and include (relevant) schigiditerature (Verbandt & Vadot, 2018). However, evidence
suggests that most citations are made by the inventors themselves. In adeatge study of patents issued

by the United States Patent and Trademark Office (USPTO) after 2001, Ahmadpoor & Jof)ds(@d that

while examiners were responsible for 36% of patempatent citations, they only contributed 4% of non

patent literature. Scientific nopatent references (SNPRs), on the other hand, should not be interpreted in
every case as constitutinge key sources of an invention, but rather as indicative for a spectrum of seience
G§SOKy2f 238 AYUGSNIXOGA2YAaAX NIyYy3IAYy3IT FNRBY ardylffAiay3d
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contributions to the innovation (Tijssen 2001). Drawing on pegérom the field of nanecale technologies,

Meyer (2000) investigated the impact of scientific results on innovation through patent citation analysis to
find SNPRs mainly present the general background of an invention, rather than constituting dimkrect
Based on interviews with a sample of 33 Belgian inventors actinariatechnology biotechnology and life
science about their motivation to cite SNPRs, Callaert, Pellens & Van Looy (2014) found that SNPRs rarel
reflect the role of research as a goa of inspiration for technological invention and should therefore not be
interpreted as evidence for a direct link between scientific work and technological invention.

There are important trends in patent citation practices. First, the distributionoofpatent literature (NPL)

is highly skewed, a large proportion of patents lack references completely (van Raan 2017). Examining a
patent sample from the United States Patent and Trademark Office (USPTO) and the European Patent Office
(EPO) between 1996 dr2001, Callaert et al. (2006) estimated that 55% (USPTO) respectively 64% (EPO) of
NPL are SNPRs published in journals. There is, however, conflicting evidence concerning coverage acros
journals. While Guerrer@ote, Moed, & DeMoya-Anegdn (2021) estimatl that within five years, patent
citations cover one third of Scopdsy RSESR 22 dzNy I f 45 Gty wlklyQ&8 oHAawm
{btwa FLLISFNBR 2yfe& Ay | avYlff INRBdzZ) 2F 22dzNy I f &
impact (h terms of citations) is not immediate but grows over time, van Raan & Winnink (2018, 2019) noticed

a considerable timéag between an SNPRs publication date and the patent application. The lag has shortened
over the years, which the authors attribute tovientor-author selfcitations. Another recent patent citation
analysis found that scientific articles making a novel contribution to a field were significantly more likely to
have a technological impact measured by SNPRs (Veugelers & Wang 2019).

Narin, Hanilton & Olivastro (1997) found national citation circles where inventors cited a large proportion of
scientific articlesauthored atprestigious universities and laboratories in their own country and funded by
important research funders (NSF, NIH). K&@Gound a similar dominance of scientific articles linked to
research funded by the US government and the NIH. Tijssen (2001) observed an increasing proportion of
Dutchinvented patents that cite domestic research, particularly driven by aditmegntor self-citations and

patents from large multinational tech firms. Cressuntry comparisons need to take national citation
practices into account in the interpretations of their findings, which are governed by the respective patenting
law as well as the avability of literature (Callaert et al. 2006). As in scholarly communication, there are
field-specific differences in patent citation. Ke (2020) reports large variations among the different technology
sectors in terms of SNPRs coverage, with biotechnaadydrug patents having abowrerage SNPR uptake

and growth rates. Similarly, Hotte, Pichler & Lafond (2020) observed an increase of SNPRs among patent:
targeting lowcarbon energy technologies. The number of SNPRs is a widely considered indicator for the
Ga0ASYyO0S AyiSyariaesd 2F | FASER 2F Ayy20FiAz2y odt
model based on survey responses and indicators for the patent value suggests that it might be only
informative for some fields (Harhoff, Scherer, Vpge03).

While an increasing body of research focuses on Open Access to scientific research articles (Pinfield 2015
Piwowar 2018), few studies examine the specific impact of Open Access on innovation using SNPRs. Brya
and Ozcan (2020) investigated a saenof 43 medical and biotechnology journals published between 2005
and 2012. Similar to the effect on public sector research (Staudt 2021), they found a modest increase of
citations to NIHfunded research after the introduction of the NIH Open Accessyokihile citation rates to
non-funded research stagnated. Bryan and Ozcan (2020) found that small biotechnology companies likely
benefit most from Open Access because they require access to robust and specific scientific knowledge but
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often cannot affordsubscriptions. Studying small and medium sized pharmaceuticals companies using
regression models, ElSabry & Sumikura (2020) also suggest that smaller companies benefit from Open Acces!
In particular, they found a positive Open Access effect on small &adium-sized enterprises (SME) without
collaborators at universities or other public research institutions that usually can make use of subscribed
journals.

To investigate the influence of Open Access on innovation and patents, we combined publiclyedaiiabl
sources about patents and scholarly publications to explore the uptake of Open Access to scientific literature
cited in patents. Investigating over 22 million patent familiedexed in Google Patents, we found that
around one third were supported by at least one citation to paient literature. However, the number of
references per patent family can vary considerably across technological sectors and inventor countries.
Focugéng on scientific articles cited in patents, we found an Open Access citation advantage, suggesting that
openly available research articles are more likely to be cited in patents than closed access work. In line with
the general trend, Open Access uptakew over the years, with nearly half of cited articles published
between 2008 and 2020 being openly available. In line with research on both techrsaliegyge linkage and

Open Access, we found considerable country and subject specific variations. Bdytjgalents representing
inventions from the US and the UK cited disproportionately more often Open Access work. Concerning
RAAOALE AYIFINE RAFFSNBYyOSasx Al Aa AyiSNBadhymn G2
ySOSaanaiAi Saa baving ihe gréate? peicentage of references to Open Access literature, which
covers fields of innovation linked to sustainable development goals (SDG) like agriculture, food and health.
These patents show not only a stronger link to research in terhiheopenetration of SNPR, but also to
research that is openly available.

4.4. SDG specific findings

SDG 2: Zero Hunger (Agriculturéxom the literature review, we found that information needs in
Agriculture are often tailored to the individual farmusgedfic context, with information sought

from family members, other growers or advisers, as well as trade literature and the internet. Our
studies confirmed this, with social contacts the most relevant source of information in the
agricultural domain. This dinlights theoften-localisedhature of knowledge in Agriculture. We found
some evidence of use @penSourcecode and Open Data (especially weather data) amongst our
interviewees, however.

SDG 3: Good Health and Wikking: In health research, informatieeeeking behaviour (according

to the literature) relies on a range of sources from textbooks and scientific journals to online
NBaz2dNDOSa o0AyOfdzZRAYy3I tdzoaSRODP ¢KS AYyF2N¥NIGAZ2
participants somewhat preferringaditional media compared to younger cohorts. In our qualitative
study, we similarly found that literature/publications are the most important sources of information.
Our interviewees highlighted the value of Open Science, although a major obstacle wheatht

related Open Data is scarce. On the one hand, publishing (even anonymized) health related data is a
challenge due to privacy reasons and GDPR. On the other hand, trust, validation, and compliance
play a major role in this regard. As the CO¥8ziisis has highlighted the importance of rapid sharing

of scientific information, it is also interesting to note that our patent analysis found evidence that
patents are beginning to reference bioRxiv preprints, although not yet in great numbers.

SDG 13: @hate Action:In climate research, our findings show that literature/publications are the
most important sources of scientific information. Interviewees in this domain highlighted issues of
usingOpenSourcecode because of compliance concerns. Howeveo, itwerviewees advised they
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make use of Open Data such as OpenStreetMap, although also flagged challenges relating to the
validation of the data used.

