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SUMMARY

This thesis is concerned with academics’ behaviehen organising research
aimed at being relevant. More specifically, thisdst combines a sociological approach
and an extensive bibliometric analysis, investgatithe relationships between
scientists’ perceptions of relevance, their rededrehaviours and their publishing
activities in terms of organising nanomaterialseegsh in Taiwan. By introducing a
resource-based concept of the notion of relevanoen fa scientist’'s perspective, it
contributes to intellectual debates on changes nowledge production and the
relationship between scientific excellence ands@cionomic relevance.

The study finds that the ways nanomaterials s@Enperceive and organise their
research, specifically in terms of research ori#ra industry involvement and
interdisciplinary collaboration, are not entirelyiemted towards socio-economic
concerns. Scientists tend to adapt to the demandrelevance by demonstrating
potential research applications and forming insaiglinary collaborations.
Nevertheless, they are more persistent in termsobhaving industry involved in the
research process. Balancing adaptation and persesteflects scientists’ concerns with
securing financial, intellectual and symbolic res@s in order to establish their
academic credibility.

The bibliometric analysis broadly confirms the duadive results findings,
showing an increasing trend towards publishinggpliad and targeted basic journals,
and towards interdisciplinary collaboration. Yétg tproportion of university-industry
papers has been rather stable over time. Whileimerviews suggest that senior
scientists tend to consider interdisciplinary dofleation as a way to facilitate
application, the bibliometric analysis shows thaeidisciplinary co-authored papers
tend to be more basic and receive more citatiohg. dnalysis also finds that junior
scientists tend to feel more pressure to achiesteomg academic performance, thereby
pushing them away from activities concernaahieving the envisioned socio-economic
relevance of their research. Given the ambiguousomoof relevance and the
inconsistency of policy practices, this thesis |gjg that the real pressure is more to do
with the demand for excellence than for relevance.
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Chapter 1

Introduction

This study aims to gain a better understanding aénsists’ behaviour when
organising research that aims to be relevant. 8Spalty, we investigate the
relationships between academics’ perceptions, relsebehaviours and publishing
activities in terms of organising ‘relevance’ irethresearch processes.

The objectives are to identify scientists’ behavabpatterns in response to the
relevance of university research, highlight thetdex underlying patterns and
demonstrate the effects on their publishing actisitThis chapter provides an overview

and presents the structure of this thesis.

1.1 Background of this study

University research is increasingly seen as a egii@tresource to ensure a
country’s economic competitiveness and help solgent societal problems. At the
same time, constraints on governmental budgets restdted in pressures for greater
accountability of public expenditure. These comdit have reshaped policy
frameworks, thereby exerting a certain influencehow scientists conduct research in
the changing research environment. Early examples the Brooks Report
(Organisation for Economic Co-operation and Develept [OECD], 1971) and the
Rothschild Report (Her Majesty's Stationery Offi¢éMSO], 1971), both of which
called for a more responsive mode of research anddientists to address societal
needs. In a recent seminar held by a high-levelegxgroup in the European
Commission (European Commission [EC], 2010), thestjan of how best to organise
research to meet socio-economic needs remainedtelcessue in the policy agenda.

Many discussions concerning this question assurae dtientists often do not make



their research relevant to socio-economic needsdlme they do not perceive benefits
from doing so” (bid., p.18). Over the three decades since the BroaisoR was
published, our understanding of scientists’ behavio addressing the socio-economic
relevance of science remains limited. Instead okilng at the problem from the angle
of policy practitioners, this study provides areatiative perspective on the notion of
relevance at the level of individual scientists.

The research problem of how scientists perceive agdnise research aimed at
being relevant emerges from a number of studiesmtig that science systems have
gone through a dynamic transformation. For instahimFature on national innovation
systems (Edquist, 1997; Nelson, 1993) and the &rigelix model (Etzkowitz &
Leydesdorff, 2000) argues that universities tendaee strong linkages and interactions
with other institutional actors to enhance innoxatactivities. ‘Mode 2’ research is
reported to be carried out in the context of appion and tends to involve more
‘transdisciplinary’ collaborations (Gibbons et all994). In the new research
environment, the quality of science cannot be jddgmely by its scientific merits, with
an extended peer community needing to be includethe quality control process
(Funtowicz & Ravetz, 1993). These studies appeasuggest that science is best
organised in a number of interrelated strands t thathe research is application
oriented, stakeholders are involved and thereterdisciplinary collaboration so that
it might help achieve the desired socio-economitcames. Following this line of
thought, we should assume corresponding behaviahedevel of individual scientists
who shape changes to the science system.

However, as Chapter 2 will show, the above appresaf organising research

aimed at relevance appear not so straightforwandtlys policy notions such as

! The term ‘interdisciplinarity’ being used throughdhis study usually refers to a general conogpless

otherwise specified, covering a wide range of dmlations and interactions among scientists.



relevance and interdisciplinarity are rather ambiguand their common vision might
be only partly shared. This ambiguity creates biottentives and tensions between
policy makers and scientists. Secondly, while tiguments for the transformation of
science extend our understanding of the interachietween universities and other
institutional actors, they tend to overlook theeatsity of scientific disciplines within
universities. Thirdly, the rationale for policy ptees aimed at promoting relevance
appears to be based on a questionable assumpditthéhgovernment maintains control
and scientists generally comply to fulfil the exjgecgoals.

In summary, earlier studies on changing scienceesys usually address the
process of knowledge production at the macro lewsd regard universities as a
homogeneous entity. A better understanding of tlweakorganisation of science from a
scientist’s perspective may help to fill the knoslde gap concerning the discrepancy
between normative requirements at the macro levelagtual research practices at the
micro level. In this respect, this thesis aims ¢mtdbute to the intellectual debate on
changing knowledge production.

Several studies investigate how scientists responthe changing context of
research using different approaches (Bercovitz &drRan, 2008; Calvert, 2001;
Gulbrandsen, 2005; Hessels, 2010; Hessels etCl; audel, 2006; Leisyte, 2007;
Morris, 2000, 2003; Morris & Rip, 2006). Even atisciplinary level, they highlight
the diversity of scientists’ perceptions and reatditowards the research environment.
In general, scientists do not fully embrace thdsanges that may affect their research
practices. They tend to pursue different strategpeslifferent circumstances. These
studies argue that the ‘old’ routines and normeee&arch practices remain persistent to
a large extent. The existing literature thus cimgjés the view of a global transformation
to the science system and suggests that we shookdat how scientists’ motives and

behaviour co-evolve with the institutional envirogmh for a better understanding of the



changes of knowledge production.

An investigation from a scientist’'s perspective pselprovide insights into the
effects of promoting relevance on scientists’ rede@ractices, which remains a heated
issue of intellectual debate. Specifically, there @eservations about whether the quest
for greater scientific relevance might undermineerstific work, thereby leading
researchers to pursue applied and short-term séBlorida & Cohen, 1999; Geuna,
2001). In addition, industry involvement may dirébe scientists’ research agendas
(Blumenthal et al., 1996). These studies conceeneffect of pursuing ‘relevance’ on
changing research content, which might be detrialdntscientific development in the
long run. Nonetheless, other studies argue thavaekce can be an integral part of
scientific research and that this does not necéssame at the expense of scientific
understanding (Rip, 1997; Stokes, 1997).

A vast amount of empirical evidence is based on rdlationship between
publications and entrepreneurial activities, ofegnving at different conclusions (see
the review by Larsen, 2011). While previous studgesl to show a positive relationship
between the volume of publications and patentseffexts of different entrepreneurial
activities on the research nature and on the sticeimhpact remain mixed.

This study aims to advance our knowledge in thgpeet by linking scientists’
research behaviours to their publishing activit@sholarly publications not only serve
as a main research output but also, to certainngxteveal the result of formal
interaction and communication between scientist$ @imer actors (Borgman, 1990).
The comprehensive information contained in a bgviphy helps provide an alternative
perspective on the social organisation of resedotvious studies tend to focus on the
relationship between different research outputshsas patents and publications, but

seldom investigate research behaviour revealewlioimetric records.



Furthermore, this thesis provides new evidence nnemerging scientific area
(nanomaterials research) and from a particularonati context (in Taiwan), both of
which are under-explored in previous research. isie studies related to this research
subject have been conducted in the USA and somepEan countries. Nonetheless,
rarely have they been carried out in other natiammadtexts. Although the changing
landscape of science systems seems to have bestuaefif not in all, then in many
countries, the organisational structure of scient&ijtutional set-ups and the cognitive
culture of science remain historically and sociadigted in individual countries. Further
research into the social organisation of scienceifferent national contexts is needed
to provide a stronger basis for theoretical argusien

Given the above background, this study is expecttedill a knowledge gap
concerning the social organisation of researchchanging research environment from

a scientist’s perspective.

