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ABSTRACT

In this article, I will explore how the underlying research values of ‘openness’ and ‘mutual 

responsiveness’, which are central to open science practices, can be integrated into a new ethos 

of science. Firstly, I will revisit Robert Merton's early contribution to this issue, examining whether 

the ethos of science should be understood as a set of norms for scientists to practice ‘good’ 

science or as a set of research values as a functional requirement of the scientific system to 

produce knowledge, irrespective of individual adherence to these norms. Secondly, I will analyse 

the recent codification of scientific practice in terms of ‘scientific integrity’, a framework that 

Merton did not pursue. Based on this analysis, and illustrated on the case of COVID-19 as a case 

in which the institution of science was challenged to deliver urgently on societal desirable 

outcomes, I will argue that promoting open science and its core norms of collaboration and 

openness requires broader governance of the institution of science in its relationship with society 

at large, rather than relying solely on self-governance within the scientific community through a 

new ethos of science. This conclusion has implications for re-evaluating research assessments, 

suggesting that the evaluation of the scientific system should take precedence over evaluating 

individual researchers, and that incentives should be provided to encourage specific research 

behaviour rather than solely focusing on individual research outputs.
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INTRODUCTION

Over the past decade, we have wit-

nessed a gradual and consistent evolu-

tion of research practices towards a more 

open science (Miedema, 2021). This shift 

has been driven by both internal expec-

tations within the scientific community 

and external demands from research 

policies. The European Commission 

(2014 and 2015) and the National Acade-

mies of Science (2018) started to foster 

open science in research policy with the 

expectation that open science will:

• Enhance credibility by addressing is-

sues of scientific integrity in an open 

and transparent context.

• Improve reliability through early and 

effective data verification made pos-

sible by open science.

• Increase efficiency by preventing   

redundant research efforts and fos-

tering broader collaboration.

• Meet societal demands by making sci-

ence more transparent and accessible.

The push for open science within the 

scientific community has been further 

reinforced by negative trends such as 

slow publication processes, criticism of 

the peer review system, and challenges 

in reproducing research results (Nature, 

editorial May 2016). Moreover, the urgent 

need for open science outside the sci-

entific community has been highlighted 

by the COVID-19 crisis, which exposed 

the inefficiency of the scientific system 

in responding timely to public concerns. 

Against this back-drop, I defined ‘open 

science1’ as the early sharing of knowled-

ge and data in open collaboration with 

relevant stakeholders (von Schomberg, 

2019; Burgelman et al., 2019). Transition-

ing towards open science is essential for 

enabling responsible research and inno-

vation (von Schomberg et al., 2023; Owen 

et al., 2021).

In this article, I will explore how the 

underlying research values of ‘openness’ 

and ‘mutual responsiveness’, which are 

central to open science practices, can 

be integrated into a new ethos of scien-

ce. The key question to address is whe-

1 I prefer to talk about ‘open 
research and scholarship’ 
which explicitly clarifies the 
inclusion of the social scien-
ces and humanities. Howe-
ver, in policy circles the term 
open science is now consis-
tently employed.
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ther practicing open science necessita-

tes a transformation of research cultu-

res. Firstly, I will revisit Robert Merton's 

early contribution to this issue, examin-

ing whether the ethos of science should 

be understood as a set of normative 

guidelines for scientists to practice   

‘good’ science or as a functional requi-

rement of the scientific system, irres-

pective of individual adherence to these 

norms. Secondly, I will analyse the      

recent codification of scientific practice 

in terms of ‘scientific integrity’, a fra-

mework that Merton did not pursue.  

Based on this analysis, I will argue that 

promoting open science and its core 

norms of collaboration and openness 

requires broader governance of the ins-

titution of science in its relationship with 

society at large, rather than relying sole-

ly on self-governance within the scien-

tific community through a new ethos of 

science. This conclusion has implications 

for revaluating research assessments, 

suggesting that the evaluation of the 

scientific system should take preceden-

ce over evaluating individual researchers, 

and that incentives should be provided 

to encourage specific research behavi-

ours rather than solely focusing on indi-

vidual research outputs.

MERTON REVISITED

In 1942, Robert K. Merton, one of the 

founders of the sociology  of science, 

authored a short essay titled ‘The     

Normative Structure of Science’, which 

included a section called ‘The Ethos    

of Science’. Merton described the ethos 

of science as ‘that affectively toned com-

plex of values and norms which is held 

to be binding on the man of science 

(Merton, 1942). He introduced the CUDOS 

norms, consisting of communism, uni-

versalism, disinterestedness, and orga-

nized scepticism, as the institutional im-

peratives that comprise the ‘ethos of 

modern science’. Here, I will specifically 

focus on Merton's norm of ‘commu-

nism2’, as it bears an obvious relation-

ship to the norms of open science, such 

as openness and responsiveness.

2 Many commentators of 
Merton’s work have referred 
to this norm as ‘communa-
lism’ because of its political-
economic connotations. 
Communalism also appro-
priately refers to a commu-
nity of scientists which 
produces communalized 
products. Although commu-
nalism captures Merton’s 
intention appropriately, I 
will employ Merton’s origi-
nal wording for purely his-
torical reasons.

’
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In his essay, Merton (1942) characte-

rizes communism as follows (quotations 

are from the paragraph on communism 

in Merton’s 1942 essay).

• ‘The substantive findings of science 

are a product of social collaboration 

and are assigned to the community’.

• Scientific knowledge is a common pro-

perty. ‘The institutional conception of 

science as part of the public domain 

is linked with the imperative for com-

munication of findings. Secrecy is the 

antithesis of this norm; full and open 

communication its enactment’.

• ‘Free access to scientific pursuits is a 

functional imperative’.

• The scientist's claim to his intellectual 

property is limited to that of recogni-

tion and esteem.’ The institutional con-

sequence is that scientists pursue 

originality and driven by a competiti-

ve quest for priority. However, ‘the 

products of competition are commu-

nized’. It concerns a ‘competitive co-

operation’.

