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e PREFACE

All over Europe there is a wish to promote research
and innovation that can help address major societal
concerns, or “grand challenges” as called in the EU
Framework Programme for Research and Innovation,
Horizon 2020. The communication from the European
Commission on Horizon 2020 stresses that those
challenges require that we bring together resources
and knowledge from different fields, technologies

and scientific disciplines. We need to be better at
getting the so-called “hard” sciences — the natural and
technical sciences — and the so-called “soft sciences”
— the social sciences and the humanities (or SSH, for
short) — to work together.

The reason is fairly simple: good solutions to impor-
tant problems — whether that is in industry or larger
societal problems — are rarely found within a single
discipline; instead, solving complex, real-life problems
generally requires bringing together insights from mul-
tiple disciplines. Thus, one of the success criterions
for Horizon 2020 is to promote and effectively support
interdisciplinary research.

But what is interdisciplinary research? Even though
the societal importance of interdisciplinary research

is widely recognized, there is relatively little know-
ledge about the nature of interdisciplinary research.
We need to be able to answer questions such as:
how much research is carried out as interdisciplinary
research”? And if you engage in interdisciplinary re-
search does that require something else than mono-
disicplinary research? \What are the barriers? And
what incentives do we need, if we want to proceed in
this direction? We need knowledge so we can identify
the measures that will support research that tackles
these grand societal challenges.

Therefore, DEA has carried out a study of interdisci-
plinary research. By case illustration we have looked
at the correlation between interdisciplinary research
and productivity, impact and cooperation and we
have produced new knowledge to identify barriers
and possibilities for interdisciplinary research. The
study shows that while Danish research overall has
high productivity and impact in all three case illustra-
tions there is a potential for greater interdisciplinarity in
the three chosen fields.

The main conclusions in this study is evidence of a
positive and significant relationship between inter-
disciplinarity and impact. In order words, the more
interdisciplinary a publication is, the higher the level

of impact it is likely to have. Thus, at least in the three
research fields examined, interdisciplinary publications
appear to be rewarded, and not penalized, in terms of
scientific performance.

Enjoy the reading!

Stina Vrang Elias
Managing Director, DEA

Bjarne Lundager Jensen
Deputy Manager, DEA
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© AMS OF THE STUDY

The aim of the studly is to stimulate the debate on
how Horizon 2020 and other large research programs
should be designed with a view to encouraging and
supporting interdisciplinary research collaboration.

We therefore explore the usefulness of a new method
for measuring the interdisciplinarity of research, see

more on page 25. The method, which was developed
in academia and uses bibliometric data (that is, data

on scientific publications), is applied in case studies of
three selected research fields: genetically modified
foods, meta-bolism and obesity, and renewable

energy.

The study will:

e Call for more evidence-based use of public
funds to promote interdisciplinary research.

o Provide more general insights into the challenges
associated with promoting greater interdisciplinarity

in research.

o Explore the usefulness of a new bibliometric
method for assessing the interdisciplinarity of

research,
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Multidisciplinarity vs. interdisciplinarity

Interdisciplinary research is necessary to address
problems whose solutions cannot be identified within
a single discipline. However, while research projects
often involve scientists from multiple disciplines, this
does not necessarily mean that the research in the
project is truly interdisciplinary. There is an important
distinction between multidisciplinarity and interdisci-
plinarity.

In interdisciplinary research, insights and methods
from different scientific disciplines are integrated and
used to investigate a jointly defined research problem
through a joint research effort. By contrast, in multi-
disciplinary research, related research problems are
investigated from different disciplines. The extent to
which researchers from the different disciplines com-
municate with and draw inspiration from each other
may differ, but there is no real integration of insights
and methods from the participating disciplines.

Another important difference between multidisciplinary
and interdisciplinary research is their effect on the
research fields they bring together. According to a
report from the National Academies (2005), in multi-
disciplinary collaboration, researchers from different
disciplines work on a common problem and split apart
unchanged once their task has been accomplished.
Interdisciplinary collaboration, however, has the poten-
tial to forge new research fields or disciplines.



MAIN CONCLUSION 1: DANISH
RESEARCH HAS HIGH OVERALL
PRODUCTMTY AND IMPACT

The three case studies indicate that Danish research

in all three fields has high productivity relative to the SCIENTIFIC IMPACT OF DANISH

size of the population. Denmark is the most produc- RESEARCH

tive country worldwide, measured on the number

of scientific publications per capita, in all three case Genetically modified foods: Denmark is

study areas. In other words, considering the size of ranked no. 18 out of 20 OECD countries

the country, Denmark makes a substantial contribu-

tion to international research. No. 1: USA (47.8 citations per publication)
No. 2: Italy (37.5 citations)

The case studies also reveal that Danish research has No. 3: England (36.2 citations)

high scientific impact, meaning that it makes a sig- No. 4: Germany (32.6 citations)

nificant difference on the international research front. No. 5: The Netherlands (30.5 citations)

The level of impact varies, however, across research No. 18: Denmark (14.7 citations)

fields. For example, Danish research has a significant-

ly higher impact in metabolism and obesity research Metabolism and obesity: Denmark is

and research on renewable energy than in research ranked no. 4 out of 20 OECD countries

on genetically modified foods.

No. 1: Finland (375 citations per publication)
No. 2: USA (28.5 citations)

No. 3: Sweden (28.0 citations)

No. 4: Denmark (25.7 citations)

No. 5: England (24.9 citations)

Renewable energy: Denmark is ranked
no. 2 out of 20 OECD countries

No. 1: USA (19.4 citations per publication)
No. 2: Denmark (18.1 citations)

No. 3: The Netherlands (17.2 citations)

No. 4: Switzerland (17.1 citations)

No. 5: Germany (15.8 citations)

Based on publication data from Thomson Reuters Web
of Science 2000-2011 (both years included).
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© MAIN CONCLUSION 2: THERE
IS A POTENTIAL FOR GREATER
INTERDISCIPLINARITY IN DANISH
RESEARCH

The level of interdisciplinarity in all three research

fields is on par with or below the international level for DANISH INTERDISCIPLINARITY SCORE!
all fields. This, combined with the results of our case

studies, suggests that there is a potential to increase Genetically modified foods: Denmark is

the level of interdisciplinarity in Danish research. ranked no. 20 out of 20 OECD countries

(score: 0,12)

Among our three research fields, this is especially the

case for research on genetically modified foods and No. 1: South Korea (0,19)
on renewable energy. No. 2: Japan (0,18)
No. 3: France (0,18)
The case studies indicate that discipline spanning No. 4: Italy (0,17)
research in the three research fields is predominantly No. 5: Spain (0,17)
multidisciplinary rather than interdisciplinary. The
potential for greater cross-cutting research therefore Metabolism and obesity: Denmark is
lies in strengthening the degree of interaction among ranked no. 8 out of 20 OECD countries
scientific disciplines. (score: 0,12)
No. 1: Japan (0,13)
No. 2: Switzerland (0,13)
No. 3: Finland (0,13)
No. 4: England (0,13)
No. 5: USA (0,13)
Renewable energy: Denmark is ranked no.
14 out of 20 OECD countries (score: 0,16)
No. 1: South Korea (0,18)
1 o ‘ I No. 2: Taiwan (0,17)
AT ekl . 3 Chira (0,17
range. This limitation is recognized in the academic literature, No. 4: |ta|y (0!17)
and efforts are underway to remedy it, for example by performing No. 5: France (0,17)

separate analyses on the three dimensions (variation, balance and
distance) that are used in the calculation of the interdisciplinarity
index. Nonetheless, we still find the method useful in drawing out
differences in degrees of interdisciplinarity that can provide the
starting point for more in-depth research.

Based on publication data from Thomson Reuters Web of
Science 2000-2011 (both years included).
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BARRIERS TO INTERDISCIPLINARITY

The case studies indicated that Denmark has good
overall conditions for interdisciplinary research.
Several Danish research funders provide grants for
large, interdisciplinary research projects. For instance
the Councll for Strategic Research explicitly wishes to
promote interdisciplinarity, while the Danish National
Advanced Technology Foundation promotes problem-
oriented research collaboration between universities
and industry.

The explanation for why researchers chose not to
engage in interdisciplinary research must therefore be
found elsewhere. The case studies suggest several
reasons for why researchers choose mono- or multi-
disciplinary research over interdisciplinary ventures:

Interdisciplinary research is uncertain and
resourcedemanding

Engaging in integrative research involving several
disciplines requires participants to first establish a
common “language” and research method that en-
ables them to work jointly while exploiting the potential
from cross-fertilization between their disciplines. This
process can be very demanding in terms of the time
and energy that researchers must invest in it. More-
over, its outcomes are highly uncertain, as interdis-
ciplinary projects often break new ground and are
therefore associated with a high level of risk. This may
lead researchers to opt for more accessible research
projects with a higher likelihood of success.

Interdisciplinary research can be more
difficult to publish in prestigious journals

The case studies also lend support to an often
mentioned barrier to interdisciplinarity, namely that
the results of interdisciplinary research are more
difficult to publish in prestigious academic journals

because these journals are generally focused on
specific disciplines. They may also lack the necessary
breadth of disciplines among their external reviewers
to satisfactorlly assess the quality of interdisciplinary
submissions. Multidisciplinary journals like Nature and
Science are therefore exceptions to the rule. Respon-
dents, however, also indicate that the ability to publish
interdisciplinary work in high-impact journals differs
greatly across research fields and is not always an
impediment to interdisciplinarity.

The value of interdisciplinarity is unclear

According to respondents, many researchers do not
see the value of interdisciplinarity over multidisciplinary
research and therefore lack incentive to overcome

the barriers associated with interdisciplinary research
projects.

Research problems are defined within disci-
plines rather than based on societal challenges

The case studies also suggest that the reason many
researchers do not see the value of interdisciplinarity
may be that they are content to address research
issues within their own disciplines. In contrast,
researchers that take an interest in broader societal
problems appear more open to interdisciplinary
approaches.

Disciplines often operate with a basic set of
assumptions and research methods that affect
their research focus

Moreover, disciplines are prone to “fads”, i.e. popular
topics that influence the current research agenda. Re-
search problems that are defined within a particularly
disciplinary context therefore often have a very different
nature than applied research problems that are based
on societal challenges. The latter tend to be much
more complex and require inputs from several
different disciplines.

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS 7



MAIN CONCLUSION 3: THERE IS
SUBSTANTIAL COLLABORATION BETWEEN
THE HARD AND SOFT SCIENCES
— BUT MUCH OF [T IS MULTIDISCIPLINARY

RATHER THAN INTERDISCIPLINARY

As indicated by table 1, just three percent of all Danish
publications identified from the three research areas
are SSH publications, defined as publications with one
or more authors from SSH university departments and
faculties.? A large proportion of these publications,
however, are co-authored with researchers from tech-
nical and/or natural science departments and faculties.
For research on genetically modified foods and renew-

able energy, approximately one third of all SSH publica-
tions are co-authored with the hard sciences, while this
is true for aimost all SSH publications in metabolism
and obesity research. These results should be taken
with a grain of salt, as they are based on an analysis

of just 39 publications. Nonetheless, they indicate that
there is substantial interaction between the hard and
soft sciences in the three research areas examined.

TABLE 1:  SSH publications in each of the three case study research areas

Source: DAMVAD, 2012

No. of these SSH
publications that are
co-authored with the

hard sciences
(pct. of all SSH articles)

Genetically modified foods 19 (10 pct.) 7 (87 pct.)

Total no. of Danish
publications in
the field

No. of these publica-
tions that are SSH
publications
(pct. of all Danish
articles)

Metabolism and obesity 9 (1 pct.) 8 (89 pct.)
Renewable energy 11 (4 pct.) 3 (27 pct.)

2 The relatively low proportion of SSH research may be partly
explained by the fact that SSH researchers publish fewer scientific
articles than their counterparts in the natural and technical sciences.
The results may also be affected by the fact that data was collected
from Thomson Reuters Web of Science. This database has gene-
rally been preferred in studlies that span a broad range of disci-

plines and sciences, while Elsevier's Scopus — the other leading
bibliometric database — has had better coverage of the SSH. As
explained earlier, these differences have been reduced in recent
years, as both databases have made efforts to overcome their
shortcomings. Nonetheless, it should be noted that SSH research
may be underestimated in our study.
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EXAMPLES OF SSH RESEARCH FROM
THE THREE CASES

Genetically modified foods:

e Bioethics (e.g. examined from a
philosophical or business
perspective)

¢ Food economics; health economics

e Customer relations in the food sector

e Environmental impact

Metabolism and obesity:

* Philosophy

e Economics and psychology

e Firms’ efforts to increase
employee health

Renewable energy:

e Economics and management
e Environmental studies
e Environmental regulation

in municipalities

Based on publication data from Thomson Reuters Web of
Science 2000-2011 (both years included).
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However, the qualitative case studies also indicate
that this interaction is often multidisciplinary rather
interdisciplinary, and that the degree of interdisciplinary
collaboration falls the further apart two disciplines are.
The case studies suggest a number of factors that
may explain why researchers find it challenging to
bridge SSH research with research on the natural
and technical sciences.

BARRIERS TO INTERDISCIPLINARY
COLLABORATION BETWEENTHE HARD
AND SOFT SCIENCES

Lack of contact to potential collaborators

Universities and academic research communities
are largely organised based on traditional academic
disciplines. This creates limited opportunities to meet
researchers from other communities. As a result,
researchers also lack insight into research topics in
other fields which makes it more difficult to identify
promising areas for interdisciplinary research.

Few obvious points of collaboration

When researchers from different disciplines share
research interests, they often focus on very different
aspects of these interest areas. This makes it more
challenging to identify research problems of common
interest. In some research areas this is far easier; for
example, study of the development of the market for
electric cars requires both technical insight into the
production of cars and the development of the neces-
sary infrastructure and economic insight into the costs
of acquiring and maintaining an electric vehicle. When
joint research interests are harder to come by, the
likelihood of entering into collaboration decreases.

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS

Lack of incentive to collaborate

Many of the barriers related to interdisciplinary
research collaboration increase with the distance
between disciplines, including for example the
development of a common language and research
methodology. Moreover, interdisciplinary research
can be difficult to publish in high-impact journals.
Several respondents also pointed out that interdisciplinary
research requires participants to choose a clear
publication strategy early on (including which journals
to target) to increase the chances that publications
will be suitable for and accepted by good journals.
Overcoming barriers like this requires a significant
investment of time and resources on the part of
researchers, which occurs at the detriment of other
activities, e.g. pursuing more accessible research and
publications within the researchers’ own fields.

Cultural barriers

According to respondents, many researchers do

not see the value of interdisciplinary collaboration.
Particularly in some areas of SSH research, interdisci-
plinary research is perceived as less prestigious, and
the demand for applied, problem-oriented research is
lower than in many hard sciences.

Social science and humanities research
often becomes an “appendix”

When social science and humanities are incorporated
into multidisciplinary research projects, they are often
prought in as an “add on”, or as an independent project
within the main project. This is in large part due to

the difficult, time-consuming and uncertain nature of
integrative research. Moreover, SSH researchers are
often not closely involved in the preliminary formulation
of the research problem that defines the joint project.



Necessity is the mother of invention

Finally, the case studies and interviews also indicated
that because of the aforementioned barriers to inter-
disciplinary collaboration between the hard and soft
sciences, such collaboration often occurs because
researchers have no other viable options to pursue.
For instance, one respondent from the humanities
explains that very little public or private funding is avail-
able in his field of research. He therefore approaches
potential collaborators from the natural and technical
sciences because of their access to funding. On a
similar note, researchers working with animal models
in clinical research are often open to working with
ethics researchers because of public concerns
regarding animal welfare.

AN EXAMPLE OF INTERDISCIPLINARY
COLLABORATION THAT SPANS THE HARD
AND SOFT SCIENCES

The Danish Centre for Bioethics and Risk
Assessment (CeBRA) is committed to performing
interdisciplinary research, where ethical issues
are studied in connection with biological
research within food production, biotechnology
and animal sciences. The centre is organized
as a partnership between parts of the Univer-
sity of Copenhagen, Aarhus University, and the
Technical University of Denmark. Research
undertaken is performed at the host universities,
based on external grants, but CeBRA facilitates
an interdisciplinary approach across universi-
ties and disciplines. The research performed at
CeBRA makes a substantial input to both the
scientific study of and the public debate

on bioethics.

The director of the centre, Professor Peter
Sandge, is a strong advocate for interdisci-
plinary work and is one of the main drivers
behind the interdisciplinary research center.
In relation to his work, Sandge stresses that
we must understand technical issues in the
context of our society in order to understand
exactly what challenges we are facing and
how these can be solved.

This calls for interdisciplinary work, where the
humanities and social sciences can link the
work of the natural and technical sciences.
Biological discoveries and inventions involve
both opportunities and risks for society; and
a wide perspective is therefore needed in to
conceptualize these opportunities and risks.

According to Sandge, scientists should
involve themselves in the public debate as
informed citizens, but often stay out of it
precisely because they are scientists and
— for some — because they fear criticism or
interference in their work.

The public debate on genetically modified
foods in the 1990s is, according to Sandee,
an example of a situation where a lack of
public dialogue from the start led to a
development with a more or less wholesale
rejection of these foods.

A key purpose of CeBRA is to address such
shortcomings and thus allow the public

and policymakers to make more informed
decisions about new biotechnological
innovations.

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS 11



MAIN CONCLUSION 4:
INDUSTRY PRODUCES BOTH
HIGH IMPACT AND HIGHLY
INTERDISCIPLINARY RESEARCH
—BUT NOT AT THE SAME TIME

Eight percent of all the Danish publications identified
from the three research areas were firm publications,
defined as publications with one or more authors from
private Danish companies.

