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Formation of research strategy and synthetic research
evaluation based on the strategy
- Toward research program evaluation as a creative activityNaoto Kobayashi1 ＊ , Osamu Nakamura 2 and Kenta Ooi3
[Translation from Synthesiology, Vol.4, No.1, p.11-25 (2011)]
Formation of research strategy, and synthetic research evaluation based on the proposed strategy have been considered. The importance
of a setup of targets and a scenario of the research program to achieve the targets as a part of strategy formation, and the importance of
research evaluation consistent with the research strategy are emphasized. Research evaluation should be performed in three aspects – the
research progress, the research depth and the research phase. In the individual evaluation aspect, comparison of the research performance
with the research strategy framework is essential and synthetic evaluation appropriately composed of deductive inference, inductive
inference and abductive inferenceTerm 1 is recommended. To make the final integrated evaluation, the synthetic method is very crucial.
Examples of research unit evaluation at AIST, and the research strategy formation and evaluation of public research organizations in
Nagasaki prefecture are compared with the synthetic evaluation method. The method is thought to be a creative activity that can contribute
to extract the value of research and accelerate the future evolution of research programs.
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reflection and chain of evaluation, logic model
research strategy has not been established, and that is a major
issue of research and its evaluation.

1 Introduction
In the 21st century, the environment where the earth and
human community reside is subject to more pressure than
in the 20th century. For the humankind to survive into the
future, there are many issues to be solved by science and
technology. Therefore, humankind needs a strategic approach
in terms of how to promote science and technology. The
evaluation of research and development (R&D) is extremely
important when performing the R&D along a research
strategy. Particularly, the evaluation must be performed
to make the comparison with the research strategy, and to
adequately present the significance and direction of the
R&D being based on analysis and integration. Such research
evaluation may spread further than the assumption made in
the strategy, and has the potential of making the evaluation
into a creative activity. Therefore, it is beneficial to propose
a synthetic methodology for evaluation. It will be greatly
useful if such evaluation method can be used to link the
technology to an innovation.
As the social significance of R&D increases, the work on
strategy is becoming active in various countries. The “Energy
Innovation Hub” Note 1 [1] that shows the strategic direction
of the R&D on future energy in the United States, the
“Construction of the knowledge-based European Economic
Society” at the Lisbon StrategyNote 2 [2], and the “New Growth
Strategy” in JapanNote3 [3] are examples. However, the “research
strategy study” that provides the academic foundation of

In the past researches on research evaluation, the application
of the “logic model”Term 2 that indicates the logical sequence
of input, output, outcome, and impact that were used for
program evaluation for nearly 20 years has become active,
and recently research on the method of performing evaluation
according to the logic model has been conducted[4][5]. This has
been effective as the evaluation method for research programs
conducted through public grants in the United States and
Canada, and is an excellent method because it clarifies the
external logical structure that surrounds research. However,
it does not evaluate the content of the research. On the other
hand, peer review and bibliometric methods are available as
means to evaluate the research itself. The former is a method
in which the peers, or the experts of the research field,
evaluate the contents and results of the research, while the
latter is an evaluation through measurable values such as the
number of papers, citations, or patents. In many cases these
methods are combined to perform the actual evaluation[6][7].
However, research on the reaseach evaluation from the basic
perspective of how to watch the research has not been so far
sufficiently performed.
In this paper, we present the outline of the thoughts on
how to synthesize research evaluation, starting from the
perspective of properties of research, and the formation of
research strategy and the logical construct of the elements
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related to the research evaluation based on such strategy.
Particularly, the “synthetic research evaluation” is important
in evaluating the essence of research and in advancing the
research, regardless of whether a research is basic or applied,
or analytic or synthetic.

2 Properties of research
Research is thought to possess “intrinsic properties”. These
properties include: 1) novelty, 2) originality, 3) logical
completeness, and 4) inf luence. 1) Novelty is to add new
academic findings not limited to a certain academic field,
and 2) originality is that the research itself provides unique
findings and introduces new theses. Research that gives
totally new explanation to a known phenomenon may be low
in novelty but is high in originality. 3) Logical completeness
means that the research is a complete expression upon
accumulation of solid logic. 4) Inf luence expresses the
strength of the effect to the external field. It includes
inf luences that affect the discipline itself, and those that
affect other disciplines (these are effects on the academic
field); and the inf luences that affect society. The latter
influence will be called “practical properties”.
The Type 1 Basic ResearchTerm 3 proposed by Yoshikawa is
basic research that produces new knowledge in a certain
discipline, and the inf luence is mainly contained within
the discipline. Type 2 Basic Research (and the Product
Realization Research) is research with practical properties
that affect society, but both can be discussed within the same
intrinsic property[8][9]. However, these two types of basic
researches are not always clearly separated, and the elements
of both can be found within a research project. Also, there is
research where the influence of the intrinsic properties may
stay within a discipline for a short period, but may become
socially influential after some time. For example, it is well
known that the various spatial and temporal compensations
are done in devices that receive signals from the GPS (Global
Positioning System) satellites, and this is based on the
theories of special and general theory of relativity presented
by Albert Einstein at the beginning of the 20th century.

specific research program for achieving the goal of the
strategy, as well as the targets, scenario to attain the targets,
and the targets for the individual research project that
comprise the research program. The research program,
according to Hirasawa, can be defined as “the unit of
execution, development, and management of the policy that
is structuralized and logically constructed, linking the policy
and the research project[6]”. Here, a research program will be
defined widely as the “unit of research development that is
structuralized and logically constructed to link the objective
of the research strategy and the research project”. Therefore,
the research program may be also applied in the Type 1 Basic
Research such as the experimental elementary particle study.
To what extent the targets and the scenario of the research
program are set must be agreed upon by the research
promotion group and the research sponsor (state or society in
case of public research), and a preliminary contract should be
signed. It is also important to incorporate a review process
of the research strategy during the progress of the research
program.
Also, assuming unforeseen circumstances that may occur in
the research progress, some degree of redundancy should be
included in the contract. The scenario must include several
options and f lexibility in schedule. Even in Type 1 Basic
Research that is research within a discipline, for example,
the research strategy can be formed and the potentials of the
results may be cosmic and the influences may last for a long
term. Even if a result different from the major assumption
is obtained, the value of the research strategy will be
determined based on how much it contributed in increasing
the scientific knowledge of the discipline.

3.1 Significance of the research strategy and its
formation
By def ining strategy as a “way in which an objective
is set; various elements such as people, resource, time,
and information are allotted appropriately; and these are
organically combined and activated in order to make the
whole system function properly”, the research strategy can
be defined as “the strategy deployed to set and achieve the
objective of research and its influence”.

O n e e x a m ple i s g ive n . T h e m a i n o bje c t ive of t h e
Kamiokande, for which Dr. Masatoshi Koshiba received
the Noble Prize in Physics in 2002, was to prove the proton
decay by detecting the collision of the neutrinos that were
released in proton decay. However, Koshiba et al. fortuitously
detected, for the first time in the world, the neutrino produced
by the supernova explosion that occurred in the Large
Magellanic Cloud with the Kamiokande in February 1987.
This demonstrated the correctness of the theoretical model
of supernova explosion, and the era of neutrino astronomy
started. While Koshiba had initially indicated the possibility
of observing the neutrinos from space, the proton decay has
not been observed even in the succeeding Super Kamiokande.
As this example indicates, it is normal in science that an
expected result is not necessarily obtained. However, the
research strategy, in which a neutrino detector was made with
a tank with 3,000 ton of pure water and 1,000 photomultiplier
tubes under the Kamioka Mine, turned out to be very
significant because it added new knowledge to physics[10].

