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Abstract: Academic research projects aimed at integrating interdisciplinary research fields are being
implemented at universities and research institutions. The present study focuses on action-based research
through two examples of academic interdisciplinary research projects, with the objective of observing
institutional activities and validating their effectiveness. First, we generated a managerial framework for
institutional activities from the perspective of resource and communication management. Then we conducted a
set of surveillances in these two projects to understand the researcher’s activity of each project. Based on these
facts, we tried to identify effective factors for the promotion of interdisciplinary research projects through: (i)
descriptive statistical analyses across research institutions on the preference of communication partners,
communication element and organisational complementation and the transaction of resources and organisation
process, and (ii) cause-effect analyses on the performance of communication opportunities and the preference of
communication management, setting a bibliometric interdisciplinary index to a dependent variable. The -
analytical approach we have proposed in this study could help to rationalise the management of academic interdisciplinary
research projects. Further, it could also be applied widely to project management and to benchmarking and evaluation of the
academic research project.
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1. INTRODUCTION
1.1. Current context in interdisciplinary research

The policies in the fields of science and technology
currently emphasise the importance of promoting
interdisciplinary research (IDR). IDR is defined as a research
activity that creates a new academic field by integrating
information, data, techniques, tools, perspectives, concepts,
and/or theories from two or more disciplines or bodies of
specialised  knowledge to  advance  fundamental
understanding or to solve problems whose solutions are
beyond the scope of a single discipline or field of research
practice [1].

Many universities and public research institutions are
considering numerous organisational approaches for IDR [2];
partly because science is under pressure to become more
relevant to society [3]. Currently, IDR is widely recognised
as a scientific path towards scientific breakthroughs and as a
means to promote innovation [4,5]. Previous efforts towards
promoting IDR have highlighted the importance of
reinforcing policies and garnering support from the public
sector, implementing autonomous management in research
institutes, and training key researchers with a broader
prospective. Simultaneously, methodologies and pitfalls for
evaluating IDR have been investigated in the context of
policy research [6-8].

Recently, government policies have encouraged public
funding programmes for scientific projects in which the
promotion of interdisciplinary collaboration was set as one
of their primary missions. On the other hand, the
management of an IDR institute has been left to an
individual or a project leader, even though the establishment
of managerial practices is important [9,10]. Training of key
researchers has been recognised in scientific societies as an
area of meritocracy; however, more systemic approaches are
now required to address the recent need to diversify the
career paths of researchers [11].

The present study explores the different ways to adopt
organisation management at research institutes and to
effectively promote IDR. Specifically, case examples at two
research institutes are analysed for determining the types of
interaction between researchers that lead to the promotion of
IDR based on an activity index obtained from surveys. In
addition, the type of policy that promotes/restrains IDR is
analysed based on the activity index and a performance
index that is obtained from publication information. Further,
based on the results of these analyses, the management
framework for IDR projects at research institutes is proposed.

IDR entails interactions between researchers who have a
different sense of value or knowledge. In particular, the
interaction at the generation stage of IDR projects is non-
stationary compared with research projects that are closed to
one field (or mono-disciplinary research). The appropriate
management style thereof is thought to have a substantial
effect not only on the start of research projects but also on
the productivity after implementation. Accordingly, a

detailed observation and analysis of the interactions in the
generation process of IDR is thought to be of great
significance.

1.2. Research background

In this section, we examine three approaches that have
been associated with the management of IDR to explore a
fusion for a managerial framework. The results obtained will
be analysed from the academic research perspective, and
practical tools will be identified for research institutes or
researchers to conduct IDR. Thus, this study covers the
approaches of scientometrics, organisation management, and
technology management. These three approaches have been
reviewed in light of previous case studies. The approach of
this study has been described in the last section.

1.2.1. Scientometrics

In scientometric evaluation, studies that have employed
patents and publication database have been actively carried
out thus far. For example, the number of forward citations is
mainly employed as the measurement index of the value of
patents [12,13]. For example, a study surveyed patent
inventors through questionnaires regarding their technical
and economic importance [14]. It was shown that the number
of forward citations of patents filed had a positive effect on
the recognition of the technical and economic importance.
The number of publications, such as articles, and the number
of citations, such as successive articles, was used as the
measurement index of the value of publications [6,15-19].
This is otherwise known as an indirect peer review, and is
also recognised as an index that complements or replaces
direct peer review by experts [20].

This study particularly focuses on the interdisciplinary
index through case studies of research institutes of IDR.
Measures to quantitatively and objectively evaluate the
degree of interdisciplinary collaborations have been
demonstrated [6, 21-24]. For instance, a previous study tried
to evaluate interdisciplinary performance by using three
indicators: ‘variety’ (the number of academic disciplines),
‘balance’ (the evenness of the distribution of disciplines),
and ‘disparity or similarity’ (the degree of difference
between disciplines) [6]. Such metrics for interdisciplinary
performance have recently been employed to evaluate the
strategic fitness and effectiveness of funded research projects
with the purpose of promoting IDR [9].

1.2.2. Organisation management

Investigative  research related to research and
development activities of corporations prominently use
surveys, such as the Yale Survey I/11 of the United States and
the CIS survey of Europe. However, comparative
investigation at universities and public research institution
levels, and organisation theory-based validation thereof is
not very active, except for a few examples [7,9].

