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paper. The HEFCE has proposed a weighting scheme that 
allocates 20 % to impact relative to 65 % to output quality, 
indicating that the impact is considered important. Because 
the budget is allocated selectively based on the evaluation, the 
introduction of this new framework will significantly influence 
the research activities at UK universities where the ratio 
of basic research is relatively high. The fact that an impact 
criterion was explicitly introduced this time suggests that 
universities in the UK are expected to generate continuous and 
strategic ripple effects for society through research.

This article intends to provide an overview of the REF based 
on the second REF draft[4] released in 2009. We believe 
this new evaluation framework in the UK will be beneficial 
for universities in Japan, which are currently struggling to 
establish a new evaluation system. In addition, because the 
REF’s underlying vision to systematically promote research 
is quite similar to the strategic research and technology 
development from basic research to applied research 
undertaken at AIST (referred to as “Full Research[1]”), we 
might also expect to gain substantial insights for the evaluation 
of research activities at AIST. In this article, we have 
overviewed the concept of the REF and also discussed some 
implications for research evaluation in Japan.

2 The purpose of evaluation

The crucial point to understand before delving into the details 
of the REF evaluation framework is its rationale for conducting 
the evaluation. This is because the evaluation procedures (i.e., 

1 Introduction

The National Institute of Advanced Industrial Science and 
Technology (AIST) continuously conducts Type 1 Basic 
Research[1], Type 2 Basic Research[1], and Product Realization 
Research[1] on industrial technology to realize the philosophy 
of “Full Research in Society, for Society[1].” Its aim is to 
contribute to the realization of sustainable development by 
disseminating research results to society. To promote the 
broad-ranging research activities from basic research to 
applied research coherently and continuously is a significant 
new challenge, where a new research evaluation system is 
urgently needed.

The Higher Education Funding Council for England (HEFCE) 
provides basic funds to higher education institutions 
(HEIs) such as universities in the UK to support research 
infrastructure including full-time staff and their salaries, 
facilities, libraries, information systems, and so forth. In 
effective fund apportion, the HEFCE is currently developing 
the Research Excellence Framework (REF), which is a 
new, uniform research evaluation framework.[2] The REF is 
expected to be introduced for the evaluation starting in 2014, 
which will replace the Research Assessment Exercise (RAE), 
a research evaluation that has been conducted approximately 
every five years until now. (For the RAE, see Ref. [3].)

One of the major features of the REF is that it has explicit 
“impact” indicators as an evaluation criterion in addition to 
that for “output quality” such as the significance of a research 
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methods, area of focus, design of review panel, etc.) are all 
derived from the rationale. In other words, the question of “what 
is this evaluation for?” becomes the foundation of the grand 
design for the entire evaluation.

At the center of REF’s vision lies the concept of identifying, 
rewarding, and promoting research of “excellence.” More 
specifically, the REF takes into account the UK’s Government 
aim and expectations as to the role of research in HEIs: they 
should produce world-leading research across a wide range 
of academic fields, which in turn would play an essential role 
in underpinning social and economic growth; they should 
not only limit themselves to improving the quality of every 
form of research but also significantly exploit its full potential 
impact to the economy and society by effectively sharing 
research findings, disseminating and applying research results, 
and promoting productive interactions between HEIs and 
businesses or other users of research results. All these can be 
made possible by having excellent research as the foundation.

It is for this policy intention that the REF has been developed. 
The research evaluation should be designed to identify, reward, 
and promote excellent research effectively and efficiently to 
achieve this goal. There is a strategic national objective, rather 
than merely a “show” to fulfill an ostensible responsibility.

To promote excellent research at HEIs and demonstrate their 
maximum impact potential in this manner, three distinct 
research evaluation criteria: output quality, impact, and 
research environment have been introduced in the REF. These 
criteria have been accessed in advance through pilot exercises 
regarding the validity of their evaluation methods.[5] In the 
following sections, we have reviewed several key points in 
each criterion.