In forming the research strategy, it is desirable to set the

In forming the research strategy, it is necessary to organize

3 Research strategy and research program
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the crucial issues structurally into global issues that affect the
wide-ranging field over long-term, social or domain issues
that are mid-term issues for a nation, region, or an academic
discipline, and the research programs that are conducted in
relatively short-term in some specific field.
An example of the global issues is the “realization of a
society with sustainable development”. It is possible to
consider a layer structure containing various issues within
this subject. Four issues of sustainability – “environment,
energy, and natural resource”, “human, organism, and food”,
“society, economy, and industry”, and “information, culture,
and education” – are identified as shown in Fig. 1. In these
layers, the subject of sustainability changes from natural
to artificial as it moves from the lower to the upper layer.
The items in the lower layers need urgent attention, but an
integrated effort must be made to cover all layers in the
national, social, and international policies.
What is important in forming the research strategy is to
clarify the individual social issues that are reflected in the
real world, to define and to break them down into research
programs and individual research projects, and then to
visualize their relationships. Figure 2 shows an example.
The four points of sustainability are given as global issues,
and the examples of related social issues and research
programs are also shown. This method is a top-down or
deductive method. The reason why it is called “deductive”
is because the items that are assumptions of the strategy,
such as the preservation of environment (realization of
low-carbon society) in the context of the aforementioned
sustainable society, can be deployed by the social agreement.
However, complete deductive inference is not possible, and
abduction[11]-[13] will always be in action Note 4.
On the other hand, in the formation of the research strategy,
there is also the bot tom-up st rateg y for mation f rom
experience, findings, and future vision of the researchers
in the specific research field. For example, if it is possible
to develop optical switch devices with ultra-low energy
consumption, and an optical path communication network
using these devices, the power consumption of the current

Internet can be reduced by three orders, and a scenario that
can make a great contribution to the realization of a lowcarbon society can be written[14]. While this is one of the
elemental technologies, the research program can be based
on the realization of a group of elemental technologies.
Although this can be called the inductive strategic formation
where the main proposition is formed from the individual
facts and certain logical inferences, this also includes the
inference by abduction. That is because several hypotheses
are necessary to create a specific system by bundling the
current technologies. The abductive research strategy
formation is necessary as the juncture of deductive top-down
synthesis and inductive bottom-up synthesis.
3.2 Synthesis of the research program
For the synthesis of the research program, it is necessary
to consider on which domain the center of the research
should be set within the academic framework. To solve
the global and human issues (for example, industrial
development and environment), it is impossible to rely
on a single discipline, and we must muster knowledge of
various fields including those of humanities and social
sciences. Therefore, the domain will have a wide research
f ield. In setting the research program, it is necessary
to indicate the target of the research program set by the
research strategy and the specific scenario to achieve the
target. A roadmap is such a presentation along with the
milestones that should be achieved along the time axis.
It is necessary to set the individual research projects that
comprise the research program , as shown in Fig. 3. In
this case, the program is composed of a group of research
projects (A, B, and C) that are topics of the several
research domains.

4 Structure of the research evaluation
4.1 On research evaluation
In considering the research evaluation, ideally it should help
the researchers and the research advancement, and, on the
other hand, it should be used as an effective method to obtain
Global issues

Sustainability of
global environment,
energy, natural resources

Sustainability of
information, culture, education

Sustainability of
humans,
organisms, food

Sustainability of
society, economy, industry

Sustainability of
society,
economy, industry

Sustainability of humans, organisms, food

Sustainability of
information,
culture, education

Sustainability of
global environment, energy, natural resources

Fig. 1 Layer structure of sustainable development

Research program

Environment, energy

Science and technology
to create low environmental
impact material

Health,
medical care, aging

New environmental energy
technology to nurture
next-generation industry

International
competitiveness
of industry

Formation of
recycling-based livelihood

Sound economy
and ﬁnance

Health and medical engineering
using nanotechnology

Production, distribution,
utilization of information

Service engineering

Training, education

Ultra-high capacity
ultrafast network
New educational information tool

Intellectual vitality

Fig. 2 Example of strategy formation
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the understanding and cooperation of society, by making the
“value” of the research visible in society even if it is basic
research. The research evaluation should be performed based
on the following way of thinking.

execution of program, creation of output, achievement of
program, and creation of direct outcome. This series of
processes is almost the same as the program evaluation
method known as the ROAMEFTerm 5 [6][16].

(1) As the basic thinking of the research evaluation method: 1)
whether it is basic research, applied research, or experimental
developmentTerm 4 [15] or Type 1 Basic Research, Type 2 Basic
Research, or Product Realization Research[8][9], the research
and the evaluation should be done under one integrated way
of thinking; 2) the research evaluation should be based on a
contract [in which the purpose of the research is written as
the strategy and scenario and shared by the parties (research
fund provider, research group, and research evaluator), and
the evaluation should be performed accordingly]; and 3) the
evaluator and the evaluated should cooperate on the same
plane. Also, (2) the aim of the research evaluation should
be: 1) to bring out the value of the research; 2) to push the
research forward; 3) to be the source of motivation for the
researchers and their group; and 4) to be accountable to the
sponsors and stakeholders.

In performing the research evaluation, the appraisal based
on foresight is particularly important. In the appraisal, the
adequacy of the research development scenario and the
research program based on the strategy, the plan and content
of each research project in accordance with the research
program, and the system, resource, time, place and others
for the execution are considered carefully. Particularly, it is
important to clarify the aim of the research program, and to
clarify the dynamic relationship among the plans, resources,
expected outputs of several research projects included in the
research program, and how the individual research projects
interact with each other (sharing and utilization of the project
results).

The following is an explanation of the “synthetic evaluation”,
after due consideration of the characteristic of the research
evaluation. The “synthetic evaluation” can be defined as
the evaluation method that synthesizes the comprehensive
evaluation of the research by clarifying the properties of the
various aspects of research evaluation (this is called elemental
evaluation) and by clearly positioning their relationship
structurally. For the methods of research evaluation, refer to
the comprehensively written article by Ohtani[16].
4.2 Research program/project and its evaluation
For the evaluation of R&D, it is necessary to understand the
characteristics of the evaluation at each stage of the research.
The main ones are: 1) appraisal, 2) process evaluation, 3)
output evaluation, 4) program evaluation, and 5) outcome
evaluation. Figure 4 shows what kind of evaluation and
feedback are done in the series of R&D processes based
on the strategy, from the strategy formation, construction/
Research program α

Target of research strategy

For the appraisal, it is necessary to perform an inductive and
abductive evaluation to determine the strategy along a highly
probable inference. One example is, when creating a research
strategy for reduced greenhouse gas, low-cost production,
and high export competitiveness by developing a new
technology using a certain organic material. While it can be
inductively estimated that the potential for realization is high,
judging from the current material and device performance,
there is a counterargument that the durability is an issue.
Then, it is possible to perform the appraisal of the strategy
based on the inference of the hypothesis that the durability
can be dramatically improved by developing a technology to
avoid contact with moisture and oxygen.
On the other hand, the f lexibilit y of the scenario to
respond appropriately to the changes in the situation will
be important. However, achieving both the strictness and
flexibility of the strategy and scenario may not be easy, and
how to embed such flexibility is one of the issues.
Strategy formation

Program construction
1)

Project Ｂ
Project A

Appraisal

Program execution

Research project B

2)

Project B
Project A

Research
研究領域3
3
domain

Research
domain 2

Creation of output
Output evaluation

Research project C
Research
研究領域
4
domain 4

3)

Process evaluation

Achievement of program

Research project A
Research
研究領域 1
domain 1

Creation of direct outcome

Fig. 3 Research projects that comprise the research
program and their properties

Program evaluation
Outcome evaluation

4)

5)

Fig. 4 Evaluation during the process from strategy
formation to outcome
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In the process evaluation, it is necessary to have a dynamic
response such as feedback where the correction is made if
there are problems and the recommendation to collaborate
with other projects, along with checking the progress of the
individual project. In the output evaluation, how the results
obtained by the achievement of the program compare with
the initial program target is checked. Here, the peer review
that will be explained later is important in the Type 1 Basic
Research, while the evaluation by the experts and stakeholders
will be important when the main topic is social effect.

strategy, in terms of plan, process, and results. Here, the
evaluation will certainly be on the content of the research,
but even more so on whether management was done for the
effective progress of the research. Not only is it necessary to
deductively determine along the rule of the agreed strategy,
but it is also necessary to conduct evaluation that encourages
various trials and devising. The appropriate evaluators in
this case will be the peers and experts with experience in
research progress, and it is particularly desirable to have
someone experienced as a research program leader.

