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Abstract

A fair and reasonable evaluation of scientific research efficiency is a necessary
means to optimize the allocation of scientific research res ources in universities
and improve the efficiency of scientific research management. It is an effective
way to implement the "double first-class" const ruction "performance evaluation
dynamic support”. This paper selects 15 “double first-class” constructions and 19
ordinary undergraduate universities i n Jiangsu Province, constructs a three-level
indicator system with different focuses, and uses the super-efficiency DEA-BCC
model to conduct static scientific research on Jiangsu Province’s universities from
2012 to 2017. Analysis of ef ficiency changes. The study found that the average
level of scientific research efficiency of universities in Jiangsu Province is
relatively high and m aintains a certain growth rate. However, under the index
system that emphasizes quantity, quality, and long-term benefits, the scientific
research efficiency of Jiangsu Province presents a high-low-high V-shaped
characteristic; The scientific research efficiency of universities in Jiangsu
province can be divided into four types. Most universities belong to the stage of
high-s cale efficiency and low pure technical efficiency; the low scientific research
efficiency of some provincial universities is affected by the small scale, resource
allocation and low management level.
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1. Introduction

The number of universities in Jiangsu Province ranks first in China. Transitioning
from a major province of higher education to a strong province of hi gher education
requires the leadership of a group of high-level universities. Since 2010, the Jiangsu

Provincial Government has successively launched "Four Major Special Projects,
including the Priority Academic Discipline Construction Project, the Collaborative
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Innovation Plan, the Distinguished Professor Plan, and the Brand Major
Construction Project, achieving significant results in the construction of high-level
universities.

In 2016, the provincial government promulgated the Notice on Issuing the
Implementation Plan for the Construction of High-level Universities in Jiangsu,
implementing the policy approach of "open competition, dynamic adjustment, and
performance orientation" outlined in the national "Double First-Class" construction
plan. It clearly proposed that Jiangsu's "Double First-Class” construction should
break the constraints of solidified identity, provide financial support based on
performance evaluation results, and form an incentive and constraint mechanism.
Simultaneously, as a crucial component of technological innovation, the efficiency
of scientific research funding utilization in universities is of great significance for
improving the rationality of resource utilizati on, enhancing the technological
innovation capability of universities, and promoting scientific and technological
progress. In 2018, the CPC Jiangsu Provincial Committee and the Provincial
Government issued Several Policies on Deepening the Reform of the Scientific and
Technological System and Mechanism to Promote High-Quality Development
(referred to as the "30 Articles on Sci-Tech Reform") . While simplifying scientific
research funding budgets and expanding the autonomy of research institutes and
universities, it also emphasized strengthening performance management and
focusing on medium- and long-term innovation performance.

In 2020, following the "30 Articles on Sci-Tech Reform," the Jiangsu Provincial
Department of Finance issued the Notice on Measures for the Administration of
Provincial Financial Scientific Research Project Funds in Jiangsu Province, exploring
the "Lump Sum" (Baogan) system for scientific research funding at the provincial
level, and proposing the principle of combining decentralization with performance
supervision. It can be seen that scientific research performance evaluation and the
"delegation, regulation, and service" (Fang Guan Fu) reform of scientific research
funding are two sides of the same coin in stimulating scientific research innovation.
They are necessary means to form a virtuous cycle of independent exploration and
effective incentives. Exploring a fair and reasonable scientific research performance
evaluation system and the rational measurement of scientific research efficiency is a

critical link in this system.

2. Literature Review

Generally, scientific research performance evaluation methods can be categorized
into three types: qualitative evaluation, quantitative evaluation, and comprehensive
evaluation.The first category is qualitative evaluation dominated by peer review and
external experts. It is a judgment activity based on subjective human experie nce,
values, and ways of thinking, defining the quality of the evaluation object in terms of
concepts and degree, and then analyzing and assessing it to explain the nature or
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degree of the object [1]. The second category is dominated by peer review,
supplemented by bibliometric evaluation, and emphasizes case studies. This is
currently relatively common internationally. The third category consists of methods
dominated by quantitative ana lysis, such as bibliometrics, comprehensive indicator
evaluation, and econometrics [2].

In practical application, due to the authority of peer review, it may bring about the
"Matthew Effect” in academia. Therefore, current scientific research performance
evaluation mostly adopts bibliometrics and comprehensive indicator evaluation
methods. However, these evaluations tend to focus on the absolute quantity of
scientific research inputs and outputs, ignoring the initial conditions of university
development and neglecting the efficiency and benefits of scientific and
technological resource inputs. Homogenized evaluation can lead to a bias towards
certain types of indicators [3].To overcome the problem of using a homogenized
production function form to evaluate the efficiency of different types of
organizations, Charnes, Cooper, and Rhodes (1978) adopted linear programming
methods. They used input-output data to construct a production frontier adapted to
the optimal production efficiency of dif ferent types of organizations, and then used
this to evaluate the relative production efficiency of each organization, known as
Data Envelopment Analysis (DEA) [4]. Because the DEA method can accommodate
multi-input/multi-output comprehensive models, it has been widely used in the
field of education since its inception. Avkiran (2001) wused DEA to evaluate the
technical efficiency and scale efficiency of Australian universities [5]. Garcia-Aracil
(2013) wused the DEA-Malmquist index decomposition method to dynamically
evaluate the scientific research production efficiency of Spanish universities [6] .
Regarding the selection of input and output indicators for DEA, Mehdi Rhaiem
(2017) argued that research funding and the time researchers dedicate to
research activities are the two basic inputs for any study aiming to assess the
frontier of researcher academic production; for output, publications in academic
journals are obviously the most reliable measure of researchers' scientific output
[7].

