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Abstract

Despite the increasing recognition for the scientific and societal potential of interdisciplinary research, selection committees struggle with the
evaluation of interdisciplinary proposals. Interdisciplinary proposals include a wider range of theories and methods, involve a more diverse team,
pose a higher level of uncertainty, and their evaluation requires expertise from multiple disciplines. In this study, we investigate the possibility
to support the evaluation of interdisciplinary research proposals with measures of interdisciplinary research quality. Based on the literature, we
curated a set of qualitative criteria and bibliometric indicators. Subsequently, we examined their feasibility using interviews with interdisciplinary
researchers and a re-assessment session of a grant-allocation procedure. In the re-assessment session members of an original evaluation panel
assessed four original research proposals again, but now supported with our measures. This study confirmed the potential of qualitative criteria
to assess the interdisciplinarity or research proposals. These indicators helped to make explicit what different people mean with interdisciplinary
research, which improved the quality of the discussions and decision-making. The utility of bibliometric indicators turned out to be limited, due
to technical limitations and concerns about unintended side effects.
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beyond the scope of a single discipline or field of re-
search practice.

1. Introduction

In times in which public science, technology and innovation
are increasingly asked to address complex societal challenges,
the potential of interdisciplinary research collaborations is
recognized more than ever (OECD 2020, AWTI 2022).
Many scholars realize that the societal challenges we are fac-
ing span disciplinary boundaries (Leydesdorff and Ivanova
2021). Not surprisingly, scholars have demonstrated a
positive association between interdisciplinary research and
the societal visibility of scientific results (D’Este and
Robinson-Garcia 2023).

Despite these claims about the potential of interdisciplinar-
ity, there is a longstanding debate about both the conceptual
definition of interdisciplinary research (IDR), and its empiri-
cal operationalization (Huutoniemi et al. 2010). For prag-

To realize the full societal and scientific potential of IDR,
consistent and fair assessment of IDR proposals by research
funders is essential (Lyall et al. 2013). However, the evalua-
tion of IDR proposals is a greater challenge than the evalua-
tion of monodisciplinary proposals (McLeish and Strang
2016). IDR proposals are generally more complex (Klein
2008) and their evaluation requires input from multiple
experts from different disciplines, each with their own im-
plicit epistemic standards of research quality and diverging
concepts and expectations of interdisciplinarity (Huutoniemi
2016). Hence, IDR proposals, especially from early career
researchers, are less likely to be funded (Lamont, Mallard
and Guetzkow 2006; Sun et al. 2021).

matic reasons, in this paper we follow the broad definition of
IDR provided by McLeish and Strang (2016) and the
National Academies of Sciences, Engineering, and Medicine
(2003: 26):

[...] a mode of research by teams or individuals that inte-
grates information, data, techniques, tools, perspectives,
concepts, and/or theories from two or more disciplines or
bodies of specialized knowledge to advance fundamental
understanding or to solve problems whose solutions are

A potential solution to counteract these problems is to sup-
port the assessment process with a set of measures' to evalu-
ate different aspects of interdisciplinarity. Supporting
information can help to clarify definitions and achieve more
uniformity in the evaluation. Moreover, it can also help to re-
ward interdisciplinary aspects in the proposal more explicitly,
in programs where this is appropriate (Lyall and King 2013;
Belcher et al. 20135; Strang and McLeish 2015). For appli-
cants, an established set of measures of interdisciplinarity, in
addition to established assessment measures such as scientific
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excellence that tend to be more monodisciplinary-focused,
will enable them to highlight these interdisciplinary aspects of
their planned research in the research proposal.

The aim of this study is to explore the potential of qualita-
tive and bibliometric measures to support the evaluation of
interdisciplinary research proposals, by developing a set of
relevant measures and testing their feasibility in practice. We
first curated a set of relevant measures, building on available
literature on measuring and evaluating interdisciplinarity in
science. Second, to explore the validity of bibliometric indica-
tors of interdisciplinarity further, we have investigated their
correlation with the interdisciplinarity of the publications
produced by interdisciplinary projects that received funding
from the Dutch science funder NWO. Third, despite a long-
standing academic tradition analyzing grant review processes
of IDR, few studies have adopted a more hands-on approach
in which the practicality of a new set of assessment measures
is tested in a real-life setting (Huutoniemi et al. 2010; Belcher
et al. 2015). To contribute to this lack of knowledge, we ex-
plored the implementation of these measures in practice, by
investigating the feasibility of the measure using the case of a
Dutch funding program with individual grants without the-
matic restrictions. In this study, we define the feasibility of
the measure as the degree in which it can be implemented in
real-life assessment procedures in the future. In this study, the
goal was never to express a value judgment suggesting that
more interdisciplinarity is always better: the desired degree of
interdisciplinarity depends, among other things, on the pro-
posed research question. We consider a high degree of inter-
disciplinarity not as an end in itself, but as an important
discussion point during assessment meetings.

Our study focused on a funding instrument providing indi-
vidual, bottom-up, research funding. These are calls with no
thematic demarcation in which individual researchers (i.e. no
consortia) submit proposals. In these research funding instru-
ments, the necessity and feasibility to perform an interdisci-
plinary research project successfully has to be made plausible
by a single applicant rather than a team of experts with vary-
ing backgrounds. Still, the grant aims to allow researchers to
hire and collaborate with a team of fellow colleagues. This
makes it an interesting case as it further complicates the as-
sessment of interdisciplinary research proposals.

2. Assessing the interdisciplinarity of
research proposals

Over the past few decades, the relative importance of project-
based research funding has increased in relation to block
grant funding in Europe, including the Netherlands (respec-
tively Wang, Lee and Walsh 2018 and Rathenau Instituut
2023). In many countries, external grants or research con-
tracts have become a key source of funding for academic
researchers aspiring to develop a research line or to build up
a research group, hence affecting researchers’ careers to a
great extent (Ebadi and Schiffauerova 2015). We focus in
particular on competitive grants, typically allocated based on
a process of peer review. Selection committees evaluate a
number of proposals using a fixed set of measures, often as-
sisted by assessment reports from academic peers on the indi-
vidual proposals. Competition for grants is often fierce and
success rates are low, leading to widespread dissatisfaction
with the peer-review selection system in academia
(Philipps 2022).
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Aiming to reduce variability across reviewers to avoid mis-
trust among grant applicants, national research councils that
provide competitive grants place a strong emphasis on proce-
dural fairness and transparency of peer review processes
(Abdoul et al. 2012). Yet, following the ethnographic work
of amongst others Lamont (2009) and Roumbanis (2022),
we regard the work of selection committees as a social prac-
tice, too. This paper builds on the holistic perspective of
Oxley (under review), who regards the output of selection
process of grant proposals as the product of individual panel-
ist characteristics, organizational characteristics and how
these interact and are moderated by the group interaction
taking place in selection committee meetings.