3 Evaluation of output quality

In the first evaluation criterion, namely output quality, the 
highest quality research output in a given research unit—
the unit of evaluation roughly equivalent to a university’s 
department—is selected and evaluated. The HEI under 
evaluation is required to identify excellent research conducted 
by the members of the research unit during the evaluation 
period. The quality will then be accessed through expert 
review with additional evidence such as citation information 
and other quantitative indicators of the output.

One of the new features in the REF is the introduction of 
these bibliometric data to reduce the burden of expert review 
and improve the transparent process. The HEFCE had 
initially considered replacing expert review completely with 
quantitative bibliometric assessment, at least in the fields of 
science, engineering, and medicine. However, pilot exercises 
and broad discussions concluded that the method is not 
sufficiently mature and robust to replace expert review. As a 

result, citation data will be provided to inform and supplement 
expert review of outputs in the science-related fields. For other 
fields such as arts, humanities, and social sciences, use of 
quantitative indicators are not recommended. 

For an exper t review that uses bibliometric data, the 
information relevant to the submitted outputs will be provided. 
It will be generated using REF’s data collection system with a 
standardized process. The information is also available upon 
the HEI’s request prior to the evaluation, which helps not only 
reduce the burden for preparation of output submission, but 
also eliminate discrepancy of information by using consistent 
dataset. Organization of the information system is another 
characteristic of the REF.

The primary focus to evaluate output quality is to identify 
excellent research. It focuses on research of the highest quality 
and is not intended to conduct a comprehensive evaluation of 
all research outputs conducted in the HEI under evaluation. 
This is to reflect the underlying policy that excellent research is 
being identified, rewarded and promoted. Therefore, even if it 
were feasible to evaluate all outputs, the REF does not look at 
those who are not engaged in important, high-quality research. 

The REF also requires that the HEI under evaluation select 
outputs to be evaluated themselves. This is to encourage 
the HEI to recognize that only institutions under evaluation 
can identify their own research projects/individuals playing 
substantive roles. This also helps the HEI cultivate awareness 
on research management at these institutions.

Grey literature and any output published in a non-standard 
format are eligible for submission as well as traditional outputs 
such as refereed papers. These include documents published 
by the government and academic institutions without being 
circulated in the general publishing market, confidential 
reports to government, software, and other such cases. 
Similarly, research whose citation information is not likely to 
be available and applied research are eligible for submission. 
Such research includes projects conducted directly for/with 
the research users and studies to provide information for 
public policies. The intention is to give equal and maximum 
consideration to all high-quality research regardless of the 
format of outputs, not just to outputs that are measurable by 
quantitative indicators such as impact factors and/or citation 
index. The quality of output is evaluated based on the levels of 
“rigor”, “originality”, and “significance”.

4 Evaluation of impact

The second criterion, namely impact, evaluates the extent of 
demonstrable influence built upon excellent research. Here, 
the term “impact” implies influence on the economy, society, 
public policy, culture, and quality of life, but does not include 
intellectual influence on academic communities, which is 
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evaluated as “output quality”.

It is crucial to understand the concept of “impact” for 
conducting rigorous evaluation. In the REF, it is necessary 
for the HEI under evaluation to demonstrate that the impact 
for which they claim credit was built upon excellent research 
undertaken by a research unit within. In addition to that, it 
is required that the unit was actually involved in creating the 
impact (Figure 1, also see the description). In other words, it is 
not allowed to claim credit for impact that was developed and 
exploited by others irrelevant to the research unit even if the 
impact was originally based on research conducted by the unit. 

For instance, let us first consider a hypothetical situation 
where a research unit obtained, compiled, and published a 
research finding, but did not further attempt to generate a 
profit by, for example, launching a venture company. Let us 
now consider that a for-profit company discovered the finding 
by chance, and consequently generated a vast amount of profit 
by using it without the unit’s involvement. According to the 
REF’s definition, this influence of the research finding to the 
company cannot be regarded as the research unit’s impact. 
In such a case, only the output quality of the original finding 
is eligible for evaluation as the achievement of the research 
unit. Thus, the “impact” defined by the REF is a very specific 
concept (examples of impact are summarized in Ref. [6]). This 
is one of the significant differences with Japanese universities’ 
evaluation where rigorous demonstration and verification for 

social/economic impacts are not necessarily required. 

