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A scientific and comprehensive measurement of the efficiency of scientific and technological innovation activities is the basis
and prerequisite for evaluating the existing environment and conditions of universities and is conducive for improving the
efficiency and promoting the development of provincial economy. +e paper selects the DEA (Data Envelopment Analysis)
method to measure the efficiency of scientific and technological innovation in universities of China from 2007 to 2019 and
studies its spatial differences. +en, the paper uses Markov chain estimation to describe the dynamic evolution process of the
efficiency, and finally uses system GMM (generalized method of moments) model to identify the key influencing factors of its
efficiency. +e conclusions obtained are as follows: (1) +e scientific and technological innovation efficiency in universities
presents the highest distribution characteristics in the eastern part, the western part of China has the lowest, and the central
part is midway of the two regions. +ere are significant differences between regions. (2) During the entire observation period,
the efficiency in each region showed a path-dependent characteristic. After 2016, the mobility of different levels of technological
innovation efficiency of universities in eastern part of China has increased, while in the central and western parts of China it
tends to be stable. (3) Economic advantages, location advantages, government support, research and development foundation,
and the efficiency of scientific and technological innovation in universities have a significant relationship, and the results are
different in different regions.

1. Introduction

+roughout economic development all over the world, it is
not difficult to see that the technological revolution plays an
important role in economic growth. Whether or not a
country can seize the opportunities brought about by
technological innovation will directly affect its future de-
velopment [1]. Recognizing its important role, countries all
over are constantly seeking scientific and technological in-
novation to improve political and economic development
levels. China has also clarified the important position of
technological innovation, using technological innovation to
drive economic development, and enhancing technological

innovation to strengthen its nation. +e central role of
technological innovation in national development is self-
evident, as the country, enterprise, and the people’s lives
depend on it.

Universities not only cultivate scientific and techno-
logical innovation talents but also have obvious advantages
in carrying out scientific research work. +ey shoulder the
heavy responsibility of knowledge innovation. Universities
have become indispensable in the national innovation
system. It is inevitable that there will be resource imbal-
ances between different regions of China. +e economic
development of each region is different. +erefore, ana-
lyzing the scientific and technological innovations of local
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universities, measuring their efficiency is very important. In
China, in terms of creating an atmosphere for scientific and
technological innovation in universities, government
support and enterprise participation have shown an in-
creasing trend [2]. In 2011, the State Council proposed a
plan to improve universities’ innovation capability; 38
collaborative innovation centers have been established
among universities and between colleges and enterprises,
aiming to promote and drive the cooperation among
universities in the regional innovation system through
collaborative innovation centers. In 2015, China stipulated
that scientific research institutions and universities
established by the state can independently decide on the
transfer, license, or price of the scientific and technological
achievements held by them. In terms of policy, the state has
loosened the transformation of innovation achievements in
universities, with the intention to improve the current
evaluation system of scientific research institutions and
researchers that emphasizes theoretical results and neglects
the application of results.

However, we should also be soberly aware that there
are still many shortcomings in scientific and techno-
logical innovation activities in universities, which need to
be improved. Compared with developed countries,
Chinese universities are seriously inadequate in invest-
ment in technological innovation, infrastructure condi-
tions are relatively backward, and regional distributions
vary greatly; the construction of scientific research teams
and scientific research management mechanisms are not
perfect; and the transformation rate of innovation is low.
+e application rate of patents granted by Chinese uni-
versities is less than 25%.+e phenomenon of universities
behind closed doors is serious, and the scientific research
direction does not match the needs of enterprises [3]. A
scientific and comprehensive measurement of the effi-
ciency is the basis and prerequisite for evaluating the
existing environment and conditions in universities, and
is conducive to improving the efficiency. Studying the
promotion or hindrance of the external regional inno-
vation system environment to the technological inno-
vation has certain enlightenment significance for
universities and improving its efficiency. In the context of
promoting the development of provincial economy, this
article analyzes the dynamic evolution of regional uni-
versities’ science and technology innovation efficiency
and explores the impact from the perspective of the
province. +e key factors can provide a reference for the
government to formulate relevant policies.

+e main contributions of this paper are (1) selecting
super-efficient DEA to measure the efficiency of scientific
and technological innovation in Chinese regional uni-
versities, and deriving its level for each region; (2) using
the Markov chain method to analyze the dynamic
changes of each region’s efficiency to enable regional
universities to understand their changing trends; and (3)
using GMM model to verify the factors affecting the
efficiency of scientific and technological innovation to-
ward the adoption of differentiated strategies in various
regions.