In program evaluation, the target of the research program
set in the strategy and the execution of the scenario are
investigated. In direct outcome evaluation, the direct
outcome produced when the output of the research program
is handed to the external party is compared with the target
of the strategy. However, the creation of the direct outcome
normally takes time after the completion of the program.

The Y-axis shows the depth of research. The depth of
research in terms of results means the quality of 1) novelty, 2)
originality, 3) logical completeness, and 4) influence, which
are the four properties of research explained in chapter 2. For
the plan and process, they are the density and the vastness
of the prospect of the plan for which high expectation is
expected and the progress of the research that may lead to
important results. Here, the evaluators must be peers in the
same discipline or in multiple disciplines. Different evaluators
are needed for each step for the Z-axis (phase) that will be
explained below. In the case of the pure basic research phase,
a good evaluator is a peer within the same discipline, but as
the phase approaches the outlet to society, experts of industry
and journalism will be necessary. The influence will be the
scale of social effect and the potential for having such effect.

The feedback loop (FBL) is important in the evaluation
process. In the FBL1, the issues extracted in the appraisals
are fed back and reflected in the program construction. FBL2
is one of the PDCA (plan-do-check-act) cyclesTerm 6 at the
project level during the program execution. Here, the progress
check at the individual project level is reflected in the course
adjustment of the project and review of the invested resource.
FBL3 and 4 are loops where the contents of the program
evaluation and the output evaluation are ref lected in the
program formation in the next step. FBL5 is the process that
uses the direct outcome evaluation in the adjustment of the
research strategy and the formation of new strategies.
The research project has a simpler structure or function
compared to the research program. Therefore, the research
objectives, methods, results, and the expected outcomes are
bound within a small range, and the above evaluation process
can be applied since they possess a fractal structure upon the
research program. However, the research project is positioned
as an element of the research program, and the appraisal can
be simplified.
4.3 Synthetic research evaluation and its application
4.3.1 Overview diagram
Figure 5 shows the overview diagram of research and
evaluation for the execution of the research program based
on the research strategy formulation. First, the research
evaluation is considered analytically by breaking it down into
elemental evaluations.
The X-axis is time that shows the progress of the research.
Here, the process from program building to output creation
will be simplified, and a research program will be composed
of three blocks of plan, process, and results. The evaluation
along this line mainly determines whether the research
progressed according to the process assumed by the

The Z-axis shows the phase of research. Phase is an index
that shows where the research is positioned from the basic
research to the social exit. For example, the research can
be categorized into basic research, applied research, and
experimental development [15] , or can be categorized as
the aforementioned Type 1 Basic Research, Type 2 Basic
Research, and Product Realization Research. The evaluator
must have knowledge about the content of the research and
the significance of the strategy for each phase, and must be
able to consider the potential for realizing the outcome. With
the evaluation of this axis the results alone are not evaluated,
but the results and the processes for arriving there, as well as
the road to utilization of the results expected in the future are

Y
Plan

Phase

Plan

Plan
0

Process

Results
Process

ProcessResults

Results

Program 1
Progress

Strategy
X

Fig. 5 Over view diagram of the synthetic research
evaluation along with strategy formation and research
program execution

− 23 −

Synthesiology - English edition Vol.4 No.1 (2011)

Program 2

Depth
Z

Research paper : Formation of research strategy and synthetic research evaluation based on the strategy (N. Kobayashi et al.)

also evaluated. In that sense, the basis of evaluation would
be the targets and scenario set down in the strategy and the
roadmap that specify them, and the evaluation would be
the significance of the results in each phase (Type 1 Basic
Research, Type 2 Basic Research, and Product Realization
Research). In the case where the inf luence of the result
stays within one or several disciplines, the influence is in
the lowest level of the Z-axis. In this case, it is evaluated
according to the depth axis by the peers. In summary, this
overview shows the axes of the elemental evaluations, and
the relationships of various elemental values in the synthetic
evaluation are positioned structurally.
On the other hand, the positioning of the research becomes
clear by applying the mode of the R&D. Figure 6 shows the
phase-time-space arrangement composed of the XYZ axes
of R&D. To synthetically link the evaluation of each axis to
the final evaluation, it is necessary to refer to the primary
strategy. In the formation stage of the strategy, it is important
to clearly state which part of the phase-time-space the result
was intended to cover. The three-dimensional structure
shown as the transparent block in Fig. 6 is the estimate
diagram of the result of research program considered in the
strategy. This estimate is obtained as a result of the deductive,
inductive, and abductive inferences as mentioned before.
On the other hand, in the same diagram, the solid blocks in
various colors indicate the actual results of research. The
comparison between the transparent and the solid blocks can
be linked to the final evaluation.
4.3.2 Actual practice of synthetic research evaluation
The evaluation at the individual evaluation axis is conducted
through comparison with the target and scenario indicated
by the strategy for that axis. For the progress evaluation at
the X-axis, the evaluation index will be how the progress
of the research matches or departs from the schedule
intended and planned strategically. For example, if there is a
departure from the plan within the expected time schedule,
and if acceleration is necessary through the “selection and
concentration” of research resources or by narrowing down
the product through management, the abductive process

Phase

Practical

Depth
Intrinsic properties
of research
① Novelty
② Originality
③ Logical
completeness
④ Inﬂuence

3rd

Applied 2nd
Deep
Medium

1st

Basic

Initial
0

Plan

Process

Results

Progress

Fig. 6 Conceptual diagram of the research evaluation
synthesis

is required in the sense that the effects must be estimated
abductively.
For the depth of research in the Y-axis, the intrinsic
properties of the research are evaluated, while the inductive
decision based on the knowledge and experience of the peers
plays a major role for the individual elements. In general,
the “excellence” of the research will be determined, and
abductive inference is necessary. Of the intrinsic properties
of the research, novelty, originality, and logical completeness
can be evaluated fairly objectively by peers, while the
influence of the research depends largely on the evaluator’s
abductive inference or imagination. This is because the
evaluation of the intrinsic value of research is determined
only after the evaluator performs the abductive inference
including thinking about the influence.
In many cases of research, serendipity or unforeseen results
may play a major role. This is not foreseen in the strategic
plan, and it is extremely high in 1) novelty and 4) influence,
among the four properties of research stated in chapter 2. The
evaluation of such results may be high as they often surpass
the planned range in terms of the depth of research.
For the evaluation axis of the research phase in the Z-axis, the
evaluation index will be the social effect (in case of Type 1
Basic Research, it is the impact in the academic field, and this
overlaps with the Y-axis evaluation), and further abductive
inference and evaluation are necessary. That is because
the social inf luence requires values that are accepted by
society in addition to the intrinsic values of the science and
technology research. It can be said that for this determination,
there are more abductive elements than in the evaluation of
progress (X-axis) or depth (Y-axis) of the research.
For the overall synthetic evaluation, it is necessary to
comprehensively understand the elemental evaluations
as mentioned above, and then synthesize the integrated
evaluation. In that case, as mentioned earlier, the deductive
inference that depends on the logical conclusion, the
inductive inference that derives the conclusion from several
specific examples, as well as abduction must be utilized, and
the combination of the inferences to investigate the potential
of the value of the results is important.
4.3.3 Integrated research evaluation
In conducting the synthetic evaluation, it is important for
the research promoting group and the evaluators, to consider
the property of research, share common understanding
of the strategy and result index including the goal to be
achieved, engage in deep discussion on the results and how
the research should progress, check the target indicated in
the strategy and distance from the actual results, and finally
abductively discuss and investigate the significance and the
effect of the research program execution. This entire process
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can be considered the “research evaluation = abduction and
its expression”. This is closely related to the research that is
a creative activity, and research evaluation can be considered
to be part of this creative endeavor.
To apply the synthetic evaluation to actual evaluation,
some devising is necessary. This must be designed upon
agreement by the three parties consisting of the research
promotion group, research fund provider, and the research
evaluator. While the proposal of the paper was not directly
applied, a general evaluation was conducted in the example
of “Evaluation from the viewpoint of outcome” that was
conducted during the Second Mid-term Research Goal
Period (FY 2005~2009) at AIST, by introducing the elemental
evaluation of management evaluation, output evaluation,
and roadmap evaluation that could be thought to be related
to progress (X-axis), depth (Y-axis), and phase (Z-axis)[17].
However, it was not necessarily an elemental evaluation by
comparison with the strategy as proposed in this paper. There
was a lack of deep discussion with the evaluators, and it was
still in a developing stage as a synthetic research evaluation.
Specifically, it is necessary to design a general evaluation
system including the incorporation of the constructive,
deep discussion between the research promotion group and
the evaluators, in addition to the elemental evaluation and
appropriate synthesis.