One may argue that panelist, panel and call characteristics
as well as group interactions taking place in panel meetings
affect all peer reviewed proposal selection processes. Yet,
there are indications that these dynamics are exacerbated
when reviewing IDR grant proposals. First, IDR proposals
are generally more complex in nature, as they often include a
broader range of aims and a mixed methods research design
(Klein 2008). Additionally, to perform the IDR successfully,
the project team needs to have an adequate governance struc-
ture and the right personalities to create effective partnerships
(ibid). Because of the integrative ambitions and the involve-
ment of people with varying backgrounds, IDR often deals
with greater levels of uncertainty, which require more exten-
sive planning for contingencies and risk-mitigation. Assessing
these aspects fairly requires assessors to keep an eye on the
balance between the risks of IDR and its opportunities, whilst
research has shown assessors to be risk aversive (Lamont,
Mallard and Guetzkow 2006) and they tend to favor well-
established research disciplines rather than interdisciplinary
research of a more experimental nature (Langfeldt 2001).

Second, the assessment of IDR requires experts from differ-
ent disciplines, each with their own implicit epistemic stand-
ards of research quality (Huutoniemi 2016). Panelists tend to
favor work that is similar to their own (cognitive particular-
ism), causing a prejudice against IDR proposals (Porter and
Rossini 1985; Travis and Collins 1991; Sandstrom and
Hallsten 2008; Li 2017; Guthrie, Ghiga and Wooding 2018).
A diverse group of panelists has been shown to be beneficial
to the evaluation of IDR proposals (Abma-Schouten et al.
2023) and there are also indications that the use of diverse
reviewers could reduce bias associated with cognitive particu-
larism (Teplitskiy et al. 2018). Yet, ensuring appropriate di-
versity by complementing panels with ad hoc external
assessments is ineffective, as they appear to have little demon-
strable effect on the result of panel discussions (Thorngate,
Faregh and Young 2002; Mayo et al. 2006; van Arensbergen,
van der Weijden and van den Besselaar 2014).

This bias against IDR calls for improvements to the peer-
review selection system that intervene at multiple levels.
Improvements should not just be procedural in nature, but
also tested for their implementation in practice. As studies
suggest that dedicated review measures for assessing interdis-
ciplinary proposals may have a moderating effect on the bias
against IDR grant proposals, numerous evaluation frame-
works have been suggested to capture and asses the unique
contributions of an interdisciplinary approach (Lyall and
King 2013; Belcher et al. 2015; Strang and McLeish 2015).
We did not just design such an instrument, but also examined
its feasibility together with exactly those people who are
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meant to use it, namely the members of review panels of IDR
grant proposals.

In the following section, we delve into the literature about
quality measures, distinguishing between bibliometric indica-
tors and qualitative criteria of interdisciplinarity. Both types
of indicators are characteristics of a research proposal that
can help to predict the type or degree of interdisciplinarity of
the research proposed. With qualitative indicators we refer to
non-numerical characteristics which require a subjective
judgement from panelists and/or the panel as a group. With
bibliometric indicators we refer to factual quantitative data
about the scientific publications of the applicants or the liter-
ature cited in the proposal.

2.1 Qualitative criteria of interdisciplinarity

In qualitative criteria, reviewers or applicants are asked to in-
dicate whether, or the extent to which, certain criteria are
met in a proposal. We build on the work by Laursen, Motzer
and Anderson (2022), who categorized 40 criteria in litera-
ture into three key aspects of interdisciplinarity that can be
used in the assessment of IDR proposals, namely: (1) interdis-
ciplinary rigor, which we compress to integration, (2) feasi-
bility, and (3) impact, which we interpret as scientific impact.
The integration of knowledge can be considered a defining
feature of interdisciplinarity as opposed to multidisciplinary
research, and many scholars therefore list this as a criterion
that should be explicitly assessed (Bruun et al. 2005; Klein
2008; Lyall and King 2013; Strang and McLeish 2015). This
criterion consists of multiple underlying dimensions, of which
diversity (e.g. the breadth, variety, and balance of contribu-
tions) and interaction (e.g. collaboration, communication,
and stakeholder engagement) are the two main subcompo-
nents (Lyall and King 2013; Strang and McLeish 2015).>

The feasibility of a proposal is, amongst others, dependent
on the applicants’ leadership and team readiness (Lyall and
King 2013; Strang and McLeish 2015; Tate, Decker and Just
2021). Other components regarding the feasibility of an in-
terdisciplinary proposal include fundability, goals, and insti-
tutional support (Laursen, Motzer and Anderson 2022).
Interdisciplinary research projects generally require research-
ers with diverse, compatible fields of expertise to collaborate.
Moreover, these projects are typically more dynamic and
unpredictable than mono-disciplinary research projects. This
requires teams to have reached common ground, to be open
and hospitable to each other’s expertise, and to be able to de-
velop research projects iteratively (Klein 2008; McLeish and
Strang 2016).

Third, the potential scientific impact of a research proposal
is defined more broadly in interdisciplinary research pro-
posals than in monodisciplinary proposals. This criterion
includes the transfer of knowledge across disciplines, the
transformation of disciplinary standards, and the effective-
ness of integrating work across disciplinary boundaries
(Bruun et al. 2005; Klein 2008; Lyall and King 2013; Strang
and McLeish 20135).

2.2 Bibliometric indicators of interdisciplinarity

In addition to the qualitative assessment of a research pro-
posal’s interdisciplinary merits, the degree of interdisciplinar-
ity of a research proposal can be assessed quantitatively ex
ante using bibliometric elements such as articles published by
the applicant and the list of references associated with each
proposal. Ex post, the scientific output of a funded research

. Variety:
Increasing Number of
Diversity disciplines
Balance: Disparity or
Evenness of Similarity:
distribution

Degree of difference

Figure 1. The three attributes of diversity according to Stirling (1998,
2007): variety, balance and disparity. Representation by Rafols and Meyer
(2010) by permission of I. Rafols.

project and the citations to these articles can provide an indi-
cation of the degree of interdisciplinarity of the re-
search project.