The COVIR9 pandemic has shown the potential of rapid sharing of scientific knowledge as a basis for
innovation and evidencbased policy in missiedriven research. Our findings confirm the literature in
suggesting that there is interest in the uptake of Open Science resowsgscially Opeiata andOpen
Sourcecode/software, amongst industry playetdowever,the results show the difficulties of uptake, with
contexts of company, leaders and employees and their (educational) background.
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5. ON-MERRIT findings (WP5): Open Science an
RRI in policynaking

Set against the backdrop of the grand societal @mgles that are reflected in the UN Sustainable
Development Goals (SDGSs), the-MINRRIT project aims to critically interrogate whether Open Science and
Responsible Research and Innovation (RRI) live up to the positive claims of their proponents and whether
cumulative advantage and disadvantage may be present within or exacerbated by Open Science and RR
practices. Open Science (OS) and Responsible Research and Innovation (RRI) promise to make scholarsl
transparent, inclusive, and participatory. &udition, they aim to increase the academic, economic and
societal impact of research outputs by fostering the use of publicly available scientific outputs by civil society
actors, policymakers, and the general public.

Work Package 5 of GMERRIT investigated hd@pen Science might impact the uptake and use of scientific
outputs by policymakers, specifically. Here, we share our research aims and findings and how they relate to
the wider aims of the ONMIERRIT project. These results can be found in the followinIERIRIT deliverable
reports:

w

0 D5.1 Scoping report of previous research on the role of Open Science resources in deliberative policy
making
0 D5.2 Results of a survey on the uptake of Open Science in information sqwkicticesin

policymaking
D5.3 Networks of engagement in deliberative policymaking: Expdiéct®mns on barriers to

participation

O«

5.1. Investigating the role of open research outputs in decisiaking

Governance increasingly relies on expert knowledge, with demand for public participation to strengthen the
legitimacy of the policy process. Howeuligre is a tension between the normative demands for knowledge
driven governance and participatory governance. Indeed, expert knowledge has been framed as a threat to
democracy, as the principles underlying democraeyg.( inclusion, equality) seem to b@atently
incompatible with epistemic needs, which raises the issue of the legitimacy of experts. This epistemic
democratic tension raises serious problems for the petdigpertiserelationship. Understanding the
prospects for Open Science practices depenpsn investigating the role of scientific evidence in policy
making more broadly. The work conducted in Work Package 5 provides ample material to answer this and
further questions. Our strategy was, first, to synthesise research on uptake of (open aed)ctesearch
outputs within policymaking (results of which have been made available in our report D5.1 Scoping Report:
Open Science Outputs in Polglaking and Public Participation). Further, we used surveys and interviews to
understand the extent to wich policymakers make use of scientific resources (results are available in
Deliverable 5.2). Finally, we investigated participatory processes (research that aims to include a broad range
of social groups) to understand how they provide a knowledge basiddliberative policymaking. We

invited policyactive researchers to a series of workshops, each themed for one @ @M w L ¢ ©tddy O & S
disciplines, who were then asked to share their experience with participatory processes, reflect on barriers
to participation as well as facilitating poliegaking through their research, and question how the voices of
various stakeholders (including their own) were or were not heard (results available in Deliverable 5.3).
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5.2. Open Science Outputs in Polmaking and PulddiParticipation

When starting our work on uptake of scientific outputs by policy makers, our first task was to review existing
work on research uptake. We quickly realized that empirical evidence regarding the impact of OS practices
on policy advice was anot at best. In fact, in some areas, most notably public health, the relationship
0SG6SSYy SOARSYOS FyR LRfAOE Aada RSAONAOSR Fa | a
scientific results in policy making. How can open research pradiicpact research uptake, then, if policy
makers do not make sufficient use of scientific outputs as it is? Deliverable 5.1 addressed this question by
systematically summarizing evidence on how policy makers use scholarly resources with a special focus or
open research practices.

The discussion surrounding scientific policy advice is most developed in the area of public health, while in
other domains (agriculture, climate), the problem seems to be of a different kind. In particular, the evidence
policy gapescribes difficulties of translating scientific evidence into actionable policies. Indeed, researchers
and policymakers are described as living in different and frequently incompatible worlds. Policymakers resort
to scientific advice when dealing with certainty and ambiguity, seeking information that is timely, relevant,
credible, and readily available. They also struggle with knowledge management and appraisal of research
outputs, in addition to a lack of resources, knowledge, and skills to make ussedrch. Awareness of
scientific developments among policymakers is low, and few academics take part in the policy process. On
the other hand, access to relevant and clear information and good relationships between researchers and
policymakers foster resarch uptake. Policymakers prefer receiving information through personal networks
rather than academic publications. Our findings further suggest that improved infrastructure for information
sharing could have a positive impact on the use of evidencelicypnaking. The deliverable further suggests

that both RRI and Open Science continue earlier attempts to negotiate the role of science in society. The
sciencesociety relationship amounts to a complex interplay of competing forces and-tHdebetween
academic autonomy and the capacity of science to serve societal needs. RRI invites us to rethink the science
society relationship by bringing together societal relevance, claims to autonomy, public policy, and Open
Science practices in novel ways, drawimgetaborated methods and conceptual frameworks from the long
history of negotiating the scienesociety relationship.

5.3. Uptake of Open Science in information seeking practices in policy

making
Whereas Deliverable 5.1 sought to review exis@ugience on research uptake by policymakers, Deliverable
pdH dzASR adz2NBISe |yR AYUSNIWASG AyaidNUzySy i aseékidg o0 S i
and use, as well as general levels of awareness of open research practices. A case Butlygakse
policymakers sought to refine findings from the scoping report.

Our respondents reported using scientific information regularly in support of their political and legislative
work. As was found already in our literature review, within this settiacademic literature is often of
marginal importance as policymakers and their support staff predominantly rely on policy briefs, along with
personal communication. Indeed, we found Open Access to primary scientific literature deemed unlikely to
have asignificant impact on the extent of scientific policy advice, even though support for the concept and
principles of Open Science among policymakers was high.
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The case of Portugal is special in many ways, even if some of our findings do corroboratg kbesdinre

on informationseeking behaviours. What marks Portugal out is largely explained by the fact that policy
making is not considered a career, and many pehekers are former academics who maintain close ties
with academia. Our study alsochafld S& G KS 3 Sy SNI f -Ly22 (AAGRY F2ATLIKEIYY SoaSds
our interview cohort of policymakers who identify as academics. The idea that academics and-pisrs

inhabit different worlds is therefore untenable as a general claim; in faetcase of Portugal shows that
where policymakers are recruited from within academia, the distinction of two groups and the diagnosis of

I 3K L) 6SGeSSy (K2aS 3IANRdzZLJA A& YIN]JSRfe fSaa LI I dz
renders the issue of uptake obsolete as policymakers with academic credentials do not have a problem
reading or understanding academic literature.

In summary, we found scant evidence that Open Science significantly impacts research uptake. The study
does, howeverQK | £ £ Sy3S G KS I LILIX- WD o Gebnkahtdd d&ta&in natioml conedish R Sy
We saw strong support for the aims of Open Science and its principles of democratization of knowledge,
mitigation of inequalities and societal impact in both @survey and interviews. However, this is not backed

by a deep knowledge of the aims and principles of Open Science, except amongst interview respondents with
links to academia. Our research shows limited potential for many elements of Open Sciencettpidipearct
research uptake. Rather, our findings seem to reinforce the importance of translation to render scientific
outputs understandable to poliesnakers. Further, interviewees were acutely aware that research and
policymaking follow different (oftenanflicting) logics, and were also perceptive about the role, function,

and limits of expertise in government. There is a need for more structured and continuous flows of scientific
information for policymakers. The Portuguese case, then, represents atgpa of policyactive academic,
namely one who moves between academia and peliaydecision) making roles (and sometimes back).