Domestically, the DEA method is continuously introduced for scientific research
efficiency evaluation. For example, scholars like Ni Yuan used the lagged non-radial
super-efficiency DEA method to evaluate the scientific research efficiency of some
"985" universities (2016) [8]. Wang Ning, Wang Luyu, and others used an improved
cross-efficiency DEA method to evaluate the scientific research efficiency of "Double
First-Class" construction universiti es (2019) [9]. Wang Jiaxun, Qiu Junping, and
others used Bootstrap-DEA to evaluate the efficiency of humanities and social
science research in provincial universities in China [10]. Zong Xiaohua, Fu
Chengxiang, and others wused the super-efficiency DEA-Malmquist index
decomposition method to evaluate the dynamic changes in the scientific research
efficiency of "Double First-Class" construction universities (2020) [11].
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Compared to the evaluation of scientific research efficiency in research-oriented
universities, the evaluation of local universities is relatively scarce. Wang Shugiao,
Wang Hui, and others used the Malmquist index to measure the dynamic evolution
of scientific research efficiency in Jiangsu universities (2017) [12]. Chen Lu, Ling
Duanxin, and others used a three-stage DEA model to study the efficiency of
humanities and social science research in Jiangsu universities (2018) [13] . Wang
Xiaozhan, Hu Hanhui, and others conducted a study on the scientific research
efficiency of public undergraduate universities in Jiangsu based on a heterogeneous
input DEA model (2018) [14].

Overall, existing research on the evaluation of scientific research efficiency in
Jiangsu Province has the following issues: First, it emphasizes the application of
methods while neglecting the design of indicators; Second, the indicator design
emphasizes the quantity of paper output while neglecting quality development and
social benefits; Third, it focuses on obtaining results with weak policy implications.
Therefore, based on the existing literature, this paper adds high-level paper output
and social benefit indicators to the indicator design. Methodologically, based on the
traditional DEA-CCR model, it uses the radial super-efficiency model and employs
indicators at three different levels to comprehensively evaluate the scientific

research efficiency of universities in Jiangsu Province.

3. Econometric Methodology and Indicators
3.1. Non-parametric Estimation Method — DEA

Traditional parametric methods mostly use econometric techniques to solve for the
parameters of various input factors and estimate output efficiency on this basis. This
approach treats the entire "Solow Residual” as technological progress, which has
flaws. Data Envelopment Analysis (DEA) maps input-output points in space, taking
maximum output or minimum input as the efficiency frontier, and uses this as a
benchmark to measure the distance or gap between other points and the frontier
[15]. In 1978, Charnes, Cooper, and Rhodes proposed the classic DEA-CCR model.
However, the CCR model is based on the assumption of Constant Returns to Scale
(CRS), whereas in real life, returns to scale are often variable. In 1984, Banker,
Charnes, and Cooper proposed the DEA-BCC model with Variable Returns to Scale
(VRS), also known as the "Pure Technical Efficiency” model [16].

However, the maximum efficiency value obtained by the first two DEA models is 1,
and the efficiency values of effective Decision Making Units (DMUs) are the same,
making it impossible to further distinguish the efficiency levels of these effective
DMUs. Andersen and Petersen (1993) proposed a method to further distinguish
the effectiveness of effective DMUs, that is, removing the evaluated DMU from the
reference set and adding the constraint . In other words, the efficiency of the
evaluated DMU 1is derived from the frontier formed by other DMUs. The

super-efficiency value of an effective DMU is generally gre ater than 1, allowing for
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the differentiation of effective DMUs. This is known as the Super-Efficiency Model
[17]j #k

3.2. Indicator Selection and Explanation

DEA is a non-parametric frontier analysis method that has high requirements for
indicator selection. Too many indicators will affect precision, leading to too many
effective decision-making units on the production frontier. Generally, the product of
the number of input and output indicators should not exceed the number of
decision-making units. Therefore, indicator selection is a key step in conducting a
good DEA analysis.

Analyzing from the knowledge production function, input indicators generally select
R&D personnel and funding. In actual scientific research production, inputs
generally include human, financial, and material resources. Human resources refer
to teachers and researchers invested in scientific research; financial resources refer
to research funding used to support scientific research production, which is a
favorable guarantee for production; material resources refer to instruments and
equipment used in the process. Comprehensive measurement of scientific research
output should include direc t results and transformed results produced by scientific
research work, as well as the comprehensive benefits generated for the university
and society.Therefore, the construction of indicators in this paper includes two
primary indicators: input and output.Input: Includes two secondary indicators:
human capital input and financial capital input. Specifically, these are scientific
research funding input and scientific research personnel input. The specific data are
the total number of teaching and research p ersonnel and the total amount of
science and technology funding from the Compilation of Science and Technology
Statistics of Higher Education Instituti ons by the Department of Science and
Technology of the Ministry of Education.Output: Includes three secondary indicators:
scientific research output, scientific research awards, and social services. Regarding
scientific research output, two different levels of indicator systems are
constructed:Level 1: Uses the total volume of papers to simply measure the quantity
of academic results.Level 2: Uses the volume of SCI and CSSCI publications and their
citation counts to measure both the quantity and quality of higher-level academic
results.

The study measures the scientific research efficiency of 15 "Double First-Class"
construction universities and 19 ordinary undergraduate universities i n Jiangsu
Province from 2012 to 2017. Since scientific research activities have a certain time
lag, in data processing, output is lagged by one year relative to input. Input
indicators are from 2011 to 2016, and corresponding output indicators are from
2012 to 2017. Seven universities (Nanjing Forest Police College, Nanjing University
of the Arts, Nanjing Audit University, Nanjing Normal University of Special
Education, Jiangsu Second Normal University, Jiangsu Police Institute, Nanjing
Sport Institute) were excluded from the evaluation due to incomplete data. The
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data used in this paper are derived from the Compilation of Science and Technology
Stati stics of Higher Education Institutions (2011-2017), Compilation of Jiangsu
Education Statistics, Web of Science, and CNKI.

4. Empirical Results Analysis

4.1. Descriptive Statistics

From the perspective of personnel input, the total number of teaching and research
personnel in Jiangsu universities increased from 45,236 in 2012 to 55,011 in 2017,
with an average annual growth rate of 4.32%. The proportion of personnel in
"Double First-Class" universities declined by 2%, while the average number per
institution rose from 1,678 to 1,996, higher than the increase in ordinary
universities from 1,056 to 1,319. Disparities among institutions were significant,
with Nanjing Medical University (averaging 4,674 annually) having 30 times the
personnel of Nanjing University of Finance and Economics (154). Within "Double
First-Class" institutions, China Pharmaceutical University (976) had only about
one-fifth the number of the former.