As indicated by table 2, these company publications
have — on average — both higher impact and a higher
degree of interdisciplinarity than the total set of
publications. It is not surprising that firms engage in
interdisciplinary research, as they need to gather and
synthesize inputs and methods from all relevant scien-
tific disciplines in order to develop new products and
solve concrete, practical problems. Industry research
has, however, traditionally been associated with lower
levels of scientific impact, as firms tend to do research
on more applied issues, which generally receive
fewer citations (and therefore has lower impact) than
basic research. Contrary to expectations, the firms

in all three of the research fields have produced high
impact research. A more detailed examination of the
publication suggests that firms produce high impact
research when they collaborate with leading national
or international research environments.

However, further analysis of the data shows that there
is no significant correlation between publications
where firm publications have a high scientific impact
and those where they have high degrees of interdisci-
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plinarity: in other words, they either publish high
impact research or interdisciplinary research.

Closer inspection of the bibliometric data also reveals
that applied research institutions (e.g. government
research institutions), like private firms, exhibit a high
degree of interdisciplinarity, although they generally
speaking have relatively few publications and low
scientific impact.

Moreover, we find that while the level of scientific
impact differs greatly for research from the various
Danish universities, the universities have lower overall
levels of interdisciplinarity. This is not surprising, as
universities have a responsibility to maintain and
develop strong disciplinary research and are, to a
large extent, organized into research units based on
scientific disciplines rather than societal challenges.

In addition, a key rationale for the public funding of
universities is that these institutions are both able to
and responsible for ensuring the long-term develop-
ment of specialized knowledge and research methods
within given disciplines that interdisciplinary research
can build on.

Our findings also suggest, that part of the explana-
tion for the lower relative level of interdisciplinarity in



TABLE 2:

Firm publications vs. publications in each of the three case study research areas

Total no. of Danish

publications in
the field

Source: DAMVAD, 2012

Average no. of
citations per
publication

Average
interdisciplinarity
score

Genetically modified foods

All Danish publications 186

Metabolism and obesity

0.14

10.45

Firm publications only 28.90

All Danish publications 738

Renewable energy

23.00

0.12

All Danish publications 312

Total

0.14

12.28

All Danish publications 1,236

universities’ research lies in aforementioned barriers
to interdisciplinarity, e.g. that interdisciplinary research
is uncertain, resource-demanding and can be difficult
o publish in prestigious academic journals. This
indicates that there is potential to stimulate greater
interdisciplinarity in Danish universities, at least within
the three research fields examined in the case studies,
if these barriers are mitigated.

However, the case studies indicate that firms that
engage in collaboration with universities are often not
involved early on in the design of interdisciplinary re-
search projects, but included after the main research
problem has been formulated. This implies that their
inputs are not fully exploited. In the worst cases,

this can mean that companies become symbolic or
peripheral participants in the projects, much like social

15.24 0.13

science and humanities research risks becoming an
appendix in projects defined primarily from the van-
tage point of the natural or technical sciences.

Our findings suggest that greater collaboration
between universities and applied research institu-
tions and/or companies may also stimulate more
problem-oriented research and thereby potentially
more interdisciplinary collaboration. The qualitative
studies indicate, however, that this requires that the
collaborative research is problem-oriented in na-
ture and that applied research institutions and firms
are involved from the very beginning of the project,
including especially in the initial definition phase of
the research problem, to ensure that their particular
insights are brought to bear on the foundation for the
joint research project.
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e MAIN CONCLUSION 5:
INTERDISCIPLINARITY IS GOOD
FOR IMPACT, BUT ONLY WITHIN
THE HARD SCIENCES

Part of the study included a multivariate regression
analysis that allowed us to analyze the relationship
between interdisciplinarity and other key aspects of
academic research, notably scientific impact and col-
laboration with industry. This is based on the idea that
if there is a significant relationship between interdis-
ciplinarity and key aspects of scientific performance,
this is likely to affect academic researchers’ incen-
tives to engage in interdisciplinary research and must
therefore be taken into account in the design of public
policy to promote interdisciplinarity.

KEY FINDINGS OF THE REGRESSION
ANALYSIS

A positive and significant relationship
between interdisciplinarity and impact.

Having one or more authors from the
social sciences and humanities on

a publication was associated with a
lower impact.

Having one or more authors from
private industry did not have any
effect on the scientific impact of an
article.

For interdisciplinary publications,
having a co-author from the SSH or
from industry was associated with
lower scientific impact.

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS

In general, we find evidence of a positive and sig-
nificant relationship between interdisciplinarity and
impact. In other words, the more interdisciplinary a
publication is, the higher the level of impact it is likely
to have. Thus, at least in the three research fields
examined, interdisciplinary publications appear to be
rewarded, and not penalized, in terms of their scien-
tific performance.

Moreover, having one or more authors from the social
sciences and humanities was associated with a lower
impact. This is likely to be explained by the fact that
the soft sciences generally receive fewer citations
than the hard sciences. It does, however, have impli-
cations for the researchers seeking to publish results
from collaboration between the hard and soft science:
if they publish in social science and humanities
journals. This is likely to have a negative effect on the
sclentific impact of any natural or technical scientists
that collaborate with them.

In contrast, having one or more authors from private
industry did not have any significant effect on the
scientific impact of an article.

Publications that have both a high interdisciplinarity
score and at least one author from the social sciences
and humanities or from industry are associated with
lower levels of scientific impact.

These findings indicate that there are substantial
disincentives for university researchers to engage in
interdisciplinary research collaboration with SSH or
firm researchers or, in other words, precisely the type
of interdisciplinarity that is aimed for in Horizon 2020.






KEY FINDINGS FROM

THE CASE STUDIES

RESEARCH ON GENETICALLY MODIFIED
FOODS

Denmark is the most productive country worldwide,
measured on the number of scientific publications per
capita, in the field of research on genetically modified
(GM) foods. Denmark lags behind many of the 20
leading OECD countries in the field, however, when
measured on the levels of interdisciplinarity and scien-
tific impact, where Denmark is ranked, respectively, at
number 20 and 18.

Interdisciplinary research primarily occurs
among closely related disciplines

The bibliometric analysis shows that interdisciplinary
research primarily occurs within the natural and
technical sciences. A small subset of research in the
field is, however, based on collaboration between the
natural and technical sciences on the one hand and
social sciences and humanities on the other; this re-
search primarily concerns ethical issues related to GM
foods. In fact, ethics are such a significant topic in
research on GM foods that interdisciplinary research
groups and committees have been established,
including for example the aforementioned Centre for
Bioethics and Risk Assessment (CeBRA).

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS

On a related note, the Nordic Committee on Bio-
ethics promotes Nordic cooperation and exchange
between relevant parties within bioethics. The
Committee is funded by the Nordic Council of
Ministers and organizes events and publishes
publications within bioethics.

Across the various disciplines in the field, there is
consensus that research on GM foods requires
simultaneous breadth and depth. “Breadth” refers
to the importance of engaging in boundary-crossing
research that integrates relevant elements from
various disciplines. Meanwhile, “depth” refers to
the need for strong monodisciplinary knowledge
and research methods. In other words, respondents
argue that good interdisciplinary research comes
from researchers with a solid grounding in their
respective disciplines.

There is funding for interdisciplinary research
- but reviewer panels should be interdisciplinary

Adequate funding appears to be available for
interdisciplinary research in GM foods, both in
Denmark and in the EU. However, it is stressed

that the panels that review interdisciplinary research
applications should themselves have an interdisci-
plinary background that enables them to fully assess
the potential value and quality of interdisciplinary
applications.



Academic barriers to interdisciplinarity

Within GM foods, it can be difficult to get interdisci-
plinary work published in more prestigious journals,
as these are often focused on a particular discipline.

Moreover, some respondents from the field have
experienced that interdisciplinary work is not as highly
recognized by peers as monodisciplinary research.
Such barriers can lead researchers to choose mono-
disciplinary research projects over interdisciplinary
ones.

Companies promote problemoriented,
interdisciplinary research

The bibliometric analysis indicated that scientific
publications, which were authored or co-authored by
researchers from industry generally have significant
scientific impact. Moreover, industry publications
also had a higher overall level of interdisciplinarity,
compared to all Danish publications in the field.

The case study indicates that this may be because
companies engage in research of a more problem-
oriented, applied character: they take as their point of
departure not a given discipline but a specific problem
that needs to be solved.

For example, a respondent from the company Chr.
Hansen explained that due to the highly critical public
debate on GM foods in the late 1990s, they chose to
rethink their research efforts to provide the basis for
a more informed (and open) public opinion towards

GM foods. In its own words, the company therefore
performs research not for product development, but
for knowledge development.

Also, the organization of companies can have a
significant impact on their ability to undertake inter-
disciplinary research, as they are most often orga-
nized according to business areas. This may foster
more work across disciplines than at traditional
research institutions, which are organized according
to disciplines. Moreover, firms do not have to stay as
“true” to the methods and assumptions of a given
discipline as academic researchers often must in
order to get published in prestigious journals.

Most of the research conducted in the industry is
undertaken in collaboration with scientists from univer-
sities or other public research institutions. Thus, there
seems to be a strong relationship between compa-
nies and public research institutions within research
on GM foods, and public scientists also reported that
companies play an important role in the GM foods
research community.

Companies in the GM food industry contribute to
scientific publications and conferences for several
reasons. This interaction provides firms with a platform
for engaging with the research community and thus
for potential collaboration. Interestingly, the companies
also publish their papers as a way to perform quality
control of their research, based on the citations and
responses that they receive within the research com-
munity.
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RESEARCH ON METABOLISM AND OBESITY

Overall, metabolism and obesity are areas in which
Danish research is doing very well. Denmark is

the first most productive country measured on the
number of scientific publications, corrected for the
number of inhabitants. In addition, Danish research
has the fourth highest impact of the leading 20 OECD
countries in this field of research.

Furthermore, Danish research on metabolism and
obesity comes in as number eight when ranked on
its level of interdisciplinarity; however, all the 20 OECD
countries score very similar levels of interdisciplinarity
(ranging from 0.12 to just 0.13 on a scale from O to 1).

Long tradition of combining disciplines when
aiming to address obesity-related challenges

Research within metabolism and obesity has a long
fradition of combining technologies and disciplines.
The very nature of the research field motivates an
interdisciplinary approach, as it has become evident
that, in order to fight obesity, a change in human
behavior and wellbeing is as important as getting the
right kind of medical advice and treatment.

The recognition that multiple disciplines are required
1o fight obesity is hence a common and widespread
perception within the research field, and has been so
for several years. Thus, it is emphasized that a signifi-
cant amount of collaboration occurs across the hard
and soft sciences. However, collaboration among
closely related disciplines is still most common.

Industry and hospitals play an important role
The bibliometric analysis has revealed that com-

panies have both a high degree of interdisciplinarity
and a high impact in their publications. The role of
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companies in research differs, ranging from providing
inputs to academic research to actively contributing to
driving the research forward.

A “Novo Nordisk effect” is apparent in this case study.
The company participates in almost half of all publica-
tions in the field that are co-authored by Danish firms.
Novo Nordisk participates in a substantial amount of
research with a broader perspective than merely the
development and testing of new drugs. Novo Nordisk
also supports basic (mostly interdisciplinary) research
related to obesity and diabetes. This has helped build
strong links to universities and other research institu-
tions, and thus stimulated the participation of Novo
Nordisk in various academic research projects within
obesity.

Like industry, hospitals have a high degree of inter-
disciplinarity and high impact in their publications in
this field. In their organizational structure, hospitals are
predisposed to interdisciplinarity, as they are often
organized around themes (such as obesity) and with
multiple disciplines represented within each of those
themes.

Interdisciplinarity and academic prestige

Overall, academics researchers experience that
interdisciplinary research creates better research, thus
enhancing their ability to publish in the prestigious
journals. It is stressed that medical journals are often
concentrated on a topic (such as obesity or diabetes),
which makes it easier to combine different methods
and disciplines.

Moreover, the importance of such combination seems
to be increasing. A substantial number of key journals
are enthusiastic about interdisciplinary research that
cuts through “old perceptions”, as put by one respon-
dent. However, interdisciplinary research places great
demand on dissemination as methods and results



must be communicated beyond the individual disci-
pline and without the presumption of prior knowledge
among the audience.

Different disciplinary traditions tend, however, to
constitute barriers to publication of interdisciplinary
research results. As it is not always possible or desir-
able to target interdisciplinary journals, scientists have
1o choose which journals to publish in, early on in

the research process, so that they may target their
research and make it more palatable for the chosen
journal. In addition to this, there are different traditions
for crediting authors across the disciplines, which
may also pose a minor challenge to the publication of
interdisciplinary research.

Interdisciplinary obesity platforms are
catalysts for interdisciplinary research

Within research on metabolism and obesity, it is evi-
dent that strong research platforms play an important
role as an enabler of research across disciplines.
Examples of such platforms include The Novo Nordisk
Foundation Center for Basic Metabolic Research
based at the University of Copenhagen, a Nordic
Center of Excellence Program on Food, Nutrition and
Health financed by Nordforsk, and the OPUS Center
based at the University of Copenhagen with financial
support from the Nordea Foundation.

These platforms provide an opportunity for scientists,
hospitals and industry to meet around a common
theme, but across disciplines. This serves as a point
of departure for future projects on metabolism and
obesity research that combine different perspectives
and disciplines in order to solve a common problem.
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RESEARCH ON RENEWABLE ENERGY

Denmark holds a strong position within research on
renewable energy, measured both on the number of
scientific publications per capita and scientific impact,
where Denmark ranks first and second, respec-

tively, among the 20 leading OECD countries in the
research field. Denmark ranks somewhat lower on the
degree of interdisciplinarity, namely at number 14.

The high productivity and impact of Danish renew-
able energy research is the combined result of many
years of scientific research, a persistent political focus
on renewable energy, and companies’ continuous
research and development efforts.

Interdisciplinarity plays a key role
- but mainly among closely related disciplines

The bibliometric analysis has indicated a relatively low
degree of interdisciplinarity in research within renew-
able energy. However, interdisciplinarity is seen as a
prerequisite for energy research and hence practiced
among scientists. This is based on the perception
that nature and society are not organized according

to disciplines, and a combination of technologies is
therefore needed to get the right understanding

and provide new perspectives and solutions for

the renewable use of energy. An example of this is
research on how electric cars can be used as storage
for excess energy in a way which is both economi-
cally sound and in tune with consumers’ needs and
preferences.

Solving energy problems requires combining different
disciplines, though energy research mostly combines
closely related disciplines, particularly within the tech-
nical sciences. However, the study has also identified
examples of research projects that involve the soft
sciences, notably economics.

Understanding the interplay between the technologi-
cal developments within renewable energy and viable
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business models, for instance in relation to electric
cars and solar cells, is becoming increasingly impor-
tant and calls for an interdisciplinary approach.

Interdisciplinarity and academic prestige

A closer look at the bibliometric analysis reveals

that the publications that have the highest degree

of interdisciplinarity do not have the highest impact.
Insights from the study has indicated that interdisci-
plinary energy research can have difficulties getting
accepted in established journals, which often have a
more monodisciplinary focus. Thus, interdisciplinary
articles often get published in newer journals that tend
to have a more outspoken focus on interdisciplinary
research but also lower scientific impact.

The role of industry research

The bibliometric analysis also showed that a substan-
tial number of companies contribute to research on
renewable energy. The study revealed that energy
research tends to be more applied than basic in na-
ture, which may explain why industry research plays a
significant role.

The bibliometric analysis also revealed that industry
research generally has a high degree of interdiscipli-
narity compared to university research; which may
be explained by the fact that companies are driven
by a need to solve specific problems, which forces
them to combine inputs from a variety of sources and
disciplines.

Interviews also suggest that much private energy
research is undertaken in collaboration with public
research institutions, and that these collaborations
also tend to be problem-oriented and therefore
interdisciplinary. The collaborations are moreover
driven by strong ties between industry and university
researchers that result partly from the fact that indu-
stry researchers often maintain an affiliation with the
university where they did their research training.






Q RECOMMENDATIONS

In conclusion, interdisciplinary research does not
occur to the extent that society would like it to occur,
because a number of barriers make it less attractive
for academic researchers and companies to engage in.

First, both the process and the outcomes of inter-
disciplinary research are highly uncertain, because
interdisciplinarity involves venturing into unchartered
territory. This makes it less attractive both to firms
that seek a financial return on their investments in
research, and to academic researchers, whose
scarce time and resources must be spent efficiently,
for instance generating scientific publications.

Second, interdisciplinary research requires the
development of a common “language” and common
research methods that allow the participants to en-
gage in joint research. It also requires representatives
of all participating disciplines to be involved in the
initial definition of the research problem and design of
the research project. Such collaboration is both time-
consuming and demanding.

Third, it can be difficult to find collaborators, as
researchers typically have strong professional ties
within their own disciplines, but not to other disci-
plines. Thus, researchers often lack both insight and
networks into other research fields, which makes it
difficult to identify and establish interdisciplinary col-
laboration.
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However, our findings that interdisciplinary publica-
tions are likely to have higher scientific impact also
suggest that there are strong incentives toward
interdisciplinarity that can help outweigh the uncer-
tainty and costs associated with boundary-spanning
research.

Nonetheless, because of these aforementioned
barriers, public policies that encourage and support
interdisciplinary research are necessary to ensure that
a societally desirable level of interdisciplinary research
occurs. This is especially true for interdisciplinary
research that spans the hard and soft sciences.

It is important to stress, however, that interdisciplinar-
ity is a mean to an end, and not an end itself. Policies
to stimulate interdisciplinary research must therefore
be designed to mitigate barriers to interdisciplinarity
where greater interdisciplinary research collaboration
can help address major societal challenges without
having negative unintended effects on the direction or
quality of academic research.