Throughout the years, scholars have 

debated whether the CUDOS norms   

represent values for the proper function-

ing of the scientific system (cognitive 

functional meaning) or normative pres-

criptions and moral imperatives guiding 

scientists' behaviour within a lived ethos 

(Stehr, 1978). It can be assumed that 

Merton himself was aware of this ambi-

guity since he articulated communism 

both as a functional imperative for the 

institution of science to generate shared 

knowledge for the public domain        

through competitive cooperation, and 

as an ethical norm governing proper 

scientific conduct. Additionally, Merton 

stated that the CUDOS norms are not 

exclusive to science but can be present 

in any social structure. There is no      

demarcation criterion that distinguishes 

science from non-science based on a 

specific set of norms. The CUDOS norms 

represent an ethos, an idealized frame-

work for the scientific community to stri-

ve towards rather than a fully attainable 

reality. Merton did not intend to codify 

these norms and recognized that actual 

scientific practices may not always align 
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with the demands of this ethos. In other 

words, Merton's ethos serves as a criti-

cal yardstick for assessing the behavi-

our of scientists. Just as Rawls appeals 

to political and civic virtues of citizens in 

his concept of the ‘public use of reason’ 

for a just and fair society (Rawls, 1993), 

Merton's ethos of science relies on the 

cultivation of scientific virtues by mem-

bers of the scientific community. For our 

discussion, it is important to recognize 

that the Mertonian norms can be viewed 

both as values of the scientific system 

for its proper functioning and as pres-

criptions for appropriate scientific con-

duct within the scientific community.

EXPLICATING THE NORM OF 
COMMUNISM

Below, I aim to demonstrate that the 

norm of communism presupposes sub-

norms of mutual responsiveness and 

openness, with social collaboration 

among knowledge actors as a logical 

consequence.

Merton asserts that scientific know-

ledge is a result of ‘full and open com-

munication’ (as quoted above). He assu-

mes that scientific knowledge emerges 

through the open sharing of outputs 

produced by ‘competitive cooperation’. 

However, he does not delve into how 

mutual understanding can  be achieved 

within the scientific community when 

dealing with conflicting scientific find-

ings, ultimately leading to a shared    

understanding that can reasonably     

become part of the public domain. Whi-

le Merton explicitly considers ‘openness’ 

in the communication structure of sci-

entists, he does  not elaborate on the 

normative assumptions underlying this 

open communication structure. Merton's 

openness solely relates to the public 

sharing and communication of knowled-

ge, even though he anticipates an even-

tual mutual understanding of scientists 

in terms of ‘certified knowledge’. Merton 

stated: “The institutional goal of science 

is the extension of certified knowled-

ge” (Merton, 1973, page 270). The Ameri-

can philosopher Charles Sanders Peirce 

revealed the inherent communicative 
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presuppositions of scientific research 

practices and communication in terms 

of an involvement of community of inter-

preters (Peirce, paragraph 311), which 

Habermas later generalized beyond     

the scientific realm to communicative 

action (Habermas, 1996). Habermas's 

insight centres on the notion that any 

serious contender of truth or normative 

claims must engage in argumentative 

praxis, counterfactually anticipating       

a mutual understanding of context-

transcending claims (Habermas, 1996, 

p.13). This implies a norm of mandatory 

answerability to discussion partners.    

In other words, members of the scienti-

fic community who aspire, counterfac-

tually, to adhere to Merton's norm of 

communism and open communication 

must be mutually responsive to one 

another's insights. While Merton reduces 

openness to openness to knowledge 

sources such as publications arising from 

competitive cooperation, a comprehen-

sive understanding of openness encom-

passes an openness and mutual respon-

siveness to any member of the scientific 

community as a knowledge actor.

SELF-GOVERNANCE                   
OF SCIENCE THROUGH 
COMPETITIVE COOPERATION 
OR GOVERNANCE                       
BY CO-RESPONSIBILITY            
OF KNOWLEDGE ACTORS?

Merton perceives scientific knowled-

ge as a product of social collaboration. 

However, he fails to convincingly argue 

that knowledge generation is the out-

comes of only this specific social colla-

boration at the aggregate level of the 

system of science by means of compe-

titive cooperation with a common bene-

fit for the scientific community. The term 

‘social collaboration’ should be unders-

tood more broadly. Merton's concept    

of competitive cooperation pertains     

to working within a scientific community 

to primarily achieve individual goals    

as a scientist, assuming that this is the 

most productive approach for the sci-

entific system as a whole. On the other 

hand, collaboration involves working 

with other members of the scientific 

community to produce shared research 

findings and achieve collective goals. 
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The practice of ‘mutual responsiveness’ 

not only leads to knowledge production 

through argumentative discourse but   

also enables coordinated research      

actions based on  a shared understand-

ing of the subject matter. This can result 

in interdisciplinary or transdisciplinary   

research missions that go beyond the 

boundaries of specific scientific disci-

plines, fostering knowledge generation 

in diverse settings. If a scientific com-

munity embraces and acts upon the 

norm of ‘openness’, increased mutual 

understanding of scientific insights and 

collaborative research actions based on 

such understanding become possible.

Merton acknowledges that social col-

laboration and the adoption of social 

norms are not unique to the scientific 

community but also exist in other social 

contexts. He acknowledges that there  

is no clear demarcation between scien-

ce and non-science in terms of norm 

adoption. Similarly, we cannot distin-

guish science from other collaborative 

contexts solely based on social colla-

boration. Consequently, we lack a ratio-

nal basis for categorically disqualifying 

non-scientific knowledge actors from 

engaging in scientific discourse, even   

if they may not fully comprehend the 

subject matter3. Science can be seen  

as an institutionalized form of scientific 

discourse, which might imply speciali-

zation in scientific discourses or coope-

rative truth-seeking processes. Howe-

ver, when collaborating within science, 

we inevitably engage in normative dis-

courses regarding research goals and 

priorities. 

Merton's work primarily focuses on 

science at the frontiers of knowledge 

generation, rather  than science's capa-

city to address societal problems. He 

aligns himself with those who perceive 

direct societal intervention in science  

as a distortion of its nature, alluding to 

the ‘norms of pure science’ when des-

cribing the ethos of science (Storer, 

1973, page ix). Merton's contribution can 

be seen as a sociology of science that 

abstracts from the contents of scientific 

knowledge. Thomas Kuhn's The Structu-

re of Scientific Revolutions (1962) repre-

3 S.O. Funtowicz and J. 
Ravetz (2015) concluded that 
not only the production of 
knowledge should be identi-
fied beyond the scientific 
community but that also the 
evaluation of the quality of 
knowledge needs to be con-
ducted by an ‘extended peer 
community’.
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sents a subsequent phase in the recep-

tion of Merton's work, complementing  

it with a sociology that examines the 

contents of science and further articulat-

ing the dichotomy between cognitive 

and social norms of science (Stehr, 1978). 