In bibliometric research, interdisciplinarity is often under-
stood and evaluated in terms of three components of scien-
tific diversity: variety, balance and disparity (Stirling 1998,
2007). These components can be operationalized as the num-
ber of distinct scientific disciplines cited (variety), the even-
ness of the distribution of citations among disciplines
(balance), and how dissimilar these disciplinary categories
are (disparity). Figure 1 provides a graphic representation of
these attributes of diversity.

The different dimensions of diversity can be visualized us-
ing science overlay maps, which provide the user with ‘a per-
spective of the disciplinary diversity of any given output, yet
without the need to rely on combined or composite indices’
(Rafols, Porter and Leydesdorff 2010). Science overlay maps
allow to evaluate different components of diversity indepen-
dently. Such maps offer a dynamic and bottom-up represen-
tation of the cognitive interrelationships between (sub)
disciplines. Based on an overlay map, reviewers can assess
proposals for their interdisciplinarity along the dimensions of
variety, balance and disparity.

Figure 2 serves as an example to illustrate how a science
overlay map can help evaluate the interdisciplinarity of an ap-
plicant. This example uses a base map of scientific journals
that is spatially organized with respect to cognitive proxim-
ity, and uses color as an index of scientific disciplines. Firstly,
the degree of variety can be inferred from the variation in the
color of the dots—the more different colors, the more disci-
plines the author has published in. Second, the degree of dis-
ciplinary balance can be assessed by looking at how densely
the superimposed journal data concentrates on certain loca-
tions vis-a-vis others. Higher balance is achieved by a more
even distribution of publications to scientific disciplines. For
instance, a researcher who published mainly in one discipline,
and once in another discipline, scores much lower on balance
than a researcher who publishes equally across different disci-
plines. Third, maps can convey the disparity (i.e. the cognitive
distances) among disciplines by placing these units closer or
more distant on the map. The further apart or widely
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Figure 2. Exemplary science overlay map of one of the reviewed grant applications. The colors indicate disciplines the author has published in (variety);
clusters of dots indicate number of articles published in similar journals (balance); disparity is visualized by the distance between the dots on the map.

scattered the journals in which a researcher publishes, the
higher a researcher would score on disparity.

In addition to this graphical presentation, the components
of interdisciplinarity can also be expressed in a numerical
form. The Rao-Stirling index of diversity is a widely used
composite measure integrating the three diversity compo-
nents: variety, balance, and disparity (Leydesdorff 2018).
The fields of publication need to be defined, for example by
selecting the names of scientific journals, in which applicants
have published or in which the cited articles have been pub-
lished, as the target element. The subject category to which
these journals are assigned by the Web of Science classifica-
tion system can then be used to calculate the Rao-Stirling in-
dex of the applicant’s list of publications or the proposal,
respectively.

3. Methodology

In order to address the aim of this study, we embedded quan-
titative measures in a qualitative analysis. The main steps of
our study are introduced in the following sections. First, we
curated a set of qualitative assessment criteria and bibliomet-
ric metrics evaluating different aspects of interdisciplinarity,
using literature review, bibliometric validation, and inter-
views with past awardees (see Sections 3.2 and 3.3 for
details). Second, we examined the feasibility of these metrics
in a reassessment session as described in Section 3.4.

3.1 Retrospective approach

Evaluating the assessment of research proposals on their in-
terdisciplinarity and linking this assessment to the research
process that follows once the grant has been funded can be
performed either longitudinally or retrospectively. In a longi-
tudinal study, one would have to observe the proposal evalu-
ation and selection process, wait for the funded research

projects to start, analyze the research process of the granted
projects in real time, and wait for the outputs of the project
to appear in scientific journals. In this study however, we
have chosen a retrospective approach in collaboration with
the Dutch research council NWO. We focused on successful
(funded) interdisciplinary research proposals and their subse-
quent projects in the NWO Talent Programme for research-
ers with several years of research experience
(interdisciplinary Vidi and Vici grants, funded in 2016 to
2018). Textbox 1 provides background information regard-
ing these grants. This retrospective methodology had the
pragmatic advantage that it greatly reduced the throughput
time of this study, as no waiting time existed between the as-
sessment procedure, the start of the research project once the
grant had been awarded, and its execution and output phase.
In addition, the stakes are lower in a reassessment session
when the proposals have already been evaluated positively
(see Section 3.4). This allows panelists to focus and advise
freely on the feasibility of the assessment measures, rather
than on the judgements themselves.

3.2 Qualitative assessment criteria

To qualitatively assess the three key main criteria for success-
ful IDR as set out in Section 2.1, we iteratively curated a set
of questions to be provided to the assessors of interdisciplin-
ary research projects as described in Section 3.4. First, we
built upon Laursen, Motzer and Anderson (2022), selecting
items from literature related to the three main criteria (1) in-
tegration, (2) feasibility and (3) impact, while preventing re-
dundancy. Items that were phrased differently in literature
but aimed at assessing the same element were grouped and
(wherever possible) reformulated into a single evaluative
question. Second, we invited all laureates of the interdisci-
plinary NWO Vidi and Vici grants in the period 2016-18 to
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Textbox 1 Information regarding the NWO Talent programme.
The NWO Talent programme offers individual grants to talented, creative researchers. This enables them to conduct the research of their
choice. The Talent programme has three funding instruments tailored to various phases in researchers’ scientific careers.
* Veni [not included in this study]
* Vidi

- maximum funding €800 000 lasting 5 years

- aimed at experienced researchers who have conducted 3 to 8 years of research after obtaining their PhD degree (excluding extension clauses)
* Vici

- maximum funding €1 500 000 lasting 5 years

- aimed at senior researchers who have obtained their PhD degree max. 15 years ago (excluding extension clauses), and who have already

demonstrated the ability to develop their own line of research

Applicants submit their proposals to one of the four NWO disciplinary domains (Science, Social Science and Humanities, Applied and
Engineering Sciences, or Health Care Research). Up until 2018, there was a fifth option for applicants to submit their proposal to an interdisci-
plinary office. The selection processes and criteria were identical for all proposals submitted to the various offices. Hence, at the IDR office,

the interdisciplinarity of a proposal was not a quality criterion: proposals awarded at this office usually had an interdisciplinary character, but
it was not what they were assessed on.