Public programs that encourage interdisciplinary
research that does not add value or that do not take
barriers to interdisciplinary research into consideration
are likely to lead to “symbolic” interdisciplinarity alone,
i.e. projects which are interdisciplinary on paper but
not in practice.



In addition, our case studies indicate that there is a
division of labor in interdisciplinary research among
various actors in the research system, notably among
universities and firms but also hospitals and applied
research institutions. The universities are more
monodisciplinary in their nature because they have a
responsibility for ensuring development of specialized
knowledge. The companies, hospitals and applied
research institutions are more interdisciplinary
because the research produced there are more
problem-oriented. To effectively promote interdisciplinary
research, public policy must consider and support
this division of labor — or seek to alter it, in those
cases, where the lack of interdisciplinarity is due

10 a lack of resources, willingness or incentives to
engage in it.

For example, our study suggests that collaboration
with industry can promote greater problem-orientation
in academic research, provided that firms are brought
o bear on the definition of joint research problems,
goals and methods at the start of the collaboration.

Moreover, good interdisciplinary research builds on
strong disciplinary foundations. Thus, interdisciplinary
research is an important supplement (and not an
alternative) to research, which is anchored in specific
scientific disciplines.

In view of the substantial barriers to interdisciplinary
research relative to multidisciplinary research — and
the penalties that it may involve for particularly univer-
sity scientists — it is also important to make a careful
assessment of the circumstances under which inter-
disciplinarity will contribute significant value added for
society, for example as compared to multidisciplinary
research.

Finally, the case studies pointed to a number of key
barriers to interdisciplinary research. They also sug-
gested a number of possible means of overcoming
these barriers; the most important of these potential
remedies are described on page 24.

REFLECTIONS ONTHE METHODOLOGY

The bibliometric method for measuring in-
terdisciplinarity that was investigated in this
study is interesting, because it presents an
opportunity to explore the degree of interdis-
ciplinarity in research within different fields
and between different sets of actors in the
research community. It is however presented
as possible supplement to, and not a substi-
tute for, other means of assessing multi- or
interdisciplinarity in research.

Some limitations of the approach should

be noted. First, the method only captures
interdisciplinary collaboration, which results
in publications. However, researchers rarely
engage in research that does not generate
publications.

Second, the method in its current version
tends to yield interdisciplinarity scores that
are both quite low and lie within a relatively
small range. This limitation is recognized in
the academic literature, and efforts are under-
way to remedy it, for example by performing
separate analyses on the three dimensions
(variation, balance and distance) that are used
in the calculation of the interdisciplinarity
index. Nonetheless, we still find the method
useful in drawing out differences in degrees of
interdisciplinarity that can provide the starting
point for more in-depth research.

Finally, it should be noted that the research
fields were defined based on existing insight
into the three choosen study research areas
and recent review of research within these
fields, and not by a panel of experts. Thus,
our data collection may have underestimated
the total number of Danish publications in the
three fields in our effort to limit “noise” from
other reseach fields captured in the search.
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TABLE 3: Overview of key barriers to interdisciplinarity and suggestions for how to deal with them

Source; DAMVAD and DEA, 2012

BARRIERSTO INTERDISCIPLINARITY POSSIBLE REMEDIES

Researchers underestimate the difficulties
and the investment of time and resources
involved in developing a “common lan-
guage” and a joint set of research tools,
which are necessary for interdisciplinary
research.

Interdisciplinary research projects should be large and long
enough to allow for the development of a “common ground”.
Part of the funding should be reserved for the pursuit of new
research avenues or challenges that were not anticipated at the
outset of the collaboration.

Funding should include possibilities for research stays or other
forms of co-location (either temporary or for the duration of the
project). However, co-location should not be forced.

There is a high degree of uncertainty
regarding the outcomes of interdisciplin-
ary projects. This may lead researchers to
pursue mono- or multidisciplinary projects
that are less risky and over which the
researchers have more control.

Provide funding for pilot projects, i.e. small projects that allow
researchers to explore the usefulness of an interdisciplinary
venture on a small scale before committing to larger, longer
projects. This could for example be achieved on a test scale
through student projects (e.g. Masters’ theses).

Researchers tend to define research
problems within their own disciplines and
not in terms of broad societal challenges.
This limits the need for interdisciplinary
collaboration.

Encourage collaboration between discipline-oriented university
researchers and problem-oriented researchers e.g. industry
and/or applied research institutions.

Define research centres that are focused on specific problems
rather than traditional disciplines, and rethink the traditional
faculty structure of the universities to respond to the call for
excellence in interdisciplinary research.

Post calls for solutions to societal challenges or prizes for the best
interdisciplinary approaches to important societal challenges.

Many researchers lack personal networks
to other disciplines and therefore have
limited knowledge of potential collabora-
tors and their research.

Promote networking across disciplines, e.g. by bringing a broad
set of researchers together to discuss specific societal chal-
lenges. Such networking should however involve researchers
that have a strong academic performance within their discipline,
as good interdisciplinary research rests on strong disciplinary
foundations.

Projects that start out with the intention

of being interdisciplinary turn out to be
multidisciplinary, in large part because the
contributions of the various disciplines
were not properly integrated at the start of
the project.

Require interdisciplinary projects to involve all participants in joint
identification of the research problem and the research approach
from the outset. This is especially important for research that
involves firms and for “hard science” projects that involve SSH
researchers.
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a OUR APPROACH

DATA AND METHODS

We use data on scientific publications
(socalled bibliometric data) to explore

the actual degree of interdisciplinarity in re-
search within three selected research fields.
The objectives of the study were to:

To collect all Danish publications
published during the period 2000-
2011 (both years included) in jour-
nals indexed in the bibliometric
database Thomson Reuters Web of
Science.® Publications were consid-
ered to be Danish if they were written
by at least one author affiliated with a
Danish research institution or company.

To analyse Danish publications in an
international perspective. The total
set of Danish publications is compared
to scientific publications from the 20
leading OECD countries in each field,
on three dimensions:

Productivity: how many articles
they published, i.e. how much they
contributed to the international
research front.

Impact: how often their articles
had been cited, i.e. how great an
overall impact they had made on
the research front.

2 Publications were retrieved from Thomson Reuters Web of Science,
one of the two major databases used for bibliometric studies,
along with the Elsevier owned Scopus. Differences between the
two databases are limited and mainly center on the number of
Journals covered, particularly in the social science and humanities.

Interdisciplinarity: the level of
interdisciplinarity of each of the
articles, calculated as described
more detailed on page 27.

To analyse the degree and role of
interdisciplinarity in the Danish
research fields through further
analysis of the bibliometric data
combined with interviews with
selected researchers from the public
sector and from industry. Respon-
dents were identified in the bibliometric
analysis and selected based on high
levels of interdisciplinarity and/or
impact, and approximately six inter-
views with researchers in Denmark and
abroad were conducted in connection
with each case study.

To analyse the relationship between
interdisciplinarity and other key
aspects of academic research,
notably scientific impact and col-
laboration with industry, using multi-
variate statistical analysis. If there

is a significant relationship between
interdisciplinarity and key aspects of
scientific performance, this is likely to
affect academic researchers’ incen-
tives to engage in interdisciplinary
research and must therefore be taken
into account in the design of public
policy to promote interdisciplinarity.

Several recent studlies (e.g. Leydesdorff et al. 2010; Archambault
et al. 2009) however conclude that the bibliometric indicators
derived from the two databases differ only in extreme cases, e.g.
research fields with very few publications.
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THE THREE CASE STUDY
RESEARCH FIELDS

These research fields were selected because
they all carry high relevance for the grand
societal challenges that Horizon 2020 will
focus on (see European Commission 2011
for more information). Moreover, all were
expected (at least potentially) to have a sub-
stantial degree of interdisciplinary research,
both within and across the hard and soft
sciences.

Genetically modified foods: Genetically
modified foods are based on plants or ani-
mals, where DNA has been modified through
genetic engineering in order to enhance
desirable characteristics e.g. to enable the
greater, more effective production of crops.
They are relevant for the Horizon 2020 chal-
lenge on food security, sustainable agricul-
ture, marine and maritime research and the
bio-economy.

Metabolism and obesity: Research on me-
tabolism studies how the body metabolises
food and how proper nutrition and exercise
can contribute to healthy living. Obesity is a
growing problem in many parts of the world
and associated with a number of chronic
conditions e.g. diabetes and cardiovascular
diseases. This field of research is therefore
important to address the Horizon 2020 chal-
lenge regarding health, demographic change
and wellbeing.

Renewable energy: This research field aims
to develop sustainable sources of energy
(e.g. solar or wind energy) that can replace
fossil fuel technology. Research on renew-
able energy will help to address the Horizon
2020 challenge to provide secure, clean and
efficient energy.

H




THE INTERDISCIPLINARITY INDEX

During the last decade, academic resear-
chers have developed a number of different
methods for assessing the level of interdisci-
plinarity in research (for a review, see
Leydesdorff and Rafols 2011). In recent years,
academics have focused on one particular
approach, which allows for the systematic
assessment of the degree of interdiscipli-
narity in a body of research using an “inter-
disciplinarity index” (developed by Porter

et al. 2007, Alkeersig 2011 and Rafols et al.
2012). The method is based on the analysis
of publications in scientific journals, the main
channel for the dissemination of scientific
research and therefore also considered to be
a reliable indicator of scientific activity.

We have adapted the method for the use in
this study to include larger sets of publica-
tions, for instance all publications from a
given country or research institution.

Essentially, the method determines the de-
gree of interdisciplinarity of a particular pub-
lication (and thus of the research presented
in that publication) based on the scientific
disciplines that it cites.* Any scientific publi-
cation cites a number of other publications,
for example because it builds on previous
research described in these articles. Cita-
tions are also used to position a publication
in the overall academic debate within a field,
and to frame its contribution vis-a-vis other
scholars.

The method is based on the assumption that
research which is truly interdisciplinary will,
at least to some extent, cite the disciplines
that it builds on. We would therefore expect
an interdisciplinary publication to cite more
disciplines (and to cite them to a greater
extent) than a publication, which is written

4 The Web of Science database categorizes scientific journals

according to a series of disciplines (or “subject areas’) based on

their general content, we use these categories to identify the

entirely within a specific scientific disci-
pline.

“The interdisciplinarity index” assigns a
score to either a single publication or to
a group of publications. The value of the
score lies in the range between 0 and 1,
where 0 indicates monodisciplinarity, and
1 a high level of interdisciplinarity.

The interdisciplinary index is based on three
equally weighted dimensions:

The degree of variation in the dis-
ciplines cited, that is, the number of
disciplines that an article cites. An
article that cites many disciplines is
considered to be more interdisciplinary
than one that cites few disciplines.

The balance between disciplines cited,
that is, the relative proportions of the
disciplines cited. An article where

e.g. two disciplines are cited an equal
number of times is considered to be
more interdisciplinary than an article,
which cites one discipline 90 percent
of the time and the other discipline 10
percent of the time.

The cognitive distance between
disciplines, that is, how often they are
cited together. This is based on the
idea that the more rare it is for two
disciplines to be cited in the same
paper, the more groundbreaking

(or, rather, “discipline-breaking”) the
research that connects them must be.
Thus, an article that cites two disci-
plines, which are normally rarely cited
together, is considered more inter-
disciplinary than one, which cites
disciplines that are often cited in the
same articles.

disciplines that a given publication refers to, based on the journals
that it cites.
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Q LIST OF INTERVIEW RESPONDENTS

RESEARCH ON GENETICALLY MODIFIED
FOODS

Thomas G. Jensen, Head of Department, Department
of Biomedicince, Aarhus University (Academia)

Jens B. Nielsen, Professor, Novo Nordisk Foundation
Center for Biosustainability, Technical University of
Denmark (Academia)

Peter Sandge, Professor, Institute of Food and Re-
source Economics and Department of Large Animal
Sciences, University of Copenhagen (Academia)

Eric Johansen, Associate Vice President — Science,
Chr. Hansen (Industry)

Kate Millar, Director of the Centre for Applied
Bioethics, School of Biosciences, University of
Nottingham, United Kingdom (Academia)

RESEARCH ON METABOLISM AND OBESITY

Ame Astrup, Head of Department, Department of
Human Nutrition, University of Copenhagen
(Academia)

Claus Dethlefsen, Research Associate Professor,
Department of Clinical Medicine, Aarhus University
Hospital (Aalborg) (Academia)

Marianne Uhre Jakobsen, Associate Professor,
Department of Public Health, Aarhus University
(Academia)

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS

Anne Tjgnneland, Head of Research, Kost, Gener og
Miliz, Danish Cancer Society (Non-profit organization)

Mads F. Rasmussen, Head of Clinical Development
and Research — Diabetes, Novo Nordisk (Industry)

Inez de Beaufort, Professor, Department of Medical
Ethics and Philosophy of Medicine, Erasmus MC
(Medical Center), The Netherlands (Academia)

RESEARCH ON RENEWABLE ENERGY

Mogens Bjerg Mogensen, Research Professor,
Department of Energy Conversion and Storage,
Technical University of Denmark (Academia)

Tjalfe Poulsen, Associate Professor, Department
of Biotechnology, Chemistry and Environmental
Engineering, Aalborg University (Academia)

Morten Rask, Associate Professor, Department of
Business Administration, Aarhus University
(Academia)

Gert Tinggaard Svendsen, Professor, Department of
Political Science and Government, Aarhus University
(Academia)

Anders N. Andersen, Head of Energy Systems
Department, EMD International (Industry)

Jens Rostrup-Nielsen, Head of Research, Haldor
Topsege (Industry)

Arild Underdal, Professor, Department of Political
Science, University of Oslo, Norway (Academia)
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DEA is a political independent think tank committed

to create growth and to attract foreign investments in
Denmark through in-depth knowledge on education,

research and innovation.

Our main goal is to ensure that more people get an
education relevant to the labour market, that excellent
research is translated into innovation in private and
public organization and that Denmark is an attractive
country for knowledge based companies.

DEA seek to reach this goal by:

e Producing evidence-based knowledge on education,
research and innovation

e Working together with with companies, organisa-
tions and educational institutions via partnerships
and projects

e Challenging the conventional wisdom regarding our
work domain
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a PREFACE

All over Europe there is a wish to promote research
and innovation that can help address major societal
concerns, or “grand challenges” as called in the EU
Framework Programme for Research and Innovation,
Horizon 2020. The communication from the European
Commission on Horizon 2020 stresses that those
challenges require that we bring together resources
and knowledge from different fields, technologies

and scientific disciplines. We need to be better at
getting the so-called *hard” sciences — the natural and
technical sciences — and the so-called “soft sciences”
— the social sciences and the humanities (or SSH, for
short) — to work together.

The reason is fairly simple: good solutions to impor-
tant problems — whether that is in industry or larger
societal problems — are rarely found within a single
discipline; instead, solving complex, real-life problems
generally requires bringing together insights from mul-
tiple disciplines. Thus, one of the success criterions
for Horizon 2020 is to promote and effectively support
interdisciplinary research.

But what is interdisciplinary research? Even though
the societal importance of interdisciplinary research

is widely recognized, there is relatively little know-
ledge about the nature of interdisciplinary research.
We need to be able to answer questions such as:
how much research is carried out as interdisciplinary
research? And if you engage in interdisciplinary re-
search does that require something else than mono-
disicplinary research? What are the barriers? And
what incentives do we need, if we want to proceed in
this direction? We need knowledge so we can identify
the measures that will support research that tackles
these grand societal challenges.

Therefore, DEA has carried out a study of interdisci-
plinary research. By case illustration we have looked
at the correlation between interdisciplinary research
and productivity, impact and cooperation and we
have produced new knowledge to identify barriers
and possibilities for interdisciplinary research. The
study shows that while Danish research overall has
high productivity and impact in all three case illustra-
tions there is a potential for greater interdisciplinarity in
the three chosen fields.

The main conclusions in this study is evidence of a
positive and significant relationship between inter-
disciplinarity and impact. In order words, the more
interdisciplinary a publication is, the higher the level

of impact it is likely to have. Thus, at least in the three
research fields examined, interdisciplinary publications
appear to be rewarded, and not penalized, in terms of
scientific performance.

Enjoy the reading!

Stina Vrang Elias
Managing Director, DEA

Bjare Lundager Jensen
Deputy Manager, DEA
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o PURPOSE

“WITHOUT KNOWLEDGE FROM SEVERAL ACADEMIC DISCIPLINES,
IMPORTANT PROBLEMS IN CONTEMPORARY SOCIETY CANNOT BE

SOLVED.” (BUANES AND JENTOFT 2009)

Even though the importance of interdisciplinary research
is widely acknowledged, relatively little is known about
how public policies should be designed to effectively
promote it. This is in large part due to the difficulties
associated with defining and measuring interdisciplinary
research.’

To develop effective policies to stimulate interdisciplinary
research, we need better insight into how much interdis-
ciplinary research actually occurs or how public policies
can best support it — and this calls for reliable, systematic
means of identifying and measuring it.

The aim is to stimulate the debate on how Horizon 2020
and other large research programs should be designed
with a view to encouraging and supporting interdisciplinary
research collaboration.

AIMS OF THE STUDY
To call for more evidence-based use of
public funds to promote interdisciplinary

research.

To provide more general insights into the

challenges associated with promoting
greater interdisciplinarity in research.

To explore the usefulness of a new biblio-
metric method for assessing the interdisci-
plinarity of research.

" For more detailed discussions of challenges and approaches to the measurement
of interdisciplinarity in research, see e.g. Huutoniemi et al. 2010, Porter et al.
2006; Roessner and Perreault 2007, Wagner et al. 2011. For publications stres-

We therefore explore the usefulness of a new method for
measuring the interdisciplinarity of research. The method,
which was developed in academia and uses bibliometric
data (that is, data on scientific publications), is applied in

case studies of three selected research fields: genetically
modified foods, metabolism and obesity, and renewable

energy.

e 1.7 WHAT IS INTERDISCIPLINARY
RESEARCH?