While Merton explicitly denied the exis-

tence of a demarcation criterion based 

on norms, post-Kuhnian sociology and 

philosophy of science have failed to es-

tablish a conclusive cognitive demarca-

tion criterion. Paul Feyerabend’s Against 

Method (1975) ended a search for such 

criterion. In line with Habermas' notion 

of argumentative discourse and com-

municative action, we cannot effectively 

differentiate between a scientist making 

a truth-claim and an ordinary citizen 

doing the same. However, if we wish    

to give substantive direction to science 

beyond the inherent growth of knowled-

ge pursued by ‘pure’ science, knowledge 

actors inside and outside of science 

must engage not only with truth-claims 

but also with normative claims regard-

ing the ‘right’ direction for science. There-

fore, forms of social collaboration among 

knowledge actors within and outside of 

science are appropriate for any demo-

cratic society. In a post-Kuhnian and 

post-Mertonian world, this is effectively 

realized through various interfaces 

between science and society, such as 

science funding bodies, science com-

munication institutions, and technology 

assessment institutions (Pereira et al., 

2017; Grunwald 2018).

Karstenhofer (2021) examines Merton's 

norm of ‘communism’ in the context of 

technology assessment practices within 

the science-society interface and pro-

poses an expanded concept of com-

munism that goes beyond the bounda-

ries of the scientific community and    

includes values such as ‘transparency’. 

Social collaboration in shaping the direc-

tion of science  or aligning science with 

research missions that produce socially 

relevant outcomes becomes essential 

due to the increasing number of socie-

tal challenges we face. Interestingly, 

there is neither substantial scientific evi-

dence supporting the functional effecti-

veness of Mertonian norms in science, 

nor there has been put forth any signifi-
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cant proposals for a set of alternative 

norms post-Merton (Storer, 1973). This 

also applies to the recent call for open 

science, where initial empirical evidence 

supporting the claim that open science 

makes research more responsive to    

societal demands is lacking. However, 

the situation has changed significantly 

since the COVID-19 pandemic. It can   

be easily demonstrated that the scienti-

fic community globally engaged in col-

laborative efforts related to COVID-19, 

with millions of data submissions on 

open data sharing platforms established 

under public policy pressures (COVID-

19 Data Portal, See also the recent 

commissioned study by Frontiers of 

Spichtinger on the impact of Open Sci-

ence on Covid research 2024). This col-

laboration in open science mode was 

instrumental in managing the pandemic 

and expediting the development of    

effective vaccines within an accelerated 

period. Such collaboration cannot be ful-

ly explained by Merton's notion of com-

petitive cooperation. While Merton sug-

gests that social collaboration in the form 

of competitive cooperation enables self-

governance of science at the aggregate 

level, the COVID-19 case clearly de-

monstrates that self-governance was 

not a viable option for research policy.

Social collaboration can take various 

forms. It can occur at the institutional  

level within the interfaces of science and 

society without directly interfering with 

the actual research process. However,    

it does imply a shared responsibility of 

societal and scientific knowledge actors 

in steering science and innovation.    

The European Union, for example, has 

recently initiated funding for mission-

oriented research addressing societal 

challenges (Horizon Europe, 2021-2027). 

Beneficiaries of the EU funding program 

Horizon Europe are required to envision 

collaborative research and innovation 

actions involving knowledge actors 

from the Quadruple Helix, including 

academia, industry, civil society, and 

public authorities. This type of research 

is characterized as co-designed and co-

created with stakeholders (Mazzucato 

et al., 2020), extending the norms of 

‘openness’ to encompass not only    
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knowledge sources but also knowledge 

actors beyond academic science. The 

requirement for mutual responsiveness 

among knowledge actors within the 

Quadruple Helix is particularly evident 

in the co-creation of research agendas, 

potentially enabling forms of anticipa-

tory governance and directing science 

towards socially desirable outcomes 

(Robinson et al., 2021). The process       

of co-creation and co-design is guided 

by sociotechnical imaginaries. That is, 

as a set of visions sustained by infras-

tructures, practices, and more or less 

shared meanings of social life which     

in turn reveal futures that are desirable 

for a society (Jasanoff & Kim, 2015, p. 4, 

Nordmann, 2023). These imaginaries 

portray desirable futures for society.   

Societal-challenge driven mission-    

oriented research can even revolve 

around a socio-technical imaginary      

itself. For instance, the notion of ‘smart 

cities’ indicates what is desirable through 

the use of technology and social inno-

vation and how cities should be mana-

ged (Tironi & Albarnoz, 2021). Social col-

laboration includes consensus-building 

on problem definitions and the problem-

solving capacities we intend to employ. 

On one hand, this can neutralize scien-

tific dissent, for  the duration of the mis-

sions, which often arises due to          

discipline-specific approaches and im-

plicit problem framings (von Schomberg, 

1992, and 2012). On the other hand,        

it can overcome one-sided problem   

definitions prevalent in public policy set-

tings. For example, climate change    

policy historically emphasized climate 

mitigation strategies while neglecting 

climate adaptation strategies (Stehr, von 

Storch, 2023). The latter were relegated 

to science funding programs and were 

treated as ‘alibi’ research, a body of     

research that never constitute a basis for 

policy advice (von Schomberg, 1992). 

In an ideal scenario, knowledge actors 

engaged in social collaboration within 

mission-oriented research would share 

responsibility for the potential impacts 

and outcomes of their research. Ongoing 

monitoring, foresight exercises, and     

technological assessments can facilita-

te anticipation of these impacts. These 
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aspects reflect the broader concept of 

scientific governance that Science and 

Technology Studies scholars have em-

phasized in their work (Irwin, 2008; Rip, 

2018). Helga Nowotny (Nowotny et al., 

2001) has also emphasized the emer-

gence of a context sensitive science    

based on an interactive and co-evolving 

science-society relationship. 

Therefore, we can conclude from  

the review of Merton's work that a com-

prehensive governance of science      

takes shape through various forms of 

social collaboration, extending beyond 

Merton's notion of competitive coope-

ration. Knowledge actors collectively 

share responsibility for the anticipated 

outcomes of research actions.

In summary:

• The research norm of ‘openness’ 

should encompass both knowledge 

sources and knowledge actors.

• ‘Openness’ needs to be further defi-

ned in terms of ‘mutual responsive-

ness’ among knowledge actors.

• There are no clear demarcation crite-

ria for distinguishing knowledge    

actors within and outside of science.