In terms of research funding, total investment grew from 10.1 billion yuan in 2012
to 15.4 billion yuan in 2017, averaging 10% annual growth. Although the share of
"Double First-Class" universities dropped by 5%, their average funding per
institution increased from 500 million to 800 million yuan, a 43% rise, far
surpassing the 22% growth in ordinary universities. Funding gaps were substantial:
Southeast University (averaging 1.71 billion yuan annually) had 70 times the
funding of Yancheng Teachers University (24.14 million). Among "Double
First-Class" universities, Nanjing University of Chinese Medicine (147.77 million)
received less than one-tenth of Southeast University's amount. In 2017, only 13
institutions had research funding exceeding 500 million yuan, while 2 had less than

50 million.
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From the perspective of scientific research output, scientific papers, as the most
rapid, open, dynamic, and frontier form of knowledge innovation in universities, are
an important standard for evaluating research output. In terms of scale, the
publication volume of scientific papers by Jiangsu universities increased from
67,262 in 2012 to 124,326 in 2016, an increase of 84%. Among them, SCI
publications were the most numerous, and A&HCI publications were the fewest.
Regarding quality, SCI, as one of the world's recognized top three scientific
statistical and evaluation databases, can well measure the international influence of
university research papers. CSSCI, as a landmark database in the field of humanities
and social sciences evaluation in China, can well measure domestic influence. From
2012 to 2017, the cumulative SCI publications of Jiangsu universities were 414,601,
with 3,993,212 citations; cumulative CSSCI publications were 129, 762. It is not
difficult to see that the publication of scientific papers by Jiangsu universities tends
towards international journals. Internally, from 2012 to 2017, Southeast University
had the highest cumulative SCI publications (44,573), and Soochow University had
the lowest (775). For CSSCI, Nanjing University had the highest cumulative
publications (26,762), and Xuzhou Medical University had the lowest (248).

Table 1. Changes in Paper Publication and Citation Volume in Jiangsu Universities 2012-2017

type In In 2013 In2014 In 2015 the year the year
2012 of 2016 2017
Total number of SCI 44259 53455 62259 72284 84072 98272

documents issued

Total citation of SCI 339675 433080 483629 702520 902605 1131703

Total number of CSSCI 21931 21862 21578 21467 21350 21574
documents issued
Total number of SSCI 961 1254 1533 2064 3006 4271

documents issued
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SSCI citation total 20923 5475 56329 22309 10211 9235
Total number of 111 120 124 166 194 209
documents issued by
A&HCI

Total citation of A&HCI 74 100 94 240 462 326

Total number of 67262 76691 85494 95981 108622 124326
documents issued

Total citation 360672 438655 540052 725069 913278 1141264

From 2012 to 2017, the cumulative number of scientific research awards in Jiangsu
universities was 3,039, showing an overall downward trend. "Double First-Class"
universities accounted for 2,154 awards (71%). Internally, Jiangnan University had
the most (369), and Nanjing University of Finance and Economics had the fewest (1),
a stark contrast. Furthermore, besides the research itself, output involves
contributions to social development. Due to low data availability, revenue from
technology transfer is used as the social service indicator. From 2012 to 2017,
cumulative technology transfer revenue reached 2.034 billion yuan, but with large
annual fluctuations. "Double First-Class" universities accounted for 1.335 billion
yuan (66%), reaching a low point in 2016. Overall, in 2017, 27 universities had less
than 50 million yuan in transfer revenue, showing obvious polarization and a

generally low conversion rate of scientific research results.

Table 2. Descriptive Statistics of Research Inputs and Outputs

Primar | Secondary Three-level index 2012-2013 | 2013-2014 | 2014-2015 | 2015-2016 | 2016-2017 | 2017-2018
y index index
invest human Teaching and scientific 1330.47 1369.85 1432.88 1503.97 1565.91 1617.97
input research personnel
(people)
Financial Scientific research funds 29.78 34.35 37.89 39.17 40.67 45.22
input (tens of millions)
output research Total number of academic 4037.21 4031.24 4139.03 4314.24 4382.09 4364.70
output papers (articles)
Total number of SCI 1364.79 1653.03 1928.62 2257.18 2660.94 3153.88
papers (articles)
SCI papers are always 11225.56 13065.59 17543.38 21988.76 27175.03 33847.79
cited (times)
Total number of CSSCI 652.47 652.79 647.65 628.35 624.97 625.79
papers (articles)
Works (department) 6.27 6.00 7.68 7.38 10.27 11.21
Award for Award of scientific 14.85 15.41 17.35 17.03 12.47 12.26
scientific research achievements
research (item)
social Income from transfer of 1.17 0.84 1.09 1.22 0.66 1.00
work technological
achievements (tens of
millions)

4.2. Analysis of Scientific Research Efficiency in Jiangsu Universities

4.2.1. Indicator System Measuring Research Output by Total Paper Volume

In the design of the scientific research efficiency evaluation indicators for
universities in Jiangsu Province, reference was made to relevant domestic and
foreign literature, combined with the actual situation of universities in Jiangsu. The
design ensures the authenticity, completeness, scientific nature, and availability of

data acquisition.
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The scientific research input indicators comprise two secondary indicators: human
capital input and financial capital input. The tertiary indicator for teaching and
research personnel refers to full-time researchers and full-time teachers engaged in
scientific research; scientific research funding refers to the total funding invested in
the university for scientific research in the current year.