Problems whose solutions cannot be identified from
within a single discipline calls for inputs from a number
of different disciplines (Buanes and Jentoft 2009). The
actual level of interdisciplinarity of research can, however,
be difficult to define, notably since boundaries between
disciplines are fluid. What one researcher perceives as a
research field, for example, another researcher may see
as a subset of a larger field (Huutoniemi et al. 2010).

Interestingly, the notion of a scientific “discipline” has only
been in common use for about a century (Klein 1996).
During the nineteenth and twentieth century, science
diversified into a series of specialized areas, resulting

in the formation of disciplines that gradually grew more
robust and their members more isolated from one another
(Wagner et al. 2011).

sing the need for further research on interdisciplinarity in the sciences, see e.g.
The National Academies 2005; Wagner et al. 2011.
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During the 1970s, calls from policymakers for greater and
more short-term relevance in science and an increased
recognition of the value of problem solving in engineering
and other applied sciences lead to a growing problem
orientation in scientific research (e.g. Kline 1995; Schmidt
2008). This in turn spurred interest in interdisciplinary
research as a means of uniting scientific disciplines.

The first international conference on interdisciplinary
research was held in 1970; since then, interdisciplinary
research has been the subject of a growing research field
of its own within the social sciences (Klein 2008). None-
theless, academic researchers have yet to fully shed light
on the complex social and cognitive processes that make
for successful interdisciplinary research (e.g. The National
Academies 2005; Wagner et al. 2011).

WHY IS INTERDISCIPLINARY RESEARCH
IMPORTANT?

Nissani (1997) makes a case for interdisciplinary
research based on the following 10 arguments:

1. Creativity often requires interdisciplinary
knowledge.

. Immigrants often make important
contributions to their new field.

. Disciplinarians often commit errors which
can be best detected by people familiar with
two or more disciplines.

. Some worthwhile topics of research fall in the
interstices among the traditional disciplines.

. Many intellectual, social, and practical pro-
blems require interdisciplinary approaches.

. Interdisciplinary knowledge and research
serve to remind us of the unity-of-knowledge
ideal.

Interdisciplinarians enjoy greater flexibility in
their research.

. More so than narrow disciplinarians, interdis-
ciplinarians often treat themselves to the intel-
lectual equivalent of traveling in new lands.

. Interdisciplinarians may help breach commu-
nication gaps in the modern academy, thereby
helping to mobilize its enormous intellectual
resources in the cause of greater social ratio-
nality and justice.

. By bridging fragmented disciplines, interdis-
ciplinarians might play a role in the defense of
academic freedom.

Source: Nissani 1997.

WHAT IS A SCIENTIFIC DISCIPLINE?

A scientific discipline can be defined as a com-
munity of researchers with a shared set of methods
and assumptions that they apply to formulate

and solve problems within a particular knowledge
domain.

Definition inspired by Darden and Maull 1977.

AN EXAMPLE OF INTERDISCIPLINARY
COLLABORATION THAT SPANSTHE HARD
AND SOFT SCIENCES

The Danish Centre for Bioethics and Risk As-
sessment (CeBRA) is committed to performing
interdisciplinary research, where ethical issues
are studied in connection with biological research
within food production, biotechnology and animal
sciences. The centre is organized as a partner-
ship between parts of the University of Copen-
hagen, Aarhus University, and the Technical
University of Denmark. Research undertaken

is performed at the host universities, based on
external grants, but CeBRA facilitates an inter-
disciplinary approach across universities and
disciplines. The research performed at CeBRA
makes a substantial input to both the scientific
study of and the public debate on bioethics.

The director of the centre, Professor Peter
Sandge, is a strong advocate for interdisciplinary
work and is one of the main drivers behind the
interdisciplinary research center. In relation to his
work, Sandge stresses that we must understand
technical issues in the context of our society in
order to understand exactly what challenges we
are facing and how these can be solved.

This calls for interdisciplinary work, where the
humanities and social sciences can link the work
of the natural and technical sciences. Biological
discoveries and inventions involve both opportu-
nities and risks for society; and a wide perspec-
tive is therefore needed in to conceptualize these
opportunities and risks.

According to Sandge, scientists should involve
themselves in the public debate as informed citi-
zens, but often stay out of it precisely because
they are scientists and — for some - because
they fear criticism or interference in their work.

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS

6



e 1.2 DISTINGUISHING BETWEEN
INTERDISCIPLINARY AND MULTI-
DISCIPLINARY RESEARCH

has been accomplished. Interdisciplinary collaboration,
however, has the potential to forge new research fields or
disciplines.

Research that spans multiple disciplines comes in many
forms. In its simplest forms, researchers can “borrow”
insights or methods from other disciplines to enrich or
guide their own research. In its more extreme forms,
disciplines can converge and result in the formation of
entirely new disciplines and professional research com-
munities.

While research projects often involve scientists from mul-
tiple disciplines, this therefore does not necessarily mean
that the research in the project is truly interdisciplinary.
There is an important distinction between multidisciplinarity
and interdisciplinarity (see e.g. Huutoniemi et al. 2010).

In interdisciplinary research, insights and methods
from different scientific disciplines are integrated and used
o investigate a jointly defined research problem through
a joint research effort. By contrast, in multidisciplinary
research, related research problems are investigated
from different disciplines. The extent to which researchers
from the different disciplines communicate with and draw
inspiration from each other may differ, but there is no real
integration of insights and methods from the participating
disciplines.

Another important difference between multidisciplinary
and interdisciplinary research, which is illustrated in the
figure below, is their effect on the research fields they
bring together. According to a report from the National
Academies (2005), in multidisciplinary collaboration,
researchers from different disciplines work on a com-
mon problem and split apart unchanged once their task

e 1.3 APPROACHES TO MEA-
SURING INTERDISCIPLINARITY

Widening interest in interdisciplinary research has made
both research funding agencies and academic scholars
concerned with how to define, operationalize and mea-
sure interdisciplinarity in research; however, despite
decades of work on the subject, there is as of yet no
agreement on how interdisciplinarity should be measured
in practice (Huutoniemi et al. 2010).

An often used approach to measuring interdisciplinarity
in policy analyses and evaluations is to use collaboration
between research environments as a proxy for interdis-
ciplinary collaboration. If for instance a research project
includes participants from a Department of Biology, a
Department of Chemistry, and a Department of Psycho-
logy, this is said to indicate interdisciplinary research
collaboration.

The main disadvantage of this indicator is that it does not
allow for any distinction between multi- and interdiscipli-
narity: there is no way of determining whether there has
been any real integration of research insights or methods
from the participating disciplines.

Moreover, research environments that are listed as par-
ticipants in the same research project, e.g. on a grant ap-
plication, do not necessarily collaborate with each other,
In some cases, researchers from different research envi-
ronments may apply for funding together to increase their
chances of obtaining funding without any real intention of

FIGURE 1: The difference between multi- and interdisciplinary research

MULTIDISCIPLINARY

A

\___/
B ' B

A

Source: The National Academies, 2005

INTERDISCIPLINARY

"\
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collaborating closely together if the funding be granted.
In other cases, the participants may intend to collaborate
but actual cooperation is hindered by practical difficulties
in engaging in interdisciplinary research. Neither of these
types of situations can be identified using the aforemen-
tioned method.

To provide better insight into the actual degree and nature
of interdisciplinary collaboration, surveys or interviews
may be used to collect information from the participants
in a research project. However, respondents often have
different subjective understandings of “interdisciplinary
research” that may influence their answers. Moreover,
there is a risk that participants will act strategically and
describe their collaboration as more interdisciplinary than
it actually was. Last but not least, survey and interview
methods are very time-consuming, particularly if the aim
is to provide a reliable and comparable assessment of
the level of interdisciplinarity in a large number of research
projects.

A growing part of research concerns the use of sciento-
metric technigues to assess interdisciplinarity in research
based on e.g. publication data, patent data or research
proposals. While scientometric methods also have short-
comings (see e.g. Huutoniemi et al. 2010), they also
provide a systematic means of assessing the degree of
interdisciplinarity of a given piece of research or group of
researchers.

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS
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9 OUR APPROACH

@ 2.1 DATA AND METHODS

We use data on scientific publications to explore the ac-
tual degree of interdisciplinarity in research within three
selected research fields. The methodology applied in this
study consists of four main parts, which are described in
the following.

1. Collection of all Danish publications published
during the period 2000-2011 (both years included) in
journals indexed in the bibliometric database Thomson
Reuters Web of Science.? Publications were considered
1o be Danish if they were written by at least one author
affiliated with a Danish research institution or company.

2. Analysis of Danish research in an international
perspective. The total set of Danish publications was
compared to scientific publications from the 20 leading
OECD countries in each field, on three dimensions:

¢ Productivity: how many articles they published,
i.e. how much they contributed to the international
research front.

¢ Impact: how often their articles had been cited, i.e.
how great an overall impact they had made on the
research front.

¢ Interdisciplinarity: the level of interdisciplinarity of
each of their articles, calculated as described in more
detail below.

3. Analysis of the degree and role of interdiscipli-
narity in the Danish research fields through further
analysis of the bibliometric data combined with interviews
with selected researchers from the public sector and from
industry. Respondents were identified in the bibliometric
analysis and selected based on high levels of interdisci-

Publications were retrieved from Thomson Reuters Web of Science, one of the
two major databases used for bibliometric studies, along with the Elsevier owned
Scopus. Differences between the two databases are limited and mainly center on
the number of journals covered, particularly in the social science and humanities.

plinarity and/or impact, and approximately six interviews
with researchers in Denmark and abroad were conducted
in connection with each case study.

4. Analysis of the relationship between interdis-
ciplinarity and other key aspects of academic
research, notably scientific impact and collaboration with
industry, using multivariate statistical analysis. If there is a
significant relationship between interdisciplinarity and key
aspects of scientific performance, this is likely to affect
academic researchers’ incentives to engage in interdisci-
plinary research and must therefore be taken into account
in the design of public policy to promote interdisciplinarity.

The results of the analysis of Danish research in an
international perspective and of analysis of the degree
and role of interdisciplinarity in the Danish research fields
examined are presented in the case studies described in
chapters 4 to 6 of this report.

The data, methods and results of the regression analysis
to investigate the relationship between interdisciplinarity
and other key aspects of academic research are pre-
sented in chapter 7.

e 2.2 THE INTERDISCIPLINARITY
INDEX

During the last decade, academic researchers have
developed a number of different methods for assessing
the level of interdisciplinarity in research (for a review, see
Leydesdorff and Rafols 2011). In recent years, academics
have focused on one particular approach, which allows
for the systematic assessment of the degree of interdisci-
plinarity in a body of research using an “interdisciplinarity
index” (developed by Porter et al. 2007, Alkeersig 2011
and Rafols et al. 2012).

Several recent studies (e.g. Leydesdorff et al. 2010; Archambault et al. 2009)
however conclude that the bibliometric indicators derived from the two databases
differ only in extreme cases, e.g. research fields with very few publications or few
citations.

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS



The interdisciplinarity index is based on an analysis of
publications in interational peer-reviewed scientific
journals. Such publications are public researchers’ main
channel for dissemination of their research; as a result,
analyzing the entire population of scientific publications
within a given research field yields a comprehensive
picture of research activities in that field.

The method was originally developed to gauge how
interdisciplinary a body of research is, and later refined
to measure interdisciplinarity in publications of individual
researchers. We have adapted the method for the use
in this study by elaborating on the context in which the
index is used, to allow for the analysis of larger sets of
publications, for instance all publications from a given
country or research institution.

Essentially, the method determines the degree of inter-
disciplinarity of a particular publication (and thus of the
research presented in that publication) based on the
scientific disciplines that it cites.® Any scientific publica-
tion cites a number of other publications, for example

because it builds on previous research described in these

articles. Citations are also used to position a publication

in the overall academic debate within a field, and to frame

its contribution vis-a-vis other scholars.

The method is based on the assumption that research,

which is truly interdisciplinary, will, at least to some extent,

cite the disciplines that it builds on. We would there-
fore expect an interdisciplinary publication to cite more
disciplines (and to cite them to a greater extent) than

a publication, which is written entirely within a specific
scientific discipline.

The “interdisciplinarity index” assigns a score to either a
single publication or to a group of publications. The value
of the score lies in the range between O and 1, where O
indicates monodisciplinarity, and 1 a high level of interdis-
ciplinarity.

The interdisciplinary index is based on three equally
weighted dimensions:

. The degree of variation in the disciplines
cited, that is, the number of disciplines that an
article cites. An article that cites many disci-
plines is considered to be more interdisciplinary
than one that cites few disciplines.

o The balance between disciplines cited, that is,
the relative proportions of the disciplines cited.
An article where e.g. two disciplines are cited
an equal number of times is considered to be
more interdisciplinary than an article, which cites
one discipline 90 percent of the time and the
other discipline 10 percent of the time.

. The cognitive distance between disciplines,
that is, how often they are cited together. For
example, there is a greater cognitive distance
between the natural sciences and the humani-
ties than between the natural sciences and the
medical sciences.

CITATIONS AS AN INDICATOR OF SCIENTIFIC IMPACT AND INTERDISCIPLINARITY

We measure interdisciplinarity using citations in scientific publications. A citation is a reference to the prior
research that a given article draws and builds upon. Citations play an important role in scientific publica-
tions because they allow researchers to indicate what prior work their own research builds upon, to posi-
tion their work in the literature, and to thus communicate their contribution to the research front. Citations
are therefore often used as indicators of the scientific impact that a publication has, that is, its impact on

the research community.

Citations from a scientific publication thus provide valuable information about the research that the publi-
cation builds on. The interdisciplinarity index exploits this by examining which journals a publication cites.
All scientific journals are specialized within certain disciplines and can therefore be categorized based on
the disciplines that they cover. By analyzing which journals a publication cites, we can therefore extrapo-
late information about which disciplines the research presented in the publication builds upon.

We thus exploit the fact that a scientific publication can refer to research within the same discipline or to
other closely or distantly related disciplines. An article in a physics journal that only refers to articles in
other physics journals would for example be characterized as a monodisciplinary article. Meanwhile, an
article in a physics journal that refers to articles in technical or social science journals would be a multi-
or interdisciplinary article.

The Web of Science database assigns all journals that it indexes to a set of subject
areas based on the general theme of the journal, i.e. based on the scientific discipli-
nes that they cover; we use these categories to identify the disciplines that a given
publication refers to, based on the journals that it cites. This classification of journals
consists of approximately 250 "subject areas” across the socalled "hard” and "soft”
sciences. A journal can be categorized according to up to five different subject
areas such as e.g. Biochemistry & Molecular Biology, Computer Science and
Mathematics. We use the classification of a journal as a proxy for the classification of
the publications that appear in that journal.

Cognitive distance is determined through an analysis of the total number of citations
between two journals and the disciplines that they cover within a given period. The
distance is thus reversely proportional to the number of citations; as such, two journals
that rarely cite each other will be characterized by a great cognitive distance. The inter-
diisciplinarity index is based on the sum of all cognitive distances for the citations from a
given publication to the various journals that it cites.
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This last dimension, cognitive distance, is based on the
idea that the rarer it is for two disciplines to be cited in
the same paper, the more groundbreaking (or, rather,
“disciplinebreaking”) the research that connects them
must be. Thus, an article that cites two disciplines, which
are normally rarely cited together, is considered more
interdisciplinary than one, which cites disciplines that are
often cited in the same articles.

The notion of cognitive distance is based on the recogni-
tion that there are large differences in concepts, tools and
methods from one research discipline to the next. Key
nuances in the interdisciplinarity index emerge because of
the greater cognitive distance between e.g. English and
mathematics as compared to the distance between e.g.
astrophysics and geophysics.*

The interdisciplinarity index is given by the average of
the cognitive distances between any given subject area
for the sample of publications assigned to the country

or organization researched. The average value is in the
final index weighed by the frequency of the occurrence
of the subject areas within the data sample. This is done
1o ensure that the effect of single subject area publica-
tions generating high-distance measures are diminished,
which otherwise would cause false positive effect of high
interdisciplinarity.

The index is designed in such a way that the average values
are general low, which is caused by the high number of
different subject areas assigned to each publication. The
fact that more than 30 percent of the publication in the
sample appear in journals which have three or more sub-
ject areas assigned to them pushes the index towards
the low numbers.

Q 2.3 THE THREE CASE STUDY
RESEARCH FIELDS

Using this index, we can approximate the degree of
interdisciplinarity in all publications from a given scientist,
a given research environment or within a given research
field. In this project, we focus on three research fields: re-
newable energy, genetically modified foods and metabo-
lism and obesity research.

These research fields were selected because they all
carry high relevance for the grand societal challenges that
Horizon 2020 will focus on (see European Commission
2011 for more information). Moreover, all were expected

Cognitive distance is determined through an analysis of the total number of citations
between two journals and the disciplines that they cover within a given period. The
distance is thus reversely proportional to the number of citations; as such, two

(at least potentially) to have a substantial degree of
interdisciplinary research, both within and across the hard
and soft sciences.

In our search for publications from the three research
fields, each field was defined by a set of keywords
representing fundamental technologies, concepts and
methods. Keywords were carefully selected based on
our general knowledge of the areas and by consulting
recent technology reviews of the three fields. The resul-
ting search strings do not allow us to capture all research
conducted within each field; rather, the search strings
have been developed in a careful, iterative process so as
to minimize the number of publications with only limited
relevance to the selected fields that is captured in the
analysis.

Thus, the aim of the bibliometric data collection was to
ensure as comprehensive as possible a coverage of
publications in each of the three selected research fields
while limiting “noise” from other fields.

