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ABSTRACT As an efficient S&T management tool, the Chinese Academy of Sciences
(CAS) institute evaluations have experienced four major systems in which quantitative
indicators have played a great role. To better understand the roles of quantitative indicators
in CAS institute evaluations and institute development, this article aims to discuss the history
and development of the CAS institute evaluation systems. It is concluded that institute
evaluation has played a significant role not only in promoting scientific progress but also in
guiding the direction and focus of the institutes’ development, thereby aligning it with the
CAS's strategy at different phases. Our intention is that this article offers useful insights for a
wide scientific community into CAS' attitudes on the application of metrics in research
institute evaluations. This article is published as part of a collection on the future of research
assessment.
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ounded (CAS, 2016) in November 1949 in Beijing, the

Chinese Academy of Sciences (CAS) is considered both the

country’s highest academic institution for the natural
sciences and the highest science and technology (S&T) advisory
body. In addition, it serves as a comprehensive R&D centre for
China’s natural sciences and high-tech fields. Similar to the
National Academy of Sciences in the United States of America,
the CAS has a board of Academies, and, similar to the
International Max Planck Research School, it has its own research
institutes. The CAS also has three universities. This study will
focus on the CAS research institute evaluation system. The CAS
now has 104 research institutes, which are distributed across 21 of
China’s provinces, municipalities and autonomous regions. The
CAS research institutes focus mainly on fundamental studies and
scientific explorations that are on the frontiers of emerging
disciplines in physical, earth, environmental and life sciences
and advanced technology. Currently, the CAS is staffed by a total
of 63,000 employees, of which 50,000 are professionals and
science/technology experts distributed among the CAS research
institutes. The CAS’s total revenue was approximately 450 billion
yuan in 2015.

As institutional legal bodies, each CAS institute carries out
independent S&T innovations and administrative work. CAS
headquarters (CASHQ) is responsible for the research institutes’
macro-management and makes major S&T decisions, such as
appointing the institutes’ directors and leadership, authorizing
the institutes’ strategy, evaluating the institutes, allocating
resources and so on. Of all these macro-S&T management tools,
institute evaluation has played a significant role not only in
promoting scientific progress but also in guiding the direction
and focus of the institutes’ development, thereby aligning it with
the CAS’s strategy at different phases. On the one hand, institute
evaluation, which reflects the CAS’s S&T development strategy, is
helpful in guiding the direction and orientation of the institutes’
research activities. On the other hand, institute evaluation is an
effective quality control tool to collect facts and evidence about
the institutes’ research performance, as well as to provide
advisory opinions to CASHQ regarding S&T decision-making,
such as the institutes’ future development focus, resource
allocations and institute directors’ salaries.

The CAS initiated institute evaluation in 1993. During the past
20 years, the CAS research institute evaluations have been
gradually adjusted to be compatible with the CAS’s development,
the institutes” characteristics and especially the CAS’s strategies at
different phases. Until now, CAS institute evaluations have
experienced four major phases, or systems: quantitative evalua-
tion, dual evaluation, comprehensive quality evaluation and major
R&D outcome-oriented evaluation (Li and Yang, 2009). Through
all those evaluation systems, the quantitative evaluation results
have been both strongly and weakly adopted in S&T decision-
making processes. To better understand the roles of quantitative
indicators in CAS institute evaluations, here we discuss the
development of the CAS institute evaluation systems from an
historical perspective, with particular focus on the changing roles
of quantitative indicators in different evaluation systems. We
hope this work will inspire more ideas on the roles of quantitative
indicators in evaluations in this “Metric Tide” era. This article
begins with a detailed explanation of CAS institute evaluations
during four phases. This is followed by a discussion focusing on
the strengths and weaknesses of quantitative indicators, followed
by some conclusions.

Phase | (1993-2001): quantitative evaluation system
In the 1990s, Chinese social communities introduced research
evaluations, and some included the CAS as an evaluated unit.
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However, because of a lack of understanding, none of the external
evaluations reflected a complete and accurate picture of the
CAS, and they even caused misunderstandings among the
public. In this context, the CAS decided to initiate its own
institute evaluations in 1993 (CAS, 1993). Given that the level of
Chinese S&T was relatively low with limited resources and few
research outputs, it was not the best time to conduct peer
review-based research institute evaluation in 1993. Therefore, the
CAS proposed a quantitative evaluation system to evaluate the
institutes’ research status and to help improve their research
levels and outputs within a short time. The details of the
quantitative evaluation system are shown in Table 1.

A set of quantitative indicators was fully adopted in the
evaluation, and these indicators were further weighted to create a
ranking score as the final evaluation result. However, the
evaluation result was not related to S&T decision-making
regarding resource allocation; instead, it aided each institute in
understanding its research status and encouraged the institutes’
research activities. The evaluation result still attracted consider-
able attention since it was published annually within the CAS.
Researchers have had intensive arguments about the full
application of quantitative indicators in the institutes’ evaluation.