2. Literature Review

2.1. Overview of the Evaluation Methods of Scientific and
Technological Innovation Efficiency. Judging from the
existing domestic and foreign literatures, there are currently
two mainstream methods for evaluating the efficiency. One
is Data Envelopment Analysis (DEA), which is characterized
by not requiring system parameters, and the other is Sto-
chastic Frontier Analysis (SFA), wherein the system needs
corresponding parameter settings. Data envelopment
analysis (DEA) has been recognized by more scholars.
Johnes [4] imported the information of college graduates
into the model to measure the efficiency. Flegg et al. [5]
broke through the shortcomings of previous scholars using
single cross-sectional data. +ey used multistage data en-
velopment analysis to evaluate the efficiency in British
universities through 12 years of data. Agasisti and Bianco [6]
also selected the DEA model to study the innovation effi-
ciency of 58 Italian universities and colleges using two
variables: scientific research and teaching. +e DEA model
has also been widely used in China. Hou and Jin [7] selected
the DEA model to measure the efficiency in universities and
believed that universities have made considerable progress
in innovation capabilities. After this, Hou [8] and Sun et al.
[9] also tried to use data envelopment analysis. Shen and
Guan [10] measured the innovation efficiency of universities
under the national ministry and believed that the innovation
efficiency of some universities did not reach the DEA ef-
fectively. Shen [11] used the two indicators of income and
efficiency as the basis to compare the science and technology
of universities in different regions, also using the super-
efficient DEA model. Li and Zhang [12] used the data en-
velopment analysis model to measure the innovation ability
of universities, and concluded that scale efficiency has the
greatest impact on overall efficiency. +ere are relatively few
documents using stochastic frontier analysis methods. Su
and Gao [13], Jiang [14], and Yu et al. [15] used interpro-
vincial data and used stochastic frontier functions (SFA) to
measure the efficiency, which showed a downward trend.
Wang et al. [16] analyzed the dynamic evolution trend of
efficiency in Chinese universities using the SFA model, and
found that technical efficiency has the characteristics of
bipolar clustering, while the provincial difference in scale
efficiency is obvious, and the fluctuation characteristics of
pure technical efficiency are very obvious. In addition to the
above two models, Kao and Hung [17] used multiple linear
analysis and clustering methods to measure the innovation
efficiency of a university’s scientific research department
based on the output of publications, the number of patents,
and the total teaching hours. Fernando and Cabanda [18]
used the method of index analysis for measuring the in-
novation efficiency.

2.2. Factors Affecting the Efficiency of Scientific and Techno-
logical Innovation in Universities. Foreign research on the
factors affecting the efficiency of scientific and technological
innovation in universities originated from the research of
Peters and Etzkowitz [19]. +ey believed that academic
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research can bring innovation benefits, and this benefit can
be transformed into social productivity. As a result, experts
and scholars began to explore various reasons that affect
innovation efficiency. +rough research, it is found that
collaboration and cooperation will have a positive rela-
tionship between them. Siegel et al. [20] used economic
statistical models to compare companies with university
science parks nearby in the UK and those without university
science parks nearby, and found that companies with uni-
versity science parks nearby had higher production capacity.
+ursby and +ursby [21] believe that the key to improving
the efficiency lies in the long-term government investment
in scientific research funds. In addition, the economic de-
velopment is also an important factor. Agrawal et al. [22]
found that regions with high economic development levels
have strong innovation capabilities.

Domestic research in this area in China started later than
foreign countries. Many scholars believe that scientific re-
search funding is an important factor affecting the efficiency.
Li and Tian [23] selected 8 years of data from 10 well-known
universities in China as a sample. After empirical research, it
was found that there is a positive correlation between sci-
entific research funding and patent applications. Yang et al.
[24] used the number of patent applications, scientific re-
search funding input, and the number of scientific research
personnel in domestic universities in 10 years as indicators
to evaluate the relationship between scientific research
funding and innovation results. Research results show that
the years with more patent applications were inevitably
those with large investment in scientific research. Fu et al.
[25] found that R&D input and patent output amount is
positively correlated.

2.3. 0e Dynamic Evolution of the Efficiency of Scientific and
Technological Innovation inUniversities. Li et al. [26] carried
out a dynamic analysis of the efficiency of scientific and
technological innovation of college teachers to explore the
trend of changes in the efficiency of college teachers’ tech-
nological innovation. Li and Zhang [27] adopted data en-
velopment analysis CCR model (DEA-CCR) to dynamically
inspect scientific research and innovation of universities’
performance before and after the implementation of high-
level university construction projects. Chu and Ma [28] an-
alyzed the third dynamic trend of stage efficiency evolution.
Dong and Xing [29] used the nonparametric dynamic DEA-
Malmquist index method to measure the total factor pro-
ductivity and decomposition efficiency of scientific and
technological innovation in colleges and universities, and
used the nonparametric Mann–Whitney method and +e
Kruskal–Wallis method to examine the difference in effi-
ciency of universities. However, themodel only focuses on the
change trend of the scientific research efficiency of a single
type of decision-making unit but cannot dynamically describe
the overall efficiency evolution trend of all decision-making
units. Some scholars have used nuclear density to estimate the
dynamic evolution trend, such as Wang et al. [16] who an-
alyzed the dynamic evolution trend of the scientific and
technological innovation efficiency and the influencing

factors. Wang and Jiang [30] analyzed the dynamic evolution
process and the change trend of efficiency.