The critical points for evaluating the performance of
universities and public research institutions is through the
introduction and operation of key performance indicators
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(KPI) and activity measures. Furthermore, from the
management perspective, two important factors need to be
fulfilled: that the evaluation system is designed based on on-
site needs for effective evaluation of the result feedback, and
that the system needs to be simple enough to be operable on-
site [8].

This approach is also based on scientometrics and
organisation management and has been empirically and
thoroughly investigated through practices at research
institutions. Although individual approach efforts have been
actively implemented thus far at each research institution,
common recognition for the style of management is far from
being created. This is because of a lack of social scientific
studies to generalise findings in individual practices into
theories. Moreover, one of background factors is the sparse
cooperation between researchers of the social sciences field
who correspond to the development of such management
system and researchers of natural sciences field who are
practitioners.

One possible approach is focusing on key interactions in
IDR projects. For instance, the process from the generation
and completion of research projects can be investigated
through detailed observations of researchers where a
standard framework based on this measurement and
evaluation generated in the process needs to be planned and
presented. Specifically, the focus is placed on transactions
within or outside organisations and the communication
interface [25,26].

1.2.3. Project Management

Several academic research paths consider the integration
of interdisciplinary initiatives. One such path consists of
theories developed through case studies for institutional and
project management.

With a focus on institutional management, internal and
external preconditions and organisational change for
interdisciplinary research have been explored [5,27,28]. The
case analysis of the creation of a new discipline of
biomedicine at a French research institution noted that the
development of carrier paths in new interdisciplinary fields
enabled the institution to integrate two disciplines [28]. It is
also articulated the organisational factors that influence the
creativity of organisational research activities by analysing
20 case studies of prize-winners [29]. Another study focused
on a multi-institutional collaborative project and postulated a
two-stage model: (i) establishing an interdisciplinary
research field as a new discipline and (ii) establishing a
research organisation for a new discipline, and further
defined the requirements to be fulfilled at each stage [2].
From the viewpoint of project management, in-depth
discussions on institutional challenges were discussed by
classifying the projects by their size and by their technical
and organisational complexity—i.e., variety of disciplines
[30,31]

Another research avenue has been to describe individual
behaviour at institutions with a collaborative process. A
comparative analysis of behaviour patterns such as daily
usage of time across researchers at academic
interdisciplinary research institutions and researchers
belonging to traditional departments showed that the
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proportion of actual time spent on collaborative research was
higher at interdisciplinary research institutions [32].
However, in either case, no analysis has verified what kind
of approaches at research institutions satisfies the
requirements of interdisciplinary research formation or
creates changes in behaviour at the individual researcher
level. Another study verified what kind of benefits
researchers themselves expect in collaboration between
cross-field researchers [33]. As a result, it became clear that
in the natural sciences, exchanging information on
experimental methods, implementing collaborative research,
and sharing experimental results were listed at the top of the
ranking, whereas creation of research ideas or formation of
personal networks was rarely emphasised. However, a
correlation between action and result in interdisciplinary
research, such as how these collaborations lead to actual
material improvement in outcomes, was not verified.

1.3. The approach of the present study

In this study, KAIs were newly applied to activities that
were important for the operation of research institutes (in
addition to KPIs). The conceptual diagram is shown in
Figure 1. To validate this framework, two interdisciplinary
research institutes in Japan that acknowledge the promotion
of IDR were investigated as empirical study cases.

Items for investigation/analysis are shown in Table 1.
The six points that should be validated through
comparison/analysis of survey results are: (i) the preference
of communication partners, (ii) the importance of
communication  opportunities and the degree of
organisational complementation, (iii) the importance of
resources and the outcome of organisational approach, (iv)
the preference of communication partners and the method of
organisational correspondence, (v) the preference of
communication opportunities in the interdisciplinary
performance connection/presentation process, and (iv) the
preference of communication management method as key
activity indicators (hereinafter ‘KAls’). Based on these
points, evaluation and implication of the analysis result,
future prospects, as well as the limitations of this study and
future approaches were discussed.

The Introduction section should include the background
and aims of the research in a comprehensive manner, for the
researchers.

2. MATERIALS AND METHOD

In this section, the details of the approach (already
described in the previous section) will be explained.

2.1. Survey design

For the survey design, the theoretical model of
transaction management was employed to help configure the
three analytic viewpoints of transaction partners, transaction
resources and communication opportunities [25,26]. The
five-step Likert Scale was employed as the evaluation scale.
Faculty members affiliated with Kyoto University, the
Institute for Integrated Cell-Material Sciences (WPI-iCeMS,
N = 33, the number of Pl = 17), and researchers affiliated
with the University of Tokyo, Center for NanoBio
Integration (CNBI, N = 114, the number of Pl = 35) were the
investigation targets in this study. A total of 88 record
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samples were obtained as a result of an investigation through
questionnaires, including 60 samples from CNBI (the
number of Pl = 27) and 28 samples from WPI-iCeMS (the
number of Pl = 15). These samples, excluding the ones with
incomplete answers, were subjected to subsequent analysis.
These three viewpoints were integrated: (i) comparison
between the two research institutes of WPI-iCeMS and
CNBI, (ii) comparison between the PI and non-PI classes at
WPI-iCeMS, and (iii) comparison between the research
fields of biology and chemistry/physics at WPI-iCeMS. A T-
test was performed for the significant difference of scores of
explanatory variables rendered by the rank scale, and the
impact of each variable was estimated.