• Social collaboration requires mutual 

responsiveness to the normative   

framing of research goals, thereby 

providing substantive direction         

to science beyond the mere growth 

of knowledge.

• Science governance involves a wide 

range of knowledge actors engaging 

in social collaborations with scien-

tists to achieve desirable societal 

outcomes.

• The case of ‘open science’ during the 

COVID-19 pandemic illustrates that 

self-governance of science was not  

a viable option for research policy.

These observations highlight the im-

portance of social collaboration and co-

responsibility among knowledge actors 

to steer science towards addressing  

societal challenges and achieving desi-

rable outcomes.
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SELF-GOVERNANCE OF THE 
INSTITUTION OF SCIENCE VS 
SELF-GOVERNANCE BY AN 
ETHOS OF SCIENCE

Merton's assertion that the four 

norms of science are not exclusive to 

science is valid. He emphasized the sig-

nificance of cultural norms, particularly 

the role of a Protestant ethic (Merton, 

1973, p. 228). The interconnectedness  

of specific norms within society and the 

scientific community is relevant. 

Schendzielorz et al. (2021) also connect 

the scientific ethos with the democratic 

ethos and conclude that the Mertonian 

norms are best understood as a set of 

procedural norms for self-governance. 

However, Merton (1973, p. 273) argued 

that science can be better fostered in an 

open, democratic society than in other 

types of societies. The norm of civic 

participation in a ‘democracy’ is a lived 

ideal for citizens, just as the norm of 

‘communism’ is a lived ideal for the sci-

entific community. Both norms presup-

pose the value of ‘openness’.

This highlights ‘openness’ not as a 

prescriptive norm but as a value of the 

institution of science. Simultaneously, 

‘openness’ is also an institutional value 

of a democracy. If we primarily unders-

tand the norm of communism as an ins-

titutional value of science, then commu-

nism and openness become research 

virtues for the scientific community 

rather than prescriptive norms. Similarly, 

‘voting’ is considered a civic virtue in a 

democracy, even though the institution 

of democracy does not oblige individu-

als to vote. This line of thinking aligns 

with Merton's rejection of codifying the 

four norms, which can be seen as func-

tional for the operation of science and 

therefore represent institutional values. 

In this way, we can understand Merton's 

formulation as a self-governance of the 

institution of science through the adop-

tion of appropriate research virtues by 

the scientific community.

In a post-Mertonian world, after 

lengthy discussions among academies 

of science, norms of ‘good’ scientific 

conduct have been codified. For a long 
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time, academies of science and funding 

organizations primarily phrased these 

norms in negative terms, focusing on 

what constitutes misconduct in science. 

For example, the US Office of Research 

Integrity (ORI) defines research miscon-

duct as ‘fabrication, falsification, or pla-

giarism in proposing, performing,          

or reviewing research, or in reporting  

research results’. Eventually, the All-  

European Academies adopted a set of 

codified principles of research integrity 

and incorporated them into the Euro-

pean Code of Conduct for Research   

Integrity (ALLEA build on and extended 

the principles and responsibilities set 

out in the 2010 Singapore Statement   

on Research Integrity which represen-

ted the first international effort to encou-

rage the development of unified poli- 

cies, guidelines, and codes of conduct 

world-wide (Singapore Statement       

on Research Integrity). Since 2017, the 

European Commission has recognized 

the ALLEA Code as the reference docu-

ment for research integrity in all EU- 

funded research projects and as a mo-

del for organizations and researchers.

It is worth noting that none of the 

CUDOS norms have been included       

in a code of conduct for researchers.    

In fact, the code of conduct primarily 

appeals to normative principles of      

honesty, reliability, accountability, and 

respect, with a focus on the quality of 

scientists' publishing behaviour rather 

than their actual work in their research 

fields. This focus on misconduct in     

publishing arose due to the increasing 

importance of publications for research 

careers and funding. Furthermore, the 

scope of codification is limited to mat-

ters of scientific integrity, even though 

these norms or principles have been 

described as fundamental to ‘good’    

research practices. The responsibility   

of the scientific community is described 

as an overarching duty to ‘promote,   

manage, and monitor a research cultu-

re based on the scientific integrity of   

its members’. (ALLEA, 2023). The imple-

mentation of scientific integrity is mana-

ged through self-regulation by the scien-

tific community. This contrasts with  

Merton’s conception of self-governance 

of the institution of science in which 
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self-governance of science is achieved 

by a scientific community appealing to 

the institutional values of science by sci-

entists adopting scientific virtues.

SELF-GOVERNANCE OF 
SCIENCE AND EXTERNALIZING 
ISSUES  OF RESPONSIBILITY

The scientific community, represen-

ted by the Academy of Sciences, has 

been more reactive than proactive in 

formulating a set of norms for scientific 

integrity. Only in 2017 did they adjust an 

original draft of the code to address chal-

lenges arising from technological deve-

lopments, open science, and citizen sci-

ence. It is important to note that the value 

of ‘openness’ was added to the code 

subsequent to the rise of open science 

and citizen science. However, compared 

to Merton's 1942 demand for ‘full and 

open communication’, the 2017 Code is 

still relatively weak on open science. The 

European Code instead states among 

other: ‘researchers (…) ensure access to 

data is as open as possible, as closed as 

necessary’ and ‘All partners in research 

collaborations agree at the outset on the 

goals of the research and on the pro-

cess for communicating their research 

as transparently and openly as possible’.

Merton rejected Intellectual Property 

Rights (IPR) in research practices as a 

violation of ‘communism’ and incompa-

tible with the integrity of the knowledge 

production process, a concern not 

echoed by ALLEA. Merton believed that 

knowledge generation is a common 

good, and the privatization of knowled-

ge was critically viewed even in the 

1940s, though it was less prevalent than 

today. Merton argued that personal    

esteem and recognition for scientific 

ideas should be the primary driving for-

ce. Only personal esteem and recogni-

tion for having originally proposed suc-

cessful scientific ideas is what should 

matter and drive scientists in a compe-

titive cooperation for a quest of priority. 

According to Merton, there is no better 

recognition and reward for a scientist 

than being named after a discovery,  

such as Newtons gravity laws. 
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Furthermore, it is worth noting that 

the scientific community only agreed  

on codes of conduct as tools for self-

governance due to external pressure 

from science policy, science funders, 

and societal demands. The scientific 

community did not initiate the initiatives 

to codify scientific practice themselves. 