In summary, a lot of research in this area has been done
by scholars. In recent years, the temporal and spatial dif-
ferences and influencing factors have become current aca-
demic research hotspots. +e latest research has begun to
study the dynamic evolution of scientific research efficiency
in universities, but the research conclusions need to be
expanded. Existing documents have important reference
value, but there are still the following shortcomings: (1)
Although some scholars analyze the dynamic evolution
process of scientific and technological innovation efficiency
in universities and add the lack of existing documents, they
lack the provincial perspective. +e dynamic evolution of
innovation efficiency and decomposition indicators is
portrayed, so the conclusions still lack universality. (2)
Research on efficiency-influencing factors only discusses the
impact of external environmental factors in a scattered
manner, and lacks a comprehensive systematic analysis of
internal and external environments. (3) In terms of sample
data, when evaluating efficiency, there are many scholars
who use cross-sectional data as sample data. Cross-sectional
data cannot show time series changes, and the scientific and
technological innovation capabilities of universities are in
the process of dynamic development, and their innovation
efficiency also has dynamic continuity. +erefore, only using
cross-sectional data is one-sided. Based on this, this article
intends to use 30 provincial administrative units in China as
a sample to measure efficiency, analyze the dynamic evo-
lution process, and examine the changing trend in different
regions and find the affecting factors.

3. Method

3.1. Super-Efficiency DEA

3.1.1. Model Selection. +e traditional DEA model was first
proposed by Chames et al. with the purpose of analyzing the
input and output efficiency of decision-making units under
the premise of variable returns to scale. +e model under the
input orientation is as follows:
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where i � 1, 2, . . . , n; j � 1, 2, . . . , m; r � 1, 2, . . . , s. n is the
number of decision-making units,m and s are the number of
input variables and output variables. xij (j� 1, 2, . . .,m) is the
input element, yir (r� 1, 2, . . ., s) is the output element, ε is
the non-Archimedean infinitesimal quantity, and s+, s− are
the remaining variables and the slack variable, and θ
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represents the efficiency value of the decision-making unit
(DMU). If θ� 1 and s+ � s− � 0, the DEA of the decision unit
can be considered valid; if θ� 1, and s+ and s− are not all 0,
then the weak DEA of the decision unit is valid; if θ< 1, the
decision unit is not DEA valid (DEA is invalid).

Andersen and Petersen [31] pointed out the super-ef-
ficiency DEA model. +e idea is to eliminate the evaluated
decision-making units and reconstitute the effective deci-
sion-making units of other DEAs into the frontier; when
evaluating the decision-making unit, it excludes itself from
the reference set of constraints, and then recalculates the
decision-making unit, and finally obtains an efficiency value
greater than 1. In this way, the efficiency value of the de-
cision-making unit of 1 can be compared. Moreover, since
the position of the production frontier has not changed, the
efficiency value of the decision-making unit with the pre-
vious value less than 1 will not change [32, 33].

Since the investigation period of this study is from 2007
to 2019, spanning 13 years, it is time series data. If the ideal
DMU is introduced, the ideal DMU data are composed of
the minimum input in earlier years and the maximum
output in recent years, which is of little significance in actual
production.+erefore, this study selects super-efficient DEA
as the evaluationmethod.+e theoretical model is as follows:
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Among them, the jth is the super-efficiency value. Zj
reflects the effectiveness of the decision-making unit. Zj may
be greater than 1, and for ineffective units, it is equal to its
input-output efficiency. For the effective unit, the larger the
Zj, the greater the distance between the existing investment
level and the new frontier, and the higher the effectiveness of
the decision-making unit; it can be sorted by comparing the
super-efficiency value of effective decision-making units.

3.1.2. Selection of Input and Output Indicators and Data
Sources. Innovation activities in institutions of higher
learning are complex activities with multiple inputs and
multiple outputs. Innovation requires large-scale resource
investment, which mainly includes human capital in-
vestment and capital investment. +e output mainly in-
cludes scientific and technological achievements and
service output. Indicator system is constructed as shown in
Table 1.

(1) Investment Indicators. Research and development (R&D)
full-time personnel are selected as human capital input
variables. Labor is a necessary input element in the

production process. From the perspective of scientific re-
search, labor input in the scientific research process is the
input of scientific research manpower. Since the time and
energy invested by researchers in scientific research are
different, simply using a number of scientific researchers
cannot accurately and truly measure human input. +ere-
fore, this paper chooses the full-time equivalent of research
and development personnel as the element of scientific
research human input. Full-time personnel refer to re-
searchers who participate in R&D for more than 90% of their
working hours.

Capital investment selects science and technology ex-
penditures and research and development expenditures as
input variables. Another essential input element in the
production process is capital investment, and the capital
investment in the scientific research process is the scientific
research funding investment. +e internal expenditure in-
dicators for scientific research in universities reflect the
actual expenditures by universities, including scientific re-
search personnel labor costs, scientific researchmanagement
costs, etc.