2.2. Definition of interdisciplinary index

To evaluate the interdisciplinary performance of each
researcher, the following formula for the diversity evaluation
of patents of corporations [34] was employed and the
interdisciplinary index for each researcher was defined. This
index ranges from 0 to 1 and a value closer to 1 indicates
that the published articles corresponding to the research
fields are diverse.

This investigation is based on publications included in
the database of SciVerse Scopus (Elsevier B.V.) Each
publication can be classified into 26 major research fields
and sublevel classifications thereof rendered by Scopus. The
specific method was as follows: based on the list of
published articles for each researcher created from Scopus,
the identity of each researcher was verified, and an
interdisciplinary index was calculated from the amended list.
Thus, the interdisciplinary index was set as the explained
variable, and variables that differed between the above-
described three groups were selected from the significantly
correlated explanatory variable groups to create a linear
multiple regression model. The relationship of each impact
factor was analysed, and the characteristics of researchers
with high interdisciplinary performance were extracted.

This section provides details of the methodology used
along with information on any previous efforts with
corresponding  references. Any details for further
modifications and research should be included.

3. RESULTS

In this section, case examples at the two research institutes
of CNBI and WPI-iCeMS are integrated to develop a
managerial framework. CNBI’s primary objective is to
promote collaboration between departments inside the
University of Tokyo, in particular ‘medicines-engineering
collaboration’.  WPI-iCeMS’ central aim is to promote
cooperation between Kyoto University and internal and
external research institutions, in particular ‘international
collaboration’. CNBI has completed a five-year project in
March 2010, and WPI-iCeMS has completed the first term of
a project in June 2012. A brief overview of these two research
institutions is summarised in Table 2.

3.1. Descriptive statistics

This section shows the result of investigation of KAIs at
the two research institutes and the result of comparison
between the two institutions. All of the semi-quantitative
evaluations employed the five-point Likert Scale, which

Anzai et al.

defines 1 as "not important at all" or "not sufficient at all" and
5 as "extremely important” or "completely sufficient" and 3 as
neutral.

3.1.1. Preference of communication partners

Table 3 summarises the investigation results of primary
preferences of communication partners in each phase of the
IDR projects with researchers in different fields.

Consistently in each phase, from initialising to planning
and then to executing/controlling, communication between
principal investigators (PI) of the own group and the partner
group was emphasised. This is a reasonable result considering
that every PI is the chief of his/her research group and he/she
has the responsibility to decide on the implementation of
collaborative research projects, especially in the initialising
phase when their experience and broad human network can be
useful. On the other hand, it should be noted that researchers
of the own and the partner groups were similarly emphasised
to the PI. At least in research fields targeted by these case
examples, it is suggested that a more diverse specialised
knowledge or research methodology is necessary, and
therefore recruitment of a relatively large number of
researchers is desirable.

3.1.2. Importance of communication element and

organisational complementation

Table 4 shows the investigation results of the importance
of various elements for communication and the degree of
complementation by each project in the planning phase of IDR
projects.

The following eight items were set as key success factors
of communication: (1) language skills (English proficiency in
case of international communication); (2) physical distance
(the distance between each other’s research facilities or
offices); (3) sense of values (consent of attitude or ethical
views towards scientific research); (4) credibility (compliance
on decided matters); (5) comprehension of significance
(degree of commitment); (6) logicality (having a logical mind
and consent of the discussion style); (7) research approach
(understanding the research methodologies or techniques of
each other’s fields); and (8) specialised knowledge
(understanding of expertise or technical terms of each other’s
fields).

The results of the investigation showed in Table 4 that
researchers from both research institutes emphasised on
credibility (having the highest interest), followed by
comprehension of significance. This suggests that compliance
on agreed matters and commitment are universally important
for the smooth implementation of IDR projects. Two items
with significant difference between the two institutions were
language skills and physical distance. This difference is
consistent with the difference in strategic policies of the two
institutions, i.e. emphasising cooperation between other
departments within the university at CNBI, and cooperation
with other foreign universities as the primary policy at WPI-
iCeMS.

Focusing next on the degree of organisational
complementation for these factors, evaluation related to trust
was the highest at both research institutes. This suggests the
possibility that compliance on agreed matters, which could be
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difficult at the level of individual researchers or research
projects, became easier by organisationally implementing
research project management. Another noteworthy matter is
that both institutions placed a relatively high evaluation on the
sense of values, particularly CNBI. Thus, it can be more
appropriately construed that the attitude or ethical views
towards scientific research, which sometimes differs between
fields, can be eased or bridged by focusing on organisational
policies, such as setting up conversation opportunities between
researchers of different fields, rather than venturing into the
sense of value of individual researchers.

3.1.3. Importance of the transaction of resources and
organisation process

Table 5 shows the investigation results of the importance
of resources and the degree of organisational complementation
thereof in the implementation phase of IDR projects with
researchers of different fields.

The following 13 items were set as classifications of
transaction resources: (1) human resources - project leaders; (2)
human resources - other researchers; (3) human resources -
technicians and assistants; (4) physical assets such as space,
instrument, equipment, or facility; (5) intangible assets such as
database, experiment or know-how; (6) opportunities for
information exchange; (7) funds - direct expenses; (8) funds -
indirect expenses including personnel expenses; (9) authority
to use the above-mentioned resources; (10) administrative
tasks; (11) operational know-how such as project management
skill; (12) brand such as appeal or power; and (13) platforms
such as applicable research programmes or schemes.