The community has long feared losing 

control over its own governance to     

societal interference, leading to a       

delayed and limited response to ‘open 

science’ after it was already adopted     

a formal public policy (European Com-

mission, 2015). In a case of less public 

attention, the scientific community did 

not wish to give any substantial follow-

up to regulatory measures such as the 

European Commission’s recommenda-

tion to adopt a code of conduct for res-

ponsible nano sciences and nanotech-

nologies research (2008), a code which 

stated social responsibilities for among 

other human health, environmental    

safety, and human rights, going far 

beyond matters of research integrity.

Merton was equally worried about of 

a form of ‘responsibility’ science should 

not get burdened with. But he argued 

for this position more consistently than 

the Academies of Sciences, who stand 

in his tradition, currently do. ALLEA silen-

tly embraces a broad set of IPR within 

the research context while rejecting any 

responsibility for the social outcomes 

and impacts of science and technology. 

Merton, on the other hand, argued 

against holding science responsible for 

outcomes it could not foresee or pre-

vent. He advocated for a ‘pure’ science 

whose primary function is knowledge 

growth, regardless of whether the resul-

ting knowledge proves beneficial to so-

ciety. In an IPR-free research context dri-

ven solely by scientists' pursuit of recog-

nition and esteem, the integrity of the 

scientific system would be guaranteed.

He commented on the fear in the 

1940s that new technologies would cau-

se a loss of jobs and the broad public 

concern with the negative outcomes of 

technological advance as follows (italics 

are mine):
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‘Precisely because scientific research is not 

conducted in a social vacuum, its effects ramify 

into other spheres of value and interest. Insofar 

as these effects are deemed socially undesira-

ble, science is charged with responsibility. The 

goods of science are no longer considered an 

unqualified blessing. Examined from this pers-

pective, the tenet of pure science and disinte-

restedness has helped to prepare its own epi-

taph. Battle lines are drawn in terms of the 

question: can a good tree bring forth evil fruit? 

Those who would cut down or stunt the tree of 

knowledge because of its accursed fruit are 

met with the claim that the evil fruit has been 

grafted on the good tree by the agents of state 

and economy’. (Merton, 1973, p. 263)

The state of science in 2023 is diffe-

rent. The sciences have evolved over 

the decades post-Merton and are now 

intertwined with societal and industrial 

interests. Merton's image of science as 

primarily aimed at explaining or unders-

tanding natural and social phenomena 

has been subject to change, with many 

sciences adopting an engineering pers-

pective. Biology, for example, now inclu-

des engineering practices that were uni-

maginable during Merton's time. Graig 

Venter brought this to a point in an im-

pressive keynote lecture on the ques- 

tion ‘What is Life’ at a ESOF conference 

in Dublin (Venter, 2012). His answer: ‘I 

will understand it when I can create it’. 

Hence his preoccupation with engine-

ering a synthetic self-replicating living 

cell. The engineering perspective has 

permeated almost all natural sciences, 

resulting in outcomes that are increa-

singly a matter of creation and design. 

We now even anticipate the social and 

physical consequences of technologi-

cal products and use phrases like ‘safe-

ty by design’ (nanoscience) and ‘privacy 

by design’ (computer sciences). This  

engineering perspective brings the issue 

of responsibility internally to science   

itself, as the ability to create or design 

implies responsibility for the outcomes. 

The traditional full ‘externalization’ of 

responsibility for the outcomes of the 

science to politics and the economy    

as Merton suggested is nowadays unte-

nable from the perspective of a respon-

sible engineer. This is also echoed in the 

history of various codes of conducts, 

national and scholarly societies of engi-

neers have adopted over time. These 
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codes, in contrast with the code of the 

Academies of Sciences, have not refrai-

ned from adopting social responsibiliti-

es, including addressing the safety and 

welfare of the public and, most recen-

tly, adopting principles of sustainable 

development (for a comprehensive over-

view, see Mitcham (2020), chapter 16).

This shift towards engineering prac-

tices within the sciences has resulted in 

a less engagement with the research 

value of ‘openness’. Engineering scien-

ces often produce inventions rather than 

scientific discoveries, and inventions are 

closely associated with intellectual pro-

perty practices, as only inventions can 

be patented, not scientific discoveries. 

The engineering perspective integrates 

better understanding of natural pheno-

mena with creations and inventions.

For example, Nobel Prize winner   

Feringa's construction of a molecular-

driven ‘nano car’ demonstrates the con-

nection between inventions and a bet-

ter understanding of natural laws: 

‘The driving force behind the project was the 

desire to figure out how to get an entirely 

synthetic, single-molecule system to move on 

its own across a surface’ (….) Probably future de-

signs will be different from what we show here, 

but we have to demonstrate the fundamental 

principles. (Citation of Feringa in Chemical and 

Engineering News, 2011).

In a similar vein, Graig Venter has    

‘figured out’ how a better understanding 

of biology contributed to the creation  

of a self-replicating synthetic bacterial 

cell. Graig Venter has filed dozens of 

patents for his ‘inventions’ including   

the generation of synthetic genomes. 

(Venter, the Patents of Graig Venter). 

The increasing specialization within   

the sciences and the rise of engineering 

have introduced issues of responsibility 

explicitly into the sciences, particularly 

in terms of responsibility for designs. 

Consequently, this implies a decrease 

in the importance of ‘openness’ for the 

functioning of the system of science. 

Mitroff (1974) formulated on the study  

of Apollo moon scientists Mertonian 

counter norms, e.g., particularism,       

secrecy, organized dogmatism, and self-
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interestedness. Instead of focusing on 

knowledge generation and sharing,   

engineers lay a greater emphasis on 

knowledge mobilization and acquisition 

to create things like nano cars or synthe-

tic cells. This shift reflects a departure 

from Merton's concept of pure sciences.

However, we can view engineering 

sciences as a form of science, which  

relies on, and benefits from sciences that 

aim primarily to enhance our unders-

tanding of natural and social phenome-

na. Therefore, the engineering sciences 

are beneficiaries of a scientific system 

that strives to be as open as possible4. 