(2) Output Indicators. Select the number of published aca-
demic papers and the number of published scientific and
technological monographs as the output indicators of sci-
entific and technological achievements. Academic papers are
the research results of university R&D personnel in the
scientific research process, the most intuitive output of the
research and development process, and the most important
indicator to measure the scientific research results of uni-
versities. Academic papers include three parts: “foreign
academic journals,” “national academic journals,” and “local
academic journals.” +is article uses the sum of the three as
output indicators; the number of scientific and technological
monographs published can largely reflect the innovation
activities of universities to obtain social recognition; the
subjects who publish scientific and technological mono-
graphs often have high innovation capabilities, so this article
also uses this indicator as the output of scientific and
technological achievements.

Science and technology services’ indicator is the he
number of patent applications. +is indicator is product of
the scientific research and innovation activities of univer-
sities, which can reflect the innovation ability of university
scientific research.

Each input item and output item in Table 1 must comply
with the assumption of “homotropy,” that is, when the input
quantity is increased, the output quantity cannot be reduced,
and the Pearson correlation test method is used to test.
Table 2 shows that the correlation coefficients in each region
are positive, and both can pass the Pearson correlation test.

+e analysis data in this article come from the “China
Statistical Yearbook,” the “Compilation of Statistics on
Science and Technology in Higher Education Institutions.”
Due to the incomplete scientific research data of universities
in Tibet, Hong Kong, Macao, and Taiwan, the sample se-
lected other 30 regions in China and the time span of this
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research is 2007–2019. Due to the obvious differences in the
level of higher education development, economic develop-
ment, and financial investment between eastern and central
and western parts of China, this article divides the 30
provinces into three major regions: east, central, and west
according to the traditional method of dividing economic
development levels.

3.2.MarkovChainMethod. RussianmathematicianMarkov,
on the basis of Chebyshev’s limit theorem, improved the
theorem of large numbers and the central limit theorem, and
applied them to the study of random variable sequences, and
then proposed the Markov process. +e article selects the
Markov chain method to explore the transfer characteristics
of the efficiency in universities from different periods. +e
basic principle is: the Markov chain is a discrete event
stochastic process, that is, {X(t), t ∈T}, set T corresponds to
each period. +en for all periods t and all possible states j, i,
and ik (k� 0, 1, 2, ..., t− 2), the formulae are P{Xt+1 � j|X0 � i0,
X1 � i1, X2 � i2, ..., Xt � i}� P{Xt+1 � {|Xt � i}, indicating that
the probability is in the state of j depends on the period t
status. +e transformation of the efficiency from one state to
another is called state transition. If each province is divided
into k states, then the transition can be expressed by a k× k
transition probability matrix P, as shown in equation (3).
Based on this, we can explore the dynamic evolution process
of universities’ efficiency from the perspective of transition
probability.

P �

P11 · · · P1K

⋮ ⋱ ⋮

PK1 · · · PKK

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠. (3)

Among them, Pij represents the one-step transition
probability of a province, that is, scientific and technological
innovation efficiency level belongs to state i in year t+ 1 to
transition to state j in year t+ 1. Pij � nij/ni, nij represents the
sum of the number of provinces in the state i from the tth
year to the j state in the t+ 1 year, and ni is in the j state in the
t+ 1 years.

3.3. System GMM Model. When the ordinary least squares
method is used, the explanatory variable must be uncor-
related with the random error term, otherwise it is a biased
estimate; when the instrumental variable method is used,
and when it is more than the number of parameters to be
estimated, the instrumental variable estimate has a loss of
information instead of effective estimation; when using the
maximum likelihood method, its parameter estimator is a
reliable estimator only when the random error term of the
model obeys a normal distribution or a certain known
distribution. +e GMM calculation method can overcome
the problem of random explanatory variables, and can make
full use of the information of multiple instrumental variables
to overcome the problem of over-identification. At the same
time, it does not need to set the random item distribution of
the model in advance, so it has become the most common
type of model estimation method applied in econometrics
application research. +erefore, this paper selects the gen-
eralized moment model of the system for regression esti-
mation, and its basic principles are as follows:

Let yit � ln Yit, xit � ln Xit level equation is

yit � αyi,t−j + β′xit + ηi + μi + εi. (4)

+e first-order difference equation is

Δyit � αΔyi,t−j + β′Δxit + Δμt + Δεit. (5)

+e moment condition of the horizontal equation is

E εitΔyi,t−j  � 0, t � 3, . . . , T,

E εitΔxit  � 0, t � 2, . . . , T.
(6)

+e first-order difference equation moment conditions
are

E yi,t−sΔεit  � 0, t � 3, . . . , T; j + 1≤ s≤ t + 1,

E xi,t−sΔεit  � 0, t � 3, . . . , T; 1≤ s≤ t − 1.
(7)

+erefore, the tool matrix is composed of the above-
mentioned moment conditional formula, and the parameter
estimator of the dynamic panel model is obtained based on
this, which not only solves the endogenous relationship
between independent and dependent variables but also
avoids synchronization deviation between the independent
variables. +e systematic GMM method retains the indi-
vidual differences in the model, and can effectively solve the
biased estimation problems that may be caused by weak
tools, and is more suitable for analyzing samples with large
individual differences such as regions.

Table 2: Pearson correlation coefficients of variables.