1.2 Research questions, objectives and theoreticancerns

The central research question of the thesis is: Bloould we understand the socio-
economic relevance of research in terms of scishfierceptions, research behaviours
and publishing activities? We assume that scientisehaviours are not entirely
independent from the institutional context. Scigstiactions are partly affected by their
perceptions of the research environment. In tureir research behaviour will reshape
the knowledge production structure. The unit oflgsia is scientists at universities.

More specifically, this study asks the followingawguestions:

1 How do university scientists perceive and organgsearch that aims to
be relevant?

2 What is the relationship between scientists’ aese behaviours and
publishing activities?



The objectives of the first research question aneéntify the behavioural patterns
used to organise relevant research and highlighgetfactors underlying the various
patterns. The objectives of the second researcétiqneare to establish the relationship
between scientists’ research behaviours and theentfic performance, and then
triangulate those findings with the first reseaeelestion. As such, this thesis aims to
gain a better understanding of scientists’ reseédtmaviours when dealing with the
notion of relevance during the research process.

It is worth noting that there are two research beha levels put forward in this
study. At a more explicit level, we focus on thme@jor approaches of organising
research that is usually aimed at being relevatdrims of research orientation, industry
involvement and interdisciplinary collaboration {Boe et al., 1983; Bohme et al., 1976;
EC, 2005; Gibbons et al., 1994; Irvine & Martin, 849 Stokes, 1997; Ziman, 1994). At
a more implicit level, we identify the patterns adlaptive and persistent behaviour
underlying scientists’ responses to the threeraifer organising relevant research.

We examine the research question from a resoursedbgerspective by
developing a conceptual framework, which combinlkes theoretical lenses from
boundary work (Gieryn, 1983), principal-agent the@@raun & Guston, 2003; Guston,
1996; van der Meulen, 1998) and the credibilityleyt.atour & Woolgar, 1979). As we
addressed in Chapter 2, the central idea is tlehthtion of relevance is very much
concerned with mobilising resources among govermmerdustry and scientists.
Government mainly mobilises financial resources a8 areas that are of socio-
economic importance and delegates scientists fib sl policy objectives. University
scientists depend on external resources to achi®ie own research purposes whilst
retaining their autonomy. Industry is increasinghgarded as an important actor for
scientists to obtain external resources and legi@ntheir public funding. Organising

relevant research assumes that scientists haeertegotiate resources with other actors.



Nonetheless, existing studies show that scienpistseive changes to the institutional
environment differently, with their actual reseangtactices not necessarily affected
significantly (Calvert, 2001; Leisyte, 2007). Theoae three theories provide different
aspects of scientists’ behaviour in the exchangeeeburces. In what follows, we
briefly introduce the perspectives of the threetles that are relevant to this study.

Boundary work points to the ambiguous notion oésce, which allows academics
to draw a line between science and non-science batwieen different disciplines by
attributing selective characteristics of sciencedifferent purposes. Previous research
suggests that the ambiguous feature of relevansesbeved as a boundary concept
(Scott, 2004). Examining what features scientisted in terms of organising relevant
research helps understand scientists’ interesdfrggles in response to the demand for
the research to be relevant.

Principal-agent theory suggests that the relatipnbletween funding body and
scientists mainly concerns the problem of delegatifdom a government perspective,
the conflict of goals and information asymmetryates adverse selection and moral
hazard problems. From a scientist’s perspectivesdlproblems in turn provide a space
that enables a scientist to fit in with policy reg@ments in order to secure external
resources. In other words, scientists will adagidiicy requirements to a certain extent,
depending on how serious the non-compliance pesaitie perceived to be (Morris,
2003). The seriousness may lie in the degree dilatigy a scientist possesses, with the
concept of the credibility cycle addressed in théofving.

The credibility cycle assumes that the cycle ofvasting financial resources into
recognition, which in turn attracts more resouré®® common feature influencing the
behaviour of a scientist. Scientists have to acdataucredits in order to build up
credibility and thus may not easily shift theireasch subjects and practices. In other

words, their research behaviour is path-dependerbehaviour which implies that



scientists may be motivated by their own interestgardless of external pressure, if
their credibility is already secured.

Moreover, the credibility cycle also suggests g@éntists not only need financial
and material resources (e.g. money, researchtiesiknd available data) but also need
human resources and symbolic resources (e.g. riéimogrand status) that help to
reinforce scientists’ investment in their crediyil{Braun, 1998; Knorr-Cetina, 1982,
Latour & Woolgar, 1979). The extent to which scistst engage in relevant research
depends on the types of resources embedded inrdgleyant’ activities that help to
establish their credibility.

Based on the insights of the theories, we expeat $iientists’ behaviours in
response to the relevance of research might berbatiderstood as the interplay
between their concern with credibility and the rgses they can obtain from the

perceived environment.

1.3 Rationale for studying nanomaterials research

This thesis focuses on nanomaterials research ctedlby university scientists in
Taiwan as the empirical foundation. Following swuggss in existing literature, we
have selected nanomaterials research for a nunilyeasons. First, an investigation at
the research field level, rather than an entirersm system, seems more appropriate as
section 1.1 argued. Second, the chosen field istloaieis widely expected to achieve
certain ultimate goals that are of socio-econommpartance. Third, the university plays
a crucial role in research relevance being achietfedirth, the site of investigation
should be of policy significance in a specific patil context.

We consider that nanotechnology research is angtoase’ for organising relevant
research. Nanotechnology research has attractegspriglad attention and substantial

investment around the world since the late 1980s. Widely recognised as visionary



research that has the potential to “have a subatanipact on industry and on our
standard of living by improving healthcare, envirent and economy” (National
Science and Technology Council, 2000, p. 27). Taiws no exception.
Nanotechnology research has been one of the topt@s funded by the government in
recent years. Since the launch of the Nationalrfgeieand Technology Programme for
Nanoscience and Nanotechnology (hereafter the “Nammgramme”) in 2003, it has
been the largest National Progranireepported by the government and has funded
scientists in a wide range of disciplinary backgms This study narrows down the
focus to nanomaterials research. Chapter 3 addrésse the sample of scientists was
selected. Chapter 4 introduces the policy backgtoamd institutional arrangements
around nanotechnology research in Taiwan, with #malysis suggesting that

nanomaterials research is an appropriate casbdarpirical focus of this study.

1.4 Significance of the research topic

There is potentially both practical and theoretis@nificance to this study. The
investigation of how university scientists organibeir research may help improve
policy-makers’ understanding of the dynamic streetof science systems, thereby
enabling them to formulate more effective polici®avitt's (1991) analysis of the
economic usefulness of basic research suggestsmiay policies tend to involve a
misconceived attempt to seek more direct and olsvimnefits from basic research. In
addition, theories for developing greater socioreroic relevance of science have been
mainly developed in the US context. Therefore, Rauiggests that further research is
needed to fill a gap in empirical knowledge abothe” structure, efficiency and

dynamics of national systems of basic researchVial991, p. 117). He further

2 Up to 2011, at a time when the National EnergygRamme received most government financial support.
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suggests that those attempting to apply the US modgher national contexts should
“consult local practising scientists and users tedfand” (Pavitt, 2001, p. 775). This
study at the level of individual scientists is exfeel to yield a more realistic view of the
policy implications.

In particular, our study suggests that distinguighbetween ‘relevance’ and
‘impact,” as well as conceptualising the notion relevance, provides a guiding
framework, thereby enabling policy-makers to bettederstand the problems of how
best to organise research to ensure the relevadnsgiemce. Policy discourse tends to
use the notions of relevance and impact interchaigewithout providing a clear
definition. Evaluation practices usually focus ohether public funding has achieved
the anticipated socio-economic outcomes, such asgngothe problems of climate
change or enhancing economic competitiveness. Meless, there remain conceptual
and methodological problems concerning how to nreaselevance effectively. As a
result, many policy level discussions assume thansists do not usually fulfil the
envisaged socio-economic relevance of their sdiemésearch. This study points to the
problem of exchanging resources among scientistggrgment and industry under the
current institutional environment, a perspectivat tinay help policy-makers think about
how to design a more effective incentive structure.

The theoretical significance of this study is ttie subject in question is expected
to contribute to the intellectual debate about anging science system and its
implications for the relationship between scientifexcellence and relevance.
Specifically, this study complements current knalgle about a changing science
system by focusing on the level of individual stigts, a perspective that has so far
received limited attention. As shown in section, 1the central arguments for a
changing science system tend to leave the org@msaf science as a ‘black box’,

where inputs and outputs are identified and thermal mechanisms remain unknown.
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Several studies highlight the social organisatibsaience as an important perspective
if one is to gain a better understanding of thengiagy science system, with existing
empirical research remaining limited. Hessels aaml vente (2008) review the thesis of
‘Mode 2’ and related notions, arguing that furthemnpirical research into related
questions concerning new forms of knowledge pradncthould take into account the

heterogeneity of scientific fields and national texts.