5.4. Networks of Engagement in Deliberative Pohagking: Expert

Reflections on Barriers to Participation

So far, we have discsed results pertaining to research uptake more generally, with Portugal providing an
interesting, counterintuitive case study. The final task of Work Package 5 sought to provide insights with
respect to the question: Does Open Science in fact supporttifaamtake by policymakers, and are forms

of cumulative advantage or disadvantage at play and impact participation in jpoiking?

We started from the recognition that the intention of RRI is to reform the scieoogety relationship in

terms of inceased equity by bringing together public policy, societal relevance, and effective
implementation. Researchers who conduct projects aligned with RRI principles and practices work with a
broad range of societal actors, engaging them in participatory mestihat seek to provide policymakers

with knowledge. As such, these researchers are often gatekeepers as well as enablers for engagement in
participatory research. This seems to beg the question: Which societal actors, both within and outside of
academia,participate in Open Science and RRI research and guolgyng? Which societal actors are
excluded, and why? In response to these questions, we conducted a qualitative study composeeptfiin
interviews and workshops with poli@ctive researchers whesesearch resonates with RRI practices. They
were asked to participate in one of three workshops focused on three domains of interest: climate,
agriculture and health, to discuss uptake of scientific research in the process ofipalkiyg, improving
equality in representation, access and impact in pohtgking, as well as the potential impact of Open
Science.
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We identified several key factors that influence scientific policy advice: understanding on the part of
researchers of the policy sphere in whitley operate, congruence between research aims and policy goals,
strategic development and maintenance of relationships based on trust and credibility, awareness of policy
positions taken at certain international organizations (UN, WHO, OECD) as thesetsatefine the
normative foundation for policynaking at national and subational levels, upstream engagement between
researchers and polieyakers, and with civil society actors and impacted communities, fostering
relationships between communities atiteir policymakers, and cognitive (rather than physical) accessibility

of research findings and outputs.

Participation in RRiesonant research and poligyaking is largely determined by the policy sphere in which
aresearcher works (representative, deiative or participatory), and the research design and methods used

to create the scientific knowledge. We identified three different approaches to research that largely overlap
with the three policy spheres above: Within a traditional academic appraahprimarily researchers and
policymakers who participate; in a mulstakeholder approach, the range of actors includes various
stakeholders selected for their relevance to the problem at hand, typically involving researchers, other
experts, represerdtives from the business world, poliayakers and other civil servants, and representatives

of CSOs and NGOs. With a strongly participatory approach, the range of actors is further broadened to include
people who have historically been marginalized fromgaisses of both scientific knowledge production and
policy-making. Even so, some remain excluded fromrBgdnant research and poligyaking, most notably
researchers who are perceived as not credible or legitimate, due to inequalities related to rader,gage,
geopolitical position, as well as institutional affiliation and field, as well as researchers without adequate
funding or institutional support for poliecg NA SY i SR 62N] & [A{1Sé6AaST (KS 4
remain largely left out, dgste best efforts of researchers practising strongly participatory research, because
these groups are difficult to reach due to the digital divide, language marginalization, and limited resources
for this type of research. In summary, we found that thddwing groups influence public participation in
policy-making:

Researchers, through their choice of research design and methods

Policymakers, through their (un)willingness to engage with the various approaches to research that
the sciencepolicy interface implies

Research funders, by offering only limited support for participatory, palinted research

Academic and scientific institutions, by maintaining norms that run counter to this aim and
disincentivizing researchers fromcfhitating participation

So, while there are several key factors that influence scientific uptake by Jadikgrs, Open Science is not

chief among them. Additionally, Open Science and RRI as they are currently practised are not doing enough
and are not gt widely enough adopted to have a significant impact on expanding equitable participation in
scientific knowledge production and poliayaking.

5.5. SDGspecific findings on Open Science, RRI and academic policy

advice
We next present key findings of relevarfoe research into Ob 9 wwlL ¢ Qa GF NBSG {dzadl ;
Goals. The relationship between researchers and potfiaiers has been described as a gap, highlighting the
difficulties that stand in the way of research uptake such as lack of time, resoarzeskills, on the part of
policymakers, as well as lack of relevant, timely research output and lack of effective communication, on the
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part of researchers. However,-tdepth engagement with this view as well as with the potential role of Open
Science otputs in academic policy advice suggests that this claim is valid only under certain conditions and
for certain fields. Indeed, the gap diagnosis is plausible, in a strict sense, only for the field of public health,
but for reasons to be discussed belowet for climate science or agriculture. The research performed within
ONMERRIT suggests that policy advice follows vastly different logics and strategies depending upon the
policy model, the model of the scienp®licy-interface, and ultimately, upon the adels of participation and
knowledge involved. Indeed, the diagnosis of an evidgra&y gap is most pronounced in public health,

with scant evidence for a similar phenomenon in the other two domains, which suggests that the translation
of scientific ewdlence into actionable policies is more difficult for medicine.

We found that (Western) medicine is based on a universalist view of knowledge; in fact, participants to our
health workshop stated clearly that participatory processes to include local kngelece unwanted as lay
expertise is not taken seriously. A possible reason is the way medical knowledge acts as a social resource
serving to certify epistemic authority in doctpatient interactions.

Climate research likewise draws on universal res{dtg., physics) that can be difficult to translate into
recommendations actionable at the local level (e.g. individual or community action). Climate is very far
removed from direct experience. This is the case because climate is by definition a glolmthghen, which

in our data is evident in the higher relevance accorded to supranational actors (UNO, OECD, IPCC) in term
of defining climate policy goals and action plans, and in bestowing legitimacy upon the former. This is also
reflected in the dominancef what has been defined as the linear model of the scigmulécy interface in
climate policy advice, corresponding to the representative democracy model, in which knowledge transfer is
understood as a linear process from researchers to policymakereldpivg indepth relationships with
policymakers to receive information as well as maintaining academic reputations (for legitimacy) is
fundamental in this regard, although many of our respondents also lean heavily onto comshasdy
research to developdaptive capacity.

In agriculture, research uptake is much more dependent upon local conditions/expertise, which explains the
high provenance of participatory approaches within this field. In agricultimgplementing policy
recommendations necessarily gends upon local conditions, which in part explains the need to include local
stakeholders not just in implementation, but already at the stage of problem definition, as our workshop
participants concurred. These variations impact not only in the strasegieearchers employ to influence
policy, but also the prospects for Open Science practice to meaningfully alter research uptake. In what
follows, we summarize three project deliverabl€&\MERRIT D5.1 Scoping Report: Open Science Outputs
in PolicyMaking and Public ParticipatigReichmann et al. 2020QN-MERRIT D5.2 Uptake of Open Science
in_information seekingracticesin policymaking(Correia et al. 2021), andN-MERRIT D5.3 Networks of
Engagement in Deliberative Polimaking: Expert Reflections on Barriers to Participa©ale et al. 2021),
respectively, to describe specific findings with respect to these three areas.