An almost identical tendency was observed between the
two research institutes. In other words, needs related to human
resources (items 1, 2 and 3 above) were relatively high at both
research institutes, and in particular, need for project leaders
was the highest at both, implying that project leaders that lead
the IDR on-site are scarce. The second highest were research
funds (items 7 and 8 above) and the tendency to emphasise
securing funds for direct expenses. This suggests an issue in
acquiring research funds, which tend to lack a specialised
understanding of each field than single field researches, owing
to the existence or scope of two or more target fields while
implementing IDR. Further, needs of physical assets such as
space and instrument, equipment or facility for IDR, was also
highly evaluated.

According to the answers for the organisational
complementation, opportunities for information exchange
gained the highest evaluation. The evaluation of the high-
needs items were human resources (other researchers), funds
(direct expenses), and physical assets. However, investigation
results were lower than 4.0 for almost all items. This suggests
that devising organisational support for IDR still has room for
improvement.

3.2. Cause-effect analysis

Next we analysed what kind of management policy would
promote IDR. We analysed the impact of KAls (obtained from
the survey) on KPIs (obtained based on the publication
information). In this analysis, among the two case examples,
we focused on WPI-iCeMS that has diverse communication
opportunities with domestic and foreign research institutes in
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addition to opportunities within the institute and within
universities.

Before analysis, evaluation of interdisciplinary
performance for past publications for Pls or equivalent at
WPI-iCeMS (N=28) was implemented by employing the
method shown in the methods section. The result obtained was
set as a KPI. On the other hand, management efforts that were
addressed at both institutions were set as KAls such as: (i) the
impact of preference of communication opportunities on
interdisciplinarity in the initialising phase of IDR projects and
(ii) the impact of preference of communication management
method on interdisciplinarity in the executing/controlling
phase of IDR projects.

3.2.1. Impact of communication opportunities on the IDR
performance

Two multiple regression models with an interdisciplinary
performance set as the explained variable and survey results
related to the usefulness and participation frequency of
communication opportunities as each explanatory variables
are shown in Table 6. Communication opportunities were
opportunities normally performed in the observation case
example, which were organised into six categories: (1) hosted
international symposia; (2) faculty meetings; (3) other
meetings or gatherings within the institute; (4) other meetings
or gatherings within other departments; (5) academic
conferences and symposiums; and (6) external committee.

Firstly, in an evaluation of usefulness, other meetings or
gatherings within the institute and other meetings or
gatherings within other departments had positive impacts
(p<0.05 and p<0.1, respectively). On the other hand, looking
at participation frequency, the former had a negative impact
(p<0.05) and the latter did not have any significance. This
means that ‘other meetings and gatherings within the
university’ provides useful conference opportunities to
initialise IDR projects, but reckless meetings/participation has
an inhibitory influence. In other words, the result suggests that

tactical planning and selection of communication
opportunities is necessary.
With regards to participation frequency, ‘hosted

international symposia’ and ‘external committee’ had positive
impacts (p<0.05 and p<0.01, respectively). On the other hand,
academic conferences and symposiums had a negative impact
(p<0.01). International symposiums are held about 4-6 times a
year at WPI-iCeMS. Each of these focuses on particular
academic areas while setting themes that emphasise
interdisciplinary prospects. Speakers from various fields are
invited from within the research institution/university and
outside the university. Although their usefulness is not always
recognised by the parties involved, it is suggested that
organisational planning and implementation of
communication opportunities aimed for such inter-field
interactions will become the basis for the generation of IDR
projects. On the other hand, academic conferences and
symposiums are often prone to be specialised in a single area.
Consequently, the theory is that the participation in such
opportunities or research projects generated therefrom results
in the loss of generation opportunities of IDR projects.

3.2.2. Impact of communication management method on the
IDR performance
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The multiple regression model with an interdisciplinary
performance set as the explained variable and survey results
related to communication management method as each
explanatory variable is shown in Table 7. Communication
management were management methods normally performed
in the observation case example, which were organised into 13
categories: (1) the conference and meeting is scheduled with
sufficient leeway on time; (2) the agenda is specifically set and
shared; (3) discussion materials are prepared beforehand and
shared; (4) material of the other presenter is distributed at the
meeting; (5) Pl or representative is attending; (6) time and
number of topics are appropriate; (7) the participants are
earnest; (8) the participants are actively speaking out; (9) few
conflicts in opinions; (10) the meetings are operated smoothly;
(112) late arrival and early dismissal are allowed; (12) action
items and future plans are clear after meetings; and (13) the
meeting minutes are created and circulated after the meeting.

The results show that (2) and 4) had positive impacts on
interdisciplinary performance (both p<0.05). All of these items
were held before such communication opportunities, which
means that the tactical setup and advance preparation are
important (which gives similar suggestions as the previous
section). On the other hand, (11) and (12) gave a negative
although weak impact. These results need to be interpreted
carefully, because the former is an action that needs to be
avoided in ordinary meetings or discussions, whereas the latter
needs to be encouraged. This may suggest that a degree of
flexibility rather than constraints in meeting operations or ex-
post consents will contribute to the creation of an atmosphere
that will facilitate discussion of IDR possibility or realisation
of ground-breaking ideas. Thus, it can be concluded that the
essence of communication management for generation of IDR
projects is prior consent, including getting across the objective
or sharing of information.