1.5 Thesis structure

The thesis consists of seven chapters. After ttrtedaction in Chapter 1, Chapter
2 reviews notions related to the socio-economievaaice of science and proposes a
conceptual framework for this study. We show how rtbtions of relevance and impact
have been widely used at different dimensions, & levels of analysis in science
policy studies and practices. The analysis suggésisit is necessary to distinguish
between the notions of relevance and impact to gabetter understanding of what
exactly the relevance of research means and wioaigmns lie behind the notion. To
problematise the notion of relevance, the analygsstifies three major approaches of
organising research towards socio-economic relevanthat is, research orientation,
industry involvement and interdisciplinary collaBbon - and examines the issues used
to justify the relevance of research. The analysiderlines the social organisation of
science as an important perspective to investitpgtesubject in question. We argue that
the notion of relevance is very much a resourcedaoncept. We then develop a
conceptual framework to investigate the relatiopshietween scientists’ perceptions,
research behaviours and publishing activities imseof organising relevant research.
Based on the theoretical foundations of boundarykwprincipal-agent theory and
credibility cycle, we regard scientists’ behavioursesponse to the policy requirements

for relevance as a way of exchanging resources.
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Chapter 3 presents the research design and metigyddt initially identifies the
key elements in the research design before exptanhy a combination of qualitative
interviews and bibliometric methods have been amose investigate the research
guestions. The research procedure is elaboratedding the collection, processing and
analysis of the data, from the interviews and bibletric work respectively. Finally, the
chapter addresses the methodological limitations.

Chapter 4 describes the policy context in Taiwanu$ing on the role of university
research and its relationship with societal ancheooc needs. The aim is to present
how the notion of relevance has evolved alongdiéesbcio-political context and what
major policy practices have been implemented. Thapter starts by tracing the
changing rationale for university funding over thast six decades in Taiwan and
presents the policy actions initiated by the goweent under different socio-political
contexts. It then focuses on the public fundingnahotechnology research as an
empirical case study under the current policy cant®©ur analysis suggests that
university research, as a direct source of indalsulevelopment, has become the
rationale for public funding during the past decadlke initiative of the large-scale
funding of nanotechnology research is appropriateuse as the empirical case study
for this study.

Chapters 5 and 6 present the empirical resultsisfstudy. Chapter 5 elaborates on
scientists’ perceptions and research behaviouerms of research orientation, industry
involvement and interdisciplinary collaboration. eTkvidence is mainly based on 34
scientist interviews, with supplementary data takem their curriculum vitaes. We
will show that scientists interpret the notion @levance and the related research
practices variously. Their research behaviour teiodbe influenced by a number of
personal factors and the institutional environnibay perceive. How scientists respond

to the relevance of research reveals their conaeithssecuring financial, symbolic and
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human capital in order to establish academic crégtibAs a result, their research
behaviour may not be entirely oriented towards mgkineir research relevant.

Chapter 6 presents evidence from a bibliometridyaisaof 6172 SCI (Science
Citation Index) papers produced by 331 nanomatesigientists in Taiwan. It deals with
the relationship between scientists’ research bdehawand their scientific performance.
The chapter analyses the overall pattern and tloempares scientists with different
levels of seniority. The bibliometric analysis geally accords with our interview data,
showing that research behaviour differs betweeiojuand senior scientists, and that
collaboration with heterogeneous organisationsgpixéor that with industrial sectors,
does not negatively affect the citation impact.

Chapter 7 presents the conclusion of this thesiirst synthesises the empirical
findings and then discusses what we have learnitaooentists’ behaviour when dealing
with the notion of relevance. We argue that thdititgonal environment does not co-
evolve with the demand for relevance. While theas been a trend towards applied and
targeted basic research, and towards interdisaiglircollaboration, the institutional
division of labour and disciplinary boundaries reamelear. Moreover, policy practices
targeting the achieving of relevance are inconsist€hese circumstances encourage
scientists to adapt to policy requirements in ger&ays but to persist in maintaining the
independence of their research practices. We cdaclhat scientists’ behaviours are
influenced more by the pressure for excellence téh relevance. The theoretical
contributions and policy implications are then prégsd. This chapter concludes with a
discussion of the generalisation of the resultshed study and suggestions for future

research directions.
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Chapter 2

Literature Review and Conceptual Framework

The purpose of this chapter is to shed light ononstrelated to the relevance of
science, thereby developing the conceptual framlewbthis study. Although there has
been an increasing emphasis on the socio-econoshéwance of publicly funded
research, the notion and the underlying assumptiens not been critically analysed.
This chapter will discuss several concepts in i@tato the following questions: (1)
What do we mean by the relevance of research? (%) ks research tended to be
organised in order to achieve relevance? (3) How wse measure relevance?
Reviewing the literature with regard to these goestwill provide helpful insights into
the analytical dimensions of the conceptual frantéwibat guides the data collection
and analysis of this study.

This chapter consists of four sections. Section &dtiresses the conceptual
distinctions between the notions of relevance &edimpact in terms of the timing (ex-
ante versus ex-post) and focus of policy actiomsgarch process versus research
exploitation). It then examines several schoolsthajught that argue for a social
orientation of science. We argue that, comparettheéoresult-based concept of impact,
the term ‘relevance’ is very much a resource-bageutept, with its related activities
tending to occur in the knowledge production preces

Section 2.2 identifies the major approaches of mgjyag research that are expected
to produce relevant knowledge for socio-economiedse The literature review shows
that organising research towards socio-economipqa@s tends to suggest that firstly
external goals are the driving force behind sciientesearch, secondly that there is user
or industry involvement in the research processthimd interdisciplinary collaboration

is often used. We find that these criteria seem pasticularly straightforward and
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require further understanding. The ambiguity of hleéion of relevance raises questions
about whether and how scientists orient their me$edehaviour towards achieving
socio-economic relevance and the consequenceswomptiblishing activities.

Section 2.3 reviews studies on how relevance amghatnare usually measured.
The review shows several conceptual and methodmbgsues that make measuring
‘relevance’ problematic. We then focus on the debatt the level of individual
scientists, specifically examining the effects abrpoting relevance on scientists’
research behaviour and their publishing activitiese review shows that scientists’
responses to the changing research environmeratrer diverse, with the empirical
studies challenging the view of the global transfation of the science system.

On the basis of the literature review, section@#@vides a conceptual framework
for this study. It addresses the key elements thate up the framework and then
proposes a resource-based perspective by combid@ngdary work, principal-agent

theory and the credibility cycle to investigate theearch problem under the framework.

2.1 Understanding the notions of relevance and imga

This section clarifies the notions of relevance angact that have been widely
used in policy practices. It mainly draws from dgtire related to research evaluation
(Martin, 1996; OECD, 2002a; Polt & Rojo, 2002) amd the changing relationship
between science and society (e.g. Bohme et al3;1B8hme et al., 1976; Etzkowitz &
Leydesdorff, 2000; Gibbons et al., 1994; Ziman, 4)9%Although the notions of
relevance and impact are often used interchange@mblgesearch evaluations, the
analysis shows that these two terms appear to Imeeptually distinctive. The
clarification of the notions help us obtain a bettederstanding of the rationale for

promoting relevant research.
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2.1.1 Distinguishing between relevance and impact

Compared to the notion of relevance, impact apptaise more widely used in
evaluation practices. It usually refers to the @#eof policy intervention at different
levels and with different foci. For example, tR&D Evaluation Toolboypublished by
the European Commission in 2002 provides a conekptamework for knowledge
measurement covering input, output, outcome ancatnimdicators. Outcome refers to
“the initial impacts of the intervention providiige reason for the programme,” while
impact refers to “the long-term socio-economic gemthe intervention brings about”
(Polt & Rojo, 2002, p. 17). In addition, the notiohimpact usually contains a range of
aspects in which policy makers and stakeholders bmayinterested. Traditionally,
research impact has focused on scientific meritgurality, and on the contributions to
scientific progress (Martin, 1996). With increasipglicy concerns about the socio-
economic contributions of publicly funded reseanctany attempts to understand the
impact of research place more emphasis on the cadeanic context, such as economic,
social, environmental, political and cultural aggd&anninen & Lemola, 2006; Molas-
Gallart et al., 2000; Pavitt, 1991; Salter et 2000; Salter & Martin, 2001). The focus
of the aspects depends on the expected achieveofgrabcy intervention.

Although the notions of relevance and impact hagenbused interchangeably in
evaluation practices, there are certain conceptiséihctions between the two. Firstly,
relevance usually refers #x-anteappraisal, while impact refers &x-postevaluation.

As van der Meulen and Rip state (2000, p. 12):

“Relevancestarting from a proposed, ongoing or concludesdaech project
or programme, one enquires into its actual and sageéd linkages and
promises. Relevance is particularly importanexnanteevaluations, but the
promises should be checkedeix postevaluation.