5.5.1. SDG 2: Zero Hunger (Agriculturéhe importance of local knowledge

Within the field of agriculture, the emphasis is on the local and regional levels of implementation as opposed
to global policy arenas (WHO, UNO, etc.), with the fundamental difficulty, according to our workshop
participants, being the translation of higlavel policies€.g.,.i0 KS 9/ Q& / 2YY2y | ANR O
effective local action. This suggests that for SDG 2, the local context and conditions vary vastly, which
corresponds to a complex interplay at the levélasademic policy advice, between the regional, national,
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and supranational level®(g.,regions, nations, EU/AU). This constellation entails a very specific role for
supranational entities in terms of defining hidgvel policy goals. In terms of creagiand utilizing knowledge,
agriculture is defined by the fundamental importance of local, particularistic knowledge which is difficult to
reconcile with scientific (universalistic) knowledge and necessitates the inclusion of local stakeholders in the
process of knowledge creation and utilization, but also (already) at the stage of problem definition.

Therefore, participatory approaches are in high regard amongst this group of jpotigg researchers to

foster the inclusion of local practitioners, reflaai of the fact that knowledge of the regional context is
crucial for implementing agricultural policies. Nevertheless, some participants subscribed to a linear
understanding of the scienggolicy interface where they, the experts, provide policymakers tithwledge,

but do not interfere in the definition of policy goals. Nevertheless, this policy sphere is defined by the
importance of cecreative approaches to develop problem definitions involving all affected stakeholders
(even if counter to policy agendato problem definitions of traditional sciene¢his is unthinkable in health
policymaking according to participants). The case of agriculture suggests that RRI should be interpreted as ¢
middle-range concept. Effective translation of research results practice seems successful only in areas
with regional relevance, while in other cases we observe the aforementioned evigaticg gap.

Generally, the support for, and use of, participatory approaches was highest in the field of agriculture, which
wasalso reflected in high levels of awareness for the material needs of participantscoéative activities

on the part of researchers. Specifically, many workshop participants spoke to the importance of supplying
tangible benefits to those taking part iparticipatory approaches, which is very close to involving
stakeholders with a view towards regional implementability of policies. In this group, many researchers
represented a normative reading of the RRI concept. Support for participatory approath@sded in their

direct experience: In local contexts, traditional research designs can come across as westsgd which
clashes with a demand for local support and falready at the stage of defining the research question.
Evidently, westernisedonicepts of doing research can be-pfitting to some groups and therefore require
translation. It should be noted, however, that working regionally can sometimes create tension with
participatory approaches as in some regions this is predicated upon gepkimission from some local
authority.

5.5.2. SDG 3: Good Health and Wedling: Universal knowledge and social

exclusion
hyS 2F (G4KS Yz2aild altASydG AaadzsSa Ay (KBt KOBf @K LEI:
describes how topical scientific exiise is not used in respective policy decisions despite its availability
(Graham et al. 2006; Haines, Kuruvilla, and Borchert 2004). This problem has been described as a majo
obstacle in reaching SDG 3 (Panisset et al. 2012). In agriculture and cloieaige, awareness of a possible
evidencepolicy gap appears to be lower (but seg.,Hooper, Foster, and Gil&€orti 2019).

Relationships between policymakers and researchers are described in terms of mutual misunderstanding or
mistrust. Reasons amaanifold and range from fundamental differences in goals and values to differences in
communication styled.g.,Merlo et al. 2015). Evidence for the evidemmalicy gap is mostly qualitative,
building upon survey and interview data. The primary reaseergior its existence is a cultural schism
between academia and poligypaking. The two domains are described as being fundamentally different in
terms of aims, values, culture, and organisation. The preferred solution (dominant in the literature) suggests
improving communicationi.e., researchers should adapt their means of approaching policymakers, and

policymakers should engage more with research. Some argue that more systematic forms of exchange could
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enhance the uptake of healttelated research and #t more work is needed in translating research evidence
for practitioners and health professionals.

Tools for communication and decision support were most frequently mentioned as facilitating research
uptake, as well as the implementation of knowledgeasfructures to support research use and access to
research evidence e.g.,centralized repositories for sharing research, access to journals and databases, and
appropriate wireless access in hospitals. In passing, let us note that this argument isisirstifacture to

Open Science advocates suggesting that reforming science means, foremost, reforming scholarly
communication. Our work suggests, further, that the depth of the gap diagnosed in the literature is rooted
in a universalistic approach to knadge: Western medicine at least appeals to a universalist conception of
knowledge according to our workshop participants, which effectively shuts out any reference to local,
situated knowledge. In part at least, this seems to explain the highly develapagsdion in the health policy
literature suggesting a gap between (abstract) knowledge and (local) implementation.

Participants were acutely aware, however, that the process of problem definition is in itself a genuinely
political act, and that universaim is equally at odds with the political nature of policy work. Those who
engage in such processes become political actors themselves, a role that clashes with traditional forms of
AOASYGAFTFAO ARSYGAGE FTYR O2YLNRPYY 2B SRRS¢éShKauSY3s
assumption may be). (Cole et al. 2021: 32 f.) (Epistemological) Universalism thereby presents a challenge fo
participatory processes and the inclusion of situated knowledgg,through inviting lay expertise into these
conversations. The examples given by participants in that regard suggest that the universality of the
knowledge in question might even be a consequence of exclusion processes of closing these deliberations to
any other form of knowledge. In one particulexample of dialogue between medical experts and other
stakeholders regarding environmental factors of cancer, the deliberation process was ultimately unsuccessful
as it was deemed dangerous to their reputation by medical professionals from the outsbt kdter did

not want to engage in what they considered to be a legitimization of lay expertise. In this, two forms of
uptake are at stake: a) uptake of knowledge {apwledge, situated knowledge, to some extent medical
knowledge from the fringes) and liptake of a specific policy goal.

Participatory approaches can likewise be repurposed by policymakers to generate legitimacy. In another
example, a research team used participatory approaches to engage community members in creating situated
scientific expertise so that their local knowlexgould be meaningfully included in a potityking process.
Sometimes there are political advantages for elected peti@kers to embrace participation within the
policymaking process. One solution to the legitimacy challenge involves framing policyinviertns of
indisputable valuese(g., human rights and gender rights). Our study participants relied on a normative
foundation of policy goals supplied by supranational actors such as the WHO, UNO, OECD, etc. as it wa
deemed impossible to set politicgbals without a consideration of face.§.,in arguments about the health

and environmental risks of coal). Importantly, then, the normative grounding of policy goals is justified by
SGKAOFE y2N¥Xa LINBASYGSR | a adzy kidieyNdelbeybndl debate OTher Y 2
SDGs were found to serve a similar function in terms of legitimacy construction for policy goals (even though
they are a product of (contingent) political decisions), thus underlining the key role of supranational political
actors. (Cole et al. 2021: 33)
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5.5.3. SDG 13: Climate Action: Global phenomena, local action

Workshop participants from the field of climate science are mostly taking a traditional academic or-a multi
stakeholder approach and for the most part not using stronglgtipipatory research design and methods.

This means that in their work, though the medtakeholder approach broadens and diversifies the range of
actors engaged in knowledge production and pelitgking, they do not reach the most marginalized
populations. In our sample, only researchers working in the domains of agriculture and health are doing this.
Climate science can be characterised by a universalist approach to knowledge, which produces difficulties of
translation into local action and explains timeportance, stressed by many participants to our climate science
workshop, of global policy arenas (OECD, UNO, IPCC) in defining climate policy goals and targets. Exper
provide policymakers with expertise but also contribute to the formation of polaigge.qg.,by providing
reflexivity and deliberation, integration of local knowledge and practice; other groups are rarely involved in
this process as a matter of research design.