5 Example of the synthetic research
evaluation
5.1 Characteristics and issues of the research
evaluation at AIST
5.1.1 Evaluation from the viewpoint of outcome
I n t he Second Mid-ter m Resea rch Goal Per iod ( F Y
2005~2009) at AIST, “Evaluation from the viewpoint
of o u t c o m e ” w a s p e r fo r m e d u p o n p r o p o s a l of t h e
Research Evaluation Investigation Committee (Chairman
Rei Hirasawa) in 2004, to focus on the perspective of
contribution of the R&D activities to industry and society[17].
In the process of design, 1) the roadmap evaluation, 2) the
output evaluation, and 3) the management evaluation were
set as the three items of elemental evaluation. The major part
of the synthetic evaluation of this paper is the idea based
on this experience. As written in chapter 4, 1) the roadmap
evaluation corresponds to the Z-axis (phase) evaluation,
2) the output evaluation to the Y-axis (depth) evaluation,
and 3) the management evaluation to the X-axis (progress)
evaluation. Figures 7 shows the example of the input, output,
outcome, and impact in the R&D at AIST as shown as the
logic model related to research strategy formation.
The research strategy at AIST is formed from both the topdown and the bottom-up viewpoints, as already mentioned[18].
The outcome is defined at the research unit considering the
relationship with the strategy. Looking at the work at AIST

from the viewpoint of outcome, of course, the main work is
the R&D activity for the creation of advanced knowledge and
technology, but the activity for outcome creation by providing
the results to the external parties can also be positioned as
important work. At AIST, the latter is called the innovation
hub function[19], and an innovation hub strategy is established
with the research strategy.
5.1.2 Specific examples
At AIST, the target to be achieved as the result of strategy
formation is separated into seven items, and the R&D is
conducted systematically by breaking down each target
into the strategy target, strategic issues, and priority issues.
The process from the strategic targets to the research
unit issues is designed in a top-down style based on the
external environmental factors such as the social demand
and marketability, and on the internal factors such as the
technological portfolio and strength of the core technology.
On the other hand, the results expected from the R&D are
designed in a bottom-up style, looking at the process from
output to outcome in the R&D from the individual research
issues.
As a specific example, the “Research of biomarkers for
brain cell functional molecules”, a topic of the Neuroscience
Research Institute, AIST is explained. This research is
characterized by the clarification of the molecular behavior
of the ion channel, receptor, and intercellular cell-signaling
molecules in neurological diseases, and the search and
identification of the biomarkers that specifically recognize
the functional proteins. The roadmap for this topic is shown
in Fig. 8. The roadmap shows the chronological development
of the technologies from the R&D conducted at AIST
(search of the marker, functional evaluation, and sensing
core technology), to the development of the diagnostic and
prevention system of the cerebral disease (development of
sensor, cerebral disease risk diagnosis technology) through
collaboration with companies.
The Evaluation Committee of the Research Unit is composed
of external members (about five people) from universities,
Output

Outcome

Impact

・Patent
・Papers
・Software
・Database
・Risk assessment
report
・Standard supply
・National and
international
measurement
standard
・Standard
・Geological maps

・Utilization in industry
New product
New manufacturing process
Improve process
Technology for new enterprise
Quality improvement
Acceleration of research
Industrial human resource
development
International credibility
・Utilization in policymaking
New policies and new systems
Use in disaster prevention
policy
Environmental policy
・Contribution to society
Contribution to network
Enhance understanding of
technology
・Contribution to the academia
Form new concept
Advance knowledge

・Economic impact
Create and expand
market
Improve productivity
Increase employment
Increase ventures
Increase GDB
・Social impact
Environmental preservation
Solve resource and
energy issues
Organize infrastructure
Prevent disaster
Improve social
consciousness
Health
Safe living
Eﬃcient living

Activities of
AIST
・Establish research strategy and
research plan
・Create knowledge and technology
・Bridging research
・Industry-academia-government
collaboration, venture, PR
・Industrial human resource development
…etc.

Activities of
external organization
Companies,
government agencies,
universities, etc.

Social life

Fig. 7 Model of R&D and result diffusion at AIST
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industries, and journalism, and internal members (about two
chief evaluation officers from the Evaluation Department),
to evaluate the roadmap and output, and the adequacy and
appropriateness of the management. At the Evaluation
Committee of FY 2008 (the fourth year of the five-year
Second Mid-ter m Research Goal Period), there were
positive comments for the roadmap such as “clear” and
“shows advantages”, and the research plan was judged to be
appropriate. However, some members requested “clarification
of the positioning in the overall roadmap” and “clarification
of the milestone”[20]. For output, “discovery of new peptide
through original molecular evolution technology”, “results
for the unique bioactive peptides such as ant and spider
toxins”, and “development of signaling substance receptor
ligand sensor” were highly evaluated as new technologies
that could be utilized for clinical application and as analysis
tools for neurological function.
As other examples, the heads of research units including
the Nanoarchitectonics Research Center and the Correlated
Electron Research Center have reported that they obtained
beneficial indications and guidance for the research unit
activities from the evaluation from the viewpoint of outcome.
The details are described in Reference [21]. In the former
case, a clear scenario was written by focusing on the
viewpoint of outcome, and the opinions of the evaluation
committee members helped establish the strategic R&D plan.
In the latter case, the task of forming a roadmap in Type 1
Basic Research helped to build the logical framework for the
research progress, and it was deemed appropriate to set the
“construction of new theory” as one of the outcomes. More
beneficial results are expected through synthetic research
evaluation in the future.
5.1.3 Phase evolution of the R&D and reflection of
the synthetic research evaluation
Figure 9 shows the modeling of the above case from the
perspective of phase evolution of the R&D. In practice,
the R&Ds with different phases such as the “search of
biomarker”, “sensor development”, and “application to
diagnostic technology” progressed concurrently at different
2002
Technological
topics (targets)

2004

First Med-Term Plan
Biomarker

Target
Ion channel and receptor
Neuronal diﬀerentiation factor
Cell growth proliferation factor
Transcription factor

Screening
and
identiﬁcation

Molecule modeling, visualization
HT analysis of molecular interaction
Development of chip,
array, and sensor
for biomarker