Impact the uptake of research (and the effects of syathke), often as a
combination of results of several projects, eafiiedings, and experience of
practitioners, can be studied as such, buekopostevaluation, attribution to
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specific research projects and actions is necessary

The above framework suggests that the notion @vegice is a resource-based
concept and that of impact a result-based conéept forward-looking category, the
term ‘relevance’ implies an expectation that resiearill realise potential promises in
the future. Given this assumption, resources arbillmed to organisations and actors
most likely to fulfil the research expectations. practice, the OECD defines five
general criteria - relevance, efficiency, effectiges, impacts and sustainability - as the
basis for evaluation and performance managemeréev®&wee is a measure of “the
extent to which the objectives of a developmentrivgntion are consistent with
beneficiaries’ requirements, country needs, glqivarities and partners’ and donors’
policies” (OECD, 2002b, p. 32). The assessmentlgivance tends to serve as a frame
of reference for funding decisiohs.

A second distinction, and related to the first,@mns policy practices in terms of
process and results The quest for socio-economic relevance tendsaie tplace
throughout the entire knowledge production procdaspolicy practice, foresight
activities have been widely used to help identi&search priorities that will meet
societal and economic needs (Martin & Johnston,919®oreover, many policy
discourses and research initiatives in Europeanntces seek to identify user
communities and potential impacts as the justificafor funding research (Davenport
et al., 2003; Shove & Rip, 2000; Wickham & CollirZ)06) In the USA, the National
Science Foundation (NSF) has changed its reviever@i for assessing research
proposals since 1997 and now asks scientists tdifgehe likely broader impacts of
their research (Holbrook, 2005). Compared withpghicy designs for relevance, those

for impacts usually concern facilitating the exfation of research results. For example,

%It is worth noting that there is a trend towarkds linkage between performance measures and resourc

allocation in government budgeting (OECD, 2007).
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a variety of initiatives related to technology w#er and the commercialisation of
research have been widely used to translate puyliicided research into economic
growth.

Despite the distinctions between relevance and ecinpghe two notions, to some
extent, are related. As we have seen, the relevain@search seems to have to do more
with the productionthan theutilisation of knowledge. Weingart (2008) notes that “the
control is gradually moved upwards from intervenaighe stage of implementation of
knowledge to that of the production of new knowletip.143). Ferné (1995, pp. 18-19)

also maintains that:

“In all industrial countries, governments have tethdo shift, in recent years,
to indirect actions intended to promote the devalept of a trade-oriented
research environment....This focus has been accoegpdry gradual re-
direction of the public research support towards tges of programmes, in
order to channel efforts onto areas of greater @oam relevance....The
development of a ‘system of exploitation of resbaresults’ is thus coupled
with the transformation of the research system iatdsystem for the
production of exploitable results.”

The shift in focus towards the knowledge producpoocess began with the debate
about the negative consequences of technologicajrggs on society in the 1960s
(Gibbons et al.,, 1994; Weingart, 2008). Along witie increasingly competitive
environment, the constraints on public expenditamel the adoption of new public
management by governments (see Dunleavy & Hood4)198e demands for greater
accountability and the participation of extra-acate groups in science have been

strengthened since the 1960s.

* A number of studies indicate the beginning of thend towards linking science to societal and
economic needs in different countries and in déffiértime periods (e.g. Brooks, 1996; Elzinga, 1997;
Irvine & Martin, 1984; Martin, 2003; Rip, 1997),nging from the early 1960s to the late 1980s. This
trend has become quite widespread since 1990 (lslaceal., 1998).
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This trend assumes that effective controls in @asir activities ensure the
production of ‘relevant knowledge’, thereby helptogmeet socio-economic needs. The
phenomenon of placing greater emphasis on the ametev of research implies a
changing science system that re-defines the irtterabetween science and society
(Guston & Keniston, 1994). The next section examithe different schools of thought

of the changing science systems.

2.1.2 Examining the arguments for the social oaénh of science

Although we have distinguished the notions of ratese and impact, what the
nature of ‘relevant knowledge’ is and how such kleage is usually formed in order to
fulfil the socio-economic needs remains unclears Bection considers these aspects by
introducing three perspectives concerning the socientation of science. The first two
schools of thought focus on the internal and exddiactors of scientific development at
a macro or disciplinary level, with the third oreefising on the role of expectations in
achieving social relevance to a scientific-techgaal field. We then focus on

empirical studies at the level of individual scistg.

Internal perspective on scientific development

The first group of studies concern an internal pective of scientific development.
In the 1970s, the German Starnberg authors (Botinaé,€1983; Bohme et al., 1976)
developed the model of finalisation in science,gasging that the external goals of
science are intrinsically integrated into a diso@l and serve as a guideline for
scientific progress when a discipline reaches thgesof its theoretical maturity. Based
on the case studies of several scientific disogdjrthe finalisation thesis argues that the
social orientation of science is a historical psgcand will be eventually determined by

scientific advancement. In addition, the authorghef finalisation thesis maintain that
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“a finalized science is more than ‘applied sciengetause it has an independently
extended theoretical framework worked out for sfpe@roblems within the mature
science’s object domain” (Schroyer, 1984, p. 7AI9ng with the theoretical evolution
of science, individual scientists tend to take iatrount the goal of solving social
problems as a natural process when conductingtgaaesearch.

The finalisation thesis raised heated debates & 1870s, with criticisms
concerned with the lack of clarity and criteria tbe maturity stage and the structure of
internal orientation (Pfetsch, 1979). Nevertheless, noted by Pfetsch (1979), the
discussions were more about its political implicas for the autonomy and integrity of

the scientific community than its scientific inguir

Institutional perspective on scientific development

In contrast, several science-policy studies prowddeinstitutional perspective on
the transformation of science, emphasising exteflawbrs as the major driving force
for a changing relationship between science andegod\otions, such as Mode-2
knowledge production (Gibbons et al., 1994), systeyhinnovation (Edquist, 1997,
Lundvall, 1992; Nelson, 1993), the Triple Helix nebdEtzkowitz & Leydesdorff, 1998,
2000) and ‘entrepreneurial university’ (Etzkowii®98, 2003; Etzkowitz et al., 2000),
have attempted to address the reorganisation ofdlationship between university,
industry and government in response to a worldrofvgng scientific and technological
competition. Rather than discussing every issuecatidism stated in these studies, this
section focuses on the rationale for the linkagevben science and the socio-economic

concerns relevant to this study.
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While systems of innovation and the Triple Helix deb focus on different
perspectives they both place significant emphasis on interastibetween institutional
actors as the main source of innovation. For examiplindvall (1992) stresses that
different forms of interactive learning tend to ates a stock of economically useful
knowledge. Private firms may explore academic kieolge in order to obtain inputs for
the innovation process. Even if the aims and dwoast of basic research are less
responsive to economic concerns, academic scienmidt be somewhat oriented
towards non-academic users. Since systems appaehéd to focus on the role of
firms in the innovation process and regard académawledge as one element of the
institutional infrastructure, they shed little lighn the changing characteristics within
science systems.

The Triple Helix model (Etzkowitz & Leydesdorff, 98, 2000) points to an
emerging overlay of networks that reconfigure tetationship between universities,
industries and government agencies in responsadwlkdge-based innovation. In this
model, the concept of the ‘entrepreneurial uniwgrsirises from an interplay of shifts
in funding patterns, intellectual property reformdascientists’ perceptions of new
opportunities (Etzkowitz, 1989; Etzkowitz et alQiB). As a result, academic scientists
are undergoing cognitive changes of norms in a thay ‘capitalisation of knowledge’
can be integrated into ‘extension of knowledgezieivitz, 1998). According to the
distinction between relevance and impact identifirecsection 2.1.1, the Triple Helix
model and notion of entrepreneurial university foamore on the exploitation of
research results, such as setting up differentdasfrtechnology-transfer mechanisms,

than on organisation of the research process.

®The systems of innovation approach regards firmplaging a leading role in innovation, while the
Triple Helix thesis emphasises the ‘third missiohuniversities (in addition to teaching and resbaias

crucial activities that contribute to economic depenent.
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The Mode-2 thesis (Gibbons et al., 1994) addreaseamber of characteristics
about the changing nature of the research prodes=rding to the thesis, Mode-2
knowledge is more socially oriented, transdiscigmynand reflexive. Moreover, such
knowledge tends to involve a variety of organisatiovith quality control needing to be
extended to incorporate non-scientific criteria.il&lhe Mode-2 thesis has been rather
influential since being published, it has also givise many intellectual debates due to
its lack of a theoretical foundation and supportampirical evidence (Hessels & van
Lente, 2008).