4. DISCUSSION
4.1. Characteristics of the present study

Recently, innovation is defined as the creation of new
social value that originates from breakthrough discoveries or
innovative inventions produced through new combinations.
Broad innovative changes in technology, human,
organisation, and society are promoted in the process of
innovation promotion. In this context, the IDR is widely
currently recognised as one of promising approaches to
create breakthrough scientific findings and/or disruptive
technology through a fusion approach across different way
of thinking, knowledge and talent mix. The analysis of the
database on the article citation number in patents, i.e. science
linkage, has been recently used as an objective evaluation
approach of the impact of research activities, including basic
research on innovation; trends thereof will be discussed later.

A noteworthy benefit of our study is its contribution to
establishing a viewpoint to evaluate the transaction-based
approach. As stated in the introductory section,
communication avenues such as meetings and conferences,
where researchers from various disciplines can interact and
plan research projects, are vital for conducting IDR projects.
This is because IDR projects require such interdisciplinary
communication, unlike mono-disciplinary projects; therefore,
all information should be presented with a high degree of
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clarity. In this respect, the IDR project management
approach used in this study is the most effective and valid
approach  for  facilitating  suitable =~ communication
opportunities and environments. This approach is also ideal
for optimising such communication opportunities to evaluate
and determine the nature and manner of the distribution of
research resources.

In the present study, we divided the task of optimising
interaction or communication opportunities into the
following four main elements: (i) the use of a multi-layer
communication design that also includes non-Pl (the
‘who/whom’ aspect) rather than a top-to-top approach, (ii)
optimal design with respect to interaction frequency/location
and physical aspects (the ‘when/where’), (iii) the form of
interaction, for example, addressing organisations in terms of
credibility and comprehension of significance (the ‘how’),
and (iv) establishing exchange resources for the participant
components of the interaction (the ‘what/which”). Given the
expectations for IDR in terms of producing pioneering
inventions or discoveries, interaction management can be an
important and far more leveraged than improving the
efficiency of execution.

In the present study, instead of establishing a normative
analytical framework, we applied optimised descriptive
processes through surveys or face-to-face interviews.
Accordingly, the present study devises two schemes. The
first scheme strives to avoid a rigid top-down approach and,
instead, explores the potential for improvement at research
sites, as well as striving to induce spontaneous improvement
by providing interactive opportunities. The other scheme
involves conducting assessments while benchmarking
methods from several research institutions by applying
standardised investigative and evaluative  criteria.
Specifically, this scheme focuses on enabling improvements
by comparing viewpoints from other research groups and
institutions based on actual investigative cases, facilitating
researchers’ intellectual curiosity about the projects of other
researchers, and creating motivation by generating
‘awareness’ Of the researchers at an individual level.

These initiatives reveal that development project
management methods involving technology management
require the implementation of research projects that include
basic research. Our experimental study was in harmony with
a continuous improvement approach in later R&D stages, as
well as the climate and culture of the university and
researchers.

4.2. Implications to the IDR management

This section discusses the implication to the management
of research institutes from the series of results, in particular,
the impact on the promotion of IDR projects, and the
possibility of the application thereof.

4.2.1. Managing IDR projects

The KPI-KAI framework can be primarily applied to
effectively promote IDR projects. As described in the
introduction section, many previous studies have been
carried out to understand the significance and validation of
IDR projects. On the other hand, as discussed in the section,
the management at research institutes has not been
sufficiently discussed in spite of its importance. Future
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research in academic organisation management needs to
explore the means to fill the gap between these needs and the
methodology as well.

The previous case example in the U.S. presents one
viewpoint [35]. In this report, each of the following factors
are fundamental to promote IDR at universities and public
research institutions: (i) innovative changes in organisational
structures, (ii) research fund distribution that is not
dependent on the conventional academic system, (iii)
employment of faculty that does not depend on the
conventional framework of departments or school ties, (iv)
setting up employment/promotion standards of faculty
members along the value standards of interdisciplinary
fusion, and (v) continuous consideration of interdisciplinary
fusion research implementation process. Eight obstructions
and approaches to overcome them are specifically listed
further.

In addition, numerous business management approaches
for research and development management have been
proposed in the industrial world. Managerial approaches
such as Activity Based Costing (ABC), Balanced Score Card
(BSC), and Business Process Management (BPM), are
typical examples that are applied to the management of many
corporations today. Particularly, as a modern project
management system, Project Management Body of
Knowledge or PMBOK proposed by the Project
Management Institute [36] forms a standard in research and
development management.

The time has come to develop business management
approaches at universities/research institutions in the coming
years to facilitate goal setting or process management in
academic basic research with reference to theories by these
previous studies or practices in the industrial world.

4.2.2. Managing IDR talents and human resources

One of the applications of this KPI-KAI framework is
human resources management at IDR institutions. In this
paper, human resources management is generally classified
into performance management of researchers and personal
evaluation of each individual.

KAls are complementary management tool to KPIs. One
of its advantages, as shown in this study, is that evaluation
between two research institutes with different locations and
objectives will be sufficiently possible through common
evaluation indices and items. In other words, if individual
researchers compare the activity situation of affiliated
research institutes with best practice or other practices, or
monitor the activity situation over time, relative confirmation
as well as real-time discussion and implementation of
necessary improvement plans will become possible. To
introduce such performance management, organisational
healthiness that will allow and recommend visualisation and
sharing of investigation results, scientific analysis, and
positive application, are prerequisites.