THE THREE CASE STUDY RESEARCH FIELDS

Genetically modified foods: Genetically modi-
fied foods are based on plants or animals, where
DNA has been modified through genetic engi-
neering in order to enhance desirable characte-
ristics e.g. to enable the greater, more effective
production of crops. They are relevant for the
Horizon 2020 challenge on food security, sustain-
able agriculture, marine and maritime research
and the bio-economy.

Metabolism and obesity: Research on metabo-
lism studies how the body metabolises food, and

how proper nutrition and exercise can contribute
to healthy living. Obesity is a growing problem in
many parts of the world and associated with a
number of chronic conditions e.g. diabetes and
cardiovascular diseases. This field of research is
therefore important to address the Horizon 2020
challenge regarding health, demographic change
and wellbeing.

Renewable energy: This research field aims to
develop sustainable sources of energy (e.g. solar
or wind energy) that can replace fossil fuel tech-
nology. Research on renewable energy will help
to address the Horizon 2020 challenge to provide
secure, clean and efficient energy.

Journals that rarely cite each other will be characterized by a great cognitive distance.

The interdisciplinarity index is based on the sum of all cognitive distances for the
citations from a given publication to the various journals that it cites.
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e MAIN FINDINGS

e 3.1 DANISH RESEARCH HAS
HIGH OVERALL PRODUCTIVITY
AND IMPACT

The three case studies indicate that Danish research

in all three fields has high productivity relative to the
size of the population. Denmark is the most productive
country worldwide, measured on the number of scientific
publications per capita, in all three case study areas. In
other words, considering the size of the country, Denmark
makes a substantial contribution to international research.

The case studies also reveal that Danish research has
high scientific impact, meaning that it makes a signifi-
cant difference on the international research front.

The level of impact varies, however, across research
fields. For example, Danish research has a significantly
higher impact in metabolism and obesity research and
research on renewable energy than in research on geneti-
cally modified foods.

e 3.2 THERE IS A POTENTIAL FOR
GREATER INTERDISCIPLINARITY
IN DANISH RESEARCH

The level of interdisciplinarity in all three research fields is
on par with or below the international level for all fields.
This, combined with the results of our case studies,
suggests that there is a potential to increase the level of
interdisciplinarity in Danish research.

SCIENTIFIC IMPACT OF DANISH
RESEARCH

Genetically modified foods: Denmark is
ranked no. 18 out of 20 OECD countries

No. 1: USA (47.8 citations per publication)
No. 2: ltaly (37.5 citations)

No. 3: England (36.2 citations)

No. 4: Germany (32.6 citations)

No. 5: The Netherlands (30.5 citations)

No. 18: Denmark (14.7 citations)

Metabolism and obesity: Denmark is
ranked no. 4 out of 20 OECD countries

No. 1: Finland (375 citations per publication)
No. 2: USA (28.5 citations)

No. 3: Sweden (28.0 citations)

No. 4: Denmark (25.7 citations)

No. 5: England (24.9 citations)

Renewable energy: Denmark is ranked
no. 2 out of 20 OECD countries

No. 1: USA (19.4 citations per publication)
No. 2: Denmark (18.1 citations)

No. 3: The Netherlands (17.2 citations)

No. 4: Switzerland (17.1 citations)

No. 5: Germany (15.8 citations)

Based on publication data from Thomson Reuters Web
of Science 2000-2011 (both years included).
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Among our three research fields, this is especially the
case for research on genetically modified foods and on
renewable energy.

The case studies indicate that discipline-spanning
research in the three research fields is predominantly
multidisciplinary rather than interdisciplinary. The potential
for greater cross-cutting research therefore appears to lie
in strengthening the degree of interaction among scientific
disciplines.

The case studies indicated that Denmark has good over-
all conditions for interdisciplinary research. Several Danish
research funders provide grants for large, interdisciplinary
research projects. For instance the Council for Strategic
Research explicitly wishes to promote interdisciplinarity,
while the Danish National Advanced Technology Founda-
tion promotes problem-oriented research collaboration
between universities and industry.

DANISH INTERDISCIPLINARITY SCORE®

Genetically modified foods: Denmark is
ranked no. 20 out of 20 OECD countries
(score: 0.12)

No. 1: South Korea (0.19)
No. 2: Japan (0.18)

No. 3: France (0.18)

No. 4: Italy (0.17)

No. 5: Spain (0.17)

Metabolism and obesity: Denmark is
ranked no. 8 out of 20 OECD countries
(score: 0.12)

No. 1: Japan (0.13)

No. 2: Switzerland (0.13)
No. 3: Finland (0.13)

No. 4: England (0.13)
No. 5: USA (0.13)

Renewable energy: Denmark is ranked no.
14 out of 20 OECD countries (score: 0.16)

No. 1: South Korea (0.18)
No. 2: Taiwan (0.17)

No. 3: China (0.17)

No. 4: Italy (0.17)

No. 5: France (0.17)

Based on publication data from Thomson Reuters Web of Science
2000-2011 (both years included).

The method in its current version tends to yield interdisciplinarity scores that are
both quite low and lie within a relatively small range. This limitation is recognized in
the academic literature, and efforts are underway to remedy it, for example by per-
forming separate analyses on the three dimensions (variation, balance and distance)

The explanation for why some researchers chose not to
engage in interdisciplinary research must therefore be
found elsewhere. In fact, interdisciplinary research is
associated with significant barriers that must be over-
come, including structural barriers but also cultural and
cognitive barriers; the latter two are the most difficult to
mitigate (Buanes and Jentoft 2009).

The case studies suggest several barriers to interdiscipli-
narity that may influence researchers to choose mono- or
multidisciplinary research over interdisciplinary ventures.
The rest of this section describes the most important of
these barriers.

“Any interdisciplinary approach will inevitably
challenge, or be challenged by the regulative,
cognitive and normative dimensions of estab-
lished disciplines. Crossing disciplinary boundaries
involves breaking rules, as well as questioning
paradigms and norms, which are often considered
to be inappropriate. It is therefore to be expected
that those who do so will be met by some form
of sanction. There is a risk, for example that your
proposal or article will be rejected or that you will
not to be promoted.”

Buanes and Jentoft, 2009

Interdisciplinary research is uncertain and
resourcedemanding

Engaging in integrative research involving several disci-
plines requires participants to first establish a common
‘language” and research method that enables them to
work jointly while exploiting the potential from cross-
fertilization between their disciplines. This process can
be very demanding in terms of the time and energy that
researchers must invest in it. Moreover, its outcomes are
highly uncertain, as interdisciplinary projects often break
new ground and are therefore associated with a high
level of risk. This may lead researchers to opt for more
accessible research projects with a higher likelihood of
success.

Interdisciplinary research can be more difficult to
publish in prestigious journals

The case studies also lend support to an often men-
tioned barrier to interdisciplinarity, namely that the results
of interdisciplinary research are more difficult to publish
in prestigious academic journals because these journals
are generally focused on specific disciplines. They may
also lack the necessary breadth of disciplines among

that are used in the calculation of the interdisciplinarity index. Nonetheless, we still
find the method useful in drawing out differences in degrees of interdisciplinarity that
can provide the starting point for more indepth research.
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their external reviewers to satisfactorily assess the quality
of interdisciplinary submissions. Journals like Nature and
Science are therefore exceptions to the rule. Respon-
dents, however, also indicate that the ability to publish
interdisciplinary work in high-impact journals differs greatly
across research fields and is not always an impediment to
interdisciplinarity.

The value of interdisciplinarity is unclear

According to respondents, many researchers do not see
the value of interdisciplinarity over multidisciplinary research
and therefore lack incentive to overcome the barriers
associated with interdisciplinary research projects.

Research problems are defined within disciplines
rather than based on societal challenges

The case studies also suggest that the reason many
researchers do not see the value of interdisciplinarity may
be that they are content to address research issues within
their own disciplines. In contrast, researchers that take an
interest in broader societal problems appear more open
1o interdisciplinary approaches.

Disciplines often operate with a basic set of
assumptions and research methods that affect
their research focus

Moreover, disciplines are prone to “fads”, i.e. popular topics
that influence the current research agenda. Research
problems that are defined within a particularly disciplinary
context therefore often have a very different nature than
applied research problems that are based on societal
challenges. The latter tend to be much more complex
and require inputs from several different disciplines.

e 3.3 THERE IS SUBSTANTIAL
COLLABORATION BETWEEN
THE HARD AND SOFT SCIENCES
- BUT MUCH OF IT IS MULTI-
DISCIPLINARY RATHER THAN
INTERDISCIPLINARY

As indicated by table 1, just three percent of all Danish
publications identified from the three research areas are
SSH publications, defined as publications with one or
more authors from SSH university departments and facul-
ties.® A large proportion of these publications, however,
are co-authored with researchers from technical and/or
natural science departments and faculties. For research
on genetically modified foods and renewable energy,
approximately one third of all SSH publications are co-
authored with the hard sciences, while this is true for
almost all SSH publications in metabolism and obesity
research. These results should be taken with a grain of
salt, as they are based on an analysis of just 39 publica-
tions. Nonetheless, they indicate that there is substantial
interaction between the hard and soft sciences in the
three research areas examined.

The qualitative case studies also indicate, however,

that this interaction is often multidisciplinary rather than
interdisciplinary, and that the degree of interdisciplinary
collaboration falls the further apart two disciplines are.
The case studies suggest a number of factors that may
explain why researchers find it challenging to bridge SSH
research with research on the natural and technical sci-
ences; these factors are described in the following.

TABLE 1:

SSH publications in each of the three case study research areas

Total no. of Danish
publications in
the field

Source: DAMVAD, 2012

No. of these SSH
publications that are
co-authored with the

hard sciences
(pct. of all SSH articles)

No. of these publica-
tions that are SSH
publications
(pct. of all Danish
articles)

disciplines and sciences, while Elsevier's Scopus — the other leading bibliometric
database — has had better coverage of the SSH. As explained earlier, these diif-

The relatively low proportion of SSH research may be partly explained by the fact that
SSH researchers publish fewer scientific articles than their counterparts in the natural

and technical sciences. As mentioned in a previous footnote, the results may also be
affected by the fact that data was collected from Thomson Reuters Web of Science.
This database has generally been preferred in studies that span a broad range of

ferences have been reduced in recent years, as both databases have made efforts
to overcome their shortcomings. Nonetheless, it should be noted that SSH research
may be underestimated in our study.
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EXAMPLES OF SSH RESEARCH FROMTHE THREE CASES

Genetically modified foods:
Bioethics (e.g. examined from a philosophical
or business perspective)
Food economics; health economics
Customer relations in the food sector
Environmental impact

Metabolism and obesity:

e Philosophy

e Economics and psychology

e Firms’ efforts to increase employee health

Lack of contact to potential collaborators

Universities and academic research communities are
largely organized based on traditional academic disci-
plines. This creates limited opportunities to meet
researchers from other communities. As a result,
researchers also lack insight into research topics in
other fields which makes it more difficult to identify
promising areas for interdisciplinary research.

Few obvious points of collaboration

When researchers from different disciplines share
research interests, they often focus on very different
aspects of these interest areas. This makes it more chal-
lenging to identify research problems of common interest.
In some research areas, this is far easier; for example,
study of the development of the market for electric cars
requires both technical insight into the production of cars
and the development of the necessary infrastructure and
economic insight into the costs of acquiring and maintain-
ing an electric vehicle. When joint research interests are
harder to come by, the likelihood of entering into collabo-
ration decreases.

Lack of incentive to collaborate

Many of the barriers related to interdisciplinary research
collaboration increase with the distance between dis-
ciplines, including for example the development of a
common language and research methodology. Moreover,
interdisciplinary research can be difficult to publish in
high-impact journals. Several respondents also pointed
out that interdisciplinary research requires participants
to choose a clear publication strategy early on (inclu-
ding which journals to target) to increase the chances
that publications will be suitable for and accepted by
good journals. Overcoming barriers like this requires a
significant investment of time and resources on the part
of researchers, which occurs at the detriment of other
activities, e.g. pursuing more accessible research and
publications within the researchers’ own fields.

Renewable energy:

e Economics and management

¢ Environmental studies

e Environmental regulation in municipalities

Based on an analysis of publication data from Thomson
Reuters Web of Science 2000-2011 (both years included).

Cultural barriers

According to respondents, many researchers do not see
the value of interdisciplinary collaboration. Particularly in
some areas of SSH research, interdisciplinary research
is perceived as less prestigious, and the demand for
applied, problem-oriented research is lower than in many
hard sciences.

In extension of this, the case studies suggest that, for
some researchers, a barrier to interdisciplinary research
lies within a lack of sufficient insight into different metho-
dological approaches and recognition of their respective
contributions to research.

Social science and humanities research often
becomes an “appendix”

When social science and humanities are incorporated
into multidisciplinary research projects, they are often
brought in as an “add on”, or as an independent project
within the main project. This is in large part due to the
difficult, time-consuming and uncertain nature of inte-
grative research. Moreover, SSH researchers are often
not closely involved in the preliminary formulation of the
research problem that defines the joint project.

Necessity is the mother of invention

Finally, the case studies and interviews also indicated that
because of the aforementioned barriers to interdisciplinary
collaboration between the hard and soft sciences, such
collaboration often occurs because researchers have no
other viable options to pursue. For instance, one respon-
dent from the humanities explains that very little public

or private funding is available in his field of research. He
therefore approaches potential collaborators from the
natural and technical sciences because of their access
to funding. On a similar note, researchers working with
animal models in clinical research are often open to work-
ing with ethics researchers because of public concemns
regarding animal welfare.
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e 3.4 INDUSTRY PRODUCES
BOTH HIGH IMPACT AND
HIGHLY INTERDISCIPLINARY
RESEARCH - BUT NOT AT
THE SAME TIME

Eight percent of all the Danish publications identified from
the three research areas were firm publications, defined
as publications with one or more authors from private
Danish companies.

As indicated by table 2, these firm publications have

— on average — both higher impact and a higher degree
of interdisciplinarity than the total set of publications. It

is not surprising that firms engage in interdisciplinary
research, as they need to gather and synthesize inputs
and methods from all relevant scientific disciplines in order
to develop new products and solve concrete, practical
problems. Industry research has, however, traditionally
been associated with lower levels of scientific impact, as
firms tend to do research on more applied issues, which
generally receive fewer citations (and therefore has lower
impact) than basic research. Contrary to expectations,
the firms in all three of the research fields have produced
high impact research. A more detailed examination of
the publication suggests that firms produce high impact
research when they collaborate with leading national or
international research environments.

However, further analysis of the data shows that there
is no significant correlation between publications where
firm publications have a high scientific impact and those
where they have high degrees of interdisciplinarity: in
other words, they either publish high impact research or
interdisciplinary research.

Closer inspection of the bibliometric data also reveals that
applied research institutions (e.g. government research
institutions), like private firms, exhibit a high degree of
interdisciplinarity, although they generally speaking have
relatively few publications and low scientific impact.

Moreover, we find that while the level of scientific impact
differs greatly for research from the various Danish
universities, the universities have lower overall levels of
interdisciplinarity. This is not surprising, as universities
have a responsibility to maintain and develop strong
disciplinary research and are, to a large extent, organized
into research units based on scientific disciplines rather
than societal challenges.

In addition, a key rationale for the public funding of
universities is that these institutions are both able to and
responsible for ensuring the long-term development of
specialized knowledge and research methods within
given disciplines that interdisciplinary research can build
on.

Our findings also suggest, however, that part of the
explanation for the lower relative level of interdisciplinarity

TABLE 2: Firm publications vs. publications in each of the three case study research areas

Total no. of Danish

publications in
the field

Source: DAMVAD, 2012

Average no. of Average
citations per interdisciplinarity
publication score

Genetically modified foods

All Danish publications 186

Metabolism and obesity

10.45 0.14

All Danish publications 738

Renewable energy

All Danish publications 312

23.00 0.12

Total

12.28 0.14

All Danish publications 1,236

15.24 0.13
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in universities’ research lies in aforementioned barriers

to interdisciplinarity, e.g. that interdisciplinary research is
uncertain, resource-demanding and can be difficult to
publish in prestigious academic journals. This indicates
that there is potential to stimulate greater interdisciplinarity
in Danish universities, at least within the three research
fields examined in the case studies, if these barriers are
mitigated.

However, the case studies indicate that firms that engage
in collaboration with universities are often not involved
early on in the design of interdisciplinary research projects,
but included after the main research problem has been
formulated. This implies that their inputs are not fully
exploited. In the worst cases, this can mean that com-
panies become symbolic or peripheral participants in

the projects, much like social science and humanities
research risks becoming an appendix in projects defined
primarily from the vantage point of the natural or technical
sciences.

Our findings suggest that greater collaboration between
universities and applied research institutions and/or
companies may also stimulate more problem-oriented
research and thereby potentially more interdisciplinary
collaboration. The qualitative studies indicate, however,
that this requires that the collaborative research is problem-
oriented in nature and that applied research institutions
and firms are involved from the very beginning of the
project, including especially in the initial definition of the
research problem, to ensure that their particular insights
are brought to bear on the foundation for the joint research
project.

Q 3.5 INTERDISCIPLINARITY IS
GOOD FOR IMPACT, BUT ONLY
WITHIN THE HARD SCIENCES

Part of the study included a multivariate regression ana-
lysis that allowed us to analyze the relationship between
interdisciplinarity and other key aspects of academic
research, notably scientific impact and collaboration

with industry. This is based on the idea that if there is a
significant relationship between interdisciplinarity and key
aspects of scientific performance, this is likely to affect
academic researchers’ incentives to engage in interdisci-
plinary research and must therefore be taken into account
in the design of public policy to promote interdisciplinarity.