The output indicators comprise three secondary indicators: scientific research
output, scientific research awards, and social services. Scientific research awards
are measured by the number of awards granted; this includes
provincial/ministerial-level awards and national-level awards, with three
provincial/ ministerial-level awards converted into one national-level award. Social
services are measured using the indicator of revenue from the transfer of tech
nological achievements. At the level of scientific research output, this includes books
and papers. Scientific research awards include national and provincial levels,
converted using the ratio of one national award to three provincial awards. Due to
limited data availability for social services, revenue from the transfer of
technological achievements is adopted as the measure.

In the first-level indicator system, scientific research output includes books and the
total volume of papers. The total volume of papers refers to the total number of
published papers wi thout distinguishing the tier of the journal. Compared to papers,
books require longer-term thinking, accumulation, and writing, and possess strong
systematicness and completeness. Early research accumulation is crucial for an
academic monograph; therefore, books are considered a research output rich in
content and highly systematic.

Table 3. First-level Scientific Research Efficiency Evaluation Indicator System

Primary index Secondary index Three-level index
invest human input Teaching and scientific research personnel
(people)
Financial input Scientific research funds (tens of millions)
output research output Total number of academic papers (articles)

Works (department)

Award for scientific research Award of scientific research achievements
(item)
social work Income from transfer of technological

achievements (tens of millions)

The static decomposition of the scientific research efficiency of Jiangsu universities
in 2017 using the input-oriented BCC model and the super-efficiency model is
shown in Table 4.TE (Technical Efficiency) is a comprehensive measure of resource
utilization and resource allocation efficiency.PTE (Pure Technical Efficiency) refers
to efficiency resulting from technological or management improvements; unlike
technical efficiency, pure technical efficiency does not include scale efficiency.SE
(Scale Efficiency) refers to the difference between the current scale and the optimal
scale under the condition that the institutional and management levels remain

unchanged. The relationship between them is
TE = PTE X SE
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RTS (Returns to Scale) refers to the change in the proportion of output when all
input factors are increased by the same proportion. If the proportion of output
increase is greater than the input, it is called Increasing Returns to Scale (IRS);
conversely, it is Decreasing Returns to Scale (DRS); if equal, it is Constant Returns
to Scale. When returns to scale are increasing, input should be increased; when
returns to scale are decreasing, input should be reduced.Table 4 (left side) shows
the DEA-BCC scientific research efficiency of each university in Jiangsu Province,
and the right side shows the super-efficiency decomposition for each university.

Table 4. Decomposition of Scientific Research Efficiency for First-Level Indicator System 2017-2018

DEA-BCC Super-efficient DEA
. . . Pure .
Technical tefl:lr:iial EfflC(l)(;nC Return Tec;l;mc technica Efﬁc(l)efnc Return to
university efficiency efficiency s);ale to scale university efficienc 1 s};ale scale
(TE) (RTS) efficienc (RTS)
(PTE) (SE) y (TE) v (PTE) (SE)
Naniin unchange China Decrease
Unirer o 1.00 1.00 1.00 oe Mining 2.26 1.00 2.26 progressive
i University ly
Nanjing Jiangsu
University of university Decrease
. unchange : .
Aeronautics and 1.00 1.00 1.00 d of science 1.74 2.30 0.76 progressive
Astronautics and ly
(NUAA) technology
UnIi\IVaer;]s]iI;g of unchange Yancheng increase
versty 1.00 1.00 1.00 8¢ | teachers’ 1.39 1.47 0.95 )
Science and d college successively
Technology 8
Nanjing
University Decrease
Hohai University 1.00 1.00 1.00 ““C}(‘f“ge OfS:r‘fince 1.30 1.00 1.30 progressive
Technolog ly
y
Nanjing
University
Jiangsu university unchange of Decrease
of science and 1.00 1.00 1.00 d 8 Aeronautic 1.23 1.00 1.23 progressive
technology s and ly
Astronauti
cs (NUAA)
Nanjing university . Decrease
of finance and 1.00 1.00 1.00 ““C}g’mge Unﬁ[‘?:rilit 1.20 2.32 0.52 progressive
economics Y ly
Nanjing university
of posts and unchange | Yangzhou Decreas.e
o 1.00 1.00 1.00 . . 1.19 1.00 1.19 progressive
telecommunicatio d University
ns ly
Nanjing
. university .
Xuzhou medical 1.00 1.00 100 | Unchange | offiance 1.09 3.42 0.32 inerease
university d and successively
economics
DEA-BCC Super-efficient DEA
Technical @ P}:lr.e ! Efficiency Return t 1 Technical o P}:Jr.e 1 Efficiency Return t 1
university efficiency e?fcicir:;l::y of scale € UEET(;)Sca ¢ university efficiency e?f?cir;lr(l:cay of scale € UEETE)Sca €
(TE) (PTE) (SE) (TE) (PTE) (SE)
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DEA-BCC Super-efficient DEA
. Pure - . Pure .
. . Te.chlmcal technical Efficiency Return to scale . . Techmcal technical Efficiency Return to scale
university efficiency - of scale university efficiency - of scale
(TE) efficiency (SE) (RTS) (TE) efficiency (SE) (RTS)
(PTE) (PTE)
Yancheng Nanjing university of posts increase
teachers ' 1.00 1.00 1.00 unchanged Jing Yol p 1.08 1.09 1.00 X
college and telecommunications successively
Yangzhou 1.00 1.00 1.00 unchanged Xuzhou medical university 1.06 1.08 0.98 Decrease
University progressively
China Decrease
Mining 1.00 1.00 1.00 unchanged Nanjing University 1.05 1.00 1.05 X
University progressively
Jiangnan
University increase Jiangnan University/ increase
/ Southern 0.94 0.94 1.00 B 5 .ty . 0.94 0.94 1.00 B
Yangtze successively Southern Yangtze University successively
University
Yancheng . R .
institute of 0.93 1.00 0.93 increase Yancheng institute of 0.93 1.06 0.87 increase
technology successively technology successively
Nanjing
Normal increase Nanjing Normal increase
University 0.91 0.93 0.97 successively University (NNU) 0.91 0.93 0.97 successively
(NNU)
Nanjing Decrease Decrease
medical 0.81 1.00 0.81 . Nanjing medical university 0.81 1.61 0.50 .
university progressively progressively
Changshu . - .
institute of 0.79 1.00 0.79 increase Changshu institute of 0.79 1.29 0.61 increase
technology successively technology successively
Nanjing
UmV;erlty increase Nanjing University of increase
e 0.77 0.78 0.99 B Traditional Chinese 0.77 0.78 0.99 B
Traditional successively . successively
Chinese Medicine
Medicine
Jiangsu 0.74 0.76 097 Decrease Jiangsu university 0.74 0.76 0.97 Decrease
university progressively progressively
Suzhou
University
of Science 0.73 077 0.94 increase Suzhou University of Science 0.73 0.77 0.94 increase
and successively and Technology successively
Technolog
y
Nanjing increase increase
Forestry 0.71 0.72 0.99 . Nanjing Forestry University 0.71 0.72 0.99 .
University successively successively
Nantong 0.71 0.85 0.83 Decrease Nantong university 071 0.85 0.83 Decrease
university progressively progressively
Nanjing
Agricultur 0.66 067 0.99 increase Nan]mg.AgrlFultural 0.66 0.67 0.99 increase
al successively University successively
University
Changzhou 0.61 071 0.86 increase Changzhou university 0.61 0.71 0.86 increase
university successively successively
Nanjing
University
lnfororflatio increase Nanjing University of increase
. 0.57 0.58 0.98 . Information Science & 0.57 0.58 0.98 .
n Science successively successively
& Technology
Technolog
y
Huaiyin incr incre
Teachers 0.54 0.77 0.70 crease Huaiyin Teachers College 0.54 0.77 0.70 crease
College successively successively
Southeast Decrease Decrease
China 0.52 1.00 0.52 ivel Southeast China University 0.52 1.00 0.52 ivel
University progressively progressively
Jiangsu increase increase
normal 0.47 0.56 0.85 ivel Jiangsu normal university 0.47 0.56 0.85 ivel
university successively successively
China
Phar.maceu 0.46 053 087 increase China Ph.armgceutlcal 0.46 053 087 increase
tical successively University successively
University
Suzhou 0.46 0.46 0.99 Decrease Suzhou University 0.46 0.46 0.99 Decrease
University progressively progressively
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DEA-BCC Super-efficient DEA
. Pure - . Pure .
. . Te.cl"fmcal technical Efficiency Return to scale . . Techmcal technical Efficiency Return to scale
university efficiency . of scale university efficiency . of scale
(TE) efficiency (SE) (RTS) (TE) efficiency (SE) (RTS)
(PTE) (PTE)
. lla_ngsu increase Jiangsu institute of increase
institute of 0.34 0.59 0.58 X 0.34 0.59 0.58 .
successively technology successively
technology
Nanjing
University . . . . .
o ea | s | es | mmme | Mol gg | ag | om | e
Technolog y 8y y
y
Nanjing
Institute of 0.19 030 0.63 increase Nanjing Institute of 019 030 0.63 increase
Technolog successively Technology successively
y
Huaiyin . R .
institute of 0.15 033 045 increase Huaiyin institute of 0.15 033 045 increase
successively technology successively
technology
Huaihai . Huaihai institute of .
institute of 0.14 031 0.46 inerease uathai institute o 0.14 031 0.46 Inerease
successively technology successively
technology