2006

2008

2010

2012

2020

temporal development. The R&D topics can be modeled as
the cycle of “accumulation of knowledge”, “accumulation
of elemental technologies”, and “accumulation of product
realization technology”. The key technology linked the
R&Ds of different phases, and the quality of this technology
greatly inf luenced the level of R&Ds that developed in
the new phase. For the movement between the phases, the
fusion of technology through collaboration with the external
parties (external knowledge, elemental technology, use of
product realization technology, etc.) became the important
management items in outcome creation.
In the evaluation from the viewpoint of outcome, it is
necessary to aptly grasp the overall picture of the R&D
and the result, and to have an integrated evaluation of
the results with different qualities. It is also important to
perform evaluation from the perspective of the adequacy and
effectiveness of the overall composition of the R&D, as well
as the effectiveness of the management to smoothly turn the
R&D cycle of different phases.
In the evaluation at AIST as shown above, the synthetic
research evaluation is being employed as a result, but there
are still issues in the research evaluation based on the
research strategy which is one of the major characteristics.
Particularly, to evaluate the R&Ds at AIST in general, it is
necessary to have a fine formation of the research strategy
and the synthetic evaluation based on the comparison with
the strategy. The issues that must be solved include: 1) the
clarification of the final goal of the research strategy and
the scenario to get to the goal, and the clarification and
the evaluation axis (XYZ axes) based on the comparison;
2) the matching of the evaluation from the bottom-up
perspective (inductive evaluation from the viewpoint of
outcome for the result) and the evaluation from the top-down
perspective (setting of the topic from target to the issue and
the deductive evaluation of the roadmap); 3) the clarification
of the correlation between the different phases; and 4) the
clarification of the evaluation method on the phase axis
(Z-axis) considering the characteristics of the research (such
as basic, industrial application, policy, etc.). These are related
【Accumulation
of knowledge】

Second Med-Term Plan

・Neuronal
Hypothesis
diﬀerentiation
Design,
factor
veriﬁcation
・Ion channel, etc.

Functional improvement
(Speciﬁcity, aﬃnity, down sizing)

Biomarker expressing cell
array

Analysis of functional networks
of gene/protein expression

【Evaluation】

Knowledge
gain

Key technology
(cerebral disease biomarker)

・DNA/RNA array for
neural diﬀerentiation
・Cell array, etc.

Evaluation device for
integrated physiological
function evaluation device

Disease risk
Diagnosis and
prevention of disease diagnosis

Elemental
technology
synthesis

【Accumulation of
elemental technology】

Biomarker protein chip

Drug eﬃcacy and
risk diagnosis

People, budget,
infrastructure

Technological development
at AIST

Characterization

Assessment of cellular function
Narrow down
druggable
Ion channel and receptor Biomarker
target
Reconstitution of
Nanosensor
artiﬁcial membrane

DNA/RNA array for neural
diﬀerentiation

External knowledge

Knowledge
synthesis

Hypothesis
Design,
veriﬁcation

People, budget,
infrastructure
Elemental
technology gain

Technological transfer
（joint research）

・Disease risk diagnosis
・Low-molecular-weight drugs
・Autonomous diagnosis
and drug administration
system, etc.

Application

Fig. 8 Roadmap for the research of biomarker for brain
cell functional molecule

Key technology
(biochip
evaluation device)

Product
realization
technology
synthesis

【Accumulation of product
realization technology】

Low-molecular
-weight drugs

Sensor equipped DDS with
autonomous diagnosis and
drug administration functions

External elemental
technology

Hypothesis
Design,
veriﬁcation

People, budget,
infrastructure
Product
realization
technology gain

External
product
realization
technology

・Relevance of
overall synthesis
・Relevance of
roadmap
・Quality of output
・Quality of key
technology
・Level of
achievement of
knowledge and
technology
・Potential for product
realization
・Eﬀectiveness
of management

Product
(diagnostic device)

Fig. 9 Phase evolut ion of R&D and ref lec t ion of
synthetic evaluation
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5.2 Example of Nagasaki prefecture- Strategy
formation and evaluation of the promotion of
science and technology for local revitalization
5.2.1 Strategic vision and logic model
The public research institutes in the local government play
a role in the important missions to promote the regional
industry, and have unique issues as well as common issues
shared with the R&D conducted by the gover n ment,
universities, and companies. Here, an example of the research
strategy formation and evaluation of the public R&D of
the Nagasaki Prefectural Government, in which one of the
authors (i.e. Nakamura) was involved, will be presented.
The companies and product districts of Nagasaki suffer from
various issues such as population decline and low income.
As the recovery from the global economic crisis triggered by
the Lehman Shock in 2008 is slow, it is necessary to utilize
the unique local resources unseen elsewhere to win the fierce
competition and to build a sustainable society. Therefore, it
is mandatory that the research institutes quickly capture the
social needs, and consider them in the selection of the R&D
topics. To do so, it is necessary to build strategic visions, set
the clear goals, and to write the scenario for achieving them.
Here, the case of promotion of strategic R&D[23] applying
the logic model [4] will be introduced. The main point to
employ the logic model is to set the strategic R&D in order
to produce the results that can be accepted by the customers.
The strategic R&D scenario to create the outcome must be
completed through the series of tasks mentioned above[24].
Customer

R&D

Advance
agricultural
and ﬁsheries
technology

Short-term
outcome

Improve
productivity of
prefectural
industry

Advance core
manufacturing
technology
People of
prefecture

Improve
technology of
prefectural
industry

Company

Technology
to use
recyclable
energy

Technical
support

Resource (people, facility, money)

Output

5.2.2 Mission and strategy formation of the Science
and Technology Promotion Bureau of Nagasaki
Prefectural Government [25]
(1) The role of prefectural research institutes
The Science and Technology Promotion Bureau of Nagasaki
Prefectural Government is an organization that governs the
five research institutes: Institute for Environmental Research
and Public Health, Industrial Technology Center, Ceramic
Research Center, Institute of Fisheries, and the Agricultural
and Forestry Technical Development Center[26]. The missions
of the Promotion Bureau are 1) to nurture competitive and
strong industry, and 2) to realize a safe and comfortable life
through the application of science and technology, hence to
build an energetic Nagasaki prefecture where people can
live with dreams for the future. To do so, as the long-term
outcome, the creation and aggregation of new industries in
Nagasaki through the changes in the industrial structure are
necessary. As elements, it is necessary to develop policies
to create new businesses and new industries, strengthen
the existing industries by utilizing the local resources,
increase productivity of the prefectural industries, and
expand employment. As the mid-term outcome, the current
companies must take one step forward to advance into new
fields, develop original products, establish the brand, and
increase shares. As the short-term outcome, the companies
must increase technological prowess, save energy and cost,
and increase ability in marketing and design. The prefectural
research institutes must collaborate with the universities
and others to advance and increase precision of the core
technologies, engage in R&D and technological supports for
systemization, as well as provide technological development
through interdisciplinary researches, marketing and design
supports and others according to the needs of enterprises.
The above items were organized through the logic model
(Fig. 10) and this was shared with the related departments.

Fisherman

Technology
to develop
functional
foods

Farmer

Technology for
preventative
medicine and
home care
system

Energy saving,
cost reduction
Develop products
that use regional
resource
(technology
transfer)
Improve
marketing and
design ability
of prefectural
industry

Mid-term
outcome

Advance into
new ﬁelds
Increase
facilities
investment
Take order from
within/outside
prefecture,
export abroad
Develop original
product
Branding

Increase share

One-step
advancement
of current
industry

Seamless hand-over
(create business from
research result)

Long-term
outcome

Create new
business and new
industry (advanced
processing and
assembly,
new energy &
environment,
information &
electronics)
Incorporate regional
technology and
products into the
value chain of major
corporations
Increase strength
of existing
industries (industry
that use regional
resources)

Convert industry
structure
Reform regional
structure

Final target

Raise productivity, expand employment

to the issues of research strategy formation, composition
and execution of the research program, and the elemental
and synthetic evaluations, described above, and they should
be fine-tuned for the evaluation of the research units for the
Third Term[22].