One of the main deficiencies in the institutionakgpective of changing science
systems is that they seem to assume that trangfom@curs across the entire science
system without considering the diversity amongedéht disciplines. Weingart (1997)
argues that Mode-2 knowledge production may beiegdpe to certain sections in the

research system but cannot be generalised as &whol

The role of expectations in shaping the relevaricesearch

Given the emergence of scientific-technologicaldBeas a strategic resource to
achieve economic competitiveness, a group of ssuiieus on the role of expectations
in fulfilling the social reality of these new fieddBorup et al., 2006; Rip, 1997; van
Lente & Rip, 1998). Earlier research had the specintext of the 1980s, a time when
the notion of ‘strategic science’ was widely ackihexdged as a promising category of
science in the UK. Using a case-study approachsfoguon membrane technology, Van
Lente and Rip (1998) address how strategic resessch rhetorical entity turns out to
shape the specific expectations of a new field.yTpmwpose a promise-requirement
cycle to elaborate the socio-cognitive dynamicsirgeraction between scientists,
industrialists and policy makers. They argue thatute shape and promises are as

important as the actual production of artefacts \aldiation of knowledge claims” in a
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strategic oriented fieldi{id., p.245).

While the three schools of thought point to différéoci concerning the social
orientation of science, they suggest that the denfan the relevance of research is
more concerned with the interaction between instial actors than the nature of
research. It is worth noting that these studies meénly descriptive and focus on
different levels of analysis. Their arguments imfihat scientists’ research practices
might be subject to funding policy consideratiom&l anteraction with non-academic
actors. In addition, the motivations of scientiatsd the research environment they
perceive also affect how they interact with othetoes. As addressed above, one main
issue arising from the finalisation thesis concesagntific autonomy and integrity. In
what follows, we look at how individual scientistsact to changes in the research

environment.

Empirical studies at the level of individual scistg

A number of studies have emerged to address tlesdivesponses of scientists to
the changing context since the last decade or stvé@, 2001; Gulbrandsen, 2005;
Hessels, 2010; Hessels et al., 2009; Laudel, 2D08Byte, 2007; Morris, 2000, 2003;
Morris & Rip, 2006; O'Brien & Toms, 2008; Scott, @D Shove & Rip, 2000). These
studies contribute to our knowledge about the tustinal factors that govern research
aimed at being relevant, the meaning and positforelevance in scientific practices,
the tensions in the interaction between fundingidsdnd scientists, and scientists’
strategies in response to the changes. Their fgsdshow the dynamics of change in the
institutional context perceived by scientists, &iwr exerting a certain influence on
scientists’ behaviour to varying degrees.

These studies provide an alternative perspectivéhenassertion of a changing

science system by looking at scientists’ respomgtisregard to their interaction under
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a specific context. A consensus of their findingghat institutional changes and the
effects on research practices vary in differentigi;es. Thus, they challenge some of
the views concerning the changing science systeamecro level.

Several insights can be drawn from previous resediicst, while the demand for
relevance is not a new phenomenon, the notionle¥aace is contextually dependent
on the changes of a specific socio-political enwinent over time. Second, the
relationship between funding administration anckisiists in negotiating the relevance
of science seems to not have stablised yet, althdlig governing environment has
shifted towards greater demand for relevance dfare. One main reason for this is
concerned with the inconsistent policy instrumemted to promote ‘relevance’. The
other reason is that the traditional norms andarebepractices are still prevalent in the
scientific community. Third, the behaviour of sdists is not fully aligned with the
external requirements. The changing institutiomalinment indeed exerts a certain
influence on scientists’ behaviour. Nonetheless, dffects on their daily practices and
on the nature of research vary extensively.

Given the diversity of the scientific community ate complexity of institutional
arrangements in different national contexts, exisstudies leave several questions for
further investigation, such as: How can we gainetteo understanding of scientists’
behaviour and their underlying considerations igaoising relevant research? How do
personal and institutional factors interact witlcleather, thereby exhibiting certain
influence on scientists’ behaviour? What does thigon of relevance and its practices
entail for scientists and for their research? Bhigly aims to advance our knowledge on

scientists’ behaviour in dealing with the notiorrelevance.
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2.1.3 Summary: justifying the focus of this study

The previous two sections distinguish between tteons of relevance and impact,
and examine the arguments for the social oriemtatd science from different
theoretical perspectives. The analysis shows thairactice, the meanings of relevance
and impact have been used interchangeably at elifetimensions, foci and levels of
analysis. Nonetheless, the two notions are cona#iptdistinctive. We suggest that the
notion of relevance is a resource-based concemnwbmpared to that of impact. We
thus argue that one must carefully distinguishehes terms before further examining
issues related to relevance.

The review of the arguments for the social orieatabf science suggests that we
should take into account the diversity of a sciesystem if we wish to ascertain a better
understanding of the notion of relevance. Systeppsaaches tend to focus on a rather
higher level of analysis and appear to shed liitiet on the process of scientific
knowledge production. Although the Mode-2 thesisoenpasses a wide variety of
features to depict knowledge production, existiegearch suggests that we should
investigate these features individually rather tlmagard Mode-2 knowledge as an
overarching framework (Hessels & van Lente, 2008).addition, the focus on
individual scientists provides us with another peddive to understand how scientists
might react to the socio-economic relevance ofre@@eThe following section addresses
the three major approaches of organising reseduathis expected to ensure the socio-

economic relevance of research.

2.2 Organising relevance in the research process
On the basis of literature in science-policy reskeaEC, 2005; Gibbons et al.,

1994; Irvine & Martin, 1984; Stokes, 1997), soc@tal studies of science (Bohme et
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al., 1976; Funtowicz & Ravetz, 1993; Ziman, 1994y actual policy practices, we
identify three major approaches of organising negeahat are usually aimed at
fulfilling the socio-economic relevance of researthey are: (1) external goals as the
driving force behind scientific research, (2) udegsg involved in the research process
and (3) interdisciplinary collaboration. We assuiimat these three aspects are the most
direct approaches that scientists tend to orgaarsk manage their research in the
current funding environment, even though governsienight introduce other policy
instruments to ensure the relevance of researdh, asi foresight activities (Martin &
Johnston, 1999) and the mechanisms of quality ob(funtowicz & Ravetz, 1993). We
consider them to be the institutional factors teaert an influence on scientists’
research practices. For example, technologicalipas and review criteria may affect
scientists’ research agenda in order to securamdserants. This section investigates

these concepts and the debated issues.

2.2.1 External goals as the driving force behingstfic research

The first criterion for organising relevant resdunis that scientific knowledge
tends to be directed more by external goals tovealging economic, political and
social problems than by the internal logic of stifeninquiry. This criterion has two
main features. First, the distinction between bessearch and applied research is rather
blurred (Gibbons et al., 1994, Irvine & Martin, ¥98tokes, 1997). Second, scientists
tend to internalise the quest for relevance, therdebing guided by multiple goals
(Bbhme et al., 1976; Rip, 2002). Each feature balidiscussed below.

Traditionally, two main types of research — basitd aapplied — have been
considered in a linear way and treated as opposingrms of the goals: pursuing
knowledge for its own sake or for practical apgimas (Bush, 1945; OECD, 1994,

2002). The goals of research have been the ratidoalinstitutional arrangements of
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science and technology for over a century (Stok€87). At a time of success in
defence-related research and in medical researahgdthe Second World War, the
basic-applied dichotomy was reinforced by VanneBash (1945), who claims that
basic research, which is performed “without thougfhractical ends”ipid., p.18), will
often lead to industrial progress and hence betiedipublic. Although Bush’s view has
been quite influential in science policy, the lineaationship between basic and applied
research has been criticised for its oversimpliftca and its neglect of demand-side
factors (see, for example, Brooks, 1994; Kline &sBaberg, 1986; Rosenberg &
Nelson, 1994).

Since the 1970s, a number of studies have recabnikat the goals of
understanding and application are often complemgméher than mutually exclusive,
thereby coining different terms to describe thengmeenon. For example, Gibbons et al.
(1994) suggest that ‘Mode 2’ research takes plad¢ka context of application, which is
shaped by the interactions between the fundameamigithe applied. By considering
both the goals for understanding and for use, St§k897) proposes the term ‘use-
inspired basic research’ or Pasteur’s Quadranategory that Stokes acknowledges as
somewhat equivalent to ‘strategic research’ progdigelrvine and Martin (1984). More
recently, an expert group in a report to the Euaop€ommission proposed the term
‘frontier research’ in order to reflect a closemnection between basic and applied
research (EC, 2005). Like the notion of basic nede@roposed by Vannevar Bush
(1945), these alternative terms embrace an ideatientific knowledge is essential for
yielding socio-economic benefits. Yet, the studiesposing these notions reject the
linear model of fulfilling the benefits.