Overall, the scientific research efficiency of universities in Jiangsu Province from
2017 to 2018 was relatively high, with an average Technical Efficiency (TE) of 0.72,
Pure Technical Efficiency (PTE) of 0.79, and Scale Efficiency (SE) of 0.88. Eleven
universities reached a technical efficiency of 1, constituting the frontier of
technical efficiency: Nanjing University, Nanjing University of Aeronautics and
Astronautics, Nanjing University of Science and Technology, Hohai University,
Jiangsu University of Science and Technology, Nanjing University of Finance and
Economics, Nanjing University of Posts and Telecommunications, Xuzhou Medical
University, Yancheng Teachers University, Yangzhou University, and China
University of Mining and Technology. Additionally, the pure technical efficiency of
Southeast University, Nanjing Medical University, Changshu Institute of Technology,
and Yancheng Institute of Technology also reached 1, but due to the impact of scale
efficiency, their technical efficiency did not reach the frontier.

Through further decomposition using the super-efficiency model, the average
technical efficiency of Jiangsu universities reached 0.82, pure technical efficiency
reached 0.99, and scale efficiency reached 0.88. It can be stated that the overall
scientific research efficiency in Jiangsu Province is relatively high. However, the
further decomposition via the super-efficiency model reveals significant disparities
in scientific research efficiency among Jiangsu universities. The highest were China
University of Mining and Technology (2.26), Jiangsu University of Science and
Technology (1.47), and Yancheng Teachers University (1.39). The lowest technical
efficiency scores were found in Huaiyin Institute of Technology and Huaihai
Institute of Technology, at 0.15 and 0.14, respectively.

Decomposition analysis reveals that Technical Efficiency (TE) is composed of Pure
Technical Efficiency and Scale Efficiency. Low technical efficiency is caused by low
pure technical efficiency—for example, Nanjing Institute of Technology (0.30),
Huaihai Institute of Technology (0.31), Nanjing Tech University (0.33), and Soochow
University (0.46) — which implies that the internal resource allocation and

management levels of these universities are too low, leading to very low technical
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efficiency. Among the sample universities, 14 had a pure technical efficiency greater
than 1.

On the other hand, low technical efficiency is also caused by low scale efficiency,
such as in Nanjing University of Finance and Economics (0.32), Huaiyin Institute of
Technology (0.45), and Huaihai Institute of Technology (0.46) . Other universities
where low scale efficiency affected technical efficiency include Nanjing Medical
University (0.50), Southeast University (0.52), and Hohai University (0.52). Among
the sample universities, 7 had a scale efficiency greater than 1, indicating that the
scale efficiency of Jiangsu universities generally needs optimization.