This study focuses on the successful (granted) proposals that were submitted to this interdisciplinary office between 2016 and 2018. The suc-
cess rate for interdisciplinary Vidi-proposals was 20.4% on average, for interdisciplinary Vici-proposals the average success rate was 12.9%.

In total, 24 interdisciplinary Vidi and Vici proposals were funded between 2016 and 2018.

(Information obtained from NWO website, accessed on 26 April 2023: https://www.nwo.nl/en/researchprogrammes/nwo-talent-programme).

Table 1. Characteristics of interviewees and of all laureates eligible for
an interview.

Characteristics No. of interviewees  No. of laureates
(total =9) (total =24)
Type of grant Vidi 8 21
Vici 1 3
Grant awarded in 2016 2 7
2017 3 9
2018 42 8

? The proposals from these four laureates were selected for re-evaluation
regarding their interdisciplinarity (see Section 3.4).

an online semi-structured interview (see Supplementary
Appendix A for the interview protocol). We asked interview-
ees to reflect on the development of their research proposal,
evaluate opportunities and challenges in the research process,
and take stock of the scientific and societal outputs thus far,
specifically in relation to the interdisciplinary nature of their
research project. We based our interview questions on the
qualitative interdisciplinarity assessment criteria found in the
literature. After this list was discussed, we asked the inter-
viewees about other any success factors or barriers regarding
the interdisciplinary nature of their research project that were
not yet discussed. We discussed the extent to which the lau-
reates felt these success factors and barriers could be pre-
dicted ex ante, in their original research proposal. These
interviews refined the set of qualitative assessment criteria.
The interviews lasted approximately 1 h and were conducted
in Dutch or English. From the 24 laureates, nine responded to
our invitation (response rate of 37.5%, see Table 1 for details
of interviewees compared to all laureates eligible for an inter-
view). All interviews were performed by two researchers (author
AS and colleagues AH or MD). The interviews were audio-
recorded, based on which we wrote a report that we sent to the
interviewees to check for accuracy within two weeks after the
interview. Author AS analyzed these reports using a thematic
coding scheme based on the three main criteria in the literature,

building upon Laursen, Motzer and Anderson (2022): integra-
tion (diversity/interaction), feasibility and scientific impact.
Data analysis of this part of the project was discussed exten-
sively amongst authors AS and LH.

3.3 Bibliometric interdisciplinarity measures

For all 24 successful interdisciplinary Vidi and Vici proposals
funded between 2016 and 2018, bibliometric data were col-
lected regarding the list of articles authored by the applicant
at the time of application, citations to the applicant’s articles,
the references in the research proposal, the output of the
funded research project to date, and citations to the output to
date. Most of the data were collected manually via Web of
Science (WoS); proposal references were provided by NWO.

Using the free software provided by Leydesdorff in associa-
tion with Leydesdorff and Rafols (2012), Rao-Stirling indices
on the basis of WoS analysis results organized by publication
titles were calculated regarding the;

1) articles authored by the applicant at the time of applica-
tion (Rao_PI),

2) citations to the applicant’s authored articles (Rao_PI_cit),

3) references in the research proposal (Rao_Prop),

4) output of the funded research project to date (Rao_Out), and

5) citations to the output to date (Rao_Out_Cit)

Subsequently, we calculated the correlations between the
Rao-Stirling indices of diversity among the five sets of biblio-
metric data, to investigate how the interdisciplinarity of a
proposal or applicant’s list of articles correlated to the inter-
disciplinarity of the project’s output.

Last, we selected four proposals from the successful Vidi
proposals submitted to the NWO interdisciplinary review
committee in 2018. This selection was based on whether the
proposal would be re-evaluated regarding its interdisciplinary
nature (see Section 3.4). For these four proposals we created
science overlay maps of the articles published by the
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applicant at the time of application and the references in the
research proposal that the evaluation committee could use in
their re-evaluation.

3.4 Reassessment session

We invited the original NWO review committee from the 2018
VIDI allocation procedure to re-evaluate the interdisciplinary
nature of four proposals using a new set of qualitative assess-
ment criteria (as developed in Section 3.2) and the bibliometric
interdisciplinarity information regarding the proposals (as cal-
culated in Section 3.3). These four proposals were selected
based on the availability of the laureate for an interview (as de-
scribed in Section 3.2), and the fact that the grants were all
awarded in the same year, thus reviewed by the same members
in the review committee.

Out of 12 members of the review committee, seven accepted
this invitation. The chair of the original NWO review commit-
tee was present and took on her role as (technical) chair of the
meeting, similar to the original review committee’s meetings. A
NWO programme officer was present to assist the chair in this
role. All participants were reimbursed for their time following
the standard NWO reimbursement policy.

Similar to the original procedure, in preparation of the ses-
sion the participants were asked to review either one proposal
as a first reader, or two proposals as a second reader. The set
of qualitative assessment criteria was provided to the com-
mittee members through email prior to the meeting. In addi-
tion, for each proposal under scrutiny we provided the:

* science overlay map of the articles published by the appli-
cant at the time of application,

* science overlay map of the references in the proposal, and

* Rao-Stirling index of the references in the proposal
(Rao_prop score).

We provided a short explanatory note on the bibliometri-
cal background of science overlay maps and the Rao-
Stirling index.

The online session lasted 1.5 h. Author AS welcomed the partici-
pants, briefly introduced the purpose of the session and provided
some essential information on the qualitative assessment criteria
and the bibliometric metrics provided for each proposal.
Following this introduction, the technical chair of the meeting
took over. In the second part of the meeting the members of the re-
view committee were asked to verbalize all their questions, doubts,
and considerations, as inspired by a thinking aloud protocol
(Ericsson and Simon 1993; Alhadreti and Mayhew 2017). The
members of the review committee discussed the interdisciplinary
nature of the four proposals, taking ~12 min per proposal. In the
final section of the meeting, author AS invited the committee mem-
bers to reflect more generally on the qualitative assessment criteria
and the bibliometric indicators. Discussion topics were the usabil-
ity of the bibliometric indicators, and the applicability, comprehen-
sibility and weighing of the qualitative assessment criteria.
Moreover, the committee members were invited to discuss the pos-
sible side effects of assessing the interdisciplinarity of research pro-
posals in a bibliometric and qualitative way.

Three researchers involved in this study were present at the
session—author AS facilitating and introducing the session,
and two colleagues (author DL and colleague JZ) observing
the interactions. Based on these observations, we wrote a re-
port that we sent to the participants in the session for mem-
ber check three weeks after the event took place. Quotes
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from interviews and the re-assessment session have been
translated to English by the authors.