The goal of addressing non-scientific problems gjinise to a question concerning
who sets the goals. Sociological literature suggtsit relevance can be internalised by

scientists (Bbhme et al., 1976; Rip, 1997, 2002). (R997) addresses the development
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of chemistry in the late 1800s as an example of red@vance is built into the paradigm
of scientific research. The internalisation of é&ence’ is a result of self-reinforcing
interaction between scientists and industriali$tglustry,” as an ideograph, plays the
role of an abstract sponsor and guides researamdageRip suggests that scientists’
interactions on government R&D programmes shouldabalysed using this socio-
cognitive approach. In addition, Stokes (1997) asgthat, by recognising Pasteur’s
Quadrant as not an either-or logic with regardasi®and applied research, the conflict
over research goals between scientists and thenssps will diminish. However,
Stokes also acknowledges that different actors haase different interpretations of a
given research project.

In policy practices, the research goal of addressiocio-economic needs is not
always well articulated. The notion of relevancears important rationale for policy
makers to justify public funding support (Irvine &lartin, 1984; Stokes, 1997).
However, it is rather ambiguous about who defirtes goal of relevance and which
issues should be addressed among various sociathlems (EC, 2010). Policy
practices tend to assume that government maintaimisol and that scientists generally
comply with government, thereby achieving commoalgdetween policy-makers and
scientists. The requirement for external relevatiees challenges the legitimacy and
autonomy of science (Pfetsch, 1979). Empiricalig balance between the goals of
relevance and scientific integrity remains an int@otr issue. The existing literature
shows that the notions of basic and applied rebeane still alive and meaningful at the
level of individual scientists (Calvert, 2001; Grdhdsen & Kyvik, 2010; Gulbrandsen
& Langfeldt, 2004). The studies suggest that taditional divisions of labour and the

conventional mode of research inquiries remainelgra existence.
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2.2.2 User involvement in the research process

A second criterion denoting the relevance of rede& emphasis on identifying a
user community and on users’ roles in the wholeeassh process. Traditionally,
scientists communicate with their peers who shamilas research interests by
circulating publications, exchanging correspondenaar organising research
collaboration, thereby obtaining recognition froheit peers (Hagstrom, 1965). Thus,
the main audience of academic research is a groygears informally bound as an
‘invisible college’ (Crane, 1972; Price, 1963). Withe increasing demands for socio-
economic relevance of research and seeking additswurces of funds, a key strategy
in policy practice is to make research relevantptdential users beyond scientific
communities (Davenport et al., 2003; Rappert, 1&Hve & Rip, 2000; Wickham &
Collins, 2006). The notion of users thus incorpesandustries, the public sector, non-
profit organisations and citizens at large. In thk, for example, the 1993 White
Paper —Realising Our Potential- highlighted the various user communities of each
Research Council, with communities including dier industries together with
universities and cognate government bodies (HMS@93)L Since then, the UK
Economic and Social Research Council (ESRC), ferfitist time, has placed emphasis
on meeting the needs of the user community inhésnatic priorities (ESRC, 1995;
Rappert, 1997). Identifying potential research siseutside scientific communities
appears to be an important justification for fumgddecisions.

In addition to identifying user communities, seVeamalysts suggest that the
involvement of users in the whole research prodesdps ensure the relevance of
research. Such involvement may take different foatndifferent stages of the research
process. For example, the relevant stakeholdersbeamvolved in the process of
priority-setting (Martin & Johnston, 1999), fundinggotiation (Davenport et al., 2003),

conduct of research (Wickham & Collins, 2006) aeermpreview (Funtowicz & Ravetz,



30

1993; Scott, 2007). These phenomena indicate tetsunot only utilise the research
results but can also play a more active role irkti@vledge production process.

In practice, user involvement in the research m®cés not always so
straightforward. Firstly, the notion of users hasymbolic function and tends to serve as
an abstract actor demonstrating the relevance sdareh (Rip, 1997; Shove & Rip,
2000). ldeological interpretations by different g may raise the problem of the
mismatching of the intended goals among differemndra. Shove and Rip (2000) find
that, while a funding agency may refer to user-sujgps and user-collaborators in its
mission statement, researchers tend to denoteubeis in a more generic form, partly
real and partly imagined. The advisory group oésearch project usually serves as the
mediators or user representatives of researcherrétthn the actual users (Davenport et
al., 2003). Shove and Rip (2000) argue that theiguolis role of users often causes the
problem thatesearchers tend to “concentrate on nominatinghpiataisers but pay less
attention to the process of use” (p.179). The astBaggest that funders and scientists
need to articulate the role and nature of usersafaonore effective user-researcher
relationship. The study also shows that the catenf user involvement has a certain
degree of ambiguity, leaving room for interpretatand negotiation.

Moreover, meeting users’ needs may entail the probhbout what constitutes a
proper researcher-user relationship. Consider tinetsity-industry relationship as an
example. Since government should fund researchptinate firms will not support to
maximise wider social benefits (Nelson, 1959), ¢hisra dilemma concerning getting
closer to industrial users while not being too #peadly relevant to any particular one.
One concern related to this dilemma is that shertitresearch may substitute for long-
term and risky research in a university (Fellerakf 2002; Geuna, 2001). Industry
involvement may influence scientists’ research dgeiiBlumenthal et al., 1996).

Consequently, the goal of developing fundamentabwkedge that is of national
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importance may not be fulfilled.

2.2.3 Interdisciplinary collaboration

The third criterion is that research aimed at sm\8ocio-economic problems tends
to be organised in an interdisciplinary mannerc8ithe 1960s, interdisciplinarity and
other related concepts have been widely proposttuti reaching a consensus on their
definitions and operationalisation in practice (kaniemi et al., 2010). This section
initially briefly reviews the history of interdigglinarity and its evolution towards the
modern concept. After that, the review focuses ow linterdisciplinarity has been
generally defined, before discussing the problemsomanising interdisciplinary
collaboration.

In the book Interdisciplinarity: History, Theory, & Practice Klein (1990)
introduces the history of interdisciplinarity anxp@ores the evolution of the concept by
analysing unity and diversity discourses. Althoulgé term interdisciplinarity emerged
in the twentieth century, the roots of the undanpig idea can be traced back to Plato,
who advocated pursuing a unified science. By the I&iddle Ages, the term
‘discipline’ emerged in response to the externathaed for specialised knowledge. As
noted by Klein (1990), the growth of professioraisn and the institutionalisation of
science accelerated movement away from syntheksmaledge. A historical review of
the notion of interdisciplinarity suggests that thsue of interdisciplinarity has long
focused on the unification and specialisation ajwledge.

Klein (1990) continues to suggest that the modermotation of disciplinarity is a
product of the nineteenth century and driven byimlmer of internal and external forces.
The Second World War facilitated cooperative womkoag physicists and chemists for
military purposes. In addition, mission-orientedjpcts have played an important role

in shaping the current definition of interdiscig@mty (Klein, 1990). Perhaps the most
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representative case is the Manhattan Project, petative effort among scientists from
different disciplines to develop an atomic bombththis success in the Second World
War, the postwar decades have highlighted a rerblrlexa of interdisciplinarity. The
discussions in previous studies have surroundel begearch and teaching in the
knowledge production process (e.g. Klein, 1990; OEQ972). The following will
focus on how interdisciplinary research is usud#yined.

A number of studies suggest different terms relatethterdisciplinarity, such as
multidisciplinarity, transdisciplinarity, pluridigalinarity or supradisciplinarity (Balsiger,
2004; Huutoniemi et al., 2010; Klein, 1990; OECD,/2). Existing literature tends to
distinguish multidisciplinarity from interdisciplarity in terms of whether research is
carried out with the integration of other resediields. Rossini and Porter (1979) use
the analogies of a patchwork quilt and a tapesirgdéscribe the difference between
multidisciplinary and interdisciplinary researchlel (1990) shares a similar idea,
pointing out that multidisciplinary research is Sestially additive, not integrative” (p.
56). Disciplinary researchers undertook their waoskng different perspectives, whilst
rarely intending to make synthetic efforts to imtgg their views across research fields.
In other words, multidisciplinary research has thtb be conducted in a disciplinary
fashion.

In contrast, scientists doing interdisciplinary eaxh tend to actively interact
across fields. Such a form of interaction may ocouer the entire research process,
from framing research problems and conducting rekedo formulating and analysing
results. Several studies suggest that an expli@htion of the goals of problem-solving
is an essential criterion to distinguish interdiiciarity from disciplinarity (Balsiger,
2004; Schmidt, 2008). With this intention, scietstisollaborate actively in order to gain
a comprehensive understanding of the problem, wlik problem motivated by

intellectual enquiry or socio-economic concerns.
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Due to the lack of a clear definition, the notioh teansdisciplinarity is more
controversial, with the current debate largelyteddato the Mode-2 form of knowledge
production put forward by Gibbons et al. (1994).eTlatter authors claim that one
distinctive feature of Mode-2 knowledge is thdtats its own theoretical framework that
cannot easily be located in existing disciplinatyustures. The interaction and
communication among different disciplines is moreynainic. In practice,
transdisciplinary research appears to be an igehferm of knowledge. The review of
studies concerning the Mode-2 thesis by Hesselvand.ente (2008) indicates that the
concept of transdisciplinarity is rather probleraitn terms of both its theoretical
foundation and empirical evidence.