There are two reasons for low scale efficiency:Excessive input scale, operating in the
stage of Decreasing Returns to Scale (DRS), such as Southeast University and
Nanjing Medical University.Insufficient input, operating in the stage of Increasing
Returns to Scale (IRS), such as Nanjing University of Finance and Economics,
Huaihai Institute of Technology, and Huaiyin Institute of Technology.

Among the universities that did not reach the technical frontier, 18 were in the stage
of increasing returns to scale, and 5 were in the stage of decreasing returns to scale.
It can be seen that Jiangsu universities are generally in the "bonus period" of returns
to sca le, where increasing effective input can yield certain scale returns.

4.2.2. Indicator System Measuring Scientific Research Output by SCI Paper
Volume

In bibliometric analysis, the most important and fundamental relationship is the
citation relationship. Citation is the relationship between citing and being cited. In
academic research discourse, no document exists in isolation; they interact and
are interconnected, with citations being an indispensable component. Citation
implies that the citer has been inspired by the source, and the research content of
the paper has played a certain role in promoting and facilitating the development of
similar disciplines, or the paper has formed new research ideas for the citer.
Generally speaking, the citation status of a paper after publication is a written
record acknowledged by a vast number of peers. Therefore, when evaluating
paper-based achievements, one must not only look at the publication level of the
papers but, more importantly, measure the citation status of the achievement.
Thus, introducing citation indicators into the evaluation system is undoubtedly
beneficial for improving the objectivity and fairness of the evaluation system. The
second-level indicator system incorporates SCI citation indicatorsinto the
evaluation scope, focusing on the impact of scientific research output.

Table 7. Third-Level Scientific Research Efficiency Evaluation Indicator System

Primary index Secondary index Three-level index
invest human input Teaching and scientific research
personnel (people)
Financial input Scientific research funds (tens of millions)
output research output Total number of SCI papers (articles)

SCI papers are always cited (times)
Total number of CSSCI papers (articles)
Works (department)
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Award for scientific research Award of scientific research achievements
(item)
social work Income from transfer of technological
achievements (tens of millions)

In the second-level indicators, the average technical efficiency of Jiangsu universities
was 0.72, pure technical efficiency was 0.80, and scale efficiency was 0.89. Eight
universities reached a technical efficiency of 1, constituting the technical efficiency
frontier: Nanjing University, Nanjing University of Aeronautics and Astronautics,
Nanjing University of Science and Technology, Jiangsu University of Science and
Technology, Nanjing University of Finance and Economics, Yangzhou University,
China University of Mining and Technology, and Nanjing Medical University.
Additionally, the pure technical efficiency of Southeast University, Nanjing Normal
University, Suzhou University of Science and Technology, Xuzhou Medical
University, Changshu Institute of Technology, and Yancheng Institute of Technology
reached 1, but due to the impact of scale efficiency, their technical efficiency did not
reach the frontier. The number of universities affected by low scale efficiency
further increased.

Through further decomposition using the super-efficiency model, the average
technical efficiency of Jiangsu universities reached 0.93, pure technical efficiency
reached 0.97, and scale efficiency reached 0.96. The increase in average
super-efficiency technical efficiency implies a further widening of the gap in
scientific r esearch efficiency among universities, which is similar to the research
results of the third-level indicators. The highest were Nanjing University of Finance
and Economics (4.09), Nanjing University (2.56), and China University of Mining and
Technology (2.27). The lowest technical efficiency scores were for Huaiyin Institute
of Technology and Huaihai Institute of Technology, at 0.24 and 0.15, respectively.
Decomposition analysis shows that technical efficiency (TE) is composed of pure
technical efficiency and scale efficiency. Low technical efficiency is caused by low
pure technical efficiency, such as in Nanjing Institute of Technology (0.29), Huaihai
Institute of Technology (0.31), Huaiyin Institute of Technology (0.33), and Soochow
University (0.29). This implies that internal resource allocation and management
levels within these universities are too low, leading to very low technical efficiency.
Among the sample universities, 14 had a pure technical efficiency greater than 1. On
the other hand, low technical efficiency is caused by low scale efficiency, such as in
Huaihai Institute of Technology (0.48), Southeast University (0.48), and Nanjing
Normal University (0.53). Seven sample universities had a scale efficiency greater
than 1, indicating that the scale efficiency of Jiangsu universities generally awaits
optimization.

There are two reasons for low scale efficiency:Excessive input scale, operating in the
stage of Decreasing Returns to Scale (DRS), such as Southeast University and
Nanjing Medical University.Insufficient input, operating in the stage of Increasing
Returns to Scale (IRS), such as Yancheng Teachers University, Huaihai Institute of
Technology, and Huaiyin Institute of Technology.
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Among the universities that did not reach the technical frontier, 16 were in the stage
of increasing returns to scale, and 10 were in the stage of decreasing returns to scale.
This is similar to the research results of the third-level indicators (Note: likely refers
to the second level or consistency within this level), indicating that in terms of
high-level scientific research output, the benefits from scale are not significant, and
technological innovation is more required to drive progress.

Table 8. Decomposition of Scientific Research Efficiency for Third-Level Indicator System 2017-2018