For personal evaluation, aggressive application of KAls
as process evaluation, in addition to KPI as performance
evaluation, is important. In particular, it is also envisioned
that researchers who have newly moved from single field
research projects to IDR projects will have a longer lead time
and time lag until the generation of the research outcome
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versus those researchers who are familiar with IDR. In such
a case, the possibility of under-estimating the ability of
newly participating researchers cannot be dismissed if
performance evaluation was carried out only with KPIs. On
the other hand, if KAIs are indexed and achievement thereof
is evaluated, situations during the course of the approach can
be confirmed, and evaluation, according to its progression,
will become possible to some degree.

From the viewpoint of research institutions which
promote IDR, it is important to establish the methodology to
match the expertise of the researchers with different
disciplines and to organize the IDR teams. In the case of
CNBI, the management members defined three core area for
the research before starting this project and assigned the
project members who could share the similar goal to the
three teams accordingly. After this, management highly
promoted matching of expertise and collaborative research
inside the team. In the case of the WPI-iCeMS, same to the
manner at CNBI, the leadership defined the mission and
vision of the centre based on the common mission statements
set by the entire WPI Program: leading science, global
perspective, fusion science, reform. Furthermore, the WPI-
iCeMS intentionally formed three domains of expertise i.e.
cell biology, chemistry and physics, at the beginning phase
of operation and all the staffing process was undertaking in
accordance with the domain criteria.

4.2.3. Managing IDR institutes

As described hitherto, reinforcement of a management
system at academic research institutes is essential today. In
the future, we must attempt to establish an academic research
management body while striving to understand and reflect on
rules or division of the labour system specific to academic
organisations, but we must always be aware of being
universal or systematisation as scientific/technological
management research.

The evaluation approach based on KAI-KPI presented in
this study, and the quantitative and qualitative analysis
framework provides many suggestions for organisational
policy of research institutes, in particular, the optimisation of
communication opportunities such as operation of
conferences or symposia, procurement of resources that are
not sufficient with individual researchers or laboratories for
IDR projects, and seeking intervention from the research
institutes. We expect that the managerial approach extracted
by the method suggested in this paper will lead to
identification of the so-called PDCA (plan, do, check, and
action) cycle or best practice in research and development at
research institutes.

In addition, this study proposes a new practical academic
system that integrates social and natural science i.e.
researchers of social sciences, including businesses and
applied economics, playing a central role in close
collaboration with researchers of natural sciences, who may
be central players in collaboration research. It is by no means
impossible  to  form  new  research areas  of
scientific/technological management and innovation theory,
and further expand this approach to research management at
universities and public research institutions in general.
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In order to in incentivise young researchers for IDR, both
CNBI and WPI-iCeMS had several tools including a small
research funding for internal researchers to start and
accelerate the IDR. In the case of CNBI, even non-Pl
researchers could make short research presentations at the
annual meetings with participation of all the members,
providing them with an opportunity for the new
collaboration with senior Pls with different disciplines and
for their career development. The WPI-iCeMS has been
taking a similar approach to that at CNBI to facilitate
internal peer-to-peer interaction for mutual understanding of
activities and prospective discussion for IDR by holding
yearly retreat as an intensive communication opportunity.

4.2.4. Managing IDR policy programmes

Research institutes, based on competitive funds, typically
demand an interim report by performing an on-site review or
peer reviews during the project. In such a case, setting of the
evaluation criteria is extremely important for self-evaluation
by operation members of the research institutes. Moreover,
determining the achievement goal of the research project
demanded from the government/research aid agencies that
plan/publicly offer competitive funds as well as forming an
agreement related to evaluation within research institutes,
will be essential in this process. In such self-evaluation,
reporting by KPIs, such as the number of articles or the
number of patents as well as quantitative presentation of the
monitoring result of KAIs at the institution level, are thought
to be effective. In doing so, qualitative comprehension of
KAIs by a survey of affiliated researchers as well as broad
extraction of future tasks of the operation should also be
done.

For evaluation at the end of the research project or ex-
post evaluation, it is desirable to report the ultimate
achievement status of KAIls and KPIs that were set at the
time of grant application. A certain quantitative evaluation is
possible for early-stage articles, even for the number of
backward citations of articles, which is a KPI that is difficult
to evaluate during the research project. In addition, sufficient
description is also necessary for the diverse propagation
effect of the research project. Further, the change in answer
results of the questionnaire at the time of the interim report
due to a later managerial approach should be sufficiently
applied in reporting opportunities, because they directly
show the organisational management effort at the research
institute.

4.3. Limitations of research and future prospects

The policy for elaboration/visualisation of the evaluation
index based on more elaborate data as well as a flexible
framework for the improvement trial thereof, and the policy
for research activity promotion has been described above.
However, the limitations of this ground-breaking research
and the direction of approach towards the future must also be
clarified.

This study conducts analysis and discussion that is targeted
at research institutes of IDR having life sciences as the basic
axis. Accordingly, whether the discussed business
management approaches are applicable to other fields must
be sufficiently examined. To this end, comparison with
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research institute programmes in other fields must be further
expanded.