In general, it takes considerable time for impact to emerge; 
an impact that becomes evident during an assessment period 
is often the result of research during the earlier assessment 
period. The REF regards the impact as eligible for evaluation 
as long as it emerges during the assessment period. 

The REF states that impact is evaluated at the research unit 
level because evaluating impact by individual research outputs 
and/or researchers would not be feasible in practice while 
evaluating impact by the entire institution (e.g., university) 
would be too crude. During evaluation, HEIs are required to 
identify the actions that resulted in impact, and also explain 
how the impact was exploited and developed.

Since it is generally considered difficult to evaluate impact 
using quantitative data only, descriptive methods are mainly 
employed. More specifically, the evaluation is conducted 
using two descr iptive methods—case studies and an 
impact statement, both of which should comprise narrative 
explanations with appropriate indicators of impact as 
supporting evidence. The REF is proposing several standard 
indicators categorized into the types of impact (shown in Table 
1) to reduce the burden of unit’s preparation for evaluation. 
The extent of impact is assessed by how widely the impacts 
are seen and how transformative the impacts will be.

(Input) Not eligible for evaluationImpactOutput

Indirect beneficiariesDirect beneficiariesPlanner/player

Eligible for 
evaluation

Researchers 
at 

universities

Academic 
communities

Demonstrable 
involvement

Culture

Quality 
of Life

Public 
policy

Economy

Society

Culture

Quality 
of Life

Public 
policy

Economy

Society

Fig. 1 Definition of output and impact: scope of the REF evaluation
“Academic knowledge” is produced through research activities by researchers in institutions such as universities, and disseminated 
to various audiences, such as society and the economy, resulting in multiple ripple effects outside academic communities. In this 
process, university researchers are the “planners and players” of research, academic communities where the academic knowledge is 
produced and shared are “direct beneficiaries”, and those who benefit from its ripple effects are “indirect beneficiaries”. In the REF, 
the term “output” corresponds to this academic knowledge and the term “impact” is defined as the ripple effects that were built on 
excellent research conducted by researchers whose involvement in exploiting and developing the ripple effects are demonstrable 
(the area within the dashed line). The scope of the REF evaluation is the outputs of the highest quality and the impact defined above 
(the area enclosed by the thick line). (Created based on Ref. [10].) 
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There are several issues that face challenges in evaluating 
impact: time lags, attribution, and corroboration. 

“Time lags” refer to the fact that there can be lengthy time 
lags between the time at which research is conducted and the 
time at which its impact emerges. To address this challenge, 
the REF considers the impact of research over a sufficiently 
long period and sees broadly the entire impact of the research 
unit rather than corresponding individual impacts to specific 
outputs.

The term “attribution” refers to the fact that the process 
of impact to emerge from research is not linear, and there 
are numerous factors that affect the formation of impact. 
Therefore, it is necessary to identify what part of the impact 
is attributed to the activities of the research unit. To address 
this issue, the REF focuses on the unit’s research-driven 
contribution to the exploitation of research in realizing impact. 
In this process, the REF also recognizes the limitation of 
quantitative metrics to measure the impacts of research. Thus, 
impacts are “assessed” qualitatively with supporting evidence, 
which is one of the reasons the REF came to require the 
narrative explanations for submission. 

Finally, the term “corroboration” refers to various challenges 
associated with the verification of claims made about the 
impact. In the REF, third party corroboration and expert panels 
including the user of the research are formed to investigate the 
credibility of the evidence submitted by the research unit if 
necessary.  

5 Evaluation of research environment and 
overall score allocation

The third evaluation criterion, namely research environment, 

assesses the quality of the research unit’s environment: 
sustainability, contribution toward stimulating higher 
education research bases, and the extent of the contribution 
beyond the institution and the field. This criterion evaluates 
the research unit’s wide range of support activities and 
its development of research infrastructure to effectively 
disseminate and apply excellent research on a continuous 
basis.