3.5 Ethical considerations

All interviewees invited for this study took part in the re-
search voluntarily and we obtained their formal (verbal or
written) informed consent prior to the interview. Their ano-
nymity was guaranteed, both towards NWO as their funding
organization and externally. Prior to the reassessment session
all participating members of the original NWO review com-
mittee signed a confidentiality agreement stating that the con-
tents of the original research proposals under scrutiny were
still to be treated strictly confidentially and that any personal
interests, had they arisen in the meantime, should be de-
clared. We informed the applicants of the proposals that
were to be re-evaluated about this session by email; none of
them raised objections. We used the NWO data in this re-
search in accordance with European GDPR legislation: its use
for academic or statistical research to improve NWO’s pro-
cesses is compatible with the original processing purpose.

4. Results

The aim of this study was to curate a set of qualitative criteria
of interdisciplinarity and bibliometric metrics regarding the
interdisciplinarity of proposals: see Sections 4.1 and 4.2 re-
spectively for the results regarding this aim. We discussed the
practical feasibility of both these types of measures in the
reassessment session and the interviews with laureates (quali-
tative criteria only), presented in Section 4.3 of this section.

4.1 Qualitative criteria of interdisciplinarity

A set of qualitative criteria of interdisciplinarity was devel-
oped. The three main criteria, building upon Laursen, Motzer
and Anderson (2022): Integration (subsections diversity and
interaction), Feasibility, and Impact- were used as the main
framework. Within these categories, evaluative questions
were formulated based on suggestions from literature, while
preventing redundancy.

Refinement of these questions took place based on the
interviews with interdisciplinary researchers. The interview-
ees reflected on the criteria, which led to adjustments to the
original set of evaluative questions;

1) Laureates indicated that departments where interdisci-
plinary working is common, or valued, contribute to the
smooth running of the project. Therefore, the institu-
tional embedding of the prospective IDR project was
added as an evaluative criterion (criterion 2.4 in
Table 2). Interestingly, this issue has rarely been identi-
fied in the literature regarding the assessment of IDR
(Porter et al. 2006; Nair 2011).

2) In contrast, the flexibility of the research plans was elim-
inated as a criterion, as interviewees indicated that their
research projects indeed pursued new unforeseen ave-
nues compared to their proposals, but this was (accord-
ing to them) not in particular attributable to the
interdisciplinary nature of their work.

3) Team composition refers to a diverse, balanced back-
ground of team members, but especially to their attitude
towards colleagues with different kinds of expertise, and
towards interdisciplinarity in general (criterion 2.2 in
Table 2). Laureates regard an open attitude, flexibility
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Table 2. Qualitative criteria of interdisciplinarity (categorized along integration, feasibility, and impact).

1.1 Integration: diversity

1.1.1 Is the emergent whole of the IDR greater than or different from the sum of its parts? Do the ingredient disciplines do more than work in paral-
lel but interact, communicate, recombine? Is there synthesis of knowledge?

1.1.2 Has a convincing case been made that only interdisciplinary or transdisciplinary research can make the promised contribution to solving the

problems indicated/answering the questions addressed? Is there a clear justification for the choice of disciplines based on the needs of the re-

search questions?

1.1.3 Does the proposal draw on literature/material/methods from the various disciplines involved (e.g. via citations)?
1.1.4 How diverse are the disciplines, methods and researchers and how suitable is the combination of disciplines?

1.2 Integration: interaction

1.2.1 How is the collaboration organized—is there an understanding of the challenges of interdisciplinary integration, including methodological in-
tegration, and the ‘human’ side of fostering interactions and communication, and an effective strategy to achieve this?
1.2.2 Are additional resources and time planned for dialogue, co-learning and integration between the contributing disciplines?

2. Feasibility

2.1 Is the necessary experience with IDR represented by the team and the leadership as well as training and development in place? Is there evidence

of interdisciplinary leadership?

2.2 How do you assess the applicant’s collaborative skills (open mindedness, self-reflection, dealing with changing hierarchies, ability to bear and

manage tensions)?

2.3 Does the proposal describe how the disciplines involved will be integrated (in the design and conduct of the research as well as in subsequent
publications) and how this relates to the type of interdisciplinarity involved; does it demonstrate how the quality of integration will be assured?
2.4 Is the applicant (prospectively) embedded in an ID institutional environment?

3. Scientific impact

3.1 Do the outputs have the potential to provide transformative feedback into specific disciplinary areas?
3.2 Do the outputs create novelty by the integration of established knowledge within disciplines?

and pleasure in learning about new disciplinary perspec-
tives as important traits of researchers for making an
IDR project successful.

Laureate 2: It’s definitely challenging, but in a good
way. [...] For both PhD’s it has been very advanta-
geous to see each other’s work because one is very
not philosophical and the other not very technical.
And I think that works very well.

Interviewer AS: How have you fostered or facilitated
these interactions?

Laureate 2: Meetings. A lot of meetings with the
whole group. People talking about their research and
asking questions to each other. And I was also lucky
socially, they interacted very well. They were very
willing to make an extra step to understand each
other. [English original]

4) According to the laureates, pleasant interactions within
a research team are very important for the success of an
interdisciplinary research project. Also, a lot of time and
patience is needed for conceptual and/or methodological
translations amongst team-members, in order to inter-
weave their different (disciplinary) frames of thinking
(criterion 2.3).

Laureate 3: It just takes a lot more time. You have to
keep talking to each other all the time, about what do
we mean when we talk about [example from proposal].
The terms that mean one thing to me as a [one disci-
pline] and something else to a [other discipline]. Yes,
you have to keep discussing that, and what is relevant.

5) All laureates believe that interdisciplinary research ques-
tions have added value compared to a monodisciplinary
approach (criteria 3.1 and 3.2)—which is unsurprising
given that they submitted an IDR proposal. Nevertheless,

Table 3. Correlation matrix of Rao-Stirling indices of diversity across five
sets of bibliometric data, for all proposals.

1. 2. 3. 4. 5.

1. Rao_PI -

2.Rao_PI cit 0.89* -

3. Rao_Prop 0.52* 0.54* -

4. Rao_Out 0.51* 0.42 0.75* -

5.Rao_Out_Cit 0.43 0.37 0.55* 0.73* -
© P<0.05.

for the sake of scientific impact, some laureates indicate
that they strategically choose to publish their results in
monodisciplinary journals, for example by focusing on
distinct subprojects.