In addition, investigation target researchers are also
limited. Only principal investigators were targeted in this
study. However, many junior faculty members and research
associates are enrolled, and evaluation of their contribution
was not performed. Moreover, education activity which is
one of the most important roles of universities was not the
subject of evaluation because all of the case examples were
research departments. It is essential to encompass each of the
previous points to establish a more universal/comprehensive
business management style.

The interdisciplinary index, which is a KPI employed in
this research, was calculated based on the academic
publication data. However, achievements of academic
research are not necessarily limited to publications. In
particular, focusing on economical values generated by the
outcomes of scientific technology (for example, creation of
patents, transferring/licensing of patents to private
corporations, etc., and distribution of products/services by
these private corporations) are essential evaluation indices in
discussing innovation from universities and public research
institutions.

Accordingly, a research project management style related
to collaboration between industry and academia must be
elaborated.  Specifically, extraction of requirements
demanded of universities and public research institutions that
are necessary for the promotion of collaboration between
industry and academia activity should be the top priority. It
is necessary for these institutions and private
corporations/venture corporations to perform measurement
surveys for cooperation of industry and academia in a bid to
attempt multi-layering of evaluation standards and
adaptation to industrial/social needs.

In that sense, the quantitative survey result obtained in
the demonstrative research is still at a nascent stage. Further,
even as a theory of movement in actual organisations, this is
implemented only by repetitively/continuously performing
comparison between research institutes, job positions, fields,
and research groups rather than completing such an approach
in a single turn, as well as through repeated optimisation
effort of KPIs and KAIs. In other words, it is vital that the
research outcomes of scientific/technology management are
sequentially returned to the on-site scientific/technology
management or project management. The study will become
action-based only when practice outcomes are applied to
strategy building of academic research project through
reinforcement of the PDCA cycle.

CONCLUSION

This study aims to effectively promote IDR, and attempts to
develop a business management style that includes the
approaches of scientometrics, organisation management, and
technology management. As for the policy, KPIs and KAIs
were defined, and indices were set from the three analytic
observation angles of transaction partners, transaction resources,
and communication opportunities for KAIs, and an
interdisciplinary index based on publication information was set
for KPIs. Then, an action style expressed by KAI was observed
based on case studies at the two research institutes, and the



Managing Academic Interdisciplinary Research towards Innovation

impact of KAI on KPI was analysed. As a result, common
characteristics were seen for each KAI from: the preference of
communication partners, the importance of communication
element and organisational complementation, the importance of
transaction resources, the outcome of organisational approach,
the impact of communication opportunities, and the preference
of management method on KPI. Further, the meaning of
management of IDR projects or human resources as well as in
management of research institutes or policy programmes was
discussed. This series of results and discussions illustrates that
organisational interdisciplinary cooperation management is
effective in universities and public research institutions, and
suggests that this approach should be more deeply cultivated
through both theory and practice.
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Fig. (1). The KPI-KAI Framework. This figure schematically describes the concept of an ordinary managerial framework and the proposed
framework in this study. The ordinary model has three issues: (i) elements of the input side were not fully identified, (ii) the relationship
between input and output has not been addressed, and (iii) institutional outputs have not been well defined, and thus have not been evaluated.
To overcome these problems, the proposed framework defined key performance indicators (KPIs) and also key activity indicators (KAIs) at
both individual and institutional levels. Furthermore, the contribution of these KPIs to the KAls was statistically examined through regression
analyses.

Table 1. Items for investigation and analysis.

Classification Initialising Planning Executing/controlling
Reflection to the Searching collaborators Negotiating the Sourcing
management of collaboration
interdisciplinary Proposal for a collaborative | Agreement on the Promoting the project
research research project collaboration
Generating interim and the
final results
Survey items Preference on Preference on Preference on
communication partners communication partners communication partners
Preference on opportunities | Importance of Preference on management
for communication communication elements methods for communication

and organisational
complementation

Importance of resource
items and organisational
complementation
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Table 2. The overview of two research institution examples.

Anzai et al.

Description
(CNBI)

Center for NanoBio Integration

The Institute for Integrated Cell-
Material Sciences (iCeMS)

Organisation

University of Tokyo

Kyoto University

Project Leader

Kazunori Kataoka (Professor of Graduate
Schools of Engineering and Graduate
School of Medicine)

Norio Nakatsuji (Professor of Institute for
Frontier Medical Sciences)

Total Funding Size

JPY 2.59 hillion

JPY 4.94 billion as of FY2010

Annual Average

JPY 0.51 billion

JPY 1.35 billion in FY2010

Number of Researchers
(Pls)

114 (33) as of the end of FY2010

174 (18) as of the end of FY2010

Management Strategy

Create three cross-disciplinary groups
(i.e., groups of Bioinspired
Nanomachines, Nanobio Sensing, and
Cell Therapy) that constitute researchers
with a wide variety of specialties

Create new integrated disciplines of cell-
material sciences on the basis of the

cross-disciplinary fields of chemistry,
physics, and cell biology

Principal of sharing the research
resources among CNBI researchers to
increase unity of CNBI

Become a global hub of career
development for scientists

Setting up events such as Research Camp
with the participation of all researchers to
achieve smoother communication
between researchers and to promote
research collaboration within CNBI

Contribute to human wellness in
environmentally friendly chemistry by
meso-control, detoxification and drug
synthesis in the body, and regenerative
medicine by controlling stem cells with
smart materials

Table 3. Primary preferences of communication partners in each phase of the IDR projects with researchers in different fields.