Climate targets are such that they can only be enforced globally. Howteerelevant institutions do not

have the power to enforce them. Within SDG 13, congruence of policy goals and research results is especiall
important; workshop participants stress how (international) climate targets often clash with other (national)
policy goals such as economic growth, a dynamic that tends to affect which experts are consulted. Climate
policy advice adheres to the representative democracy model of the scjgolesy interface in which
policymakers consult with experts but ftme else. Atthe system level, this creates the problem of
inaccessibility of the system as policymakers are difficult to persuade of the value of participatory processes.
Linearity also implies problematic power dynamiies, political motives easily can get in thay. Within this

policy area, highevel political bodies such as the UN and the OECD are important as granters of legitimacy
for policy goals. The linearity of the sciequalicy interface also explains the observed importance of
personal relationships agolicymakers do not read publications, rendering the translation of results into
L2t A08 ONARSTA FdzyRIFYSydGlrf Fa NBaSINOK LI LISNE | NB
participants in our workshop expect that participatory approachas kelp to educate policymakers.g.,

the limits of modelling) while agreeing that participation of stakeholders is key not to overlook salient issues.
Aside from the inaccessibility of academic literature, relationships are important because a lotelfetremt
information is tacit and not accessible to those not part of the process.

The role of Open Science was considered marginal since in climate policy advice, policymakers rely or
relationships and consultations, mostly, and not on academic pulditaitiAt any rate, more participation by
marginalized groups was deemed desirable by participants. APCs are an issue for research tpabjischot
related. For participants, the problem is not access but information overload. The ways in which tramcgparen

in OS may foster trust also emerged as an important theme for many participants. There was recognition that
opening data may deepen trust in research for which there are perceived conflicts of interest, for instance in
ensuring reporting of all medicalnd pharmaceutical trials including negative results. However, there are
definite limits to such transparency and its effect on trust. A case reported by a workshop participant reveals
tensions between transparency and trust, showing that full transparéncifficult to attain: anticlimate-

change activists used the lack of (tacit) knowledge about data analysis procedures to advocate mistrust in
that data. In this case, there also seemed to be a related dimension of strategic openness, wishing to maintain
some competitive advantage by keeping certain methods of analysis confidential.

In summary, climate science is characterized by a gap between local action/knowledge and the global nature
of climate and climate targets. In climate policy advice especadbdemic credentials are important (more
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so than in agriculture for instance); policy advice follows certain rules that some (marginalized) populations
have difficulty following (due to their social position, credibility, etc.). Congruence acts as dingethator

in relationshipformation which is also important for poli@ctive researchers as they need to be aware of
policyYI { SNBEQ 32 fa a2 GKS& OFly FfA3dy GKSANI AGNF GS3
to represent marginalizedrgups, but there especially, academic language acts as a barrier to improving
equality of representation.

5.5.4. Summary: How does Open Science make a difference in ymoéking with

respect to the 3 SDGs?
In general, the role of making research openly accesdibtesearch uptake is marginal, since policymakers
predominantly rely on personal relationships or secondary summaries like policy briefs when seeking
scholarly advice. Commentators of the situation point out that policymakers have to solve a twofold
problem, simultaneously dealing with ambiguity (of evidence) and uncertainty (of decision making) (Cairney
et al. 2016). This gap can be exploited, as evident in the vast amounts of influsted research sowing
doubt to counter scientific evidence.g.,tobacco, anthropogenic climate chang€&hat being said, while our
LI NOAOALI yiGa O2y OdzNNBR (KFdG F LRGSYGAFrt AYLI OG 2
getting their information from academic publications (a condition which is rargg), the literature on the
evidencepolicy gap did suggest, rather very similar in spirit to discussions of Open Science uptake, that
improved scholarly communication (in terms of clarity and brevity) could equally boost research uptake by
policymakers,as could improved infrastructure dedicated to information management and sharing. The
prevalence of the gap in health policy making, but not in the other SDG areas discussed above, suggests tha
the gap diagnosis constitutes a middabmnge theory at besindeed, taken together, our findings suggest that
the relationship between knowledge and implementation (evidence and policy) can be understood along the
following dimensions:

1) epistemology (universalist versus situated/local),

2) frame of action (global, wit a corresponding primacy of global institutions in defining policy goals,
versus local/individual)

3) sciencepolicy interface (representative, deliberative, participatory)

These findings suggest fundamental differences in importance for regional/locainaband global policy
arenas in the three SDG areas under study here (which is evident in our data). The epiolaycgap is

most pronounced in health because there, a universalist epistemology meets the need to manage doctor
patient relations, creatig a translation problem at the level of knowledge. In agriculture, participatory
approaches dominate because regional implementation of Héglel policies depends on local, situated
knowledge. Finally, the situation is more vexed in climate science bedadimate is a global phenomenon

by definition and can only be defined at a very high level, making for the importance of global institutions
and the ultimate difficulties of local implementations (rendering participatory approaches rather difficult).

_ Scope of Knowledge SciencePolicy Interface

SDG 2 Regional National/Regional Participatory
SDG 3 Universal Individual Representative/Linear
SDG 13 Universal Global Representative/Linear

Table3. Howknowledge and action frame impact the sciepadicy interface
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In the broader context of the ONIERRIT project, the consolidated results of this work package contribute

to a new understanding of the role of Open Science outputs in poialing (they are gjte limited). Our
findings demonstrate that systems of inequality, including racism, sexism, ageism, classism and lingering
colonialism manifest in academic and poliogking contexts in ways that advantage already privileged
actors while further disadvaaging those already operating at a disadvantage. Our findings indicate that
women researchers in particular are practitioners of mstidkeholder and participatoryesearch and
engaging in the sciengalicy interface in ways that reflect these approaches.

Our work suggests limited potential for many elements of Open Science to directly impact research uptake,
with our survey confirming the literature in demonstrating the imfamce of policy briefs and personal
connections in poligy I { SNB& Q AsgekiggNa¥Havioarg y¥nd the secondary importance of direct
engagement with scientific literature. We therefore find that Open Access is unlikely to have a significant
impact on he general uptake of scientific resources amongst petiekers, stressing the importance of
translation for research uptake.

C2NJ GKS OFasS 27F t2NIdzalrfz 2dz2NJ 62N]-LIDKAkO& SEHBIAZ
amongst our interview @hort of policymakers who also identify as academics. Finally, regarding the ON
a9wwlL¢ LINRP2SOUIQa AYyGSNBald Ay GKS A&aadzsS 2F adail
implicated in the UN SDGs, our findings offer insight into how researctbe designed to effectively respond

to pressing orthe-ground realities and how researchers (and societal actors) can interact with-padiogrs

to work collaboratively toward both immediate and longerm solutions. Based on these findings, we offer

the selected recommendations to researchers, funders, and academic and scientific institutional leaders that
are presently the object of a exreative process.
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6. ON-MERRIT findings on gender aspects of the
transition to Open Science and RRI

6.1. Is Open Sciemcadoption gendered?

Gender has been identified as a crassting issue in science policy and Responsible Research and
Innovation. Therefore, OINIERRIT investigated how gender equality might be affected by the Open Science
transition. There exists a pledra of data documenting gender stratification in academia. The kinds of
challenges and biases researchers face when they take OS and RRI approaches to scientific inquiry can lec
to negative career implications. There was anecdotal evidence to this @ffdth our data, demonstrating
broader inequalities at play within academic institutions. For example, data from the US show the over
representation of men in senior career ranks and the enegresentation of women in lower positions
(National Center foEducation Statistics 2019a). The same gender trend, only more extreme, was found in
the UK (Higher Education Statistics Agency 2020) and across the EU, where women arepredented in
academic roles generally, and grossly undgaresented as professs (Healy, Ozbilgin, and Aliefendiouglu
2005). These data demonstrate stratification within academia based on gender. They do not offer evidence
as to why, but as with all data that document a gender bias, they suggest institutional and systemic biases
that favour (white) men and disadvantage all others. Stratification across career ranks by gender directly
influences the salaries and lifetime earnings that a given person, based on the intersecting nature of their
race and gender, can accrue. The unequatrithution of economic rewards for conducting academic
research also bears out within career ranks, where the gender pay gap is observed in the US (National Cente
for Education Statistics 2019b) and across the EU (CARSA 2007).