Phase Il (1999-2004): dual evaluation system

In 1998, the State Council made a major S&T decision to build a
National Innovation Systems (a Chinese national initiative), and
the CAS was chosen as a pilot national institute to carry out the
Knowledge Innovation Project (KIP). The overall mission of the
KIP was to establish the CAS as a national natural science and
high technology innovation centre with strong and continuous
innovative ability by approximately 2010 (CAS KIP Evaluation
Methodology Research Group, 2011). A large amount of funding
was granted by the state and specifically allocated to the CAS to
implement the KIP. To encourage the institutes’ research
activities in accordance with the KIP’s mission, the CAS reformed
its institute evaluation system to a dual evaluation system, which
refers to evaluations of an institute’s target completion and
orientation separately (see Fig. 1) (CAS KIP Evaluation
Methodology Research Group, 2012).

Specifically, an institute’s scientific target completeness was
evaluated by peers, and its management, task completeness and
orientation were evaluated using quantitative indicators such as
high quality publications, talent and major awards. Those
indicators were designed to evaluate an institute’s performance
towards its orientation and CASHQ’s macro-policy, which was to
strengthen institutional innovation and cultural innovation and
to encourage fundamental, strategic and forward-looking S&T
contributions. Both the experts’ opinions and the quantitative
evaluation results were considered together to generate a final
evaluation result; however, the quantitative indicators actually
played a relatively greater role given that no significant differences
among the experts’ opinions were found (Li and Shi, 2003). The
final evaluation result, which indicates institute rankings within
the CAS, was directly related to S&T decision-making with
respect to the institutes’ overall funding allocations and the
directors’ annual salary.

Phase 1l (2005-2010): comprehensive quality evaluation
system

The CAS’s rebuilding work was successfully completed in the
early stages of the KIP, and 2005 was the key year when the CAS
entered the KIP’s third phase, which was to promote the
institutes’ innovation capability. In this context, CASHQ
reformed its institute evaluation system to a comprehensive
quality evaluation system to promote the institutes’ innovation
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Table 1 | Quantitative evaluation system

Details

Secondary indicators

Primary indicator

Number of S&T awards, number of publications, average publications per researcher, number of total citations, and number of S&T studies (total

and average).

Basic research
performance

Research performance

evaluation

Patents applied for and authorized, S&T progress award and invention award.

Applied research
performance

Profits of affiliated companies, R&D investment/transfer and transformation of sci-tech achievements.

Commercial performance

Research work

Capability of undertaking national and local projects, total and average research outputs, number and amount of international cooperation

projects.

Research status evaluation

No. of academies, percentage of researchers under 45, percentage of PhD/Master students; number of research students.
Total amount of grants / average research grants per researcher, percentage of competitive grants.

Infrastructure and advanced research equipment, percentage of 1990s research equipment, open labs and engineering centres.

Talent

Resources

Scientific target completion Reviewed by peers
evaluation
Institute’s target
completion - -
evaluation Managgmcm target completion CAS policy-related
evaluation indicators
A
Strategic S&T tasks 40% I
High-quality publications 15%
In..qtltute. s Significant social and economic 25%
onentatlmn benefits —
evaluation
Talents development 18%
Important rewards 2%
e.g. ) o
» Permanent staff turnover rate(5%) ((felnera} wglbghls
» Ratio of fixed funds to competitive funds clermine R —
> " . Ve Que CAS Party in
» Institute-owned company’s system 2001
reformation

Figure 1 | Dual evaluation system

capability and development in approximately 2004 (CAS
Evaluation Group, 2007). A total of 99 research units participated
in this evaluation, including 89 research institutes. Given the
change in the CAS’s strategy during this phase, a set of
quantitative indicators was developed to observe and track the
development trend of various institutes based on the previous
quantitative evaluation results. In particular, an innovation
capability index evaluation system was proposed as an attempt
to evaluate the institutes’ innovation capability in response to the
CAS’s strategy of shifting the research focus to improve
technological innovation ability (Liu and Zhi, 2009). The detailed
calculation of the innovation capability index is presented in
online Appendix A.

The comprehensive quality evaluation system combined
quantitative and qualitative information, and the quantitative
indicators provided basic data support for decision processes (see
Fig. 2).

Further, multi-dimensional indicators from multiple angles
were adopted in this system, whereas quantitative indicators were
provided as references to experts including peers from research
areas, management specialists from CASHQ and directors from
other CAS institutes. With the help of the innovation capability
index, it was possible to ensure that the various institutes’
performance, the institutes’ historic and current performance,
and the CAS’s performance during these years were all
comparable. Compared with the dual institute evaluation system,
experts (quantitative indicators) played a greater (smaller) role in
generating a final evaluation result, which was also related to S&T
decision-making regarding the institutes’ overall funding alloca-
tions and the directors’ annual salary.