Variables X1 X2 X3

Y1 0.302∗∗∗ 0.302∗∗∗ 0.282∗∗
Y2 0.112∗∗∗ 0.233∗∗∗ 0.172∗∗∗
Y3 0.173∗∗ 0.282∗∗∗ 0.044∗

Note: ∗∗∗, ∗∗, ∗ indicate significance at 1%, 5%, and 10%, respectively.

Table 1: Input-output indicator of innovation activities in institutions of higher learning.

Index system Index type Index explanation

Input index
Manpower input X1 Research and development of full-time staff (person/year)

Capital input X2 Science and technology investment (thousand yuan)
X3 Research and development funding (thousand yuan)

Output index Technological achievements Y1 Number of scientific papers (pieces)
Y2 Published scientific and technological works (thousand words)

Technology service Y3 Number of patent applications (items)
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4. Results

4.1. 0e Results of Measuring the Efficiency of Scientific and
Technological Innovation. DEAP2.1 software is used to
measure the efficiency, as shown in Table 3.

Table 3 reports the time series trend of the scientific and
technological innovation efficiency of universities in various
regions in China during the observation period. As shown in
the table, the efficiency has generally shown an increasing
trend during the period from 2007 to 2019. In the process of
growth, there have also been fluctuations in efficiency. On a
yearly basis, in 2007, the efficiency in China was 0.684, and in
2008 was 0.750, which was an increase of 0.066 from 2007,
and the growth rate was obvious. In 2009, the efficiency fell
back to almost the same as in 2007. In 2009–2011, the ef-
ficiency showed a slight increase, from 0.699 in 2009 to 0.804
in 2011, with an average annual increase of 0.035; in 2012,
the efficiency was 0.732, which was higher than that in 2011,
reduced by 0.072; in 2013, the efficiency was 0.735, an in-
crease of 0.003 compared to 2012; in 2015, the efficiency was
reduced again, down by 0.049 and reaching 0.690; the ef-
ficiency begin to increase in 2016; the efficiency increased to
0.746 in 2019, which is a relatively high position. Generally
speaking, the efficiency is relatively stable, and there is no
such fluctuation in efficiency as in the first stage.

From the changes of three regions, it shows an overall
pattern of “East>Central>West” in the efficiency of sci-
entific and technological innovation in universities. Among
them, the eastern and central regions have always been
higher than the western region, but in some years, the ef-
ficiency of the central region exceeded that of the eastern
region. On a yearly basis, during the period 2007–2010, the
efficiency in the eastern region was higher than the central
region, and the central region was higher than the western
region. However, the gap between the three has been nar-
rowing. In 2011, the efficiency of the central region was
slightly higher than the eastern region. From 2012 to 2013,
the efficiency has restored the basic pattern of
“East>Central>West.” In 2014, the efficiency in the central
region increased significantly, and the efficiency value was
0.01 higher than that of the eastern region. During
2015–2019, the efficiency showed a basic pattern of
“East>Central>West.” +e central region has an efficient
downward trend, and western region of China has an effi-
cient growth trend. Compared with the first stage, the
fluctuation of efficiency of universities in the east, central,
and west of China is relatively stable, and the trend is more
obvious. On the one hand, it shows that the overall level of
efficiency is not high, and there are regional differences; on
the other hand, it also shows that the level of efficiency is not
positively related to the development of the economic level.
depends on whether the resources are being used rationally.

4.2. Analysis of the Dynamic Evolution of the Efficiency of
Scientific and Technological Innovation in Universities.
Based on the actual situation of the efficiency in Chinese
universities, this article divides the provinces into four states.
+e standard is: the low-level efficiency of provinces is lower

than the national annual average of 75%. Provinces between
75% and 100% are called low- to medium-level provinces,
those between 100% and 150% are called medium- to high-
level provinces, and those higher than 150% are called high-
level provinces. +e previous research results show that 2015
is an important time node for changes in efficiency, so the
observation period is divided into two subperiods based on
this node. Table 4 shows the Markov chain transfer prob-
ability results of universities’ scientific and technological
innovation efficiency level during the entire observation
period and two subperiods.

It can be seen from Table 4 between 2007 and 2019: (1)
+e transition probability on the diagonal of the country and
the three major regions is significantly greater than the
transition probability on the off-diagonal line. Taking the
whole country as an example, the transition probability on
the diagonal is almost all close to 1, and the minimum value
is 0.788, which is the second element in the second row.+at
is, nearly 80% of the low- and medium-level provinces are
still at the low-to-medium level at the end of the year. Only
5% of the provinces shifted downward to a low-level state,
and 15% of the provinces shifted upward to a medium- to
high-level state. +is shows that the efficiency in each
province is greatly restricted by the previous level, showing
path-dependent characteristics, resulting in poor liquidity
between states. Going deep into the region, the probability
that high-level provinces in the eastern region remain stable
is 0.952, and the corresponding probability in the central and
western regions is 0; the probability that low-level provinces
in the eastern region remain stable is 0.887, and the cor-
responding probabilities in central and western regions of
China are 1 and 0.988, respectively, resulting in significant
gaps between regions. (2) +e elements on the off-diagonal
lines of the whole country and the three major regions are
not all 0, and they are evenly distributed on both sides of the
diagonal line, indicating that the efficiency can be achieved
during the two adjacent years of the entire observation
period. Transfer between different states. As far as the whole
country is concerned, the probability of achieving upward
transition is lower than downward transition, and the
probability of completing the cross-level transition of effi-
ciency is even slimmer. Meanwhile, the eastern region of
China has the highest probability of completing the upward
transfer, followed by the western region of China; the central
region of China is the weakest.