Laureate 3: We are just now finishing a paper.
[We are discussing] how much do you put into a man-
uscript about data from the brain, using a method
from physics. To what do you pay attention and what
do you emphasize. [ ... ]. It is almost never possible to
do that in a balanced way, just because you choose a
target journal, which often puts either one or the
other at the top so to say.

Table 2 provides the complete set of qualitative criteria of
interdisciplinarity as presented to the review committee for
their re-evaluation session.

4.2 Bibliometric analyses

We calculated the Rao-Stirling indices of diversity for five sets
of bibliometric data, for all 24 proposals in the dataset. We
used this information to calculate how strongly these Rao-
Stirling indices correlate. As one can observe in Table 3, there
is a relatively strong significant correlation (0.75) between the
Rao-Stirling scores based on the research proposal (Rao_Prop)
with the output of the funded research project (Rao_out). This
suggests that the interdisciplinarity score of the references in
the proposal could be a reasonable predictor of the
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interdisciplinarity of a project’s output. This means that a
quantification of the interdisciplinarity of the references in a
proposal could be used as a metric to predict how interdisci-
plinary the output of a proposed research project will be.

For each of the proposals under scrutiny in the reassessment
session, we therefore provided the Rao-Stirling index of the
references in the proposal (Rao_prop score). Additionally, we
provided the science overlay map of the articles published by
the applicant (at the time of application), and the science over-
lay map of the references in the proposal.

4.3 Feasibility of qualitative and bibliometric
measures for interdisciplinarity

Several themes regarding the assessment of interdisciplinary
proposals were discussed in the reassessment session. The prac-
tice of conducting IDR and to what extent its success can be
predicted ex ante came up in the reassessment session.
Moreover, laureates’ discussions regarding the scientific and so-
cietal outputs of their research projects thus far, and the choices
they make in publishing their research results helped the assess-
ment committee reflect on the impact of a proposal in terms of
publications (criterion 3.2). Last, the assessment committee
reflected extensively on the use of bibliometric metrics and qual-
itative assessment criteria for interdisciplinarity.

4.3.1 Assessing practice of interdisciplinary work

In an interdisciplinary proposal, cooperation with the right
people is essential, according to the assessment committee.
An applicant does not have to master everything perfectly
himself; it is about the right composition of the team.

Reviewer 1: In a collaboration, a candidate might not
need to have perfect command of everything himself ei-
ther. You could also take that aspect of cooperation with
the right people as a good criterion. This could include co-
operation with people outside those directly involved in
a project.

The committee considers that the criteria assessing the
practice of conducting IDR (criteria 1.2) should weigh
heavily. Yet, according to the assessment committee, these
criteria are difficult to assess both on paper and in an inter-
view. For example, if asked about handling conflicts in an ap-
plication form or as an assessment criterion, applicants are
going to write down what they think an assessment commit-
tee wants to hear. Alternatively, this aspect could be assessed
using a narrative about the collaboration the applicant envi-
sions. The explicit inclusion of knowledge-sharing moments
in the proposal design could also contribute to the practice of
interdisciplinary working.

4.3.2 Tension between content and strategy

Laureates indicate there is a tension between the choices they
make regarding their interdisciplinary research questions and
strategically playing the scientific publishing game (see
Section 4.1 point 5). The assessment committee recommends
thinking about the impact of a proposal on the contributing
disciplines, both in terms of content and in terms of publica-
tions (criterion 3.2). In theory, a proposal does not even have
to be interdisciplinary to have impact on different disciplines,
for example because the work is cited by researchers from a
wide range of disciplines.
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4.3.3 Reflections on use of qualitative assessment criteria

The members of the assessment committee are generally posi-
tive about the use of the qualitative assessment criteria to
evaluate the interdisciplinarity of a proposal. Most impor-
tantly, the use of qualitative criteria without scoring them
avoids sham precision and it shows respect for the quality of
applicants and proposals, the evaluation committee believes.
One question, however, is how these criteria can be put to
use without weighing them; the committee recognizes that
this does not remove the thorny issue of selection, of funding
and rejecting proposals.

Reviewer 3: We have to make a decision somehow. With
qualitative criteria, we show more respect for applications
but how can we translate this into who gets funding
or nots

Reviewer 5: Yes, you describe a kind of tension between
being competitive and recognizing those values.

Furthermore, the members of the assessment committee
think the list of qualitative assessment criteria on interdisci-
plinarity is rather long. They question whether it is feasible to
assess them all per proposal and also weigh the criteria
against each other. The committee suggests that the list could
also be used as a starting point for a substantive discussion.
Assessors are then presented with many criteria that they do
not all have to score individually but that serve as a guide for
an evaluative discussion between committee members. This
strategy may seem to undermine the feasibility of qualitative
indicators. In the discussion we will offer some suggestions
for overcoming this difficulty.

4.3.4 Reflections on use of bibliometric information

In the reassessment session, the bibliometric information that
is provided about the proposals confirmed the committee
members' intuitive assessment of the interdisciplinarity of the
proposals. Applications that the assessment committee rated
highly in terms of interdisciplinarity generally also had a
higher Rao-Stirling index score and vice versa.

However, the assessment committee had some critical
reflections on the use of bibliometric information on the in-
terdisciplinarity of proposals. The criticism concerned:
(1) interpreting the information without comparative mate-
rial; (2) the aspects of interdisciplinarity that do not emerge
from the index or science overlay maps; (3) possible side
effects of bibliometric information on assessment practice;
and (4) on a more technical level, the assessment committee
recommends improvements to the calculation of the Rao-
Stirling index and the science overlay maps based on more
complete data.

First, it is difficult for reviewers to interpret the bibliomet-
ric information when they lack any context or comparative
material. For example, it is not yet clear to reviewers what a
high or low score on the Rao-Stirling index is, and what it ac-
tually means.

Reviewer 2: I do find it difficult to interpret that number
of that index, because what does it mean? For example,
when it is half as high as the highest score of 0.31. Then
what does that say?
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Therefore, the reviewers would find it useful to work with a
confidence interval of the index score. The reviewers also raise
the question of what it means if the science overlay maps of an
applicant and of a proposal are much, or little, alike. This could
be an indication that an applicant wants to develop more inter-
disciplinary or that, on the contrary, he already publishes a lot
in different fields. More experience with the index can help as-
sessment committees interpret the score, although a high score
is not necessarily better if interdisciplinarity has to be primarily
fit for purpose. The assessment committee thinks that a discus-
sion on the interpretation of bibliometric information can serve
as a kind of calibration in which the validity of bibliometrics is
tested against a qualitative assessment of interdisciplinarity (and
vice versa).