With the emergence of ‘open science,’ 

there is also a contrasting trend to the 

trend of the uptake of an engineering 

perspective, namely the emergence    

of interdisciplinary sciences benefiting 

or even basing itself on an open science 

rationale. Climate scientists, for example, 

seem to operate to a significant extent 

on the basis of an open science rationa-

le of open data sharing. In this case, 

empirical research has demonstrated 

that climate scientists are still ethically 

guided by Mertonian norms, but the 

current system of science incentives 

them to deviate from these norms with, 

among other, ‘a tendency to withhold 

results until publication and the intenti-

on of maintaining property rights (Bray & 

von Storch, 2017). Paradoxically, these 

relative open science interdisciplinary 

research practices have emerged 

against the background of an ever-in-

creasing specialization and proliferation 

of disciplinary approaches in the scien-

ces post-Merton, based on specific epis-

temic cultures and specific paradigms. 

These scientists see themselves predo-

minantly as members of a scientific dis-

cipline rather than the scientific com-

munity as such. ‘Openness’ becomes 

then at best a virtue of a scientific disci-

pline. Karin Knorr-Cetina’s anthropology 

on epistemic cultures (1999) even put in 

question the unity of the sciences. 

4 I cannot extensively deal 
here with the notion of open 
innovation, which also effects 
the engineering sciences 
despite their ambivalence 
towards openness. In parallel 
to Open Science, Open inno-
vation is essentially based on 
the innovation as a collabo-
rative networked activity. 
Benkler (2017) adequately 
summarizes and captures the 
various shifts towards open 
innovation practices where-
by innovation is primarily 
an emergent property of 
knowledge flows, sharing, 
and collective learning in 
communities of practice and 
knowledge networks rather 
than a result of traditional 
individual and firm-based 
innovations. Benkler (2017) 
also notes a shift from pure 
market-driven innovations 
to innovations that are dri-
ven by social motivations 
and public investment.
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TOWARDS A NEW ETHOS OF 
THE SCIENTIFIC COMMUNITY 
OR AN INSTITUTIONAL 
REFORM OF SCIENCE?

In light of these considerations, the 

question arises: should we focus on self-

governance of the scientific community 

through a set of prescribed norms or  

on the self-governance of the institution 

of science through a set of institutional 

values? Theoretical discussions on this 

matter may not yield a conclusive 

answer. However, empirical evidence 

dismisses the notion of self-governance 

by either the scientific community or the 

institution of science.

Firstly, it is evident that science     

governance is influenced by a wide ran-

ge of knowledge actors who engage    

in social collaborations with scientists   

to achieve desirable societal outcomes. 

This collaboration entails the civic virtue 

of openness and demands for the parti-

cipation of knowledge actors in a demo-

cracy, aligning with the virtues of open-

ness to diverse knowledge sources in 

science. It also signifies the willingness 

of actors to share responsibility for the 

anticipated outcomes of research and 

innovation. Secondly, the issue of res-

ponsibility has not only been raised by 

external knowledge actors but also by 

the sciences themselves, which are    

increasingly dominated by an engineer-

ing perspective. Instead of adhering     

to the Mertonian norm of 'disinterested-

ness', scientists and engineers advocate 

their work in terms of its potential socie-

tal impact, for example, by taking on ‘14 

game-changing goals for improving life 

on the planet’, ranging from ‘advancing 

personalized medicine to reverse-      

engineering the human brain and ad-

dressing cross-cutting themes of sus-

tainability and joy of life’ (Venter, Engi-

neering Challenges). Constraining the 

issue of responsibility solely to science-

internal codified norms of scientific inte-

grity or to competitive cooperation 

among knowledge actors for knowled-

ge growth, as proposed by Merton, 

contradicts the empirical reality of the 

21st century. In practice, we are evolving 

towards a system of co-responsibility 
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through social collaboration between 

scientists and external knowledge     

actors, as well as steering science in   

the desired direction through science-

society interfaces, including science 

funders, charitable organizations like 

the Gates Foundation and technology 

assessment offices. 

THE CO-RESPONSIBILTY          
OF SCIENCE GOVERNING 
ORGANIZATIONS

Having settled the issue of self-    

governance in favour of co-responsibility 

between knowledge actors and science 

governing bodies at the science-society 

interface, we still face the question      

on how we could now ensure that      

our extended notion of ‘communism’    

in terms of openness and mutual res-

ponsiveness can be adopted by either 

the institution of science as a set of    

values, or by an extended ethos of sci-

ence of the scientific community. Con-

sistent with our analysis, any such a 

change has to come from the science-

society interface. Research funders will 

have here a responsibility as they co-

define the rewards and incentives sys-

tem together with the employers of sci-

entists. As science funders occupy a 

significant role as co-responsible actors 

at the science-society interface, they 

must consider how to promote open 

science if that is the type of science they 

wish to foster. To address this question, 

I will first examine the evolving practice 

of open science before returning to the 

conceptual level.

During the largest Ebola outbreak in 

history, a group of international resear-

chers sequenced three viral genomes 

from patients in Guinea. The data was 

made public that same month, and this 

open scientific practice facilitated the 

availability of experimental vaccines 

within a short period. This approach 

proved vital in combating relatively 

smaller outbreaks in 2018.

The case of Ebola demonstrates that 

when faced with a public health emer-

gency, it is crucial not to rely solely on 
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the moral initiative of a few researchers. 

The institution of science demonstrated 

a system-failure by its inability to res-

pond timely to urgent societal demands. 

The conventional process of publishing 

articles and patenting vaccines is inade-

quate in such situations. I have previ-

ously discussed how this system-failure 

is associated with both a productivity 

crisis and a reproducibility crisis in the 

sciences5 (von Schomberg, 2019).

Science governing organizations ini-

tially responded to emerging public  

health issues such as Ebola and Zika  

by addressing the system failure within 

science in a limited manner. For exam-

ple, the National Institutes of Health in 

the United States began requiring gran-

tees to make large-scale genomic data 

publicly available no later than the time 

of publication. The World Health Organi-

zation (WHO, 2015) advocated for a para-

digm shift in information sharing during 

public health emergencies, moving 

away from embargoes and toward open 

sharing using suitable pre-publication 

platforms. The WHO recognized that 

patents on natural genome sequences 

could inhibit further research and pro-

duct development, urging research enti-

ties to exercise discretion in patenting 

and licensing genome-related inven-  

tions to avoid hindering progress and   

to ensure equitable benefit sharing.   

The organization also called on scienti-

fic publishers to encourage or mandate 

the public sharing of relevant data rather 

than penalizing it. However, it was not 

until the COVID-19 pandemic that sci-

ence funders, publishers, and industries 

took more rigorous steps toward open 

science under pressure from public 

authorities and funding institutions.