From the comparison of the two subperiods, 2007–2015
and 2016–2019: (1) In terms of diagonal elements, compared
with 2007–2015, 2016–2019 is only the first diagonal element
in the country +e increase and the decrease in other ele-
ments indicate that in 2016–2019, only low-level provinces
in the country have self-reinforced, and the mobility of other
provinces between different states has increased. At a re-
gional level, the mobility of the eastern region has increased
from 2016 to 2019. Similarly, only low-level provinces have
seen self-reinforcement, while the central and western re-
gions tend to be more stable. (2) In terms of nondiagonal
elements, the arrangement of nondiagonal elements across
the country from 2007 to 2015 was relatively scattered,
indicating that provinces’ efficiencies have cross-level
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Table 4: Markov chain transfer probability results.

Regions
Standard

2007–2019 2007–2015 2016–2019

Low Mid
low

Mid to
high High Low Mid

low
Mid to
high High Low Mid

low
Mid to
high High

Whole country

Low 0.933 0.012 0.055 0 0.943 0 0.057 0 0.934 0.066 0 0
Mid low 0.049 0.788 0.163 0 0 0.834 0.166 0 0.134 0.745 0.121 0

Mid to high 0.016 0.058 0.918 0.008 0.026 0.036 0.906 0.032 0 0.086 0.914 0
High 0 0 0.048 0.952 0 0 0 1 0 0 0.193 0.81

Eastern
Region

Low 0.887 0.045 0.068 0 0.817 0 0.183 0 0.924 0.076 0 0
Mid low 0.044 0.847 0.091 0.018 0 1 0 0 0.082 0.727 0.191

Mid to high 0 0.113 0.843 0.044 0 0.056 0.903 0.041 0 0.177 0.823 0
High 0 0 0.048 0.952 0 0 1 0 0 0 0.188 0.91

Central
Region

Low 1 0 0 0 1 0 0 0 1 0 0 0
Mid low 0 0.902 0.098 0 0 0.818 0.182 0 0 1 0

Mid to high 0 0.021 0.979 0 0 0.033 0.967 0 0 0 1 0
High 0 0 0 0 0 0 0 0 0 0 0 0

Western
Region

Low 0.988 0 0.012 0 0.971 0 0.029 0 1 0 0 0
Mid low 0 0.551 0.449 0 0 0.615 0.385 0 0 0.501 0.499 0

Mid to high 0.033 0.048 0.919 0 0.035 0.048 0.917 0 0.033 0.063 0.904 0
High 0 0 0 0 0 0 0 0 0 0 0 0

Table 3: 2007–2019 calculation result.

Region 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean
Eastern Beijing 0.934 0.988 0.998 1.054 1.117 1.139 1.142 1.206 1.233 1.248 1.323 1.334 1.168 1.145

Tianjin 0.852 0.995 0.803 0.729 0.683 0.748 0.758 0.516 0.519 0.539 0.537 0.545 0.583 0.677
Hebei 0.818 0.799 0.739 0.718 0.758 0.799 0.787 0.749 0.691 0.973 0.789 0.801 0.806 0.787

Liaoning 0.688 0.894 0.772 0.788 0.897 0.762 0.926 0.869 0.832 0.787 0.798 0.764 0.773 0.812
Shanghai 1.285 1.193 0.975 0.979 0.962 0.952 0.985 0.918 0.871 0.832 0.833 0.824 0.913 0.963
Jiangsu 0.939 1.133 0.977 0.991 1.024 1.052 1.093 1.023 1.035 1.119 1.161 1.078 1.017 1.049
Zhejiang 0.816 1.023 0.981 0.983 0.949 0.932 0.905 0.878 0.868 0.889 0.905 0.915 0.927 0.921
Fujian 0.518 0.574 0.544 0.583 0.768 0.438 0.549 0.524 0.618 0.914 0.823 0.834 0.852 0.657

Shandong 1.235 1.148 0.931 0.944 0.959 0.867 0.893 0.722 0.604 0.819 0.733 0.756 0.749 0.874
Guangdong 0.749 0.984 0.788 0.763 0.755 0.736 0.704 0.656 0.623 0.778 0.689 0.784 0.789 0.754
Hainan 0.935 0.946 0.952 1.113 1.124 1.231 0.943 0.959 0.962 0.977 0.981 0.997 1.006 1.010

Eastern mean 0.888 0.971 0.860 0.877 0.909 0.878 0.880 0.820 0.805 0.898 0.870 0.876 0.871 0.877
Central Shanxi 0.736 0.848 0.851 0.986 0.852 0.861 0.896 0.817 0.882 0.834 0.783 0.804 0.808 0.843