As noted above, several studies have made an éffarfarify different notions,
with no decisive conclusions yet reached. A commonsensus rests on the degree of
integration among disciplines. Nevertheless, thaeria for operationalising the
cognitive notion of integration appear unclear loseait is not easy to investigate the
social process of integration (Wanger et al., 20There has even been a debate on
whether interdisciplinarity actually exists. As adtby Weingart (1997) and Godin
(1998), the specialisation and recombination otihiéies has usually occurred within
traditional disciplines and is almost never caroed in isolation.

Despite the ambiguous definition of interdisciptina and related terms,
collaboration across disciplines has been regaakedn essential way to advance
scientific knowledge, as well as solve major s@tigroblems. The driving force of
interdisciplinary collaborations seems to be a ltesfuboth the historical development
of science and encouragement by science policigs.oe hand, the increasing
specialisation of scientific disciplines calls farneed to combine knowledge from
different disciplines in order to gain a more coeimnsive understanding of research

subjects (Katz & Martin, 1997; Klein, 1996). On tbther hand, it is widely believed
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that essential socio-economic issues, such as telinchange and economic
sustainability, require synthesised inputs fromiows disciplines. The governments in
many industrialised countries have launched sevenalgrammes to facilitate
interdisciplinary research (e.g. Bordons et al9%9The National Academies, 2004). In
general, interdisciplinary research has been risimg the policy agenda and is
considered to generate positive effects on bothnsific development and practical
relevance.

Although a large number of studies have advanced understanding of
interdisciplinary and scientific collaboration frodifferent perspectives, several issues
remain open for debate and need further investiggee Hessels & van Lente, 2008;
Wanger et al., 2011). One important issue conceraffect of institutional incentives
on scientists’ propensity to engage in interdisogaly activities. Several studies argue
that disciplines have long been served as the as@rganisational structures and for
reward systems, thereby creating barriers to cautynterdisciplinary research (Brooks,
1978; Porter et al., 2006; Ziman, 1994). Scott &0€hows that evaluation exercises
usually reward research activities in disciplinatyaditions, thereby making
interdisciplinary research more difficult to maimtaThe empirical studies by Carayol
and Thi (2005) and van Rijnsoever and Hessels (20Ekent that junior scientists tend
to produce disciplinary research outputs. In addijtboth studies point to the years of
work experience as an important factor for sci¢stis be involved in interdisciplinary
research. From the resource-based perspectiveRiyasoever and Hessels suggest that
networking activity and academic position provideset of resources that benefit
scientists’ knowledge production.

At the level of individual scientists, seldom hawudies investigated
interdisciplinary collaboration by looking at sciets’ interactions among different

departmental institutions and universities. Onesoeamay be related to certain
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methodological issues, which will be discussed m@er 3. The lack of empirical
studies is surprising because several large pragemmhave either explicitly or
implicitly aimed at encouraging interaction amonffetdent departments or institutions.
For example, the U%uture Initiative was established to “stimulate new modes of
inquiry and break down the conceptual and insthdl barriers to interdisciplinary
research that could yield benefits to science amles/” (The National Academies,
2004, p. ix). This account suggests that promotngollaborative culture across
institutions is also important and can help prodirterdisciplinary research results.
Previous research shows that geographical proxingtyds to benefit research
collaboration because tacit knowledge requires rm& and face-to-face
communication (Acota et al., 2011; Arundel & Geuk@04; Katz, 1994). According to
this line of thought, one can argue that interghlscary collaboration within the same
university could occur more frequently and be egasian collaboration outside of the

university.

2.2.4 Summary and conclusion

Section 2.2 identifies three major approaches terms of research orientation,
user involvement and interdisciplinary collaboratioof incorporating socio-economic
relevance into the research process. This sectsmaaldresses the main features and
the debated issues related to the three criteri@leWthese approaches for organising
relevant research have been widely used in polregtiges, this study suggests that
they might not be implemented effectively. Like tiegtion of relevance, the above three
criteria leave a space for varying interpretati@amsl actions by different groups of
people.

Our analysis suggests that conceptualising theomotf relevance into three

approaches for organising research is an effegtoiet of departure for us to further
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investigate the issues of how best to organiseareBelo achieve the socio-economic
relevance of science. As Ziman (1984) puts it, “tieéion of ‘relevance’ cannot be
strictly defined or measured, but is always invokediscussions of the social function
of science, and is often the deciding factor iresce policy” (p.143). Since the notion
of relevance can refer to any anticipated socigienoc outcome, it might be difficult
and ineffective for one to argue whether and to twdwdent a piece of research is
relevant to the expected results. Scientists maiyncthat their research is somewhat of
socio-economic relevance in various ways. Even lsiragvancing knowledge without
considering relevance is useful and could haveatesocial implications (Small et al.,
2008).

Given the problematic conception of relevancesitiucial for policy makers to
obtain a better understanding of how this notioncamstructed in the knowledge
production process. In this way, discussions uniderproposed framework would be
more specific and productive, thereby informingeefive policy suggestions.

Rather than looking at the macro level of a sciesystem, this study focuses on
the level of individuals because academic scientsste the major actors who are
expected to produce socially and economically weievknowledge. Emphasising
relevance often exerts an influence on scienceifigndlo make effective funding
decisions, it is crucial to know how scientistsSearch behaviours correspond to the
requirements for relevance. The ambiguity of theega for achieving relevance also
raises questions about what the real effects anssis’ research performances might
be and how we can observe the possible effectseltpgestions will be discussed in the

next section.
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2.3 Measuring the relevance and impact of scieniif research

Following the definition of relevance set out irtsen 2.1, the evaluation practices
tend to deal with research impacts that focus an d@kploitation and diffusion of
research results to society. The assessment ahti@pated relevance of research tends
to be incorporated into thex anteevaluation and serves as a reference for funding
decisions (EC, 2001). This section shows that meaganticipated relevance is not so
straightforward at an aggregated level. While themee systematic methods for impact
evaluation, these methods do not directly conditkerrelevance’ aspect as we define in
this study. Instead, they only assume or implyrtbgon of relevance with regard to the
utilisation of research results.

Section 2.3.1 reviews the evaluation of researgbants at different levels. Section
2.3.2 identifies the main problems associated widasuring impact. These evaluative
problems might be a possible reason for the shiffocus towards more upstream
control of science in current policy practices. t#er2.3.3 investigates the effects of

pursuing ‘relevance’ on scientists’ behaviours Hrer publishing activities.

2.3.1 Measuring research impacts: different lewadlanalysis with various foci

Since the 1960s, a number of empirical studies avestigated the relationship
between public research and its potential benefithfferent levels of analysis. A series
of studies by SPRU analysts provide a comprehensesew of the main
methodological approaches and identify several @i benefits of publicly funded
basic research (Martin et al., 1996; Martin & TaBQ07; Salter et al., 2000; Salter &
Martin, 2001; Scott, et al., 2001). Overall, thare three kinds of studies with different
foci. A macro-level econometric analysis is coneerwith the productivity and rates of
return from academic research. Sectoral-level iatiom studies usually centre on

technology or firms, and treat academic researcbnasof the sources of innovation.
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Individual-level studies tend to focus on the ligka between science and technology in
terms of scientists’ publication outputs and thewolvement in industrially relevant
activities. On the basis of our distinction betweelevance and impact (see section 2.1),
these studies appear to investigate different demes of the impact of science as they
tend to focus on the results or diffusion of reskavutputs. However, they shed little
light on how research is usually organised to aghtbe impacts.

Existing studies tend to lead to a general consettsat the benefits of publicly
funded research are substantial, at least in tefresonomic impacts (Salter & Matrtin,
2001). The various impacts can be realised thraughriety of channels. Martin and
Tang (2007) provide a conceptual framework of tlemexploitation channels, which
include much broader socio-economic benefits oflanac research. They classify the
channels through which basic research may beneditistry into seven categories:
adding to the stock of useful knowledge, supplyiragned human skills, providing new
instruments and analytical methodologies, givingeas to professional networks and
social interaction, enhancing problem-solving cégagenerating spin-off firms, and
providing social knowledge. Some of these chanaedshardly quantifiable. Therefore,
the authors stress that the use of quantitativénadest to capture the socio-economic
benefits of academic research has the potentianiss those that are not easily
quantifiable.

The above studies also suggest that the reseanpacimmtend to focus on the
economic perspective or on the contribution to wraimn. Nevertheless, the notion of
relevance involves a rather broader concern thanthe direct use or application of
research results. For example, Rip (1997) and Sk20@3) suggest that government
R&D programmes often aim at “generalised relevaratker than a concrete mission”
(Rip, 1997, p.629). The objectives of the programraes usually stated as creating

research capacity, stimulating a collaborative weltand the continuation of relevant
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research after the programme finishegl(), most of which are not easily quantifiable.