Through
application of
science and
technology
① Nurture
competitive and
strong industry

② Realize safe
and comfortable
life

Energetic Nagasaki
prefecture where
people can have
dreams for the future

Fig. 10 Logic model for establishing how a research institute should function
(created by the Science and Technology Promotion Division, Nagasaki prefecture)
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(2) Strategy formation at the Ceramics Research Center
The Ceramics Research Center of Nagasaki was established
in Hasami-cho, Higashi-Sonogi-gun in 1930. Its mission is
the development and promotion of the ceramics industry in
Nagasaki. The Center works on the R&D of new materials
and recycling of waste, the product development of new fields
through fusion with new technology, and the advancement of
the core manufacturing technology to support the ceramics
industry. Of the logic models organized for the industrial
supports of the ceramics field, inorganic material field,
and the design field, the diagram for the ceramics field is
shown (Fig. 11). In this logic model, the “Development of
ceramics core technology and new products” is one program,
and the research topics for individual output (for example,
“technology for developing a new light-weight porcelain
body”) correspond to the individual research projects. The
mid- to long-term outcome corresponds to the mid- to longterm strategy.
The missions of the Ceramics Research Institute is the
vitalization of the ceramics industry, and sets the mid- to
long-term outcome to increase the brand power, to pioneer
new markets through ceramic products with new functions,
and to obtain domestic shares that beat the other product
districts in the competition. As the short-term outcome, it is
necessary to reduce production cost, develop high quality
and high-value added products, develop new fields, develop
products in response to changing lifestyles, and provide
advanced supports. Figure 11 is a detailed summary that
shows what is demanded as R&D outputs to be handed over
to the customers in order to gain the short-term outcome.

Technological support according
to production site
Technological service

Develop ceramic core technology
and new products
R&D (including collaborative research)

Task

Output

To produce such outputs, it is necessary to engage in the
strategic R&D to develop the ceramics core technologies
and new products, and to provide technological supports
matching with the production sites.
5.2.3 Reflection of the research enterprise
evaluation [28] and future issues
For the research enterprise evaluation at Nagasaki, the
strategy formation for which the necessity is stated in this
paper is just beginning, and the introduction of the thoughts
of synthetic research evaluation is a future issue. Currently,
the research enterprise evaluation by external committee
members is conducted by the ordinance, to ensure researches
that reflect the needs of the people and industry of Nagasaki
with close observation of the market. This is also utilized
for changing the thinking of the prefectural workers. As the
evaluation scheme, for the individual research conducted by
the research institutes of Nagasaki, the appraisal, interim,
and ex-post evaluations are performed from the perspective
of necessity, efficiency, and efficacy. The evaluation is done
by the Research Evaluation Subcommittee (six external
evaluators) set for each research institute, and the Research
Enterprise Evaluation Committee (eight external evaluators)
engage in the meta-evaluation (or evaluation of the evaluation
itself) as the parent committee based on the reports from
the subcommittees. In FY 2009, the logic model was started
to be used to create an overview diagram of all projects
handled by the research institutes. The positioning of each
project based on the mission of each research institute, and
the scenario of how the research result is handed over to
the customers to form the outcome are clarified, whether
the projects are progressing appropriately along the overall
projects of the research institute are explained, and definite
evaluations are obtained.

Short-term outcome

Reduce fuel cost by about 20 %
Establish mass-production
technology with good yield
Establish scientiﬁc technology for
plasticity evaluation
Improve brand power of technology
for mixing new clay materials
Technology to develop new lightweight porcelain bodies
Technology to develop porcelain
lighting product
Measures against expensive
imported material, technology to
develop new product eﬃciently
using domestic materials
Technology for high added value
for ceramic products
Technology to create samples
quickly with 3D printer

Eﬃcient use of resource and reduction of
product cost in ceramics industry

Develop high quality, high added value
ceramics product
(including material development)

Develop new ﬁelds for ceramic technology
(lighting, road material, etc.)
Develop product that responds to change
in lifestyle such as full electric kitchen

Mid- to long-term
outcome

Increase brand power
Branding through
high quality,
high-value added
product

Pioneer new market
Create market for
ceramic product
with new function

Technical consultation

Ordered examination

Support advancement of plaster mold industry
Support product realization of companies

Cultivation of regional human resources
Support QC activity of companies

Vitalize ceramic industry

Using this diagram as the template, the application to the
strategy formation at the Ceramics Research Center[27] will
be explained below.

Obtain domestic
market share
Survive competition
with other product
districts

Industry support

Fig. 11 Logic model for the strategy formation of the Ceramic Research Center
(created by the Ceramic Research Center of Nagasaki)
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The evaluation results of the Research Enterprise Evaluation
Committee are fed back to the research institutes and used
to improve the projects, and are utilized in the discussions
for the management of the specific policies indicated in
the “Visions of the Promotion of Science and Technology
in Nagasaki”, proposal of new policies for the promotion
of science and technology, and the proposal of strategic
promotion fields.
Excavating the hidden needs from wide-ranging fields and
creating new technologies that the market needs will lead to
long-term and continued economic effects, and may lead to
more expansion of job opportunities. For this purpose, it is
necessary to maintain strong collaboration with the related
departments, and to engage in interdisciplinary strategic
R&D by drawing a scenario to achieve the goal. To organize
the role and the future image of the R&D and technological
supports by the research institutes, it is necessary to optimize
the synthesis of the R&D to be undertaken by the research
institutes as programs, and to continue the synthetic research
evaluation from the perspective of whether the programs are
based on a long-term strategy.

6 Reflection and linkage of the synthetic
evaluation
One of the g reatest responsibilities of the sy nthetic
research evaluation based on the strategy formation is the
reflection of the evaluation results. At AIST, the research
unit evaluation is performed every two years as mentioned
before, and the evaluations are performed for the purpose
of (1) encouragement of research in the research units, (2)
feedback to the management of AIST, and (3) execution of
accountability to external and internal sectors. It is important
that the evaluation results are reflected effectively.
Particularly in reflecting the appraisal, the evaluation must be
utilized for the optimization of the resources, environment,
and conditions necessary for the R&D when establishing
research units and starting projects, and in some cases, the
targets must be totally revised.

each other. The PDCA cycle with insufficient linkage cannot
be considered a functioning strategic research evaluation. For
a public research institute, it is important that the evaluation
is always linked as a chain from the evaluation of the institute
level of whether it fulfills the function expected of the
government including the mission and the resource invested,
to whether the government (or local government) has a policy
to utilize it effectively, all the way to the policy level of
whether it is positioned clearly in the innovation policy[28].

7 Conclusion
In this paper, focus was placed on the formation of the
research strategy based on the intrinsic properties of research
and the R&D program to realize the strategy, and the
research evaluation was viewed from the aspects of strategy
formation and the synthetic evaluation based on the strategy.
In the research evaluation until now, appraisal, interim, expost, and follow-up evaluations were performed, and the
elements of the synthetic evaluation discussed in this paper
had been incorporated. What should be emphasized here
are: 1) in the research evaluation, the research strategy is
extremely important, and the evaluation by comparison with
the strategy should be set as the basic; 2) evaluation from the
three aspects - progress, depth, and phase of the research is necessary; and 3) a synthetic evaluation that summarized
these ideas by taking abductive inference is important.
Figure 12 shows the summary of the intrinsic properties
of the research, formation of the research strategy, and
the synthetic research evaluation based on them that were
discussed in this paper, and the aim of research evaluation.
The research strategy shows the targets to be achieved by the
R&D and the scenario. By conducting a synthetic research
Intrinsic properties
of research
(1) Novelty
(2) Originality
(3) Logical
completeness
(4) Inﬂuence
Top-down Research strategy
formation
(1) Global issue
(2) Social (domain)
issue
(3) Research program
(4) Research project
(5) Research subject

For the research evaluation during the progress, it is
important to carry over that evaluation at that point to
the next step. To do so, it is important to establish the
methodology for rotating the PDCA model, and the most
desirable situation is that the evaluation is fed back to the
strategy spirally and is carried on to the formation of a new
strategy. Moreover, in advancing the R&D, it is necessary to
consider where the results are handed over and outcomes are
directly produced.
As an issue of research evaluation, it is necessary to have an
optimal overall strategic system in which the chain of PDCA
from the project to the policy level is utilized effectively by

Bottom-up

Elemental evaluation
(1) Progress axis
(2) Depth axis
(3) Phase axis
Combination of elemental
evaluation and inference