Jilin 0.813 0.795 0.773 0.781 0.915 0.562 0.528 0.851 0.684 0.788 0.796 0.732 0.746 0.751
Heilongjiang 0.426 0.465 0.479 0.516 0.949 0.558 0.591 0.873 0.583 0.798 0.839 0.785 0.701 0.659

Anhui 0.947 0.959 0.846 0.855 0.966 0.841 0.833 0.922 0.941 0.958 0.875 0.895 0.902 0.903
Jiangxi 0.445 0.551 0.541 0.673 0.884 0.695 0.778 0.918 0.529 0.465 0.476 0.564 0.578 0.623
Henan 0.319 0.349 0.353 0.373 0.786 0.395 0.473 0.635 0.473 0.478 0.496 0.502 0.521 0.473
Hubei 0.839 0.948 0.951 1.053 1.086 0.879 0.788 0.948 0.765 0.786 0.733 0.679 0.688 0.857
Hunan 0.625 0.639 0.661 0.674 0.886 0.557 0.649 0.678 0.588 0.694 0.804 0.817 0.824 0.700

Central mean 0.644 0.694 0.682 0.739 0.916 0.669 0.692 0.830 0.681 0.725 0.725 0.722 0.721 0.726
Western Neimenggu 0.592 0.499 0.485 0.561 0.536 0.528 0.739 0.654 0.676 0.682 0.711 0.733 0.753 0.627

Guangxi 0.438 0.479 0.446 0.558 0.626 0.674 0.594 0.503 0.551 0.403 0.459 0.477 0.495 0.516
Chongqing 0.549 0.853 0.762 0.849 0.986 0.939 0.987 1.041 0.933 0.969 0.728 0.798 0.811 0.862
Sichuan 0.411 0.528 0.612 0.649 0.626 0.638 0.609 0.543 0.547 0.551 0.559 0.603 0.662 0.580
Guizhou 0.727 0.836 0.631 0.539 0.586 0.855 0.573 0.598 0.611 0.625 0.697 0.723 0.756 0.669
Yunnan 0.624 0.535 0.629 0.841 0.816 0.761 0.684 0.699 0.612 0.623 0.678 0.712 0.749 0.689
Shaanxi 0.732 0.942 0.936 0.951 0.886 0.874 0.889 0.762 0.724 0.633 0.755 0.788 0.796 0.821
Gansu 0.512 0.527 0.519 0.543 0.586 0.568 0.589 0.588 0.599 0.613 0.637 0.686 0.693 0.589
Qinghai 0.378 0.384 0.371 0.373 0.386 0.392 0.403 0.414 0.433 0.457 0.453 0.437 0.488 0.410
Ningxia 0.317 0.344 0.331 0.339 0.386 0.361 0.378 0.388 0.393 0.403 0.482 0.424 0.444 0.378
Xinjiang 0.334 0.343 0.332 0.352 0.386 0.375 0.389 0.303 0.325 0.339 0.449 0.354 0.372 0.350

Western mean 0.510 0.570 0.550 0.596 0.619 0.633 0.621 0.590 0.582 0.573 0.601 0.612 0.638 0.590
National mean 0.684 0.750 0.699 0.737 0.804 0.732 0.735 0.739 0.690 0.732 0.733 0.738 0.746 0.732
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transition or decline in the next two years. +e elements on
the off-diagonal line from 2016 to 2019 are closely arranged
on both sides of the diagonal line, indicating that the
provinces’ efficiency in the adjacent two years can only
complete the transfer between neighboring states. +erefore,
during 2016–2019, the trend of changes in the efficiency
across the country has become more stable. +e probability
of the eastern region shifting upward and downward in
2016–2019 is not much different, indicating that the level of
efficiency in the eastern region has changed drastically at this
stage, but the internal gap has changed steadily; the non-
diagonal 0 elements in central and western regions are in-
creasingly common, indicating that the mobility of the
provinces in the central and western regions is weakened,
especially nondiagonal elements in the central region are all
0, indicating that the path dependence characteristics of the
provinces in the central region are the most significant.