In general, we find evidence of a positive and significant
relationship between interdisciplinarity and impact. In

other words, the more interdisciplinary a publication is,
the higher the level of impact it is likely to have. Thus, at
least in the three research fields examined, interdisciplinary
publications appear to be rewarded, and not penalized, in
terms of their scientific performance.

Moreover, having one or more authors from the social
sciences and humanities was associated with a lower
impact. This is likely to be explained by the fact that the
soft sciences generally receive fewer citations than the
hard sciences. It does, however, have implications for the
researchers seeking to publish results from collaboration
between the hard and soft science: if they publish in social
science and humanities journals, this is likely to have a
negative effect on the scientific impact of any natural or
technical scientists that collaborate with them.

In contrast, having one or more authors from private
industry did not have any significant effect on the scien-
tific impact of an article.

Publications that have both a high interdisciplinarity score
and at least one author from the social sciences and
humanities or from industry are associated with lower
levels of scientific impact.

These findings indicate that there are substantial disincen-
tives for university researchers to engage in interdisciplinary
research collaboration with SSH or firm researchers or, in
other words, precisely the type of interdisciplinarity that is
aimed for in Horizon 2020.

Please refer to chapter 7 of this report for a full descrip-
tion of the results of the regression analysis.

KEY FINDINGS OF THE REGRESSION
ANALYSIS

A positive and significant relationship
between interdisciplinarity and impact.

Having one or more authors from the social
sciences and humanities on a publication
was associated with a lower impact.

Having one or more authors from private
industry did not have any effect on the scien-
tific impact of an article.

For interdisciplinary publications, having a
co-author from the SSH or from industry was
associated with lower scientific impact.
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CASE STUDY: RESEARCH ON
GENETICALLY MODIFIED FOODS

e 4.1 DANISH RESEARCH IN AN
INTERNATIONAL PERSPECTIVE

Denmark is the most productive country worldwide, mea-
sured on the number of scientific publications per capita,
in the field of research on genetically modified (GM) foods

(cf. table 3). Denmark lags behind many of the 20 leading
OECD countries in the field, however, when measured on
the levels of interdisciplinarity and scientific impact, where
Denmark is ranked, respectively, at number 20 and 18
(cf. tables 4 and 5).

TABLE 3:  Scientific productivity within research on genetically modified foods, adjusted for population size

Source: DAMVAD, 2012, based on data from Web of Science. Population data derived from The CIA World Factbook

inhabitants

1 Denmark 186 5 37
2 Scotland 136 5 27
3 New Zealand 101 4 25
4 Switzerland 195 8 24
5 Netherlands 340 17 20
6 Belgium 166 10 17
7 England 730 52 14
8 Australia 278 22 13
9 Sweden 111 9 12
10 Canada 411 34 12
1 Germany 721 81 9
12 USA 2,651 314 8
13 France 530 66 8
14 ltaly 381 61 6
15 Spain 245 47 5
16 South Korea 202 49 4
17 Japan 465 127 4
18 Brazil 140 206 1
19 China 536 1,343

20 India 160 1,205
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impact within research on genetically modified foods

Country

Total no. of
publications

Source: DAMVAD, 2012, based on data from Web of Science

Total no. of
citations

No. of citations
per publication

USA 2,651 126,690 47.8
Italy 381 14,300 37.5
England 730 26,453 36,2
Germany 721 23,479 32.6
NEGEERES 340 10,370 30.5
Japan 465 13,902 29.9 #
Switzerland 195 5,414 27.8 |t .
Scotland 136 3,716 27.3
France 530 14,396 27.2
Belgium 166 4,424 26.7
Australia 278 7,319 26,3
Canada 411 10,560 25,7
Sweden 111 2,697 24.3
New Zealand 101 2,289 22.7
Spain 245 5,337 21,8
South Korea 202 3,846 19.0
China 536 8,409 15.7
Denmark 186 2,743 14.7

Brazil '-'

India .
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TABLE 5:

Score on the interdisciplinary index within research on genetically modified foods

Source: DAMVAD, 2012, based on data from Web of Science

Country Ln:zzgi:ipri-
1 South Korea 0.19
) Japan 0.18
3 France 0.18
4 Iltaly 0.17
. Spain 0.17
6 China 017
7 Germany 0.17
. USA 0.17
9 Belgium 0.16
10 Scotland 0.16
11 Sweden 0.16
12 Switzerland 0.16
13 Canada 0.16
14 India 0.16
15 Brazil 0.15
16 England 0.15
17 Netherlands 015
18 Australia 0.14
19 New Zealand 014
20 Denmark e

e 4.2 A CLOSER LOOK AT
THE DANISH RESEARCH
COMMUNITY

The organization that has contributed the most (measured
by volume of publications) to Danish research on geneti-
cally modified foods over the past decade is the Univer-
sity of Copenhagen, which has authored or co-authored
62 (that is, a third) of the 186 articles within the field. Aar-
hus University and the Technical University of Denmark
are the second and third most significant contributors
and, of these, the latter has received the highest average
number of citations per article within the field, notably
23.9 citations per publications.

As a whole, private firms also constitute an important
source of research in this field. These firms include

large companies such as Chr. Hansen A/S, Novozymes
and Danisco Biotechnology as well as a range of small
and medium sized enterprises. With four publications,
Chr. Hansen A/S has the most publications among the
companies; with an average impact of 18,5 citations per
article, the company also has an above average impact
within the research field.

FIRMS THAT HAVE CONTRIBUTED TO
PUBLISHED RESEARCH ON GENETICALLY
MODIFIED FOODS

Alpharma

Bioneer

Chr. Hansen A/S
Danisco Biotechnology

Fluxome Sciences

LEO Pharma
Novozymes

NsGene Pipeline Biotech
Pixiegene

Rheoscience

Sejet Plant Breeding

All the major Danish contributors to research on geneti-
cally modified foods have equivalent average levels of
interdisciplinarity.

A series of other research actors have also contributed
to the field, but with less than ten publications in Web of
Science indexed journals during the period of studly.
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TABLE 6: Danish organisations that contribute to research on genetically foods

Source: DAMVAD, 2012, based on data from Web of Science

Organization No: ?f . Tota_l _n_o. citi::gl;:fper Inte_rdisciplin-
publications of cititions oy arity score
University of Copenhagen 62 736 11.9 0.14
Aarhus University 42 725 17.3 0.13
Technical University of Denmark 32 764 23.9 0.15
Private firms 18 215 11.9 0.15
University of Copenhagen Hospital 8 81 10.1 0.09
University of Southern Denmark 7 41 5.9 0.14
Odense University Hospital 5 39 7.8 0.11
Aarhus University Hospital 3 13 4.3 0.18
National research laboratories* 2 89 44.5 0.25
Danish Hydraulic Institute 1 33 33.0 0.10
Copenhagen Business School 1 3 3.0 0.02
University of Aalborg 1 0 0.0 0.13
Danish Agricultural Advisory Services 1 3 3.0 0.19
Technological Institute 1 1 1.0 0.20

Includes SSI, The National Institute for Health Data and Disease Control, and The
Kennedy Center, National Research Center for Genetics, Visual Impairment and
Mental Retardation.

4.3 KEY FINDINGS FROM
THE CASE STUDY

Interdisciplinary research primarily occurs among
closely related disciplines

The bibliometric analysis shows that interdisciplinary
research primarily occurs within the natural and techni-
cal sciences. A small subset of research in the field is,
however, based on collaboration between the natural and
technical sciences on the one hand and social sciences
and humanities on the other; this research primarily con-
cerns ethical issues related to GM foods. In fact, ethics
are such a significant topic in research on GM foods that
interdisciplinary research groups and committees have
been established, including for example the aforemen-
tioned Centre for Bioethics and Risk Assessment
(CeBRA). On a related note, the Nordic Committee on
Bioethics promotes Nordic cooperation and exchange

between relevant parties within bioethics. The Committee
is funded by the Nordic Council of Ministers and orga-
nizes events and publishes publications within bioethics.
Another example of research collaboration that spans the
soft and hard sciences can be seen in the box below.

THE LINK BETWEEN GENETICS AND THE
HISTORY OF SCIENCE

Thomas G. Jensen, is a professor and head of
the Department of Biomedicine at Aarhus Uni-
versity. He leads a group which explores how the
scientific field of genetics has evolved historically.

The objective is to map the field of research in
order to prevent knowledge in the field from being
lost over time. The team is interdisciplinary, as it
consists of both scientific historians and scien-
tists within the field of genetics.

DEA INTERDISCIPLINARY RESEARCH IS KEY TO SOLVING SOCIETY'S PROBLEMS

21



Across the various disciplines in the field, there is con-
sensus that research on GM foods requires simultaneous
breadth and depth. “Breadth” refers to the importance of
engaging in boundary-crossing research that integrates
relevant elements from various disciplines. Meanwhile,
“depth” refers to the need for strong monodisciplinary
knowledge and research methods. In other words,
respondents argue that good interdisciplinary research
comes from researchers with a solid grounding in their
respective disciplines.

There is funding for interdisciplinary research
- but reviewer panels should be interdisciplinary

Adequate funding appears to be available for interdisci-
plinary research in GM foods, both in Denmark and in the
EU. However, it is stressed that the panels that review
interdisciplinary research applications should themselves
have an interdisciplinary background that enables them to
fully assess the potential value and quality of interdiscipli-
nary applications.

Academic barriers to interdisciplinarity

When it comes to GM foods, it can be difficult to get
interdisciplinary work published in more prestigious
journals, as these are often focused on a particular
discipline. According to Professor Peter Sandee, this has
the unfortunate effect that “many good researchers will
not be motivated to engage seriously in interdisciplinary
research.”

Some respondents also noted, however, that journals
seem to be able to renew themselves and that it is likely
that interdisciplinary research will, over time, gain a better
foothold within the more prestigious journals.

Nonetheless, some respondents from the field have
experienced that interdisciplinary work is not as highly
recognized by peers as monodisciplinary research. Such
barriers can lead researchers to choose monodisciplinary
research projects over interdisciplinary ones.

Facilitating interdisciplinary research

The respondents made several suggestions as to how
interdisciplinary research can successfully be undertaken.
The most experienced respondents within interdisciplinary
research emphasized the importance of creating an
environment where scientists can speak openly with each
other. “To foster such environments, there must be mutual
trust among the participants, or else scientists may not
feel comfortable speaking openly in the forum, as they
can feel intimidated by scientists from other disciplines,”

explains Kate Millar, Dr and Director of the Centre for
Applied Bioethics at University of Nottingham. She em-
phasizes that it takes time to build the spaces needed for
fruitful interdisciplinary research to take place.

She emphasizes that it takes time to build the spaces
needed for fruitful interdisciplinary research to take place.

Professor Peter Sandee explains how the personal com-
mitment of the individual team members to interdiscipli-
narity is crucial: “It requires determination and will from
all partners in the project for interdisciplinary research to
succeed. If these elements are present, it can be very
exciting and work well. Unfortunately, it is often seen

that from the start intentions are good, but that later in
the process in the light of limited resources timewise the
planned interdisciplinary papers end up never getting
published.”

Companies promote problemoriented,
interdisciplinary research

The bibliometric analysis indicated that scientific publica-
tions, which were authored or co-authored by research-
ers from industry generally have significant scientific
impact. Moreover, industry publications also had a higher
overall level of interdisciplinarity, compared to all Danish
publications in the field.

The case study indicates that this may be because com-
panies engage in research of a more problemoriented,
applied character: they take as their point of departure
not a given discipline but a specific problem that needs to
be solved.

A respondent from Chr. Hansen A/S explained that due
to the highly critical public debate on GM foods in the
late 1990s, they chose to rethink their research efforts

to provide the basis for a more informed (and open)
public opinion towards GM foods. In its own words, the
company therefore performs research using GM methods
not for product development, but for knowledge develop-
ment, which implies that their research within GM food
facilitates a means to better natural food products.

Also, the organization of companies can have a signifi-
cant impact on their ability to undertake interdisciplinary
research, as they are most often organized according

to business areas. This may foster more work across
disciplines than at traditional research institutions, which
are organized according to disciplines. Moreover, firms do
not have to stay as “true” to the methods and assump-
tions of a given discipline as academic researchers often
must in order to get published in prestigious journals.
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Most of the research conducted in the industry is under-
taken in collaboration with scientists from universities or
other public research institutions. Thus, there seems to
be a strong relationship between companies and public
research institutions within research on GM foods, and
public scientists also reported that companies play an
important role in the GM foods research community.

Companies in the industry contribute to scientific publica-
tions and conferences for several reasons. This interac-
tion provides firms with a platform for engaging with the
research community and thus for potential collaboration.
This interaction can go both ways: companies contact
academic researchers that they identified in their search
for interesting publications, but companies are also ap-
proached by public scientists based on their scientific
publications.

Interestingly, the companies also publish their papers as a
way to perform quality control of their research, based on
the citations and responses that they receive within the
research community. Furthermore, scientific publications
also often opens the door for companies to academic
conferences, which provide firms with both a platform on
which to present their activities and results and with an
opportunity to engage with the research community and
identify possible future research collaborators.

INTERDISCIPLINARY ORGANIZATIONAL
STRUCTURE AT CHR. HANSEN A/S

Chr. Hansen A/S produces bioscience based
ingredients for the food, health and animal feed
industries. Research and development activities
at Chr. Hansen A/S are most often performed in
teams with representation from many different
disciplines. Projects can both be multi-and inter-
disciplinary, depending on the objectives of the
individual project.

Eric Johansen, Associate Vice President of
Science at Chr. Hansen A/S, explains that an
interdisciplinary approach is an integral part of
the company’s approach to innovation. R&D
projects can for example include microbiologists,
bioanalysts and experts on robot technology.
Moreover, business experts are always involved
in order to strengthen the business case in a
project; they therefore need to understand the
“language” of the other, “hard science” disci-
plines, which is often a challenge.
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CASE STUDY: RESEARCH ON
METABOLISM AND OBESITY

est impact of the leading 20 OECD countries in this field

e 5.1 DAI\“SH RESEARCH IN AN of research (cf. table 8).
INTERNATIONAL PERSPECTIVE

Furthermore, Danish research on metabolism and obesity
comes in as number eight when ranked on its level of
interdisciplinarity (cf. table 9). However, it should be noted
Danish research is doing very well. Denmark is the most 4 4l the 20 OECD countries score very similar levels
productive country measured on the number of scientific of interdisciplinarity, ranging from 0.12 to just 0.13 on a
publications, corrected for the number of inhabitants (cf.

table 7). In addition, Danish research has the fourth high-

Overall, metabolism and obesity are areas in which

scale from O to 1.

TABLE 7:  Scientific productivity within research on metabolism and obesity, adjusted for population size

Source: DAMVAD, 2012, based on data from Web of Science. Population data derived from The CIA World Factbook

inhabitants
1 Denmark 738 5 147.6
2 Finland 441 5 82.2
3 Sweden 604 9 67.1
4 Norway 304 5 60.8
5 Australia 830 22 37.7
6 Switzerland 265 8 33.1
7 Netherlands 526 17 30.9
8 Canada 883 34 26.0
9 England 1,283 52 24.7
10 Greece 266 11 24.2
11 USA 6,834 314 21.8
12 ltaly 848 61 13.9
13 Spain 638 47 13.6
14 Germany 861 81 10.6
15 France 647 66 9.8
16 Japan 601 127 4.7
17 South Korea 229 49 4.7
18 Turkey 220 80 2.8
19 Brazil 433 206 2.1
20 China 354 1,343 0.3
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TABLE 8:

Scientific impact within research on metabolism and obesity

Source: DAMVAD, 2012, based on data from Web of Science

Country Tota! no: of T(_)tal. no. of No. of cifatic.)ns
publications citations per publication
1 Finland 411 15,407 37.5
2 USA 6,834 194,902 28.5
3 Sweden 604 16,921 28.0
4 Denmark 738 18,495 25.7
5 England 1,283 31,982 24.9
6 France 647 15,821 24.5
7 Netherlands 526 11,474 21.8
8 Canada 883 18,703 21.2
9 [taly 848 17,903 21.1
10 Australia 830 17,396 21.0
11 Norway 304 6,167 20,.3
12 Greece 266 5,285 19.9
13 Switzerland 265 5,156 19.5
14 Germany 861 16,033 18.6
15 Spain 638 10,771 16.9
16 Japan 601 8,566 14.3
17 China 354 4,925 13.9
18 Brazil 433 4,207 9.7
19 South Korea 229 2,091 9.1
20 Turkey 220 1,753 8.0
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TABLE 9: Score on the interdisciplinarity index within

research on metabolism and obesity e 5.2 A CLOSER LOOK AT
THE DANISH RESEARCH
Source: DAMVAD, 2012, based on data from Web of Science COM M U N |—|—Y

Interdisciplinarity

Country . The organizations that have contributed the most (mea-
index o .
sured by volume of publications) to Danish research on
obesity and metabolism over the past decade are hospi-
1 Japan 0.13 tals and university hospitals, the University of Copenha-
2 Switzerland 0.13 gen and other research institutions.
3 Finland 0.13
University hospitals include 10 Danish university hospi-
4 England 0.13 tals; the university hospital associated with the University
5 USA 0.13 of Copenhagen has authored 101 of the 262 university
6 Spain 013 hospital publications. Another significant contributor, the
' Aarhus University Hospital, has published 82 publications
7 Germany 0.13 in the field during the period of study.
8 Denmark 0.12
It is interesting to note that Hvidovre University Hospital
9 Canada 0.12
has contributed with 6,1 percent (16) of the university
10 France 0.12 hospital publications in the field, but accounts for 20,5
11 Greece 0.12 percent (1.308) of the citations, averaging 81,75 citations
12 Australia 0.12 per publication.
13 China 0.12 Research performed at 19 other (i.e. non-university) hos-
14 Turkey 0.12 pitals generally has a high impact. For example, Aalborg
Hospital has published nine articles with an average of
15 South Ki 0.12
oY orea 63,2 citations, which is more than double the average
16 Netherlands 0.12 number of citations to publications authored or co-au-
17 Italy 0.12 thored by industry.
18 Sweden 0.12
19 Brazil 0.12
20 Norway 0.12

TABLE 10: Danish organizations that contribute to research on metabolism and obesity

Source: DAMVAD, 2012, based on data from Web of Science

o No. of Total no. . .l\!o. of Interdisciplin-
Organization o o cititions per .
publications of cititions o arity score
publications
University hospitals 261 6,375 24.3 0.12
University of Copenhagen 137 3,650 26.1 0.13
Other research institutions* 113 3,048 27.0 0.11
Hospitals 72 2,207 30.7 0.13
University of Southern Denmark 60 1,005 16.0 0.11
Aarhus University 44 1,045 22.2 0.12
Private firms 32 925 28.9 0.13
National research laboratories™ 11 151 18.7 Ovi2
Technical University of Denmark 7 56 8.0 0.10
Aalborg University 1 33 33.0 0.09
*Incl.: Danish Cancer Society, the Hagedorn Research Institute, the Steno Diabetes *Incl.: National Institute of Occupational Health, National Research Centre for the
Center, Team Denmark and WHO. Working Environment and SSI, The National Institute for Health Data and Disease

Control.
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Private firms also make a contribution to research in

this field. These firms are however dominated by Novo
Nordisk, which has generated approximately half of the
company publications identified in this study. Publications
by Novo Nordisk have an average of 31,1 citations per
article, which is higher than the average number of cita-
tions per publication within the research field.