6.2. Background: OpeBcience adoption and gender

There is strong evidence that women are undepresented as authors in academic publishing. Lariviere et

al. (2013, 212) found that among articles published between 2008 and 2012 and indexed in the Web of
{ OASYy OS RIYIS IaB@Zdzyailis 2F 2 NJ FTS6SNJ GKFYy omx: 2F FNIO
West et al. (2013), who similarly found the share of female authorships to be slightly below 30% for data
from JSTOR in the period of 26RP009. Although female participatn in terms of authorship has risen
significantly, from about 10% for the period 190960 (West et al. 2013, 2) to the aforementioned 30%,
there remains work to do to achieve parity. Moreover, inequality persists in other aspects: women are
underrepresengd in terms of first authorships (Lariviére et al. 2013; West et al. 2013) and last authorships
in fields where the last author position signifies prestige and seniority (West et al. 2013).

Focusing on the individual level, Olejniczak and Wilson (20263tigated author attributes related to Open
Access (OA) publishing. They found a higher likelihood for male authors from prestigious institutions, with
previous federal (USA) research funding, or an association with a STEM field, to publish OA invatlrnals
Fy I NGIAOES tNROSaaAy3da /KFENBS o0!t/ 0d ¢KSANI O2y i NR
FLIJSEFNBE (2 o06S a1S¢9SR G266 NR aA0K2f I NB gAGK 3IANBL G
institutional support in covering APCseigidently more urgent for researchers without an affiliation to a
researchoriented institution. Scholarly outlets charging APCs might preclude this growing segment of
researchers from contributing to the scientific record (Gray 2020, 1673; Burchardt2[Babry 2017). Based

on our analyses, publishing OA seems more common with women than with men; the share of female authors
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appears to be higher among OA articles than-4@h articles, while previous literature (Olejniczak and Wilson
2020) found that ferale authors tend to publish OA less often than men.

Gender equality in academia has been found to correlate with gender equality at the national level, with
several confounding variables: Institutions in Eastern Europe and South America have a higheof shar
female researchers; however, this has been attributed to lower wages for jobs in academia in these regions,
leading men to pursue careers in other economic sectors or in other countries (Guglielmi 2019). Further,
while Eastern European countries exhigreater gender parity overalthis hasbeen attributed to these
O2dzy GNRS&aQ KAAG2NE 2F O2YYdzyAadY O[FNAGASNBE Sia
among women, compared to other countries, or to further structural or cultf@ators. The relationship
between gender policies and outcomes in terms of gender parity is, therefore, complex and not easily distilled
into recommendations for further policies. The literature review shows that gender stratification has been
explored,and as described above, patterns of inequality apply even when institutions are in principle
encouraging the uptake of RRI and OS.

6.3. Gendered academia: Gender stratification and Open Science uptake

With respect to academia, project findings essentially comgxisting dynamics of gender stratification in
FOF RSYAlI YR &a4dzZaA3Sad dGdKIFIaG hLlSy {OASyOSQa | ISyRL
academic outputs (in the form of Open Access to data and publications, say) but should look towards
improving access to scientific production. In general, we found that the way OS and RRI affect research,
researchers and their careers greatly varies across countries and disciplines.

Our research looked at correlations between the existence of gender ¢gpalicies and gender balance in
research through the combination of MoRRI indicators and various rankings and data corpuses (The Leiden
Ranking, THE World University Ranking, Microsoft Academic Graph, Unpaywall). For instance, while the Ul
has implementd numerous policies to promote gender equality, men still significantly outhumber women
among the academic workforce. In terms of the undepresentation female researchers, the situation is
similar in German universities. Gender balance is better irChech Republic than in most other European
countries; however, the country scores exceptionally poorly in the adoption of gdodesed RRI policies,

and there is a substantial national gender pay ¢ap.

Our analysis of promotion, review, and tenure (PRdlicies in several countries had three aims: 1) to
discover the most common institutional performance indicators, 2) to examine how research assessment
indicators for career progression are used by institutions to incentivize researchers, and 3) 4s t&se
extent to which PRT policies foster and support OS/RRI practices.

We used correlation matrices and principal component analysis to assess PRT policies, as described in D6.
(Section 4.1), finding strong positive correlations among three gendali¢gjindicators: 1) consideration of

GKS OF yRARI (SQa 3ISYRSNE HO O2yaARSNI GA2Yy 2F GKS
Policies referring to wider societal impact (interaction with policgkers, industry, or the general public)

tend to mention more than one of them. One third of the institutions sampled in D6.1 actively seek to
promote women and minority groups (at least in cases where two candidates are equally qualified), while

10 Note, however, that there could be a time lag here at play between an introduction of a policy and being able to
observe its effects.
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almost half (44.3%) actively seek the representabrwomen and minorities on promotion committees.
However, the surveys also had a relatively high number of respondents that were unable to answer gender
related questions. This might indicate low levels of knowledge on these issues.

Respondents were adsasked to reflect on the role of gender and diversity criteria in promotion decisions,
reporting on a push in their respective institutions for getting underrepresented groups into leadership
positions. At the same time, respondents said that criteriausithent cannot compensate for structural
inequality. Respondents pointed to the impact of gender differences upon publication patterns. Some argued
that equity is not about adjusting criteria, but about opportunities to do research, making it clear that
promotion criteria are merely one barrier amongst many in fostering equity in research careers.

Following Lariviere et al. (2018hd Westet al. (2013), we then looked into the representation of women in
academic publishing, analysing, in D3.2, the gerdistribution among authors across the three SDGs
(agriculture, climate, health) that OMERRIT investigates. Authorship has been operationalized as follows:
G'y AyaildlryOS 2F FdzZiK2NBRKALI O2yaraitca 2F | L&®NRER2Y
I dzi K2 NXE¢ 62SadG SG Ffd HnmoX o0 [/ 2yaSldsSyiates aFs
designated ceauthors within, e.g., a discipline/field or country.

Overall, the share of female authorship increases over time across all Sbilesthe share of female
authorship was found to be lower than that of male authorship. The proportion of female authorship is
highest in SDG Health/Weleing (SDG 3) (30% in 2006, 37% in 2019), followed by SDG Zero Hunger (SDG 2
(28% in 2006, 35% in 28)1 and lowest in SDG Climate Action (SDG 13) (19% in 2006, 27% in 2019). Regarding
gender and author position, we found a clear gender difference between first and/or single authors and last
and middle authors. Female authors are overrepresented amosg dirthors (32%43% in 2019, across
SDGs) but underrepresented among last authors (22%). When comparing the three SDGs, the gender
gap remains stable over time for first authors {Il® percentage points), but increases for last authors, where

the shareof female authorship grows faster in Health/WBlkking (SDG 3) than in Zero Hunger (SDG 2) and
Climate Action (SDG 13). Overall, we observe an upward trend in the percentage of research outputs
authored by women across the three SDGs, with the sharedsirg from 1980% in 2006 to 237% in 2019.

We found the percentage of female authorship to be highest for HealthABfeilhg (SDG 3) and lowest for
Climate Action (SDG 13). These findings corroborate previous results (Lariviére et al. 2013; West &t al. 20
Also, in line with previous findings, we found a substantial difference in the share of female authorship in
terms of authorship positions. The last position on the byline, associated with prestige or seniority in many
medical and natural scienceslfis (Helgesson and Eriksson 2019), has a lower share of female authorship
than middle authors, while single and first author positions have a higher percentage of female authorship.