DEA-BCC Super-efficient DEA
Technical Pur.e Efficiency Return to Technical Pur'e Efficien
university efficienc technical f scal 1 . . ffici technical cy of Return to scale
y C of scale scale university efficiency -
(TE) efficiency (SE) (RTS) (TE) efficiency scale (RTS)
(PTE) (PTE) (SE)
Jiangsu
university of 1.00 1.00 1.00 unchanged Nanjing university of 4.09 4.48 0.91 increase
science and finance and economics successively
technology
Nanjing
u-nlversny of 1.00 1.00 1.00 unchanged Nanjing University 2.56 1.00 2.56 Decrea‘se
finance and progressively
economics
Nanjing 1.00 1.00 1.00 unchanged China Mining University 2.27 1.00 2.27 Decrease
University progressively
Nanjing
University of
Aeronautics 1.00 1.00 1.00 unchanged Jiangsu university of 1.43 2.28 0.63 Decrease
and science and technology progressively
Astronautics
(NUAA)
Nanjing
University of 1.00 1.00 1.00 unchanged Nanjing medical 1.20 152 0.79 Decrease
Science and university progressively
Technology
Nanjing . . .
medical 1.00 1.00 1.00 unchanged Nan]mg University of 1.20 1.00 1.20 Decrea‘se
university Science and Technology progressively
Yangzhou 1.00 1.00 1.00 unchanged Yangzhou University 1.19 1.00 1.19 Decrease
University progressively
. . Nanjing University of
C}L‘]‘:iig:i‘t‘"g 1.00 1.00 1.00 unchanged Aeronautics and 1.09 1.10 0.99 rge:::;izl
y Astronautics (NUAA) prog y
Nanjing
university of increase Nanjing university of increase
posts and 0.96 0.96 1.00 . posts and 0.96 0.96 1.00 .
. successively - successively
telecommunica telecommunications
tions
Xuzhou medical 095 1.00 095 increase Xuzhou medical 0.95 101 0.94 increase
university ! : ’ successively university ! : : successively
Suzhou
University of increase Suzhou University of increase
Science and 0.95 1.00 0.95 successively Science and Technology 0.95 1.03 0.92 successively
Technology
Yancheng . - .
institute of 0.93 1.00 0.93 increase Yancheng institute of 0.93 1.06 0.87 increase
technology successively technology successively
Jiangsu normal 0.85 0.86 0.99 increase Jiangsu normal university 0.85 0.86 0.99 increase
university successively successively
Nanjing
University of increase Nanjing University of increase
Traditional 0.83 0.84 1.00 X Traditional Chinese 0.83 0.84 1.00 .
. successively - successively
Chinese Medicine
Medicine
Nanjing Decrease Nanjing Forestr Decrease
Forestry 0.80 0.81 0.99 progressivel Jing rorestry 0.80 0.81 0.99 )
. ; University progressively
University y
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DEA-BCC Super-efficient DEA
Technical Pur.e Efficiency Return to Technical Pur'e Efficien

. . . . technical . . . . technical cy of Return to scale

university efficiency . . of scale scale university efficiency . .
(TE) efficiency (SE) (RTS) (TE) efficiency scale (RTS)
(PTE) (PTE) (SE)
Nanjing
University of Decrease Nanjing University of Decrease
Information 0.77 0.87 0.89 progressivel Information Science & 0.77 0.87 0.89 X

. progressively

Science & y Technology
Technology
Jiangsu Decrease Decrease

angst 0.75 0.77 0.98 progressivel Jiangsu university 0.75 0.77 0.98 .

university v progressively
Nanton Decrease Decrease
. '8 0.73 0.81 091 progressivel Nantong university 0.73 0.81 091 .
university v progressively
Nanjing Normal Decrease Nanjing Normal Decrease
Umversl)ty (NN 0.73 1.00 0.73 progr}e{ssnvel University (NNU) 0.73 1.36 0.53 progressively
Changshu . R .
institute of 0.69 1.00 0.69 increase Changshu institute of 0.69 1.05 0.66 increase
technology successively technology successively
Changzhou 0.68 0.76 0.90 increase Changzhou university 0.68 0.76 0.90 increase
university successively successively
Nanjing . . . .
Agricultural 0.67 0.69 0.98 increase Nanjing Agricultural 0.67 0.69 0.98 increase
University successively University successively
Jiangnan
University/ Decrease Jiangnan University/ Decrease
Southern 0.66 0.70 0.94 progressivel Southern Yangtze 0.66 0.70 0.94 .
R . progressively
Yangtze y University
University

China Decrease . .

Pharmaceutical 0.64 0.66 0.98 progressivel | ~ China Pharmaceutical 0.64 0.66 0.98 Decrease

. X University progressively
University y

Hohai 0.60 0.61 0.97 Increase Hohai University 0.60 0.61 0.97 inerease
University successively successively

Hualyin increase increase
Teachers 0.60 0.73 0.82 . Huaiyin Teachers College 0.60 0.73 0.82 .
College successively successively
Nanjing Decrease Nanjing University of Decrease
University of 0.51 052 1.00 progressivel ’T egchnolo ty 0.51 0.52 1.00 o
Technology y sy prog y
Southeast Decrease .

China 048 1.00 0.48 progressivel SO‘:};‘f‘f:‘rtsfth‘"a 048 1.00 0.48 r(?e:(:::i?/eel
University y 4 prog y
Yancheng increase Yancheng teachers ' increase
teachers ' 0.45 0.74 0.61 . & 0.45 0.74 0.61 B

college successively college successively

Jiangsu incr Jiangsu institute of incr
institute of 0.44 0.59 0.74 crease angsu institute o 0.44 0.59 0.74 crease
technology successively technology successively

Suzhou Decrease Decrease

X X 0.27 0.29 0.93 progressivel Suzhou University 0.27 0.29 0.93 .

University v progressively
Nanjing . , . .

Institute of 025 0.29 0.83 increase Nanjing Institute of 025 0.29 0.83 increase

Technology successively Technology successively
Huaiyin . RN .

institute of 0.24 0.33 0.72 increase Huaiyin institute of 0.24 033 0.72 increase

technology successively technology successively
Huaihai . e .

institute of 015 0.31 048 increase Huaihai institute of 015 031 0.48 increase

technology successively technology successively
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DEA-BCC Super-efficient DEA
Technical Pur_e Efficiency Return to Technical Pur_e Efficien
. . . technical . . . . technical cy of Return to scale
university efficiency - of scale scale university efficiency -
efficiency efficiency scale (RTS)
(TE) (PTE) (SE) (RTS) (TE) (PTE) (SE)
a"eriii{ :’ea“ 0.72 0.80 0.89 average/mean value 0.93 0.97 0.96

Overall, Jiangsu universities can be divided into four levels (types).The first level
consists of universities with High Technical Efficiency, High Pure Technical
Efficiency, and High Scale Efficiency, represented by Nanjing University, China
University of Mining and Technology, Nanjing University of Aeronautics and
Astronautics, Nanjing University of Science and Technology, and Yangzhou
University.The second level consists of universities with High Pure Technical
Efficiency and Low Scale Efficiency, represented by Southeast University, Nanjing
Normal University, Changshu Institute of Technology, and Jiangsu University of
Science and Technology.The third level consists of universities with Low Pure
Technical Efficiency and High Scale Efficiency, represented by Soochow University
and Nanjing Tech University.The fourth level consists of universities with Low Pure
Technical Efficiency and Low Scale Efficiency, represented by Huaihai Institute of
Technology, Huaiyin Institute of Technology, Jiangsu University of Technology,
and Yancheng Teachers University.