Publications by hospitals and private firms have the
highest average impact, along with publications from the
University of Copenhagen. Moreover, these organizations
also have the highest average degree of interdisciplinarity.

FIRMS THAT HAVE CONTRIBUTED TO
PUBLISHED RESEARCH ON METABOLISM
AND OBESITY

Center for Clinical & Basic Research
Cyncron

H. Lundbeck

Jargensen Clinic for Plastic Surgery

Kobenhavns Praktiserende Laegers Lab.
Medical Center Charlottenlund
NeuroSearch

Nordic Bioscience

Novo Nordisk

Nutri Pharma

Rheoscience

Sven Bittmann Clinic for Plastic Surgery

5.3 KEY FINDINGS FROM
THE CASE STUDY

Long tradition of combining disciplines when
aiming to address obesity-related challenges

Research within metabolism and obesity has a long
tradition of combining disciplines. The very nature of the
research field motivates an interdisciplinary approach,

as it has become evident that, in order to fight obesity, a
change in human behavior and wellbeing is as important
as getting the right kind of medical advice and treatment.

The recognition that multiple disciplines are required to
fight obesity is hence a common and widespread percep-
tion within the research field, and has been so for several
years. Thus, it is emphasized that a significant amount of
collaboration occurs across the hard and soft sciences.
However, collaboration among closely related disciplines
is still most common.

Professor Arme Astrup, head of the Department of Human
Nutrition, Copenhagen University, explains that “if we wish
to understand what causes obesity to occur, and to get
better at treating and preventing obesity, it is necessary

to have participation from a great variety of disciplines
across the wet and dry sciences. The importance of
translating scientific results into dietary guidelines that will
actually be of relevance to the individual person has been
crucial to the research within obesity. In obesity research,
we also collaborate with the kitchens at hospitals and
with celebrity chefs such as Claus Meyer to invent dishes
that are pleasant to eat at the same time as they are in
accordance with a specific diet. Hence, we have come to
the conclusion that if we wish to cure obesity, we need to
collaborate across different disciplines and professional
backgrounds.”

Industry and hospitals play an important role

The bibliometric analysis has revealed that companies
have both a high degree of interdisciplinarity and a high
impact in their publications. The role of companies in
research differs, ranging from providing inputs to aca-
demic research to actively contributing to driving the
research forward.

A “Novo Nordisk effect” is apparent in this case study.
The company participates in almost half of all publications
in the field that are co-authored by Danish firms. Novo
Nordisk participates in a substantial amount of research
with a broader perspective than merely the development
and testing of new drugs. Novo Nordisk also supports
basic (mostly interdisciplinary) research related to obesity
and diabetes. This has helped build strong links to univer-
sities and other research institutions, and thus stimulated
the participation of Novo Nordisk in various academic
research projects within obesity.

Like industry, hospitals have a high degree of interdisci-
plinarity and high impact in their publications in this field.
In their organizational structure, hospitals are predisposed
to interdisciplinarity, as they are often organized around
themes (such as obesity) and with multiple disciplines
represented within each of those themes.

Moreover, Claus Dethlefsen, Department of Clinical
Medicine and Cardiology, Aalborg Hospital, argues that,
because clinical research results may lead to changes in
clinical practice, “Compared to universities, hospitals have
a different culture regarding the publication of research.
There is a greater focus on the quality and reliability of the
published results. There seems to be more patience to
reach robust results, than what is predominant at univer-
sities.”
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Interdisciplinarity and academic prestige

Overall, academics researchers experience that interdis-
ciplinary research creates better research, thus enhan-
cing their ability to publish in the prestigious journals. It
is stressed that medical journals are often concentrated
on a topic (such as obesity or diabetes), which makes it
easier to combine different methods and disciplines.

Moreover, the importance of such combination seems

to be increasing. A substantial number of key journals
are enthusiastic about interdisciplinary research that cuts
through “old perceptions”, as put by one respondent.
However, interdisciplinary research places great demand
on dissemination as methods and results must be com-
municated beyond the individual discipline and without
the presumption of prior knowledge among the audience.

Different disciplinary traditions tend, however, to consti-
tute barriers to publication of interdisciplinary research
results. As it is not always possible or desirable to target
interdisciplinary journals, scientists have to choose which
journals to publish early on, in the research process,

S0 that they may target their research and make it more
palatable for the chosen journal. In addition to this, there
are different traditions for crediting authors across the
disciplines, which may also pose a minor challenge to the
publication of interdisciplinary research.

Interdisciplinary obesity platforms are catalysts
for interdisciplinary research

Within research on metabolism and obesity, it is evident
that strong research platforms play an important role

as an enabler of research across disciplines. Examples
of such platforms include The Novo Nordisk Founda-
tion Center for Basic Metabolic Research based at the
University of Copenhagen, a Nordic Center of Excel-
lence Program on Food, Nutrition and Health financed by
Nordforsk, and the OPUS Center based at the University
of Copenhagen with financial support from the Nordea
Foundation. These platforms provide an opportunity

for scientists, hospitals and industry to meet around a
common theme, but across disciplines. This serves as a
point of departure for future projects on metabolism and
obesity research that combine different perspectives and
disciplines in order to solve a common problem.

Marianne Uhre Jakobsen, Associate Professor at the
Department of Public Health, Aarhus University, states
that “It is important for research to have a platform
concentrated on common research questions with the
participation from a variety of different disciplines. A
platform fosters new research ideas when there is open-
ness among the participating parties and there is a broad
representation of disciplines from different institutions. If
interdisciplinarity should be further enhanced, common
platforms is the way forward.”
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CASE STUDY: RESEARCH ON
RENEWABLE ENERGY

Denmark holds a strong position within research on
renewable energy, measured both on the number of
scientific publications per capita and scientific impact,
where Denmark ranks first and second, respectively,
among the 20 leading OECD countries in the research
field (cf. tables 11 and 12). Denmark ranks somewhat
lower on the degree of interdisciplinarity, namely at no.
14 (cf. table 13).

TABLE 11: Scientific productivity within research on renewable energy, adjusted for population size

Source: DAMVAD, 2012, based on data from Web of Science. Population data derived from The CIA World Factbook

inhabitants
1 Denmark 312 5 62.4
2 Sweden 395 9 43.9
3 Switzerland 220 8 27.5
4 Greece 276 11 25.1
5 Netherlands 319 17 18.8
6 Canada 614 34 18.1
7 Australia 374 22 17.0
8 England 801 52 15.4
9 Taiwan 259 23 11.3
10 Spain 513 47 10.9
11 USA 3,316 314 10.6
12 Germany 812 81 10.0
13 Italy 541 61 8.9
14 Turkey 691 80 8.6
15 France 459 66 7.0
16 South Korea 306 49 6,2
17 Japan 514 127 4.0
18 Brazil 389 206 1.9
19 China 989 1,343 0.7
20 India 672 1,205 0.6
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TABLE 12: Scientific impact within research on renewable energy

Source: DAMVAD, 2012, based on data from Web of Science

Country Tota! no._ of To:':tal_ no. of No. of ci?atic_ms
publications citations per publication
1 USA 3,316 64,297 19.4
2 Denmark 312 5,419 174
3 Netherlands 319 5,472 17.2
4 Switzerland 220 3,757 17.1
5 Germany 812 12,861 15.8
6 England 801 12,373 15.4
7 Turkey 691 9,571 13.9
8 Sweden 395 5,341 13.5
9 Australia 374 5,028 13.4
10 France 459 5,990 13.1
11 Canada 614 7,945 12.9
12 India 672 8,110 12.1
13 Italy 541 6,518 12.0
14 Japan 514 6,121 11.9
15 Spain 513 5,623 10.8
16 Greece 276 2,683 9.7
17 China 989 8,514 8.6
18 Taiwan 259 2,035 7.9
19 Brazil 389 2,966 7.6
20 South Korea 306 1,985 6.5
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TABLE 13: Score on the interdisciplinarity index within
research on renewable energy

Source: DAMVAD, 2012, based on data from Web of Science

Interdisciplinarity

Country

index
1 South Korea 0.18
2 Taiwan 0.17
3 China 0.17
4 ltaly 017
5 France 0.17
6 Switzerland 0.17
7 Spain 017
8 Turkey 0.17
9 Japan 0.16
10 Greece 0.16
11 Canada 0.16
12 USA 0.16
13 Australia 0.16
14 Denmark 0.16
15 England 0.16
16 Sweden 0.16
17 Germany 0.16
18 India 0.15
19 Brazil 0.15
20 Netherlands 0.15

e 6.1 A CLOSER LOOK AT
THE DANISH RESEARCH
COMMUNITY

The organizations that have contributed the most (mea-
sured by volume of publications) to Danish research on
renewable energy over the past decade are the Techni-
cal University of Denmark, Aalborg University and Aarhus
University.

Private firms are also an important contributor to this
research field, having authored or co-authored 14 percent
of all publications identified in this study. This relatively
high degree of private involvement in scientific publica-
tions emphasizes the important role that firms play in the
research community within renewable sources of energy.
Publications by private firms are moreover distributed
across a wide range of companies, illustrating that this
research fields covers a number of different subfields,
ranging from biofuels to solar energy to fuel cell techno-
logy.

[t is interesting to note that Haldor Topsge has contri-
buted to five publications which have, however, received
a total of 409 citations (or an average of 81.8 citations per
publication). This high level of impact is partly due to the
fact that Haldor Topsee is a significant contributor to basic
nanotechnological research (and basic research generally
receives more citations than applied research).

TABLE 14: Danish organizations that contribute to research on renewable energy

Source: DAMVAD, 2012, based on data from Web of Science

Organization o (.,f . Tota'l 'n.o. citi::gh:fper Inte_rdisciplin-
publications of cititions Dl arity score
Technical University of Denmark 91 1,735 19.1 0.14
Aalborg University 72 1,450 201 0.15
Private firms 45 846 18.8 0.16
Aarhus University 41 464 11.3 0.16
University of Copenhagen 23 513 22.3 0.15
Other research institutions* 14 284 20.3 0.15
University of Southern Denmark 8 40 5.0 0.15
Roskilde University 6 28 4.7 0.12
National research laboratories™ 5 36 7.2 0.11
Hospitals 4 16 4.0 0.16
Copenhagen Business School 3 7 2.3 0.14

*Incl.: Danish Institute for Government Research AKF, Danish Institute for International
Studiies, Danish Meteorological Institute, Danish Research Center for Organic Farming,
European Environmental Agency, Geological Survey of Denmark and Greenland -

GEUS, Nordic Agency for Development and Ecology (NORDECO) a.o.
**Incl.: National Institute of Occupational Health and National Research Centre for the
Working Environment
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FIRMS THAT HAVE CONTRIBUTED TO
PUBLISHED RESEARCH ON RENEWABLE
ENERGY

AgroTech

Alfa Laval

Arla Foods

Bolding & Burchard
Copenhagen Energy
COowI

Danish Power Systems
Det Norske Veritas
DONG Energy

Elkraft Syst

EMD International
Energinet Dk
Geographic Resource Analysis & Science
Haldor Topsoe Research Labs.
Inbicon

IRD Fuel Cells

Kemira Miljo

Novo Nordisk
Novozymes

PlanEnergi

Rambagll

Topsge Fuel Cell
Vestas

Wave Draon

@ 6.2 KEY FINDINGS FROM
THE CASE STUDY

The high productivity and impact of Danish renewable
energy research is the combined result of many years of
scientific research, a persistent political focus on renew-
able energy, and companies’ continuous research and
development efforts.

Interdisciplinarity plays a key role — but mainly
among closely related disciplines

The bibliometric analysis has indicated a relatively low
degree of interdisciplinarity in research within renewable
energy. However, interdisciplinarity is seen as a pre-
requisite for energy research and hence practiced
among scientists. This is based on the perception that
nature and society are not organized according to dis-

ciplines, and a combination of technologies is therefore
needed to get the right understanding and provide new
perspectives and solutions for the renewable use of energy.
An example of this is research on how electric cars can
be used as storage for excess energy using battery tech-
nology in a way which is both economically sound and in
tune with consumers’ needs and preferences.

Solving energy problems requires combining different
disciplines, though energy research mostly combines
closely related disciplines, particularly within the technical
sciences. However, the study has also identified examples
of research projects that involve the SSH, notably eco-
nomics.

Professor Gert Tinggaard Svendsen, Department of Politi-
cal Science, Aarhus University, explains that "A hot topic
within energy research is climate policy, especially regard-
ing the use of renewable energy as an alternative to fossil
fuels. This kind of research requires a strong combination
of technical insights into the scope of the new technolo-
gies, their economic forecasts, and an understanding of
how the political system operates. Thus it is hard not to
work in this field without taking an interdisciplinary ap-
proach.”

Understanding the interplay between the technological
developments within renewable energy and viable busi-
ness models, for instance in relation to electric cars and
solar cells, is becoming increasingly important and calls
for an interdisciplinary approach.

Interdisciplinarity and academic prestige

A closer look at the bibliometric analysis reveals that the
publications that have the highest degree of interdiscipli-
narity do not have the highest impact. Some respondents
suggested that established journals have not yet fully
adapted to interdisciplinary articles and thus recognized
their value to the research field. In fact, the case study
indicates that interdisciplinary energy research can have
difficulties getting accepted in established journals, which
often have a more monodisciplinary focus. Thus, interdis-
ciplinary articles often get published in newer journals that
tend to have a more outspoken focus on interdisciplinary
research but also lower scientific impact.

Some respondents noted that more established journals
occasionally experiment with interdisciplinary articles,

for example in special issues; however, interdisciplinary
articles often do not transcend to the regular issues.
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The role of industry research

The bibliometric analysis also showed that a sub-
stantial number of companies contribute to research
on renewable energy. The study revealed that energy
research tends to be more applied than basic in nature,
which may explain why industry research plays a
significant role. Collaboration on research projects
is to a great extent initiated by companies that bring
a specific idea or research problem to academic
scientists as a starting point for collaboration. Confe-
rences and other less formal networks — where ideas
are shared and future projects find their way — also
provide important points of contact between industry
wmwesand academia.

The bibliometric analysis also revealed that industry
research generally has a high degree of interdiscipli-
narity compared to university research; which may be
explained by the fact that companies are driven by a
need to solve specific problems, which forces them to
combine inputs from a variety of sources and disci-
plines.

Interviews also suggest that much private energy
research is undertaken in collaboration with public
research institutions, and that these collaborations
also tend to be problemoriented and therefore need

an interdisciplinary approach. The collaborations are
moreover driven by strong ties between industry and
university researchers that result partly from the fact
that industry researchers often maintain an affiliation
with the university where they did their research training.




ANALY SIS OF THE RELATIONSHIP
BETWEEN INTERDISCIPLINARITY

AND IMPACT

This chapter presents the results of a regression analysis
that investigates the relationship between interdisciplinarity
and other key aspects of academic research, notably
sclentific impact and collaboration with industry.

The motivation for this analysis is that if there is a signifi-
cant relationship between interdisciplinarity and key as-
pects of scientific performance, then this is likely to affect
academic researchers’ incentives to engage in interdisci-
plinary research and must therefore be taken into account
in the design of public policy to promote interdisciplinarity.

The analysis is based on the bibliometric data collected
as described in chapter 2 of this report. The unit of ana-
lysis is publications, i.e. Danish articles identified in the
three selected research fields.

The data set included 1,236 publications authored by
at least one Danish scientist during the period 2000 to
2011. Publications had to have at least one reference to
another publication in a Web of Science indexed journal
in order to be included in the regression analysis.®

A total of 739 observations (i.e. publications) were
included in the model and distributed across the three
research areas as follows:

. Genetically modified foods: 186 publications of
which we could identify 122 unique publications with
at least one reference to other publications in Web
of Science indexed journals.

o Metabolism and obesity: 738 of which we could
identify 369 unigue publications with at least one
reference to other publications in Web of Science
indexed journals.

This is because such references are central to the calculation of the interdisciplina-
rity index, since the measure of cognitive distance between subjects area requires
publications to be in Web of Science indexed journals (that have been assigned
subject areas).

o Renewable energy: 312 publications of which we
could identify 262 unique publications with at least
one reference to other publications in Web of
Science indexed journals.