The REF allocates the heaviest weight to “output quality” 
and a relatively heavier weight to impact than to research 
environment in accordance with the strategic objective of 
the REF evaluation explained above. Because impact should 
be built on excellent research, the allocation inf luences 
the overall evaluation outcomes by giving a high score to 
excellent research that realizes impact. 

6 Evaluation design

The REF does not evaluate individual researchers, or whole 
institutes; rather, it conducts evaluation “at the level of 
coherent research units that produces substantive bodies 
of work.”[4] The units are to be defined by the range of 
substantive and coherent academic activities, whose level of 
details is suitable for funding and informing the REF of the 
research management. This is considered to be equivalent to 
a university’s department in many cases.

Research units under evaluation should provide submissions 
that include information on research staff, outputs of 
high quality, details on qualitatively and quantitatively 
information on impact and research information, and so 
forth. The evaluation criteria and process will be set to be 
consistent across all disciplines and review panels although 
the REF allows some f lexibility in terms of disciplinary 
d if ferences.  This would be usef ul for maintain ing 
consistency in appraisals for funding purposes, and in 
eliminating unnecessarily complex procedures in preparation 
of evaluation for review panels.

7 Relevance to outcome-based evaluation 
and university evaluation in Japan

AIST began incorporating outcome-based evaluation into 
the evaluation of research units in fiscal year 2005. This is 
an evaluation method in which the objective, with regard 
to the outcome of the research to be produced for the social 
contribution in the future, is explained along with the 
scenario and roadmap on how to get there.[7][8] Initially, there 
was concern about the feasibility of the evaluation method; 
however, after more than seven years of experience, the 
method is well-established today, and it seems that it has had 
a significant effect.[9] What is unique about this evaluation is 
that an evaluation committee, which comprises of peers and 
stakeholders (e.g., people from universities, industry, media, 

Table 1. Main types of impact suggested in the REF [4]

(Source: An excerpt of the key points of “Research 
Excellence Framework – Second consultation on the 
assessment and funding of research”, pages 41 and 
42[4])

①Delivering highly skilled people
②Creating new businesses, improving the performance 
   of existing business, or commercializing new products 
   or processes
③Attracting R&D investment from global businesses
④Better informed public policy-making or improved 
   public services
⑤Improved patient care or health outcomes
⑥Progress towards sustainable development, 
   including environmental sustainability
⑦Cultural enrichment, including improved public 
   engagement with science and research
⑧Improved social welfare, social cohesion or national 
   security
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government, independent administrative institutions, etc.), 
assesses whether the target for future outcomes and the path 
and methods to get there are reasonable. Although outcomes 
and impacts are closely related and partially overlap, they 
are not necessarily the same. According to Hirasawa,[10] 
outcome in the context of research and development refers 
to the “intrinsic or substantive aspects of the research and 
development results,” and in the context of policies it is the 
intrinsic substance aligned to the purpose of the policy. For 
example, if there is a policy for disease prevention, then 
the intrinsic substance refers to, for example, trends in the 
number of patients. On the other hand, impact is positioned 
as “the ripple effect caused by an indirect result of the 
research after it has left the research and development sector” 
in the context of research and development, and as “the ripple 
effect other than intended results” in the context of policies. 
When outcome is defined as an intended result, while impact 
is defined as a ripple effect excluding intended results, it 
becomes clearly understandable that the cases of research and 
development—such as the ones at AIST—conducted after 
setting a clear objective, and the cases of research like the 
ones conducted with basic university funds to pursue “truth,” 
have different aspects for evaluation: outcome and impact, 
respectively.