Viewpoint of research
evaluation
(1) Basic concept
① Uniﬁed treatment of
research
② Evaluation based on
contract
③ Cooperation of
researcher and
evaluator

(2) Aim
① Extraction of research
value
② Evolution of research
③ Source of motivation
for researcher
④ Accountability

Fig. 12 Research strategy formation and synthetic
research evaluation considering the intrinsic properties
of research
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evaluation based on them, the extraction of the value of
research, the evolution of research, the source of motivation
for the researchers, and the fulfillment of accountability can
be performed effectively.
It would be very significant if the research program evolves
through the research strategy formation and the synthetic
evaluation proposed in this paper, and then heads toward a
new development.
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Notes
Note 1) This project supports the series of activities for the
research, development, and practical implementation of clean
energy, led by Secretary Steven Chu of the U.S. Department of
Energy in December 2009.
Note 2) This strategy was set for the establishment of
Framework Program 7 (FP7), an R&D program for the
entire EU started in 2007. It was declared at the Council of
European Union at Lisbon in 2000.
Note 3) The strategy (basic policy) of Japan was approved
by the Cabinet in June 2010. The policy emphasizes green
innovation and life innovation as the growth field in which the
strength of Japan can be applied.
Note 4) Deduction derives the result (this fruit is delicious)
from the rule (an apple is delicious) and the fact (this fruit is
an apple). Induction derives the rule (an apple is delicious)
from the fact (this fruit is an apple) and the result (this fruit is
delicious). Abduction is a method to infer the fact (this fruit
is an apple) from the rule (an apple is delicious) and the result

(this fruit is delicious). While the deductive inference has a
logical structure not dependent on the content, the inductive
inference has logic based on several specifics and experiences.
Abduction is weaker in logic, and therefore various limitations
are set in the conditions by which inferences are made. Yet
unlike induction and deduction, abduction is a method with
great inference potential. Historically, the discovery of the
universal gravitation by Sir Isaac Newton and the elliptical
orbit of heavenly bodies by Johannes Kepler are considered
typical examples of abduction[11].

Terminologies
Term 1. Deduction, induction, and abduction: Deduction
or deductive inference is “to logically derive the
true conclusion from the true assumption only
through inference without considering the content
of inference”. Induction or inductive inference is “to
derive a general proposition or law from individual
specific facts”. On the other hand, abduction or
abductive inference is the third way of inference
proposed by an American philosopher C. S. Peirce
(1839~1914)[11]-[13], and it is “to derive the individual
fact from a certain result and the proposition or law
that may cause that result”.
Term 2. Logic model: The logic model is a tool developed to
visualize the scenario that is an important element
in the strategy formation, to clarify the logical
linkage by which the research program achieves its
goal. It is employed when the American agencies
apply for financing to the Office of Management and
Budget (OMB). To write the scenario, an issue is
broken down into resource, R&D, output, customer,
short-term outcome, mid-term outcome, and longterm outcome. Then, starting from the long-term
outcome of the program, the direct outcome that will
be produced when the customer receives the result
of the R&D is clarified, and the target of the R&D
must be spelled out. The logic model is a tool to
summarize this process into one big picture[4][5][23][24].
Term 3. Type 1 Basic Research, Type 2 Basic Research,
Product Realization Research: According to the
definition by Hiroyuki Yoshikawa, Type 1 Basic
Research is the research to analyze the unknown
phenomenon through observation, experiment,
and theoretical calculation to establish universal
principles and theories. Type 2 Basic Research is
the research to realize a social value by integrating
the k nowledge of multiple disciplines, and it
also includes research that derives a generalized
methodology. Product Realization Research is a
research that uses the result and knowledge obtained
from Type 1 Basic Research and Type 2 Basic
Research and the actual experience to realize the
use of the new technology in society[8][9].
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Term 4. Basic research, applied research, experimental
development: Accordi ng to the def i n it ion of
OECD, basic research is an “experimental or
theoretical work undertaken primarily to acquire
new knowledge of the underlying foundations
of phenomena and observable facts, without any
particular application or use in view”. Applied
research is an “original investigation undertaken
in order to acquire new knowledge. It is, however,
directed primarily towards a specific practical aim
or objective”. Experimental development is the
“systematic work, drawing on existing knowledge
gained from research and/or practical experience,
that is directed to producing new materials, products
or devices; to installing new processes, systems and
services; or to improving substantially those already
produced or installed”[15].
Term 5. ROAMEF: Acronym for R (rationale), O (objective),
A (appraisal), M (monitoring), E (evaluation), and F
(feedback, or review of the cycle)[16].
Term 6. PDCA cycle: A kind of management cycle proposed
in the 1950s by Walter A. Shewhart and W. Edwards
Deming (U.S.A). It is an acronym for P (plan),
D (do), C (check), and A (act). When one cycle is
completed, the final “act” is linked to the “plan” of
the next cycle so the project will improve spirally.
The PDCA cycle can be implemented for a small
group or for the entire organization. Ideally, the
individual PDCA cycles should link to the higher
PDCA cycle[24][28].
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Discussions with Reviewers
1 Synthetic evaluation versus analytic evaluation

Question (Motoyuki Akamatsu, Human Technology Research
Institute, AIST)

When we use the term “synthetic evaluation”, we think of
“analytic evaluation” as its antonym. For example, when you
break things down in elements as in Fig. 6, it seems you are doing
analytical evaluation. What is the characteristic of synthetic
evaluation when seen from the stance of synthetic versus analytic?
Answer (Naoto Kobayashi)

As you indicated, evaluation by breaking down into elements
as shown in Fig. 6 can certainly be called analytic evaluation.
Particularly, the elemental evaluation (progress, depth, and
phase) in this paper corresponds to the analytic evaluation. For
example, in the depth evaluation, the evaluation performed
along novelty, originality, logical completeness, and influence
is an analytical process. On the other hand, the characteristic
of synthetic evaluation is to take the result of such analytical
evaluation, and 1) to synthesize along the direction shown in the
strategy (what did the strategy emphasize to begin with?), and 2)
to form a progressive evaluation through deep discussion (here,
abductive inference is important) between the evaluator and
evaluated side.
2 Abduction in synthetic evaluation
Comment (Motoyuki Akamatsu)

You state that abduction is important in research strategy
formation, and that abduction is necessary when selection and
concentration are required in an evaluation. I see that abduction
becomes most important in strategy formation. However, I don’t
think there has ever been a good discussion on this subject. I
imagine that the readers won’t understand how abduction or
hypothesis forming is done, so I think they can understand better
if you describe what kind of hypotheses are made for the strategy
formation using a specific example. Also, you state that abductive
inference is necessary in the evaluation for the depth of research
in the Y-axis, but what do you mean specifically?
Answer (Naoto Kobayashi)

Thank you very much for pointing out the central tenet of
this paper. The abduction or hypothesis forming needed in the
strategy formation is not a factual hypothesis, but is a hypothesis
of what “ought to be”. The issue depends on how to form such a
hypothesis. We added the description of how abduction is actually
done. We also added the description of abduction using a specific
example. Also, for the evaluation of the depth of research in the
Y-axis, we added the explanations in places where abductive
inferences are required.
3 Timing of when the evaluator should step in

Question (Kazunori Nakamura, Biomedical Research Institute,
AIST)

The appraisal is important in the research evaluation based
on research strategy formation, Does the evaluator need to be
involved from the process of research strategy formation?
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Answer (Naoto Kobayashi)

Basically, since the strategy formation and research evaluation
are inextricably associated with each other, the evaluator should
ideally be involved from the time of research strategy formation.
However, the viewpoints of research strategy formation and
evaluation are slightly different, and it is not desirable for the
same entity to execute the P and C of the PDCA cycle. Therefore,
I think only some members should overlap in the committees for
research strategy formation and research evaluation.
4 Feedback in evaluation

Comment (Motoyuki Akamatsu)