2.3.2 Problems of measuring the impact of science

Despite the distinction between relevance and itmgaath share several similar
evaluation problems. This section reviews the cptua@ and methodological problems
with measuring the relevance and impact of science.

The first problem is related to the vague defimitaf basic and applied research, as
well as the misconceived assumption about theioalksthip between the two. Several
large-scale studies in the late 1960s and 197G=siigated the contribution of science
to innovation by tracing back the sources of intimva Project Hindsight (Sherwin &
Isenson, 1967) and TRACES (lllinois Institute ofchirology, 1968) are the main
examples. Both projects firstly identified the dalcscientific and technological
research events underpinning major innovationsnTthe researchers classified those
events into three categories. While Project Hindsigsed the terms ‘undirected
science,’ ‘applied or directed science’ and ‘tedbgg events’ according to the intention
associated with the events, TRACES used those mf-mission research,” ‘mission-
oriented research’ and ‘development and applicatiork.” The three categories in each
of the two studies do not seem identical.

These early studies also raise two important cane¢fimitations. One assumes
that the categories of basic and applied reseaelseparate and opposing, while the
other assumes that innovation is a linear progesghich innovation is either driven by
science push or called forth by demand pull. Asnshin section 2.2.1, both concepts
have been criticised as unrealistic.

The second problem is concerned with the timesuoakd for evaluation. The
retrospective approach tracing the innovation sssigives rise to the question of how

far the innovations should be traced back. As ;nand Martin (1984) note, the twenty-
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year timescale of Project Hindsight excludes argnifcant basic research arising
before that time. The TRACES study shows that nassion research events tended to
occur twenty to thirty years before innovation.also suggests that the gap between
scientific research and application could be carsible.

The third problem is concerned with attribution d@he problem with the difficulty
of identifying whether and to what extent a pafacupiece of scientific research
contributes to a specific consequence. Other facpart from science may also affect
the realisation of socio-economic benefits. Morepkartin and Tang (2007) address
the cross-country effects, where the sources ofwledge may come from other
countries and the benefits may diffuse abroad.

This brief review of the problems in evaluation girees suggests that measuring
the anticipated social and economic relevance séarech is not so straightforward.
While the policy objectives of funding science @ancreasing emphasis on enhancing
socio-economic benefits, there remain several ehgés concerning how to effectively

measure the socio-economic relevance of scienae afgregated level.

2.3.3 Examining the effects of promoting the reteeaof research

As governments in major industrial countries hawgpleasised the relevance of
science in meeting socio-economic needs and wigdesshanges in funding
mechanisms for university research, a number oflisturaise concerns about the
unintended effects on academic scientists’ behasiand on their research practices

(e.g. Geuna, 2001). The following discusses thesddsues respectively.

The effects of promoting relevance in scientistsaarch behaviour

One of the main concerns is about whether theaecisange in scientists’ research

behaviour towards conducting relevant research rutide changing rationale for
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research funding. Etzkowitz (1989) argues that gkarin the research conditions are
producing new norms about how science should bedwzad, norms that are
compatible with the traditional ethos within acadeifMerton, 1973). For instance, the
value of science can be reinterpreted, allowingrgd@ts to simultaneously pursue truth
of knowledge and profit-making.

However, the empirical studies show a rather deveesult in terms of scientists’
behavioural changes. Calvert (2001) interviewedspd® and biological scientists, and
policy-makers in the US and UK, asking about tha@rceptions of the changing
research system and the effects on conductingrasdder study shows that scientists
do perceive the need to make research more ap@iegrisingly, both policy-makers
and scientists are not particularly concerned alibig change. Furthermore, the
interviewed scientists tend to think that therbtike effect on conducting basic research.
Other studies also find that scientists tend tggdather than transform, their research
behaviour in certain ways under a changing reseeocitext (Laudel, 2006; Morris,
2003; Morris & Rip, 2006). While scientists tend‘tailor’ their work to fit in with the
policy requirements, their behaviour concerning thalisation of research results is
subject to a number of factors. For example, Laretral. (2001) show that social-
science research projects using external fundirey raore likely to be used by
practitioners and other related professional thase using internal university funding.
In addition, projects focused on users’ needs atesignificantly associated to the
utilisation of knowledge. The above studies imghgattthere is certain inconsistency
between scientists’ perceptions and their actuabbeur in response to meeting the
socio-economic needs of their research.

In recent years, a few studies have investigatedthe changing research context
affects scientists’ research practices by condgciirmore thorough analysis. Hessels

(2010) carried out three case studies in chemibtofpgy and agricultural science to



42

investigate scientists’ struggle for relevance atdh universities. He proposed a model
combining a science-society contract and a cretilglcle (Latour & Woolgar, 1979)
in order to provide a better understanding of thie of relevance in the practice of
academic research. The study shows how the sd¢gntentities, funding rationales
and research conditions have changed over thefifigsgears. The author argues that
the quest for relevance in scientific practices b@some increasingly intensive.
Paradoxically, the bibliometric evaluation of sdifo performance has strengthened
scientists’ publishing activity endeavours. Thedgtalso indicates that policy actions
tend to be inconsistent in terms of pursuing acaclemcellence and societal needs,
thereby having limited effects on research prastice

Scott (2004) arrives at a similar conclusion byeisiigating the factors that
influence the conduct of a social-science resegmdgramme. Using documentary
evidence, and interviews with policy makers andtipigant researchers in the
programme, he finds that the designs for sociaveeice of the programme are not
thoroughly interdisciplinary and interactive. Fuatimore, Scott’s study identifies
several sources of difficulty in conducting relevegsearch: funding sources, academic
disciplines, academic organisations and personadivatmns. Taking these factors into
account, he argues that relevance “is not genesaky to be a central quality criterion
in academic researchib{d., p. 8).

Leisyte (2007) examines the effects of the govereanodel in higher education
on the research practices used in medieval stuhdsbiotechnology at English and
Dutch universities, finding that scientists’ respes depend on the level of uncertainty
found in their research environment. Based on nettutional theory and resource
dependency theory, Leisyte identifies three typesesponses and strategies ranging
from passive compliance, symbolic compliance, taaptive manipulation and

negotiation. She finds that scientists tend togumbtheir academic core activities to the
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greatest extent by adopting different strategiesh wome even perceiving a highly
uncertain environment.

Despite the diverse results in terms of scientibihaviour in the changing
research environment, the previous studies sugjgaisscientists tend to adapt to certain
rules to fit in with the research environment, whihey also try to protect some of their
research practices. These studies suggest thattiBcigperformance remains a major
concern for scientists to establish credibilityrfBenance-based funding and evaluation
practices further reinforce scientists pursuingestific credibility more than social

accountability.

The effects of promoting relevance on scientifiea@rch

Related to the first concern, literature suggesét & tighter connection between
university research and industrial needs may leapplication-oriented and short-term
research at the expense of long-term and riskyaresgGeuna, 2001). The increasing
need for accountability further strengthens thiswtamded consequence by introducing
a contractual-oriented incentive structure. Thisossn contradicts the view that the
goals for both use and understanding can exishetsame time (Rip, 1997; Stokes,
1997), as addressed in section 2.2.1.

Empirical evidence shows that this issue is fararsmphisticated. While scientists
are concerned that the demand for accountabilightrhinder long-term research, they
think that this demand only increases their paperkwMorris, 2000). As addressed
earlier, scientists use different strategies topada external requirements without
substantially affecting their research practicdse $trategies used by scientists depend
on whether the funding source they perceive is reecwr not, and their level of
credibility (Laudel, 2006; Leisyte, 2007). Our rewi implies that the effect of the quest

for relevance seems to exhibit influence more doangists’ behaviour than on the nature
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of their research. From the perspective of sciemtithe real concern lies in the
availability of funding sources.

In addition to the sociological perspective on #ffect of scientific research, a
number of studies examine this issue by investigatihe relationship between
publication outputs and entrepreneurial activitissee the review by Larsen, 2011).
Entrepreneurial activities include industry fundingp-publication with industry and
academic patenting. In general, evidence shows theste activities and publication
outputs are positively related. Nonetheless, teéiect on the nature of research is
rather mixed, with one reason due to the differeathodologies used to operationalise
the notion of basic research in different studies.

Both quantitative and sociological research helpdshight on the effect of
promoting relevance on scientific research fronfedeént perspectives. Nevertheless,
rarely have previous studies investigated the tiekaetween these two approaches. The
bibliographic information of a scholarly publicatioreveals the result of social
interaction between scientists and other actors,least in a form of formal
communication. This thesis will combine sociolodjiead bibliometric approaches in
order to triangulate the findings and enrich oudemstanding of the relationship
between scientists’ behaviour and their publistaogyities.

Moreover, most of the empirical work took placetie field of biology or life
science, and were carried out in the national cositef the USA and some developed
European countries. The conclusions mi