Meanwhile, under university evaluation (for national 
universities) in Japan, the National Institution for Academic 
Degrees and University Evaluation (NIAD-UE) has been 
assessing the state of education research in the medium-term 
target period.[11] The “Analysis of the State of Undergraduate 
and Graduate Schools” in Japan, which is roughly equivalent 
to the REF in the UK, corresponds to the output evaluation 
in the REF. As part of this research achievement analysis 
results, there is a section for the university to describe the 
social, economic, and cultural significance of the research in 
addition to its academic significance. The university is meant 
to explain the social, economic, and cultural contribution 
excellence of the research achievement along with objective 
indicators. Therefore, it is not that they do not consider the 
impact of research achievement, although we cannot say that it 
has incorporated a definite impact evaluation. It is interesting 
to note that lately the NIAD-UE has considered revising the 
method for evaluating national universities in the second mid-
term period (fiscal year 2010 to 2015).[12] In particular, since 
it is currently at the university’s undergraduate and graduate 
departments’ discretion to determine how much of the 
support documents are to be devoted for evaluating academic 
significance as opposed to social, economic, and cultural 
significance, discussions are underway to enable the university 
to submit support documents for the evaluation of both areas 
of significance, rather than just one.

We believe that the largest difference between the REF 
and Japan’s university evaluation lies in its utilization. 
Whereas the results of REF are clearly reflected in changes 

in the budget to individual universities, Japan’s university 
evaluation has a major defect in that the results of the 
evaluation are not clearly reflected.

8 Conclusion

Thus far, we have provided an overview of the REF currently 
being developed. The fact that the UK has specifically 
introduced the concept of “impact” to evaluate universities 
where basic research is primarily conducted, and allocated a 
major significance to evaluating the dissemination of research 
results to society is quite characteristic.(note) It seems that in 
the UK,[13] the recognition is widespread that universities 
focusing on research with abundant entrepreneurial spirit 
to develop international competitiveness are indispensable 
to the prosperity and well-being of the state. Furthermore, 
it can be said that the UK is also focusing on promoting a 
new intellectual industry based even more on university 
knowledge to compensate for the weakness in manufacturing 
industry. From these reasons, it is likely that the UK is 
putting a great effort into the evaluation and the reform of its 
methods to produce tangible benefits.

This trend is commonly observed in developed countries that 
are striving to promote innovation, enhance international 
competitiveness, and build a sustainable society through 
research and development. This type of impact evaluation 
might become a useful tool at public research institutions in 
Japan such as AIST.

Meanwhile, there are debates on the introduction of an 
“impact” criterion for university evaluation.[14][15] The 
weighting scheme in the second draft that allocated a weight 
of 25 % to impact and 60 % to output, was revised in the 
final draft in 2011 to a weight of 20 % to impact and 65 % to 
output, based on the results of pilot exercises and feedback.[16] 
It will be interesting to see how this will be put into practice 
in the future. 
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research funding for UK universities (approximately half of 
the budget for basic research); however, they provide funds 
by evaluating each project or program independently. While 
they also have “impact” indicators as an important evaluation 
criterion, they look at expected future impact from the 
research results rather than actual impact. 
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Discussions with Reviewers

1 Overall
Comment (Osamu Nakamura, AIST Chugoku; Chikao Kurimoto, 
Evaluation Department, AIST)

With its main focus on providing recommendations for the 
evaluation system in Japan by introducing a new university 
evaluation framework in the UK, this is a timely article for 
considering the evaluation of synthetic approaches  that helps to 
promote research on socio-economic innovations. Therefore, we 
recommend this article for publication in Synthesiology to widely 
spread the debate. 

2 Comparison with the evaluation in Japan
Comment (Osamu Nakamura)

The overall structure is good. You have devoted a large 
segment towards introducing the REF in a straightforward 
manner. But, how about fur ther exploring the discussion 
regarding the comparison with the Japanese evaluation system 
in practice (especially university evaluation)? More specifically, 
I would recommend that you describe the reality of university 
evaluation in Japan in more detail in section 7 to further highlight 
the differences from the REF case introduced here.
Answer (Naoto Kobayashi)

Based on your comment, we have added the following:
It is interesting to note that lately the NIAD-UE has 

considered revising the method for evaluating national universities 
in the second mid-term period (fiscal year 2010 to 2015).[12] In 
particular, since it is currently at the university’s undergraduate 
and graduate departments’ discretion to determine how much of 
the support documents are to be devoted for evaluating academic 
signif icance as opposed to social, economic, and cultural 
significance, discussions are underway to enable the university 
to submit support documents for the evaluation of both areas of 
significance, rather than just one.