In subchapter 4.2, you discuss the importance of feedback,
and I think everyone will agree. However, if the feedback is
provided offline in writing, I think you loose the opportunity for
abduction based on the discussion between the research executant
and the evaluator. If possible, please include a discussion on how
this feedback should be done.
Also, a program is expected to run for five to seven years,
and I imagine that the feedback loop is in the order of five years.
In general, I don’t think it is easy to reflect the result of a review
from five years ago in the current program. That is because in
a program of five to seven year scale, it is difficult to determine
whether the objective was finally achieved immediately after the
completion of the program, and the immediate feedback to the
next step is difficult.
Answer (Naoto Kobayashi)

As you indicate, the evaluator and the research promoting
group should not be antagonistic, but they should “walk side by
side”. Since the act of research is a repetition of abduction and
validation, a feedback without the discussion on abduction loses
its meaning.
For the feedback cycle, as you indicate, it is difficult to
evaluate a program unless about three years have passed after
completion. However, when the R&D, technological development,
and system development are done in society, they inevitably
become contiguous due to the social demand. Specifically, the
FP7 framework in Europe is a seven-year (2007~2013) program.
An intermediate evaluation was conducted in autumn 2010, and
the appraisal of the FP8 (2013~2019), the next framework, will be
started in 2011 based on this evaluation. In practice, the programs
are sequential and the feedbacks are done in extremely short span
of time.
5 Evaluation of the research program and evaluation of
the research project
Comment (Kazunori Nakamura)

In order to apply this research evaluation method, it is
necessary to apply synthetic research evaluation in the process
of strategy formation of the research program. Therefore, I don’t
think it is readily applicable to a general research project that has
not passed through this process.
Answer (Naoto Kobayashi)

A research project has, in a sense, a simple str uct ure
compared to a research program. There, the research objective,
method, results, and expected outcome are contained in a
small area, but has a fractal structure to the research program.
For example, it is possible to apply the evaluation using the
aforementioned three aspects (1) progress, (2) depth, and (3)
phase, and it is also possible to apply the evaluation method
that synthesizes the three. However, the execution of a research
project is positioned as one element of the research program
within the research strategy, and the appraisal of the research
strategy can be simplified.

6 Verification of the case of research evaluation
Comment (Motoyuki Akamatsu)

Since this is a paper on research evaluation, it is desirable
if you present an evaluation of an actual research. If there are
reviews and discussions from the members of the evaluating
committee, Evaluation Department, and the evaluated entity, the
paper itself will become abductive and interesting.
Answer (Kenta Ooi)

In the Second Medium Term Target Period Research Unit
Evaluation Report published in May 2010, the comments by the
external evaluation committee members, the research unit heads,
and the coordinators were analyzed, the characteristics and issues
of the evaluation system in the Second Term were summarized,
and the improvement points were organized. For the evaluation
system, there were many who highly evaluated the current system,
such as the “evaluation from the external evaluation committee
members” and the “introduction of the viewpoint of outcome
taking into account the exit to industry and society”. On the other
hand, many issues that must be improved were pointed out, for
example, the “need for flexibility in handling of various types of
R&D such as the bottom-up research or the long-term research”,
the “reduction of evaluation load”, and “further utilization of the
evaluation results”. Being aware of these improvement issues,
the evaluation from the viewpoint of outcome will be continued
for the Third Term evaluation system, and efforts will be made
to raise the immediacy of effect. It is not even 10 years since
the research evaluation started at AIST. As you indicated, it is
important to make improvements based on the verification of
hypotheses, toward a better evaluation system.
For specific examples at AIST in this paper, we discuss the
issues of the evaluation system currently used at AIST from the
perspective of an ideal synthetic evaluation based on the research
strategy. To actually apply the synthetic evaluation system, I
think it is necessary to design the system as a whole including
the strategic research advancement, rather than cutting out the
evaluation system only. I think it is necessary to conduct the
modeling and the hypothesis verification for the AIST system in a
larger framework.
7 Logic model and synthetic research evaluation
Comment (Kazunori Nakamura)

The example of Nagasaki prefecture is described as a case
where the logic model was applied to advance the strategic R&D,
and the Research Evaluation Subcommittee and the Research
Enterprise Evaluation Committee were held utilizing the logic
model. I think you should clarify the basic differences between
the evaluation based on the logic model in this case and the
synthetic research evaluation described in this paper.
Answer (Osamu Nakamura)

It was presented as one of the examples of “R&D evaluation
that seemed to have incorporated the thinking of synthetic
research evaluation by trial-and-error”, and so there is no basic
difference.
As mentioned in this paper, the mission of the Science
and Technology Promotion Bureau of Nagasaki Prefectural
Gover nment is to contribute to create energetic Nagasaki
prefecture where people can live with dreams for the future by
utilizing science and technology. To evaluate whether the research
institutes quickly recognize the needs of the local companies and
product districts, and set the research topics that can achieve the
demanded results, we asked to review all the running projects and
summarize them into the logic model at first. That is because the
application of the logic model is effective to clarify the strategic
logic of the scenario.
Each evaluation committee checked the positioning of each
research topic based on the logic model, evaluated whether the
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strategic R&D were conducted according to the mission of each
research institute, checked whether the structure of the overall
projects was strategic, and checked whether the program was a
strategic program. They also evaluated whether the individual
project had a long-term vision, had clear targets, and whether
it was producing adequate results toward the targets. However,
this attempt has just started, and so it is necessary to evolve the
strategic evaluation system.
8 Specific content of the integrated evaluation
Comment (Motoyuki Akamatsu)

You write that synthetic evaluation is to “integrate” the
evaluations, but I think it is hard to understand because there is
no example on what exactly is integrated evaluation. Do you add
the three axes, or do you evaluate by changing the weight of other
axes? Please provide a specific example.
Answer (Naoto Kobayashi)

This indeed is the pillar of the evaluation design. In the case
of AIST, various things were done such as weights were added or
averages were taken, and this is where the evaluation organization
can become creative. Considering this point, the following
description was added to “4.3.3 Integrated research evaluation”.
“In conducting the synthetic evaluation, it is important for
the research promoting group and the evaluators, to consider the
property of research, share common understanding of the strategy
and result index including the goal to be achieved, engage in deep
discussion on the result and how the research should progress,
check the target indicated in the strategy and distance from the
actual result, and finally abductively discuss and investigate the
significance and the effect of the research program execution.
This entire process can be considered the “research evaluation
= abduction and its expression.” This is closely related to the
research that is a creative activity, and research evaluation can be
considered to be part of this creative endeavor.

… Specifically, it is necessary to design a general evaluation
system including the incorporation of the constructive, deep
discussion between the research promotion group and the
evaluators, in addition to the elemental evaluation and appropriate
synthesis.”
9 Conclusion

Comment (Motoyuki Akamatsu)

For research evaluation, you give as requirements: (1)
unification under Type 1, Type 2, and Product Realization, (2) to
be based on a contract, (3) the evaluator and evaluated to stand
on the same ground, (4) value of research to be brought out, (5)
research to evolve, (6) to be the source of motivation, and (7)
accountability. Can you please describe in the conclusion, how
these and the research strategy formation and synthetic evaluation
discussed from chapter 3 are connected. I think the strategy
formation satisfies (1)~(3) and (7), and (4)~(6) can be realized by
synthetic evaluation. I think the paper would become organized
and comprehensive if you have a summary that shows the
relationships among the four intrinsic properties of the research,
seven points of research evaluation, research strategy formation,
and synthetic evaluation, and diagrams to explain them.
Answer (Naoto Kobayashi)

Thank you for indicating a very important point. We added
Fig. 12 at the end, and also added the following description:
“Figure 12 shows the summary of the intrinsic properties of the
research, formation of the research strategy, and the synthetic
research evaluation based on them that were discussed in this
paper, and the aim of research evaluation. The research strategy
shows the targets to be achieved by the R&D and the scenario.
By conducting a synthetic research evaluation based on them, the
extraction of the value of research, the evolution of research, the
source of motivation for the researchers, and the fulfillment of
accountability can be performed effectively.”
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