Phase IV (2011-present): major R&D outcome-oriented
evaluation system

Through the successful implementation of the KIP, the CAS has
accomplished its institute rebuilding effort and advanced the
institutes’ innovation capability. Consequently, the CAS pub-
lished its future development strategy for 2020, which is known as
Innovation 2020. This initiative aims to encourage the research
institutes to make significant contributions in scientific and
technological progress, economic and social development and
national security (Lu, 2011). In this context, the twelfth 5-year
plan, also known as “One-Three-Five” was proposed, which
stands for One Positioning (orientation), Three Major
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Breakthroughs, and Five Key Potential Directions. One Positioning
refers to how each CAS institute should specify its major research
areas, unique features, core competencies, and anticipated
position in international circles and should avoid homogenization
with other CAS research institutes. Three Major Breakthroughs
refers to major basic, strategic, and prospective S&T innovative
achievements to be made in the next 5-10 years. Generally, each
institute should propose no more than three breakthroughs. Five
Potential Directions includes research priorities with unique
features, a future competitive advantage, and potential break-
throughs; in general, each institute should establish no more than
five priorities. Accordingly, CASHQ has been developing a major
research outcome!-oriented evaluation system (Bai, 2012) (see
Fig. 3) since 2011, which includes expert diagnostic assessments
conducted every 5 years, an overall performance evaluation held
in 2015, and monitoring of key performance indicators (KPI)? to
observe and track the institutes’ annual research performance.
In this evaluation system, the One-Three-Five expert diagnosis
assessment invites international experts to diagnose the institutes’
status, advantages and disadvantages and evaluate the research
quality and technical value of the main research areas to help the
institutes to improve their internal management, clarify their core
advantage, avoid homogenization and lay a foundation for future
major innovation contributions. The performance evaluation

Evaluation process Decision process

Communication
& review

‘ Partial coordination ‘

l

‘ Overall coordination ‘

l

‘ CAS party decision ‘

]

‘CAS president meeting decision

| Self-
review

Peer review

On-site review

‘ Quantitative analysis ‘

H

Figure 2 | Evaluation and decision processes in the comprehensive
quality evaluation system

invites domestic experts to provide qualitative opinions on an
institute’s performance compared with its 5-year target, and
quantitative indicators such as funds, projects, staff information,
major S&T outcome, patents, major awards and international
exchanges and cooperation are provided for the experts’ reference.
Notably, the performance evaluation results are directly related to
S&T decision-making regarding incentive resource allocations.
For example, a superior Major Breakthrough merits a reward of 4
million RMB.

Discussion and conclusions

From an historical perspective, the CAS research institute
evaluation systems have experienced four phases, and each was
proposed to be compatible with the CAS’s development, the
institutes’ characteristics, and particularly the CAS’s strategies
during different phases. Within those evaluation systems,
quantitative indicators have played different roles in generating
final evaluation results and affecting S&T decision-making
regarding resource allocations. In the quantitative evaluation
system, a set of quantitative indicators was adopted fully to
generate final evaluation results; however, the evaluation results
were not related to S&T decision-making regarding resource
allocation. In the dual evaluation system, although both the
experts’ opinions and the quantitative evaluation results were
considered together to generate a final evaluation result, the
quantitative indicators actually played a relatively large role given
that no significant differences were found among the experts’
opinions. Furthermore, the final evaluation result was directly
related to S&T decision making in terms of the institutes” overall
funding allocations and the directors’ annual salary. In the
comprehensive quality evaluation system, quantitative indicators
were provided as references to various experts. Compared with
the dual institute evaluation system, experts (quantitative
indicators) played a greater (smaller) role in generating final
evaluation results, which were also related to S&T decision-
making regarding the institutes’ overall funding allocations and
the directors’ annual salary. In the major R&D outcome-oriented
evaluation system, quantitative indicators are again provided for
the experts’ reference. Notably, the performance evaluation
results are directly related to S&T decision-making regarding
incentive resource allocations. In summary, quantitative

Structure of the Assessment (2011-2015)
Structure Sections Purpose Focus
During 2015
. Emphasize the
Performance evaluation achievements Measure
2 sections During 2013-2015
“One-Three-Five” Help institutes to
Expert diagnosis improve Diagnosis
assessment management
Annual
. Monitoring the
Foundation > Monitoring key situation of Monitor
indicators of institutes institutes
Frequency: once every five years

Figure 3 | Major R&D outcome-oriented institute evaluation system
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indicators played a strong role at first and then a weak role in the
CAS research institutes’ evaluation systems through the four
phases. Further, the results of quantitative evaluation had a weak
relationship at first, then a strong relationship and finally a weak
relationship with S&T decision-making regarding CAS resource
allocations.