Table 9. Classification of Scientific Research Efficiency Types in Jiangsu Universities

High purity technical efficiency

Low pure technical efficiency

High scale efficiency

Nanjing University of Finance and
Economics Nanjing University China
University of Mining and Technology

Jiangsu University of Science and

Technology Nanjing Medical
University Nanjing University of
Science and Technology Yangzhou
University Nanjing University of
Aeronautics and Astronautics

Suzhou University Nanjing Institute of
Technology Hohai University Nanjing
Institute of Technology Jiangsu
University Nanjing University of Posts
and Telecommunications Nantong
University China Pharmaceutical
University Nanjing Forestry University
Nanjing University of Information
Science & Technology Jiangnan
University Jiangsu Normal University
Changzhou University Nanjing
Agricultural University Nanjing
University of Chinese Medicine Huaiyin
Normal College

Low scale efficiency

Xuzhou Medical University Suzhou
University of Science and Technology
Yancheng Institute of Technology
Nanjing Normal University Changshu
Institute of Technology Southeast
University

Yancheng Normal University Jiangsu
Institute of Technology Huaiyin Institute
of Technology Huaihai Institute of
Technology

Technical efficiency can be decomposed into pure technical efficiency and scale
efficiency. Pure technical efficiency represents the improvement in sci entific
research efficiency brought about by management or technological advancements,
while scale efficiency represents the production benefits brought about by the size
of the scale. The closer to the optimal scale, the higher the scale efficiency;
conversely, it reduces scale efficiency.

There are two reasons for low scale efficiency:Excessive input scale, operating in the
stage of Decreasing Returns to Scale, such as Southeast University and Soochow
University.Insufficient input, operating in the stage of Increasing Returns to Scale,
such as Xuzhou Medical University, Suzhou University of Science and Technology,
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Huaiyin Institute of Technology, and Huaihai Institute of Technology.At the same
time, it can be seen from the type classification chart that most universities in
Jiangsu Province are in the stage of High Scale Efficiency and Low Pure Te chnical
Efficiency. This indicates that the overall management level is too rigid, leading to
the management of most universities actually causing a decline in scientific research

efficiency.

5. Conclusions and Policy Recommendations

Based on the empirical analysis of research efficiency in universities in Jiangsu
Province, the following conclusions can be drawn:the average research efficiency of
universities in Jiangsu is relatively high and continues to grow, but there are
significant disparities among institutions. For most universities with low efficiency,
the primary cause is low Pure Technical Efficiency (PTE). Among those with low
Scale Efficiency (SE), some provincial universities are affected by insufficient scale,
suboptimal resource allocation, and limited management levels, while others suffer
from diminished efficiency due to excessive scale. Efficiency varies under different
indicator emphases: efficiency measured by total paper output is higher than that
emphasizing paper quality; efficiency focusing on long-term impact is greater than
that prioritizing short-term benefits.Based on the above conclusions and the
relationship between foreign scientific research performance and funding allocation,
the following suggestions are proposed:

(I) Establish a long-term, comprehensive evaluation system that emphasizes quality
and social benefits.

Current evaluations often prioritize paper quantity over quality and developmental
impact, leading to biased efficiency assessments. Research indicates that focusing
solely on quantity inflates efficiency measures, while focusing only on short-term
high-quality output underestimates it. It is essential to move beyond the "Four
Onlys" (only papers, only professional titles, only academic credentials, only awards)
approach. Evaluations should comprehensively consider both inputs and outputs to
build a research performance evaluation system that values the genuine worth of
outcomes and their societal contribution.

(I Expand universities' autonomy in resource allocation and management,
implement a "lump-sum" system for research funding, and stimulate innovation
vitality.

Most universities are in a state of "high Scale Efficiency but low Pure Technical
Efficiency,” indicating that management systems constrain efficiency gains. Dynamic
efficiency analysis reveals that very few institutions consistently drive innovation
through technological progress. The policy of "delegating power, improving
regulation, and optimizing services" should be fully implemented. Universities
should be granted greater autonomy in research management to strengthen
industry-academia collaboration and facilitate research translation. Expanding the
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use of the "lump-sum” funding system will help unleash researchers' innovative
potential.

(IIT) Implement performance-based funding mechanisms to support universities in
reaching "peak” excellence.

While the overall research efficiency in Jiangsu is high, most "Double First-Class"
universities still rely on scale benefits and remain in a stage of "low Pure Technical
Efficiency but high Scale Efficiency,” with few truly top-tier "peak" institutions.
Learning from international practices in countries like the UK and Australia, it is
advisable to reduce special project funding and increase performance-based block
grants. This approach should guide resources toward research with high conversion
rates and significant societal impact, incentivizing universities to enhance their
capacity for original innovation.

(IV) Adopt differentiated policies for universities at different development stages to
promote connotative development.

For provincial and ordinary universities in the stage of Increasing Returns to Scale,
appropriately increasing funding and personnel inputs can yield scale benefits,
provided that inputs are well-matched. For some large universities with low
resource utilization efficiency (e.g, Southeast University, Nanjing Medical
University), which are in the stage of Decreasing Returns to Scale, internal
management should be strengthened, performance should be emphasized, and
structural optimization ("slimming down") should be implemented to improve
efficiency. A one-size-fits-all ("sprinkling pepper") approach to resource allocation
must be avoided. Precise support should be provided based on the type and

developmental stage of each university.
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