The system-failure of the institution 

of science to deliver timely on socially 

desirable outputs, such as vaccines, 

underscores the need to move beyond 

relying solely on the moral initiative of a 

restricted group of researchers. We can 

not just simply extend Mertonian norms 

with an extended set of codified norms 

which included norms for ‘openness’ 

and ‘mutual responsiveness.’ Therefore, 

a reform of the institution of science is 

5 The ‘reproducibility’ crisis 
(in which scientists have 
increasingly difficulties to 
reproduce the research find-
ings of their colleagues) 
comes together with a ‘pro-
ductivity’ crisis which are 
linked to an increasingly 
competitive closed science. 
Research efforts (in terms   
of financial investments) 
have increased exponentially 
during decades whereas 
research productivity has 
dropped dramatically. Bloom 
et al. (2020) found that ‘since 
the1930s, research effort has 
risen by a factor of 23 — an 
average growth rate of 4.3 
percent per year’. However, 
research productivity (in 
terms of economically viable 
and socially desirable innova-
tions) has fallen: ‘by a factor 
of 41 (or at an average growth 
rate of -5.1 percent per year’) 
(Bloom et al., 2020, p. 7).
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due which aims at an institutionalization 

of the values of openness and mutual 

responsiveness, by an overhaul of the 

rewards and incentives system. To put   

it in a simplified form: if scientists are 

rewarded and incentivized to do the 

‘right’ thing, then the majority of the sci-

entist will most likely do so indepen-

dent whether they appreciate particular 

Mertonian norms or whether they remain 

full skeptical about adopting any form 

of ethics. A new incentives system that 

rewards scientists who work in an open 

and collaborative mode will institutiona-

lize the values of ‘openness’ and ‘mu-

tual responsiveness’ for a better func- 

tioning of the scientific system. The shift 

from a closed form of science to open 

science is a necessity for enabling the 

institution of science to respond timely, 

not only to emerging public health issues, 

but to all urgent societal challenges. Co-

responsibility of science-society interfa-

ces for science governance implies ins-

titutional aspects and a change in the 

science-society relationship (see also 

Bijker et al., 2022) who have advised on 

among other, how the value of ‘open-

ness’ for responsible biosciences could 

be considered in the framework of a   

revised science-society contract). I have 

elaborated elsewhere that rewarding 

open science implies a shift from pri-

marily rewarding scientific outputs such 

as publications to rewarding research 

behavior such as knowledge and data 

sharing and social collaboration prior   

to publishing (von Schomberg, 2023). 

The European Commission thus took 

the right decision to initiate a reform     

of the institution of science rather than 

focusing on a new ethos of science   

(European Commission, 2015). It was only 

in January 2022, after extensive prepa-

ratory work by the European Commis-

sion, that a coalition of over 350 organi-

zations from more than 40 countries,  

including public and private research 

funders, universities, research centers, 

institutes, and university associations, 

eventually agreed to initiate a reform 

process (CoARA) (which builds on, 

among other, the 2012 self-regulatory 

initiative of individual researchers and 

research governing organization: the 
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San Francisco Declaration on Research 

Assessment, DORA, 2012). The intention 

is to transition to a research assessment 

system that emphasizes a qualitative 

approach within the framework of tradi-

tional peer review. However, it remains 

to be seen if institutions are willing to 

significantly shift from a system that pri-

marily rewards research outputs to one 

that rewards research behaviour. Institu-

tions often hide behind the cherished 

‘autonomy’ of universities and research 

institutions, claiming a Mertonian herita-

ge of pure science that no longer exists.

Based on our review of Merton's     

legacy, we can now propose a reformu-

lation of the science-society relationship, 

emphasizing the co-responsibility of 

knowledge actors as knowledge co-

producers and the involvement of a 

broad range of science governing insti-

tutions at the science-society interface. 

Merton stated, ‘The scientist came to 

regard himself as independent of socie-

ty and to consider science as a self-   

validating enterprise which was in socie-

ty but not of it’ (Merton, 1973, p. 268).

Building upon our review, I propose 

the following rephrasing: The scientists 

came to regard themselves as knowled-

ge co-producers and consider science 

as a co-validating enterprise that is in 

society and with it. Furthermore, Merton 

stated, ‘When the institution of science 

operates effectively, the augmenting of 

knowledge and the augmenting of per-

sonal fame go hand in hand’ (Merton, 

1973, p. 323). In light of our analysis, we 

can conclude that ‘when the institution 

of science operates effectively, the aug-

mentation of knowledge and its rele-

vance for addressing societal challen-

ges go hand in hand’. 

OUTLOOK AND DISCUSSION

The COVID-19 pandemic has greatly 

accelerated the adoption of open sci-

ence practices, which now permeate all 

stages of the research process. Open 

science entails the active involvement 

of all relevant knowledge actors, foster-

ing co-production from research agen-

da setting to scientific discovery and 
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analysis. Among other, the utilization of 

open notebooks enables real-time data 

sharing, while open peer-review and 

knowledge dissemination promote     

wider outreach (von Schomberg 2019, 

Burgelman et al., 2019, Miedema, 2021). 

A radical open science practice     

entails an unprecedented level of open-

ness that could not have been concei-

ved by Merton in 1942. As noted by  

Hosseini et al. (2021), this openness    

encompasses not only knowledge but 

also various data and code and allows 

for real-time communication rather than 

waiting until the point of publication. 

Consequently, the traditional Mertonian 

incentives system, which emphasizes 

the ‘quest for priority’, becomes inappli-

cable to a radical open science practi-

ce. The Covid-19 pandemic has high-

lighted the importance of early informa-

tion sharing among researchers, impli-

cating a loss of originality at the time   

of publication. Consequently, I propose 

a shift in the rewards and incentives 

system, moving beyond solely focusing 

on research products like publications, 

to considering research behavior that 

aligns with research missions, such as 

collaboration and mutual responsive-

ness among knowledge actors. This 

new system would incentivize research 

institutions, such as universities, based 

on their contributions to collaborative 

research missions, thereby enhancing 

the productivity of the scientific enter-

prise. The function of the institution      

of science is not to deliver ‘certified 

knowledge’ as defined by Merton's ‘pure’ 

sciences but should encompass the 

generation of knowledge that addres-

ses societal challenges, produced by a 

post-normal science characterized by 

significant scientific uncertainty and 

epistemic dissent (Ravetz & Funtowicz, 

1993). Currently, the emphasis on indivi-

dual researchers maximizing research 

outputs, such as publications, paradoxi-

cally hampers the overall productivity 

and responsiveness of the scientific 

community in tackling societal challen-

ges. The prevailing irrational competi- 

tion among universities to lead in terms 

of publication numbers and venues is 

reflected in a multitude of university 
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rankings. While these rankings receive 

little public intellectual support, univer-

sities proudly promote their scores.