From the perspective of the overall development of the CAS
research institutes, the application of quantitative indicators in
the CAS research institutes’ evaluation systems has both strengths
and weaknesses. During the time when the Chinese S&T level was
relatively low, compared with nowadays technology (for example,
Chinese SCI publications in 2006 is 71,000, which is 14.6 times of
that in 1987. And the number of Chinese PCT patents is 5456 in
2007, which is 15 ranks ahead of that in 1997 (National Bureau of
Statistics, 2008)), the application of internationally recognized
quantitative indicators (such as number of SCI papers) was
considered a way of introducing international peer review of
Chinese research studies, which has been very helpful in
improving China’s S&T research quality and research level. The
application of comparable international quantitative indicators
has also been an effective way for Chinese research and Chinese
researchers to join the international stage and synchronize with
international S&T development. According to the record, the
CAS’s SCI papers increased from 5860 in 1998 to 12060 in 2003
(an increase of 106%). Publications in the top 20 international
journals increased from 171 in 1998 to 654 in 2003 (an increase of
282%). It is reasonable to believe that quantitative evaluation has
led to a great improvement in both the quantity and quality of the
CAS’s research outputs since the 1990s, which has helped to
increase the CAS’s national and international visibility and
impact. In addition, the application of internationally recognized
quantitative indicators has helped with the selection of potential
talent within the CAS and China. Those with high potential and
considerable international impact have been identified. This has
ensured the development of a talent selection policy and has
changed the talent structure. With the development of S&T
technology, the limitations of quantitative indicators within the
CAS can be observed from the following two aspects. First, by
adopting one set of quantitative indicators, the CAS institutes’
distinguishing features have been weakened. This could result in
homogenization of the CAS institutes, which is counter to their
mission and orientation. In addition, although quantitative
indicators have been internationally recognized, they also cause
the scientific community to focus more on quantity rather than
true scientific contributions and real-life problem-solving abilities.
In this context, quantitative indicators are overly restrictive, which
will inevitably cause problems, especially as this perspective is
unfavourable to high-quality innovative S&T achievements. There-
fore, the CAS attempted to find a balance between quantitative and
qualitative evaluations. An example is major innovation achieve-
ment. With the application of this indicator, those with superior
performance in major innovation achievements but with unfavour-
able performance in the quantitative indicators would still be
rewarded. The same situation can be found in the major R&D
outcome-oriented evaluation system. It is the experts’ responsibility
to evaluate the importance and significance of an institute’s major
research outputs. The quantitative indicators’ role in this
evaluation system has been further limited to aiding the
observation and tracking of the institutes’ research performance
and serving as references for the experts.

We also notice that, outside the CAS and the Chinese scientific
community, the misuse or abuse of quantitative indicators in
research evaluations has already raised international concerns.
Recently, the San Francisco Declaration on Research Assessment
(Raff, 2013), the Leiden Manifesto (Hicks et al., 2015) and the
Metric Tide (Wilsdon et al, 2012) have all invoked the use of

quantitative indicators with discretion for evaluation purpose.
The CAS also realized this issue a few years ago and has already
reformed the orientation of its research evaluation systems to
assess true scientific contribution and real-life problem solving.
The major R&D outcome-oriented evaluation system is one
significant example, and it adopts a much more complicated
evaluation method that combines both experts’ opinions and big
data. Simple and mechanical number counting are neither
directly adopted as evaluation results nor directly relied on for
major S&T decision-making in the CAS. This reform of research
evaluation not only has changed research activities within the CAS
but also has been highly recognized by the wider scientific
community and the central government. During the National
Innovation Conference held in June 2016, President Xi (2016) gave
clear instructions regarding the Reform of S&T Evaluation, which
included establishing classification-based S&T evaluations that
focus on S&T innovation quality, contribution and performance.
The scientific, technical, economic, social and cultural value of S&T
innovations should be properly evaluated. It is a challenge to use
quantitative indicators wisely to evaluate high-quality and large
institutes, especially when administrative intervention may some-
times result in a different balance of positive and negative effects in
the use of quantitative indicators. It is a pity to avoid quantitative
indicators only because they are quantitative. Further research and
development on the application of quantitative indicators and how
to ensure that quantitative indicators play an appropriate role in
research evaluation is necessary.

Notes

Six types of major innovation contributions and innovations, including solve major
scientific problems, create new research fields, achieve breakthroughs in a key technol-
ogy, provide a solution, achieve remarkable social or economic benefits and provide
significant and influential advice are identified as types of possible major R&D
outcomes.

The key performance indicators are applied to observe and track the institutes’ annual
research performance.

—

8]
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