We believe that the largest difference between the REF and 
Japan’s university evaluation lies in its utilization. Whereas the 
results of REF are clearly reflected in changes in the budget to 
individual universities, Japan’s university evaluation has a major 
defect in that the results of the evaluation are not clearly reflected.

In addition, you might ask why “impact” is vigorously 
introduced this way into the REF evaluation in the UK. It is 
probably because the university is motivated to proactively use 
the evaluation results for themselves by readily responding to 
requests from society and the government to contribute to the 
social value through these research results.

3 Eligible assessment period
Question (Chikao Kurimoto)

The paper does not mention the eligible assessment period (in 
terms of years) for the REF to be implemented in 2014. I suppose 
that research outputs are those generated within the eligible 
period (probably a period of multiple years), but research that 
has impacted society would probably be those completed prior to 
the eligible period. I do not think there will be a problem as long 
as the entity being evaluated (equivalent to a department in this 

of the chapters “Overall assessment outcomes” through 
“Accountability burden” in “Research Excellence Framework 
– Second consultation on the assessment and funding of 
research.” He also wrote part of section 1, section 7, and part 
of section 8, and supervised the paper.

case, assuming that it is in the scale of a research unit at AIST), is 
maintaining the research elements linking past research to current 
research. However, there may be difficulties in checking the 
realities of the research and its impact, and examining the impact 
after years have passed. What are your thoughts on this?
Answer (Naoto Kobayashi)

As you pointed out, the assessment period for the REF is 
for multiple years. For output, I believe it is the period between 
the time of the last evaluation and the deadline for submitting 
assessment documents for the current evaluation. Meanwhile, 
in the case of impact, while the period in which the eligible 
impact is made is the same assessment period as for the output, 
it seems that the research results that have made this impact are 
expected to have been generated up to approximately 15 years 
prior to this period. In fact, the pilot study of impact conducted 
in 2010 specified the period in which the impact materialized 
to be between 2005 and 2009, and the original research results 
that generated the impact to have been created after 1993. This 
information has been added to the paper.

As a note, our direct and indirect interviews with some 
officials who were involved in this pilot study indicated that it is 
extremely difficult to go back to research results obtained quite a 
long time ago, and the organization and storage of documents will 
become an important consideration in the future. 
Referenced URL:
http://www.ref.ac.uk/background/pilot/
REF impact pilot: revised case study template and guidance, July, 
2010

4 Explanation of the figure
Question (Osamu Nakamura)

Regarding figure 1, it would be nice to provide a detailed 
explanation as to what the figure indicates. Since this diagram is 
the essence of the REF structure, I would like you to provide an 
easy-to-understand explanation. 
Answer (Ryu Ohtani)

We have added a detailed explanation to the caption of the 
figure as shown below:

“Academic knowledge” is produced through research 
activities by researchers in institutions such as universities, 
and disseminated to various audiences, such as society and the 
economy, resulting in multiple ripple effects outside academic 
communities. In this process, university researchers are the 
“planners and players” of research, academic communities 
where the academic knowledge is produced and shared are 
“direct beneficiaries”, and those who benefit from its ripple 
effects are “indirect beneficiaries”. In the REF, the term “output” 
corresponds to this academic knowledge and the term “impact” is 
defined as the ripple effects that were built on excellent research 
conducted by researchers whose involvement in exploiting and 
developing the ripple effects are demonstrable (the area within the 
dashed line). The scope of the REF evaluation is the outputs of the 
highest quality and the impact defined above (the area enclosed by 
the thick line). (Created based on Ref. [10].)

5 Utilization of impact evaluation indicators
Comment (Osamu Nakamura)

The types of impact are cited (Table 1). I recommend you 
to describe that it should be utilized to a great extent, as I think 
it provides specific and rich information that would be useful in 
Japan as well. 
Answer (Ryu Ohtani)

We included a statement as recommended in the paper.