Second, the assessment committee indicates that the biblio-
metric information does not provide information about how
the interdisciplinarity of a proposal is constructed. For exam-
ple, the index and maps cannot indicate whether a proposal
is interdisciplinary in conceptual or methodological terms,
nor whether the design of a project proposal moves from
more to less diversity or vice versa.

Reviewer 3: [ ... | With these maps it’s hard to see, for ex-
ample: does the project start from more or less diversity,
or does it move the other way around?

Third, there are possible side effects when using the new
bibliometric information. The evaluation committee cautions
against drawing hasty conclusions based on the visual image
of the science overlay maps. While these images may seem to
depict the interdisciplinarity of a proposal or applicant at a
glance, they are in fact a proxy for this aspect, as they are
based on the extent to which an applicant has used citations
from different disciplines for the proposal, or has published
in a range of disciplines.

In line with this point about the reliability of the bibliomet-
ric data, gaming is also a concern. If interdisciplinarity (for-
mal or informal) were a criterion to score high on, what
would applicants do to boost their index? And in what other
ways might this criterion influence research practice? The as-
sessment committee believes it is important not to replicate
the problems with the use of other indices in assessment prac-
tice (such as the journal impact factor and the H-index), to
the assessment of interdisciplinarity.

Reviewer 4: Do we want IDR to become a criterion that
people score high on? Because then indeed it gets problem-
atic, like the H-index, if people want to make their pro-
posal as interdisciplinary as possible.

Lastly, a number of technical improvements to the Rao-
Stirling index and science overlay maps are needed, according
to the assessment committee. For instance, publications in
books and conference proceedings are not yet included in the
current beta version of the science overlay maps, even though
these are important and common publication types in some
disciplines. This limits the value of the current method to de-
vise the maps for the humanities, for example.

5. Discussion

To realize the full societal and scientific potential of IDR, the
complexity of evaluating IDR proposals needs to be resolved

to achieve consistent and fair assessment of IDR proposals by
research funders. In this study, we aimed to address this issue
by developing a set of practically applicable measures to eval-
uate the interdisciplinarity of research proposals.

Building on the work by Laursen, Motzer and Anderson
(2022) we have collected a relatively comprehensive set of
qualitative assessment criteria reflecting the integration, feasi-
bility and scientific impact of the research proposed. In addi-
tion to the criteria taken from literature, refinement of the
assessment criteria took place based on interviews with lau-
reates. For example, the laureates stressed the importance of
having team members with the right mindset to conduct IDR;
the practice of conducting IDR as an assessment criterion
should therefore weigh heavily. The applicants’ leadership
and the team readiness are considered paramount in the suc-
cess of IDR, even when the grant provides individual research
funding to talented researchers (see Textbox 1). This under-
lines the importance of somehow evaluating these aspects
even in individual grant assessment procedures, given that the
grant provides enough funding to establish a research team.
In addition, institutional embedding is a success factor for
IDR projects according to laureates. These arguments from
our interviewees all point to the value of including hands-on
experience from IDR researchers in research proposal evalua-
tion processes. Yet, we should reflect on the possible side
effects of converting these success factors into selection crite-
ria for IDR; adding institutional embedding as a selection cri-
terion for example may favor (or even limit) IDR conducted
in dedicated IDR working environments, jeopardizing the
IDR efforts of scholars working in more traditional,
monodisciplinary-oriented, institutional settings.

Building on the work of Stirling (1998, 2007), Porter and
Rafols (2009), Rafols, Porter and Leydesdorff (2010), and
Leydesdorff and Rafols (2012), we have chosen bibliometric
indicators that reflected the variety, balance and disparity of
the research proposals and the articles authored by the appli-
cant at the time of application. These were the Rao-Stirling
indices of diversity for five sets of bibliometric data, and sci-
ence overlay maps visualizing the interdisciplinarity of the
articles authored by the applicant and the references in
the proposals.

In a small sample, we detected a correlation between the in-
terdisciplinarity of a proposal and its scientific outputs. This
correlation speaks in favor of the use of bibliometric indica-
tors to assess the interdisciplinarity of research proposals; in
the current sample they predict the level of interdisciplinarity
of the subsequent scientific outputs. Yet from a qualitative
perspective, this relationship was problematized as laureates
sometimes strategically publish their IDR work in monodisci-
plinary journals.

To assess the practical feasibility of qualitative assessment
criteria and bibliometric metrics, we derived valuable insights
during a reassessment session (see Section 5.1 for our meth-
odological reflections on this innovative approach). Despite
their predictive value, objections can be raised against the im-
plementation of bibliometric indicators in the assessment of
the interdisciplinarity of research proposals. Indeed, many
panel members hesitated to use the bibliometric indicators
provided. Reviewers especially feared undesired side effects
of these indicators, similar to the concerns regarding the
mindless use of the Hirsch’s citation index and Journal
Impact Factors to evaluate applicants’ quality (van Raan
2006; Barnes 2017). Without further development of these
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bibliometric indicators that resolve these issues, their best use
might be as an optional tool that researchers with strongly in-
terdisciplinary careers can use to communicate this aspect of
their resume (e.g. through a science overlay map). Overall,
we conclude the use of qualitative assessment criteria is pref-
erable. This is indeed more in line with the San Francisco
Declaration on Research Assessment (DORA) and commit-
ment 2 of the CoARA agreement, which have both been
signed and are actively supported by NWO (SF DORA n.d.;
CoARA 2022). Also, introducing qualitative assessment crite-
ria resonates with pilots within academia, including NWO,
to introduce narrative curriculum vitae’s (Bordignon,
Chaignon and Egret 2023). We advise to use qualitative as-
sessment criteria as a starting point for an evaluative discus-
sion between committee members rather than to close a
discussion and form a decision. This approach is in line with
the assessment pathway which Laursen, Motzer and
Anderson (2023) have called Critical Questions to evaluate
research integration. We believe the reviewers’ substantiation
of their evaluations should be considered more insightful
than the evaluation scores themselves. In any reviewer’s as-
sessment meeting in which these qualitative assessment crite-
ria are used, the chair of the meeting (and/or the secretary on
the funder’s behalf) should first encourage a discussion on
how the assessment criteria were used by the reviewers. This
discussion can establish a shared understanding of different
quality aspects of IDR. As shown by Vienni-Baptista and
Pohl (2023), IDR is a multidimensional phenomenon of
which people hold very divergent conceptions, which often
remain implicit in committee discussions. Our proposed list
of criteria possibly complemented with the heuristic tool of
Vienni-Baptista and Pohl (2023), can be helpful to make dif-
ferent conceptions and disagreements explicit. A committee
can decide for each proposal which criteria should have the
largest weight in the scoring process, given the goals of the in-
dividual proposal and the aims of the overall funding pro-
gram. At NWO, the so-called ‘calibration sessions’ that take
place prior to the actual assessment meeting provide a good
time to have this discussion. These are separate meetings in
which a committee discusses their understanding of the pro-
vided assessment criteria, compares their preliminary scores
and decides whether any adjustments are needed in the scor-
ing system in order to arrive at a fair judgement.