It is crucial to acknowledge that the 

current prevailing understanding and 

implementation of ‘open science’ by 

publishers, universities, and research 

policies do not align with comprehensi-

ve open science practices. Instead,    

the focus often narrows to the realm of 

‘open access’ for publications and data. 

The open access policies currently being 

incrementally implemented by major 

scientific publishers, encouraged by re-

search funders, can be viewed as mere 

adjustments to their business models.

The prevailing ‘gold open access 

model,’ favored by wealthier nations,   

relies on an author-pay system, effecti-

vely creating a situation where only sci-

entists financially supported by their 

institutions can afford to publish in lead-

ing journals. Consequently, this may   

lead to a scenario where scientists prio-

ritize to work for institutions that provide 

support for their publications. However, 

this publishing model contradicts the 

open science practice of sharing know-

ledge prior to publication. A notable 

example of such pre-publication shar-

ing was already observed during the 

Human Genome Project, where data   

on the human genome was widely dis-

seminated among the scientific com-

munity throughout the project, while 

there was a temporarily moratorium on 

publishing to encourage optimal colla-

boration, rather than competition.

Research conducted by Cole et al. 

(2023) has demonstrated that the une-

qual access to resources resulting from 

the current predominant open access 

publishing model confers distinct advan-

tages upon certain scientists, thereby 

perpetuating inequities in the system 

that genuine open science practices   

aimed to eliminate. Furthermore, it res-

tricts the ability of non-scientific know-

ledge actors to publish in scientific 

journals, creating a new form of exclusi-

vity. Open access publishing, often ac-

companied by promises of higher cita-

tion rates, reinforces the traditional 
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emphasis on individual productivity 

within the scientific community, rather 

than fostering the overall functioning   

of the scientific institution through col-

laborative efforts to address societal 

challenges.

Research assessments that reward 

research productivity based on the num-

ber of publications and citation rates 

further reinforce a limited understand-

ing of ‘openness,’ reducing it primarily to 

publications. This type of ‘open science’ 

violates the Mertonian norm of commu-

nism and our extended interpretation   

of it, which emphasizes openness and 

mutual responsiveness to both know-

ledge sources and knowledge actors.

In table 1, I have summarized the   

positions attributed to Merton, the cur-

rent state of affairs and the author of the 

article.
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Table 1. Positions attributed to Merton, the current state of affairs and the author of the article.

Merton Current State of Affairs

Normative structure of 

the Scientific community

Normative Structure of 

the Institution of Science

Governance of the 

Scientific Community

Governance of the 

Institution of Science

Function of the Scientific 

Community

Function of the 

Institution of Science

Rewards and Incentives 

System

Ethos of Science-

CUDOS norms

Institutional values 

cultivated by Scientific 

virtues

Self-governance by 

ethos of science

Competitive 

collaboration/quest of 

priority

Augmentation/growth of 

knowledge

Certified knowledge

Originality as sole driver. 

Establishment of 

recognition and esteem 

in the scientific 

community of individual 

researchers

Author of the article

Research Integrity

IPR regimes for 

entrepreneurial science

Financial framework for 

macro-economic 

benefits- aligned with 

national innovation 

systems

Code of conduct for 

research integrity

Competitive ‘research 

excellence’ funding. 

Commodification of 

Science by Industry

Scientific discipline-

based production of 

knowledge

Knowledge generation 

with view on societal 

and economic benefits

Quantitative and 

qualitative Productivity 

and Quality metrics of 

individual researchers

Research behavior: 

social collaboration and 

knowledge sharing, 

comprehensive open 

science rationale

Institutional values 

including openness and 

mutual responsiveness, 

cultivated by scientific 

virtues of open science

Social collaboration in 

co-responsibility mode 

among knowledge actors

Science-Society 

interfaces to provide 

direction to research and 

innovation

Research missions 

addressing societal 

challenges

Societal Challenge 

based knowledge 

generation

Relative contribution to 

research missions of 

research Institutions.

Promotion of research 

behaviour: knowledge 

and data sharing, social 

collaboration among 

knowledge actors

Source: elaborated by the author (von Schomberg, 2024).
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A topic that warrants further investi-

gation is the potential mutual reinforc-

ing dynamics between openness and 

mutual responsiveness as institutional 

values within both the spheres of scien-

ce and democracy. My hypothesis is 

that social collaboration at the intersec-

tion of science and society enhances 

the quality of societal problem-solving 

capacities and facilitates the generation 

of knowledge for addressing societal 

challenges. This characteristic might be 

essential for a deliberative democracy 

seeking to revamp its governance mo-

dels while confronting new challenges.

Responsible research and innovation 

(RRI) have emerged as a response        

to governance deficits in science and 

technology. RRI calls for a form of gover-

nance that directs science towards    

socially desirable outcomes or mana-

ges innovation processes to increase 

the likelihood of such outcomes.     

(Stillgoe et al., 2013; Macnaghten 2020; 

Owen et al., 2021). This approach encom-

passes credible research (through codes 

of conduct and standards for scientific 

integrity), responsive research (by a shift 

to open science and engaging with    

societal demands), and responsible    

research (including the anticipation of 

socially desirable outcomes by integrat-

ing foresight and technology assessment 

within research missions). Similar princi-

ples apply to credible, responsive, and 

responsible innovation (von Schomberg, 

2019).

Despite the growing recognition      

of RRI, there are still limitations in our 

capacity to implement its ambitions. 

Research funders, such as the Europe-

an Commission, have taken steps to 

support mission-oriented research that 

tackles societal challenges, enabling 

knowledge actors from various domains 

to share co-responsibility in social col-

laborations and anticipate socially desi-

rable outcomes. The White House has 

also recently introduced measures to 

promote responsible AI innovation (WH, 

2023). However, for these initiatives to 

have a meaningful impact, it is crucial to 

establish a rewards and incentives sys-

tem that makes open science, with its 
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core principles of openness and mutual 

responsiveness, the norm rather than 

the exception. Instituting such an insti-

tutional reform is a necessary condition 

for effectively implementing responsi-

ble research and innovation.
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