Questionnaire Initialising Planning Executing/
controlling

CNBI iCeMS CNBI iCeMS CNBI iCeMS

(1) The PI or equivalent of your affiliated 4.31 4.92 4.40 4.75 4.25 4.42

research group (laboratory)

(2) Researchers other than (1) in your 405  4.00 417 415 428 411

affiliated research group

(3) Researchers other than (1) and (2) in 3.47 3.23 3.33 2.93 3.55 3.07

your affiliated department

(4) The representative of the research 4.53 4.67 4.47 4.74 4.52 4.61

group of the different field

(5) Researchers other than (4) in the 4.42 4.15 4.44 4.26 4.56 4.25

research group of the different field

(6) Researchers other than (4) and (5) in 3.53 2.89 3.39 2.59 3.58 2.64

the department ** Fkk il

(7) Researchers other than the above that 3.06 2.78 2.67 2.30 2.66 2.25

belong to the academic society of your

research field

(8) Researchers other than the above that 2.88 2.85 2.61 2.26 2.47 2.18

belong to the academic society of the

different field

(9) Administrative department of your 2.77 2.78 2.72 2.82

affiliated research department

(10) Administrative department of the 2.63 2.70 2.63 2.50

department the collaborative research

partner belongs to

(11) Academic media such as articles 3.56 3.89

database and journals

(12) Other medias such as newspapersand  2.73  2.56

television

Mean of the items above 3.65 3.59 349 335 3.52 3.28

*** p<0.01, ** p<0.05, * p<0.1.



Managing Academic Interdisciplinary Research towards Innovation Technology Transfer and Entrepreneurship, 2016, Vol. 3, No. 2 13

Table 4. The importance of various elements for communication and the degree of complementation by each project in the
planning phase of IDR projects.

Questionnaire Importance Organisational
complementation
CNBI iCeMS CNBI iCeMS
1) Language skills 3.20 3.71 * 3.27 375 *
2) Physical distance 3.69 2.89 e 3.95 3.96
3) Sense of values 4.44 4.21 3.61 3.25
4) Credibility 4.73 4.79 4.06 3.96
5) Comprehension of  4.56 4.54 3.91 3.75
significance
6) Logicality 4.17 4.21 3.52 3.36
7) Research approach 4.25 4.18 3.86 3.54
8) Specialised knowledge 4.00 4.21 3.94 3.57

**% n<0.01, ** p<0.05, * p<0.1.

Table 5. The importance of resources and the degree of organisational complementation thereof in the implementation phase of
IDR projects with researchers of different fields.

Questionnaire Importance Organisational
complementation
CNBI iCeMS CNBI iCeMS
1) HR (project leaders) 4.92 3.92
*
2) HR (other researchers) 4.69 4.93 3.79 3.84
3) HR (technicians/assistants) 4.05 414 3.49 3.76
4) Physical assets 4.38 4.43 4.06 3.84
5) Intangible assets 4.30 4.21 3.55 3.76
6) Info. exchange
opportunities 4.23 4.21 4.23 3.96
7) Funds (direct expenses) 453 454 3.83 3.72
8) Funds (indirect expenses) 4.39 457 3.26 3.68
9) Authority 4.20 4.25 3.53 3.52
10) Administrative tasks 353 356 3.09 3.28
11) Operation know-how 3.67 3.36 3.32 3.16
12) Brand 353 354 3.64  3.60
13) Platform 3.89 3.64 3.72 3.56

**% n<0.01, ** p<0.05, * p<0.1.
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Table 6. Multiple regression models with interdisciplinarity and survey results related to the usefulness and participation
frequency of communication opportunities.

Variable Usefulness Frequency
B SE B SE

1) Hosted international symposia 0.88 0.04
2) Faculty meetings 0.20 0.03

- - - - - - Kk - *%
3) Other meetings or gatherings within the institute 0.52 0.02 0.77 0.05
4) Other meetings or gatherings within other -
departments 0.55 0.03

5) Academic conferences and symposiums 161 *** 0.05

6) External committee activities

0.20 0.02 2.05 **+* 0.04
Constant i 011 ox 012
N 28 28
R? adjusted for the degrees of freedom 0.43 0.58

**% n<0.01, ** p<0.05, * p<0.1.

Table 7. A multiple regression model with and survey results related to communication management method.

Variable B SE
1) The conference/meeting is scheduled with sufficient -
leeway in time 0.16 0.03

1 1fi **
2) The agenda is specifically set and shared 0.44 0.02
3) Discussion materials are prepared beforehand and shared
4) Materials of other presenter are distributed at the o
meeting 0.58 0.03

5) PI or representative is attending
6) Time and number of topics are appropriate

7) The participants are earnest 0.25 0.03

8) The participants are actively speaking out
9) There are few conflicts in opinions 0.19 0.02
10) The meetings are operated smoothly
1 1 1 - *

11) Late arrival and early dismissal are allowed 0.37 0.02

1 1 1 - *
12) Action items and future plans are clear after meetings 0.41 0.02
13) The meeting minutes are created and circulated after -
the meeting 0.33 0.02
Constant e 0.14
N 28
R? adjusted for the degrees of freedom 0.33

*** p<0.01, ** p<0.05, * p<0.1.