It should be noted that future application forms will need
to ask applicants to provide relevant information about these
interdisciplinary measures.

To conclude this section, a reflection is needed regarding
the performative nature of indicators that has been shown
convincingly in science policy literature (de Rijcke et al.
2016). Any quality measure that affects money or reputation
influences research practice, either consciously or uncon-
sciously, in two ways (Butler 2007). The first is goal displace-
ment: scoring high on the assessment measure becomes the
goal rather than a means of evaluating if certain objectives
have been met (Colwell et al. 2012). The second is related to
more structural, yet less obvious, changes to research priori-
ties, publication activities, and research capacity-building and
organization. While de Rijcke et al. (2016) warn against the
potential bias of disciplinary assessments against IDR, one
might also argue that the very principle of assessment affect-
ing practice also applies to qualitative and bibliometric meas-
ures assessing the interdisciplinarity of a proposal. This calls
for the responsible implementation of IDR assessment

A.-F. Scholvinck et al.

measures, as proposed in principle nr. 9 in the Leiden
Manifesto on responsible metrics: ‘Recognize the systemic
effects of assessment and indicators’ (Hicks et al. 2015).

5.1 Methodological considerations and
further research

In this study, we embedded quantitative and qualitative
measures in a qualitative analysis of data collected by various
methods such as interviews and a reassessment session of
successful research proposals. In general, our retrospective
approach was appealing since it gave us, within a reasonable
time span, access to original IDR grant proposals, insights
from the laureates regarding the execution of the research
process, and the outputs of the projects as they were close to
conclusion. A downside of this approach was that it inevita-
bly included self-reporting of laureates, which may have
colored our findings regarding the research process.
We attempted to stimulate the laureates to be as honest as
possible, also about the hardships of conducting IDR, by
guaranteeing anonymity both towards NWO as their fund-
ing organization and externally.

Aiming to assess the practical feasibility of qualitative and
bibliometric measures, we employed a methodologically in-
novative strategy of organizing a reassessment session, which
was a simulated meeting of a selection committee with origi-
nal panel members and original research proposals. We are
not aware of any comparable experiments in science policy
studies. The value of this approach lies in its simulation of
real-world assessment settings, providing insights into the
discussions that reviewers (should) have on the interdisci-
plinarity of the proposals. In this study’s set-up, there was
little at stake since the panel members were re-evaluating
successful proposals. This allowed the evaluation committee
to advise freely on the feasibility of the assessment measures.
One should take note that the context in which the original
assessment meeting (in 2018) and its rerun (in 2023) took
place has changed considerably in the Netherlands. NWO
has adopted and promoted a more reserved attitude towards
the use of bibliometric indicators in the assessment of re-
search proposals. This has become an important topic of dis-
cussion in the academic community in The Netherlands after
the introduction in 2020 of a narrative resume, which has
the goal to discourage reviewers to base their assessment on
quantitative indicators not directly related to individual per-
formance (e.g. journal impact factors). This may have influ-
enced the discussions at the reassessment session, especially
considering the reviewers’ hesitation to adopt the Rao-
Stirling index as a measure for interdisciplinarity. Following
up on this study, we therefore advise to employ an action-
oriented research approach in which the new qualitative
assessment measures are included in an on-going grant
assessment procedure.

To conclude, this study focused on two specific funding
instruments (Vidi and Vici) which were both individual and
bottom-up grants, with no thematic demarcation. The calls
were not specifically aimed at IDR, and neither were the
IDR proposals in direct competition with monodisciplinary
proposals. The relatively limited scope of our study raises
the question to what extent our findings are applicable to
other funding instruments, for example grants aimed at
IDR consortia or grants with a scientific or societal the-
matic focus. One can imagine that especially the evaluation
processes of research proposals from IDR consortia
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encounters its own challenges, for example assessing the
proposed team’s readiness and leadership qualities. Rather
than speculating about these particulars, we propose that
aforementioned action-oriented future research plans
should include a comparative element to test the feasibility
of the qualitative assessment measures in various funding
instruments.

5.2 Conclusion

This study shows that bibliometric indicators that reflect the
variety, balance and disparity of research proposals correlate
with the interdisciplinarity of the research output, suggesting
a predictive value. Distinguishing between different dimen-
sions of diversity also provided conceptual clarity to the as-
sessment discussions. Yet, based on an innovative simulated
assessment meeting of a selection committee, we conclude
that qualitative criteria focusing on integration (diversity and
interaction), feasibility, and impact, are currently more feasi-
ble and useful to support selection decisions to allocate fund-
ing for interdisciplinary research. Such qualitative assessment
criteria should serve as a starting point for an evaluative dis-
cussion between committee members rather than close a dis-
cussion and form a decision. The set of criteria that we have
collected in this paper can serve as a draft to be refined into a
balanced and workable set for similar assessment situations
in real-life. In a next iteration, perhaps the three dimensions
of diversity can help to further structure the set.
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Notes

1. We largely follow Laursen, Motzer and Anderson (2022) in the use of
our terminology regarding measures, criteria, metrics and indicators
assessing IDR. We use the word ‘measure’ as a covering term for all

1

methodologies throughout this article to simplify sentences. When we
refer to quantitative measures only, we use ‘metrics’ or ‘indicators’.
Qualitative measures are signaled by ‘criteria’.

2. Some authors consider ‘emergence’ as another dimension of integra-
tion, but we have chosen not to include this because of a lack of clear
defintion in the literature.
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