Based on our analysis of institutional Open Science and RRI policies affpears to be a gap between
outspoken appreciation of OS and concrete adoption into practice. This is especially so for OA Publishing,
Research Data Management, Reproducible Research, Open Peer Review, Licensing, Citizen Science, a
Gender. In particalr, it seems that the responsibility for Riglated issues is not centrally coordinated within
institutions, as is usually the case with OS. Amongst the interviewees of D3.3, the awareness of RRI as «
concept was relatively low, even where understanding its individual pillars (like ethics, science
communication, and gender equity, for example) is high. While this may reflect a sampling bias within our
22t 2F AYOGSNIBASESSaz Al Ftaz LRAyGa (2 GmeEe 02 L
coherent approach to RRI within institutions may improve recognition of this agenda.
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6.4. Gender differences in informatieseeking behaviours in industry

There is scant evidence of gender differences in informaseeking behaviours in industry. Of all
publications we reviewed, only one (Le et al. 2016) explicitly investigated gender differences in information
seeking behaviours. Eleven of the publications reported the gender distribution of their participants. The
remaining nineteen did not mention thgender distribution at all. Thus, there is a research gap with respect
to gender differences in informatieseeking behaviours and information needs.

We found only one study investigating gender differences in informegeeking behaviours and none
invedigating gender differences and Open Science uptake in industry. Analysing inforreedikimg
behaviours of general practitioners in health care, Le et al. (2016) found that although men and women
search for information equally frequently, there are genddifferences regarding the selection of
information sources,e.g., male practitioners prefer pharmaceutical sales representatives and- non
refundable continuing medical education (CME) meetings, but are less likely to find colleagues, refundable
CME meetigs, guidelines and websites important. Practitioners aged above 44 are confident to retrieve
information via medical journals, while younger practitioners prefer to gather information from colleagues,
other medical specialists, from the College of Generacttitioners guidelines, and via websites. Additionally,
practitioners working in partnerships or collaborative practices are more likely to get information from other
colleagues than practitioners working on their own. Further research seems warrantadatgse how
gender mediates general informatieseeking behaviours and the uptake of Open Science resources in
particular.

We then investigated empirically whether gender has any impact upon informageking behaviours,
finding no significant differences between men and women. To clarify, since only two women participated in
the interviewstudy, we describe in D4.2, we wermable to derive any conclusions regarding gender and
information-seeking behaviours. And although 33% of the survey respondents identified as women, no
statistically significant differences were found in the informats®eking behaviours of men and wome

The survey results as well as the literature review, therefore, document a clear research gap regarding gender
and its impact upon informatioseeking behaviours.

6.5. Gender effects in scientific policy advice

Our research reported in D5.3 (Cole et al. 20@Lnd that gender may play a determining role in whether
researchers are able to get access to peiigkers, that some researchers experience institutional
marginalisation when they conduct Rfesonant research, and that gender may play a role in stupthie
inclusivity or exclusivity of research practises. To the first point, we found that women researchers have
experienced gender discrimination when attempting to gain access to puoliders for the purposes of
sharing research results or engagingrhe participatory research. Meanwhile, some men acknowledged
that they are aware that their privilege within patriarchal cultures gives them an advantage in engaging with
policymakers. Both men and women observed that gender influences perceptions 8f&S | NOK S N
legitimacy, and that this happens in ways that benefit men and disadvantage women. Therefore, some
women participants reported using gendered techniques, like appearing deferential, in order to engage with
policy-makers who are men, particulgrivhere an age differential is also at play.

To the second point, our research found that those who conduct&f®hant research, especially that which

uses participatory methods and includes marginalised or disadvantaged communities, are framed within
tKSANI AYyadAdGdziAzya a4 R2AYy 3 aOF NB-ovudddll)dhat pertdini foa (i ¢
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the reproductive sphere of social life in some way (e.g., parenting or taking care of elderly relatives). Within
the context of academic and reseh institutions, certain disciplines or fields within the social sciences, and
OSNIiIAY YSiK2R&azZ INB 2FGSy YINBAYlItftA&ASR 2y GKS 0o
research. Therefore, researchers who conductoeative and partipatory research face institutional biases
related to their research programs, but also, insofar as they are women, they face additional institutional
biases on the basis of their gender (see the stratification trends that demonstrate this in the irtiodtac

this section). In fact, we found, within our sample, that women conductingréd®hant research are
practising participatory methods, and therefore, they are at risk of experiencing a duality of bias within their
institutionscas women but also a8 a4 S| NOKSNB 6K2 R2 aOFINB 62N] ¢ 64|
which race, ethnicity, age and sexuality intersect with gender and structure experiences of oppression).

To the third point, we found that those who embrace and articulate a femimpisstcolonial and/or
participatory approach to research are doing this work in ways that truly expand and diversify their research
teams and the range of participants that are invited into their work. We observed that while some men in
our sample use paxipatory methods, only men in our sample take the traditional academic approach that
does not foster the broadening of inclusion in research or petieking. On the other hand, some of those

who use participatory methods spoke of taking such approache® MRS NJ (G2 NBXaAad Gl
institutional norms within academic and scientific communities that have historically discriminated against
and marginalisedvomen andhave therefore contributed to the persistence of cumulative advantage and
disadvantage
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/. Conclusions and next steps

At the outset of ONMERRIT, a set of several interrelated questions were posed that aimed to better
understand the impact of selected aspects of RRI, in particular Open Science, upon the attainment of several
2 T (K 8stajndbl@ Bevelopment Goals. The project looked into the implementation of OS and RRI across
a range of stakeholder categories to ask whether RRI interventions might actually deepen socioeconomic
inequalities (such as the digital divide) and conflict wite SDGs. This deliverable summarised the work
undertaken in ONMERRIT across the three research work packages studying the role of Open &utknce
RRIresources in academia, industry, and policy. To reiterate briefly, the project was organised around a set
of research questions relating to the following issues pertaining to Open Science impact in research, industry,
andpolicyY¥ {1Ay3x (2 RSOGSN¥YAYS K2g GKS FGdlIAyYSyd 27F 0
Science transition.

In relation to SDGZgro Hunger), OIMERRIT documents an increase in research publications between 2006
and 2019, with a significant increase in OA publications, particularly ifinkceme countries (while in
absolute numbers, higincome countries come before levand middleincome countries in terms of OA
output). Information needs in Agriculture are often tailored to the individual farrspegcific context, with
information sought from family members, other growers or advisers, as well as trade literature and the
internet. Our studies found social contacts were the most relevant source of information in the agricultural
domain, highlighting theften-localisedhature of knowledge in Agriculture. We found some evidence of use

of OpenSourcecode and Open Data (especially west data) amongst our interviewees. In agriculture,
emphasis is on the local and regional levels of implementation as opposed to global policy arenas (WHO,
UNO, etc.), which creates the difficulty of translating Higéel policies into effective local aoh. For SDG 2,

the local context and conditions vary vastly, which at the level of policy advice corresponds to a complex
interplay between the regional, national, and supranational levels, creating a very specific role for
supranational entities in termsf defining higHevel policy goals. Agriculture is defined by the fundamental
importance of local, particularistic knowledge which is difficult to reconcile with scientific (universalistic)
knowledge, necessitating the inclusion of local stakeholderthénprocess of knowledge creation and
utilisation. Therefore, participatory approaches are in high regard to foster the inclusion of local practitioners,
reflective of the fact that knowledge of the regional context is crucial for implementing agricybinlieies.