The relationship between scientific impact and the level
of interdisciplinarity of a research article was modeled
collectively for the three research areas in order to ensure
that the number of observations is sufficiently high to
allow for a robust analysis.

© 7.1 VARABLES

The dependent variable is the scientific impact
[Impact] of publications as indicated by the number of
citations in scientific journals indexed in Web of Science
to these publications.

The independent variable is the level of interdis-
ciplinarity [Interdisciplinarity] of each publication, as
indicated by its score on the interdisciplinarity index.

We also include a number of control variables. To control
for the effect of differences in citation patterns (and there-
fore impact) across different research areas, we include
a dummy variable for each of the three research
areas [Genetically modified foods, Obesity and metabo-
lism, and Renewable energy]. Moreover, we control for
the number of authors [No. of authors] and the age
of the publication [Age of publication], as publications
that have more authors and that are older tend to have
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high citation numbers. Finally, we include a control for the
number of subject areas [No. of subject areas] as-
signed to the scientific journal in which a given publication
appeared. These subject areas are included to account
for the potential bias that a high number of subject areas
might result in a higher interdisciplinarity score.

We also include a dummy variable identifying SSH
publications [SSH-Authors], i.e. articles that have been
authored by at least one researcher from the social sci-
ences or humanities. The identification of authors from
the social sciences and humanities was based on the
institutional and department affiliation of the authors.

Finally, the model includes a dummy variable identify-
ing industry publications [Firm-Authors], i.e. articles
that have been authored by at least one researcher from
Danish companies. Firm authors were identified based on
their affiliation with a company name and address.

e 7.2 DESCRIPTIVE STATISTICS

Tables 15 and 16 present the descriptive statistics on the
variables included in the model and the results of an initial
correlation analysis of the variables.

TABLE 15: Descriptive statistics

Source: DAMVAD, 2012

Variable Stapd?rd

deviation
Interdisciplinarity 739 0.13 0.06 0 0.34
Impact 739 21.14 40.36 0 392
No. of authors 739 513 7.69 1 104
Age of publication 739 4.59 3.15 0 12
No. of subject areas 739 2.63 1.78 1 12

Variable Percentage of total

population
Genetically modified foods 16.51 pct. (122)
Metabolism and obesity 49.80 pct. (369)
Renewable Energy 33.69 pct. (249)
SSH-Authors 5.41 pct. (40)
Firm-Authors 11.37 pct. (84)
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TABLE 16: Results of the Pearson correlation

Source: DAMVAD, 2012, N.B. Pearson correlation scores marked by (**) indicates significance at least at the five percent level

No. of Geneti- | Metabo-
authors cally lism and
modified | obesity

foods

BRI N B B O B N

Impact 1

Interdisciplinarity 0.0523

No. of authors 0.0694 |-0.0846**

-0.0329 | 0.1068™ | 0.1423** | -0.0734**
-0.0408

2
3
Age of publication 4 0.391* | -0.0578 | -0.1305*
5
6

-0.1116** 0.2444 | -0.0161

.0865™* L 0.3183* | -0.0029 0.0239 | -0.4431**

0.1616™* -0.1888" | -0.0126 | -1.0266™*

>wable energ

0.072 0.0309 | 0.1688™* 0.0362

-0.1183** 0.0211 0.0534 | 0.199




Model specification

Since the dependent variable is a count variable, a nega-
tive binomial regression model was chosen. Subsequent
tests for fit of fitted model to either a binomial or a regular
poisson distribution showed a significant fit between the
observed distribution and the binomial distribution. In
order to handle issues regarding multicollinearity when
modeling the effect of different author affiliations, a natural
logarithmic transformation is made for the independent
variable, the level of interdisciplinarity. Moreover, all
modeling is performed using the STATA robust options to

handle heteroscedasity. Finally, models have tested nega-

tive for collinearity.
Results
Table 17 shows the results of a series of models explor-

ing the relationship between interdisciplinarity and scien-
tific impact while controlling for the research area and a

set of basic control variables that are likely to influence
the level of interdisciplinarity.

Model 1 forms the baseline model for the subsequent
models and shows that the level of impact for a given
article is positively and significantly influenced by the level
of interdisciplinarity. As expected, it also shows that the
age of the publication and the number of authors both
have a positive and significant effect on the impact of an
article.

Model 2 shows a significant positive effect of the research
area of metabolism and obesity on the impact of the
publication. This suggests that publications in metabolism
and obesity research may generally score higher impact
than publications from the other two research fields. The
opposite case holds true for publications on genetically
modified foods, which are significantly and negatively
associated with article impact. There is no significant
relationship between being from the field of research on
renewable energy and the overall impact of a publication.

TABLE 17: Analysis of the relationship between interdisciplinarity and impact

Source: DAMVAD, 2012, N.B. Levels of significance: * p<0.1, ** p<0.05, *** p<0.01

Model 1 Model 2 Model 3 Model 4
Interdisciplinarity score 3.275° 3.772° 3.537* 3.133"*
[0.940] [0.942] [0.927] [0.942]
Metabolism and obesity 0.256**
[0.118]
Genetically modified foods -0.629*
[0.129]
Renewable energy 0.086
[0.123]
No. of authors 0.033** 0.026™** 0.031*** 0.035***
[0.010] [0.010] [0.009] [0.010]
Age of publication 0.350"* 0.349"* 0.366** 0.352***
[0.022] [0.022] [0.021] [0.022]
No. of subject areas -0.020 -0.018 -0.022 -0.021
[0.031] [0.030] [0.030] [0.032]
Constant 0.475™* 0.312 0.469** 0.447**
[0.202] [0.210] [0.196] [0.209]
Inalpha Constant 0.365"* 0.356™* 0.333** 0.364***
[0.061] [0.060] [0.061] [0.061]
Pseudo LL -2701.933 -2698.697 -2690.763 -2701.600
No. of observations 740 740 740 740
Wald-Chi2 277.0895*** 282.9694*** 316.2172*** 278.7576**
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Table 18 shows the results of a series of models exa-
mining the relationship between interdisciplinarity and
scientific impact, when a dummy for the presence of
authors from either the SSH or industry is included.

The analysis indicates that having one or more authors
from the SSH is negatively and significantly associated
with impact (Model 3), while there is no effect on impact
from having industry authors on a publications (Model 2).
Testing for the effect of interacting the two kind of authors
with the level of interdisciplinarity reveals that for publica-
tions that both have a high level of interdisciplinarity and

a negative effect on impact (Model 4). The model also
shows that even when controlling for the influence of SSH
authors, interdisciplinarity is still positively and significantly
associated with impact (Model 4).

For firm affiliated authors, the picture is similar: the inter-
action of high interdisciplinarity and the presence of one
or more industry authors has significant and negative

effect on the impact of an article. Moreover, when con-
trolling for firmaffiliated authors, we still find that the level
of interdisciplinarity is significantly and positively associ-
ated with the scientific impact of an article (Model 2).

one or more SSH authors on the team are penalized with

TABLE 18: Analysis of the relationship between interdisciplinarity and impact — with interaction effects

Source: DAMVAD, 2012, N.B. Levels of significance: * p<0.1, ** p<0.05, ** p<0.01

n (Interdisciplinarity) 0.443* 0.494*** 0.413" 0.438***
[0.105] [0.110] [0.107] [0.108]
No. of authors 0.033*** 0.033"* 0.032*** 0.032***
[0.010] [0.010] [0.010] [0.010]
Age of publication 0.349"* 0.349"* 0.351** 0.347***
[0.022] [0.022] [0.022] [0.022]
No. of subject areas -0.022 -0.021 -0.019 -0.018
[0.033] [0.034] [0.031] [0.031]
Firm-Authors 0.059 -1.007
[0.169] [0.645]
Ln(Interdisciplinarity)*Firm-Author -0.502*
[0.289]
SSH-Authors -0.475** -2.447*
[0.225] [1.203]
Ln(Interdisciplinarity)*SSH-Author -0.794
[0.496]
Constant 1.856™* 1.961** 1.807** 1.877
[0.260] [0.266] [0.261] [0.264]
Lnalpha constant 0.359** 0.354** 0.352** 0.349**
[0.062] [0.063] [0.061] [0.061]
Pseudo LL -2682.428 -2680.954 -2680.178 -2678.886
No of Obs 736 736 736 736
Wald-Chi2 272.4169** 273.9707* 286.1051*** 291.3326™**
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9 RECOMMENDATIONS

In conclusion, interdisciplinary research does not occur
1o the extent that society would like it to occur, because
a number of barriers make it less attractive for academic
researchers and companies to engage in.

First, both the process and the outcomes of interdiscipli-
nary research are highly uncertain, because interdisci-
plinarity involves venturing into unchartered territory. This
makes it less attractive both to firms that seek a financial
return on their investments in research, and to academic
researchers, whose scarce time and resources must be
spent efficiently, for instance generating scientific publica-
tions.

Second, interdisciplinary research requires the develop-
ment of a common “language” and common research
methods that allow the participants to engage in joint
research. It also requires representatives of all participa-
ting disciplines to be involved in the initial definition of the
research problem and design of the research project.
Such collaboration is both time-consuming and deman-
ding.

Third, it can be difficult to find collaborators, as research-
ers typically have strong professional ties within their own
disciplines, but not to other disciplines. Thus, researchers
often lack both insight and networks into other research
fields, which makes it difficult to identify and establish
interdisciplinary collaboration.

However, our findings that interdisciplinary publications
are likely to have higher scientific impact also suggest
that there are strong incentives toward interdisciplinarity
that can help outweigh the uncertainty and costs associ-
ated with boundary-spanning research.

Nonetheless, because of these aforementioned barriers,
public policies that encourage and support interdiscipli-
nary research are necessary to ensure that a societally
desirable level of interdisciplinary research occurs. This is
especially true for interdisciplinary research that spans the
hard and soft sciences.

It is important to stress, however, that interdisciplinarity is a
mean to an end, and not an end itself. Policies to stimu-
late interdisciplinary research must therefore be designed
to mitigate barriers to interdisciplinarity where greater
interdisciplinary research collaboration can help address
major societal challenges without having negative un-
intended effects on the direction or quality of academic
research.

Public programs that encourage interdisciplinary research
that does not add value or that do not take barriers to
interdisciplinary research into consideration are likely to
lead to “symbolic” interdisciplinarity alone, i.e. projects
which are interdisciplinary on paper but not in practice.
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In addition, our case studies indicate that there is a divi-
sion of labor in interdisciplinary research among various
actors in the research system, notably among universities
and firms but also hospitals and applied research institu-
tions. The universities are more monodisciplinary in their
nature because they have a responsibility for ensuring
development of specialized knowledge. The firms, hos-
pitals and applied research institutions are more interdis-
ciplinary because the research produced there are more
problem-oriented. To effectively promote interdisciplinary
research, public policy must consider and support this
division of labor — or seek to alter it, in those cases, where
the lack of interdisciplinarity is due to a lack of resources,
willingness or incentives to engage in it.

For example, our study suggests that collaboration with
industry can promote greater problemorientation in aca-
demic research, provided that firms are brought to bear
on the definition of joint research problems, goals and
methods at the start of the collaboration.

Moreover, good interdisciplinary research builds on strong
disciplinary foundations. Thus, interdisciplinary research
is an important supplement (and not an alternative) to
research, which is anchored in specific scientific disci-
plines.

In view of the substantial barriers to interdisciplinary
research relative to multidisciplinary research — and the
penalties that it may involve for particularly university sci-
entists — it is also important to make a careful assessment
of the circumstances under which interdisciplinarity will
contribute significant value added for society, for example
as compared to multidisciplinary research.

Finally, the case studies pointed to a number of key bar-
riers to interdisciplinary research. They also suggested a
number of possible means of overcoming these barri-
ers; the most important of these potential remedies are
described in table 19.

REFLECTIONS ONTHE METHODOLOGY

The bibliometric method for measuring interdis-
ciplinarity that was investigated in this study is
interesting, because it presents an opportunity
to explore the degree of interdisciplinarity in
research in different fields and different sets of
actors in the research community. It is however
presented as possible supplement to, and not a
substitute for, other means of assessing multi-
or interdisciplinarity in research.

Some limitations of the approach should be noted.
First, the method only captures interdisciplinary
collaboration, which results in publications. How-
ever, researchers rarely engage in research that
does not generate publications.

Second, the method in its current version tends
to yield interdisciplinarity scores that are both
quite low and lie within a relatively small range.
This limitation is recognized in the academic
literature, and efforts are underway to remedy

it, for example by performing separate analyses
on the three dimensions (variation, balance and
distance) that are used in the calculation of the
interdisciplinarity index. Nonetheless, we still find
the method useful in drawing out differences in
degrees of interdisciplinarity that can provide the
starting point for more indepth research.

Finally, it should be noted that the research

fields were defined based on existing insight into
the three case study research areas and recent
review of research within these fields, and not by
a panel of experts. Thus, our data collection may
have underestimated the total number of Danish
publications in the three fields in our effort to limit
“noise” from other research fields captured in the
search.
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TABLE 19: Overview of key barriers to interdisciplinarity and suggestions for how to deal with them

Source: DAMVAD and DEA, 2012

BARRIERSTO INTERDISCIPLINARITY POSSIBLE REMEDIES

Researchers underestimate the difficulties
and the investment of time and resources
involved in developing a “‘common lan-
guage” and a joint set of research tools,
which are necessary for interdisciplinary
research.

Interdisciplinary research projects should be large and long
enough to allow for the development of a “common ground”.
Part of the funding should be reserved for the pursuit of new
research avenues or challenges that were not anticipated at the
outset of the collaboration.

Funding should include possibilities for research stays or other
forms of colocation (either temporary or for the duration of the
project). However, co-location should not be forced.

There is a high degree of uncertainty
regarding the outcomes of interdisciplin-
ary projects. This may lead researchers to
pursue mono- or multidisciplinary projects
that are less risky and over which the
researchers have more control.

Provide funding for pilot projects, i.e. small projects that allow
researchers to explore the usefulness of an interdisciplinary
venture on a small scale before committing to larger, longer
projects. This could for example be achieved on a test scale
through student projects (e.g. Masters’ theses).

Researchers tend to define research
problems within their own disciplines and
not in terms of broad societal challenges.
This limits the need for interdisciplinary
collaboration.

Encourage collaboration between discipline-oriented university
researchers and problem-oriented researchers e.g. industry
anad/or applied research institutions.

Define research centres that are focused on specific problems
rather than traditional disciplines, and rethink the traditional
faculty structure of the universities to respond to the call for
excellence in interdisciplinary research.

Post calls for solutions to societal challenges or prizes for the best
interdisciplinary approaches to important societal challenges.

Many researchers lack personal networks
to other disciplines and therefore have
limited knowledge of potential collabora-
tors and their research.

Promote networking across disciplines, e.g. by bringing a broad
set of researchers together to discuss specific societal chal-
lenges. Such networking should however involve researchers
that have a strong academic performance within their discipline,
as good interdisciplinary research rests on strong disciplinary
foundations.

Projects that start out with the intention

of being interdisciplinary turn out to be
multidisciplinary, in large part because the
contributions of the various disciplines
were not properly integrated at the start of
the project.

Require interdisciplinary projects to involve all participants in joint
identification of the research problem and the research approach
from the outset. This is especially important for research that
involves firms and for “hard science” projects that involve SSH
researchers.
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APPENDIX 1.

LIST OF INTERVIEW RESPONDENTS

RESEARCH ON GENETICALLY MODIFIED FOODS

Thomas G. Jensen, Head of Department, Depart-
ment of Biomedicince, Aarhus University (Academia)

Jens B. Nielsen, Professor, Novo Nordisk Foundation
Center for Biosustainability, Technical University of
Denmark (Academia)

Peter Sandge, Professor, Institute of Food and Re-
source Economics and Department of Large Animal
Sciences, University of Copenhagen (Academia)
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Chr. Hansen A/S (Industry)

Kate Millar, Director of the Centre for Applied Bioeth-
ics, School of Biosciences, University of Nottingham,
United Kingdom (Academia)

e Mads F. Rasmussen, Head of Clinical Development
and Research — Diabetes, Novo Nordisk (Industry)

e |nez de Beaufort, Professor, Department of Medical
Ethics and Philosophy of Medicine, Erasmus MC
(Medical Center), The Netherlands (Academia)

RESEARCH ON RENEWABLE ENERGY

OBESITY AND METABOLISM RESEARCH

Ame Astrup, Head of Department, Department of
Human Nutrition, University of Copenhagen (Aca-
demia)

Claus Dethlefsen, Research Associate Professor,
Department of Clinical Medicine, Aarhus University
Hospital (Aalborg) (Academia)

Marianne Uhre Jakobsen, Associate Professor,
Department of Public Health, Aarhus University (Aca-
demia)

Anne Tjgnneland, Head of Research, Kost, Gener og
Miliz, Danish Cancer Society (Non-profit organization)

e Mogens Bjerg Mogensen, Research Professor,
Department of Energy Conversion and Storage,
Technical University of Denmark (Academia)

e  Tjalfe Poulsen, Associate Professor, Department of
Biotechnology, Chemistry and Environmental Engi-
neering, Aalborg University (Academia)

e Morten Rask, Associate Professor, Department of
Business Administration, Aarhus University (Aca-
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e Gert Tinggaard Svendsen, Professor, Department of
Political Science and Government, Aarhus University

(Academia)

e Anders N. Andersen, Head of Energy Systems
Department, EMD International (Industry)

e Jens Rostrup-Nielsen, Head of Research, Haldor
Topsee (Industry)

e Arild Underdal, Professor, Department of Political
Science, University of Oslo, Norway (Academia)
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