The case of agriculture suggests that RRI (responsible research and innovation) should be interpreted as ¢
middle-range concept.

In relation to SDG3 (Good Health and \AR#ing) ONMERRIT documents an increase in the number of
publications betveen 2006 and 2019. In health research, informatsaeking relies on a range of sources

from textbooks and scientific journals to online resources. There, older cohorts somewhat prefer traditional
media compared to younger cohorts, and literature/publioas are the most important sources of
information. Open Science is valued, although a major obstacle was that fekltbd Open Data is a
challenge due to privacy reasons and GDPR. Trust, validation, and compliance play a major role in this regarc
Paterts are beginning to reference bioRxiv preprints, although not yet in great numbers. The health policy

f AGSNF 0 dzNE ARSYGAFASA | YI-22INI @8 aFH 106 5 diRrA Q6 DRE
scientific expertise is not used in respective ppldecisions despite its availability. The gap is located in a
schism between academia and pohmyaking, two domains described as being fundamentally different in
terms of aims, values, culture, and organisation. The literature suggests improving coratiumic.e.
researchers should adapt their means of approaching policymakers, and policymakers should engage more
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with research, with some advocating for more systematic forms of exchange to enhance research uptake
(research translation). Tools for commaaiion and decision support were most frequently mentioned as
facilitating research uptake, as well as the implementation of knowledge infrastructures to support research
use and access to research evidence (arguments similar to suggestions by advoCGyiea &fcience). Our

own work suggests that the gap is rooted in a universalistic approach to knowledge that effectively shuts out
any reference to local, situated knowledge. Our work further suggests that practitioners are acutely aware
that universalismsd equally at odds with the political nature of policy work. Those who engage in such
processes become political actors themselves, a role that clashes with traditional forms of scientific identity
FYR O2YLINRPYA&ASA (GKS SLAAGSBRAZAAOKR s BRBSINI FT | @B RL.
be).

In relation to SDG13 (Climate Action), -OIERRIT documents an increase in the number of publications
between 2006 and 2019 with an average yearly growth rate-8%b% SDG13 exhibits a larger gap in the
publishing landscape when comparing leanking and higlranking institutions (relative to SDG2). With
regards to Open Access publications, SDG13 has grown by over 50% from 2006 to 2018. The majority o
publications emerged from higlanked institutions. Lovincome countries have a greater share for the years
20152018, while high income countries have a higher rate of OA publications than middle income ones. In
climate research, literature/publications are the most important sources of scientific informatitmsame

issues pertaining to usin@penSourcecode because of compliance concerns. Climate targets are such that
they can only be enforced globally. However, the relevant institutions do not have the power to enforce
them. Within SDG 13, congruence oflipp goals and research results is especially important; workshop
participants stress how (international) climate targets often clash with other (national) policy goals such as
economic growth, a dynamic that tends to affect which experts are consultedat€lpolicy advice adheres

to the representative democracy model of the sciesadicy interface in which policymakers consult with
experts but neone else. At the system level, this creates the problem of inaccessibility of the system as
policymakers ardlifficult to persuade of the value of participatory processes. The role of Open Science was
considered marginal since in climate policy advice, policymakers rely on relationships and consultations,
mostly, and not on academic publications. At any raterenparticipation by marginalised groups was
deemed desirable by participants. APCs are an issue for research thapi®ject related For participants,

the problem is not access but information overload.

In relation to gender issues, project findingssentially confirm existing dynamics of gender stratification in

I OF RSYAI FYyR a4dAa3said dGKIFIadG hLlSy {OASyOSQa | 3SyRL
academic outputs (in the form of Open Access to data and publications, say) but $hokiltbwards
improving access to scientific production. In general, we found that the way OS and RRI affect research,
researchers and their careers greatly varies across countries and disciplines. With respect to infermation
seeking behaviours, there ixant evidence of gender differences. We found that gender may play a
determining role in whether researchers are able to get access to polidsers, that some researchers
experience institutional marginalisation when they conduct-RRbnant research, ahthat gender may play

a role in shaping the inclusivity or exclusivity of research practises.

Beyond these crascutting issues, this report hagrgthesised the major findings fro@NMERRITWe have
shown the difficulties inheent in implementing Open Science and BE&tbss a range of contexts, including
academia and its interface with industry and poli€yom these terse results, as part of a -coeative
process o be detailed in the upcoming Deliveralied), ONMERRIT identified fokeythreatsto equity in
the transition to Open Science and RRI
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1 Resourcentensity: Existing research as well as ours shows that practicing Open Science (and the
host of practices that fall under it) requires considerable resources, be they economic, institutional,
or social/culural in nature.The structural inequalities that exist within institutions, regions and
nations, and on a global scale, create structural advantages for@gellurced actors and structural
disadvantages for leggsourced actors, in terms of capacitydaability to engage in Open Science
practices.

9 Article Processing Chargesxisting research as well as ours shows that the article processing charge
(APC) model within Open Access pubilig seems to discriminate against those with limited
resources (especially those from less resourced regions and institutpegifically, less resourced
institutions have lower rates of uptake of RRI policies and practices overall, including OA publication,
and more resourced institutions have higher rates of OA publication and publish in journals with
higher APCa hese fact seem to be having effects of stratification in terms of who publishes where.

1 Inclusionin policy-relevant researchOpen Science and RRI both promise greater uptake of science
by policymakers and greater equality of access to processes of scientific knowledge production and
policymaking. Yet, we have found that both processes takeeghaithin broader social systems
within which inequalities structure access to both and privilege certain actors while disadvantaging
others. Therefore, only a small fraction of the populations of researchers and broader publics have
access to either, andhe most marginalized, vulnerable, and poor remain mostly excluded.
Contributing to this problem, we have found that institutional norms within funders and research
performing organisations often work against those who wish to broaden inclusion withiml&dge
production and at the scienegolicy interface. And, the cognitive inaccessibility of research outputs
prevents use of them by poliapakers and by broader publics who may wish to engage with scientific
knowledge for democratic purposes.

1 Reform of eward and recognition There is broad consensus that institutional norms within
researchperforming organizations and funders not only do not support the uptake of Open Science
and RRI practices, but often get in the way of them by discouraging these mdauaditional
academic and scientific practices, which are rewarded by existing practices surrounding promotion,
tenure and fundingEven when institutional policies supporting Open Science and RRI are in place,
actual practices do not, for the mosag, reflect them.This disadvantages those who wish to take
up Open Research (putting eadgreer researchers especially at risk).

As its final aimONMERRITs currently working with stakeholdersto co-create a set of evidencdased
recommendationsfor funders institutions and researchers taddress andnitigate these ssues These
recommendations will benade publido the researb communityin March 2022.

We hope that the wder Open Science community will take these criticisms in the constructive spirit in which
they are meant, as a springboard to help recognise and further address such issues. As stated earlier, none
of this is meant to diminish the aims of Open Scigmeeseor negate the good that Open Science brings and
KFra 0KS LRGOGSYGArt G2 oONAy3Id wlkiKSNE A0 Aa G2 €
particular way the ideal has been conceived and implemented by the Open Science movemeritaasiveel

way it has been brought about through Open Science policies. In this sense, the faulty logic of open science
GKFG L FTAY (G2 KAIKEAIKG X NBFSNER LINBOAaSte Gz
AYLX SYSy il (Acdynwaly hBldaiéh Sf/increasidg equity, any potential for Open Science to
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actually drive inequalities must be taken seriously by the scientific community in order to realise the aim of
making science truly open, collaborative and meritocratic.
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