4.3. Analysis of the Impact on the Efficiency of Scientific and
Technological Innovation in Universities

4.3.1. Selection of Indicators for Scientific and Technological
Innovation in Universities. A systematic analysis of the
environmental factors that affect the efficiency is the key to
improve relevant policies, promote the rational allocation of
scientific research resources, and enhance the efficiency of
universities. +e variables in this paper include the fol-
lowing: (1) Economic advantages. +e economic level affects
the efficiency from two aspects: supply and demand. First,
the higher economic level increases government taxation,
and government public education funds from taxation ac-
count for most of the total education funds, which play a
significant role in educational activities. A decisive role and
educational activities are the foundation of innovation ac-
tivities in universities [34]. Secondly, areas with developed
high-tech industries often have greater demand for tech-
nological innovation in universities and market demand has
greatly driven the efficiency [35]. According to the research
of Nasierowski and Arcelus [36], this paper selects per capita
GDP, per capita value of high-tech industries, and the
proportion of tertiary industry added value in GDP as in-
dicators of economic level. (2) Location advantage. Drawing
on the research of Frank et al. [37], first introduce the
mileage of expressways to reflect the degree of regional traffic
convenience; at the same time, dummy variables are in-
troduced to express location differences. (3) +e degree of
government support. Cao and Li [38], Andrade et al. [39]
found that policy support has a significant impact on the
innovation efficiency. +is paper chooses the proportion of
government investment in per capita public education ex-
penditure and R&D expenditure as the indicator of gov-
ernment support. (4) Research and development basis. Most
scholars believe that the basic status of R&D is positively
related to the efficiency of universities, that is, the better the
basic status of R&D, the greater the effect of scientific re-
search element input on scientific research subjects. Spe-
cifically, Li and Li [40] pointed out that the R&D foundation
plays a significant positive role in technological innovation

through resource allocation effects, knowledge platform
effects, human capital effects, and collaborative innovation
effects. +e paper selects the number of universities, the
proportion of PhDs in R&D personnel, and the proportion
of the number of senior professional titles of scientific re-
search personnel in universities as the characterization in-
dicators. +e variables are select as follows Table 5.

4.3.2. Regression Results. +is article intends to use the
dynamic panel model to measure the various factors af-
fecting the efficiency from a global perspective. In order to
avoid the pseudo-regression problem caused by the insta-
bility of the data series, it is necessary to conduct a panel unit
root test for each variable in turn. Meanwhile, in order to
reduce the influence from heteroscedasticity, the variables
are logarithmized; there are five mainmethods for panel unit
root test, including LLC test, Breitung test, Hadri test, IPS
test, and Fisher test [41, 42]; the first three are applicable to
the same-root situation, and the latter two are applicable to
different root situations [2, 43]. In order to ensure the
comprehensiveness of the inspection, the article selects the
same-root LLC test and different root IPS and Fisher tests to
verify and compare the verification results of different
methods. Using the above method to carry out unit root test
on the data of each research variable, the results are follows
Table 6.

In Table 6, the same-root and different root tests have
confirmed the stationarity of the variables, and a model can
be constructed for further analysis. +erefore, the model is
constructed as follows:

Yit � α0 + α1PGDPit + α2PHVit + α3THIAit + α4LOit

+ α5HMit + α6PEit + α7GAit + α8UNit + α9DNit + μit.

(8)

Among them, each variable is the ith province value in
year t, βi is the regression coefficient of each variable, C is the
individual effect, and μ is the random error term. Using
Stata14.0 software to estimate, the results are shown in
Table 7.

According to the regression results: (1) Per capita GDP
has a significant negative correlation with the efficiency of
universities, indicating that the level of regional macro-
economic development and scientific research and inno-
vation in universities has a restraining effect. +e possible
reason is that enterprises and scientific research institutions
in developed areas have stronger innovation capabilities,
which have a “crowding out effect” on the efficiency. +e
added value of the tertiary industry as a percentage of GDP
has a positive contribution to the efficiency of science and
technology innovation in universities. For every 1% increase
in the added value, the efficiency will increase by about
5.882%, indicating that regions of high-tech industries have
more demand for technological innovation in universities.
(2) In terms of location advantages, the efficiency of uni-
versities close to the eastern region has increased. +is may
be mainly related to factors of scientific research foundation
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and the emphasis on scientific research. It shows that the
social environment in the eastern region is more conducive
to the optimization of the efficiency, so improving the in-
novation in central and western regions will narrow the gap
between the east and the west to achieve comprehensive and
coordinated development. (3) In terms of government policy
support, per capita public education expenditure has a
greater positive impact on the efficiency, which is the same as
previous domestic and foreign research conclusions. At the
same time, for every 1% increase in the natural logarithm of
per capita public education expenditure, the efficiency will
increase by 4.134%. (4) +e condition of infrastructure is
positively correlated with the efficiency, that is, the better the

condition of R&D infrastructure, the greater the effect of
scientific research element input on scientific research
subjects. On the one hand, a good infrastructure condition
enhances the capacity to accommodate and train scientific
researchers, which is conducive to the conduct of devel-
opmental activities in universities. On the other hand, the
optimization of the infrastructure level further reduces the
cost of the transformation of results and promotes the ef-
ficiency. It is further found that the number of universities
has a significant positive impact on the efficiency, indicating
that improving the capacity of scientific research talents is an
important way to optimize the efficiency.

5. Conclusions and Implication

5.1. Conclusions. After defining the concept of scientific and
technological innovation efficiency in universities, the article
uses the DEA method to measure the efficiency and explore
the spatial differences of scientific and technological inno-
vation in universities in China from 2007 to 1919. On this
basis, it further uses Markov chain estimation to describe the
dynamic evolution process of the efficiency. Using the
systematic GMM model to identify the key influencing
factors of the efficiency, the following main research con-
clusions are obtained: (1) Firstly, during the sample period,
there are obvious differences in efficiency in Chinese uni-
versities. Secondly, the lowest distribution characteristics in
the western region indicate that the innovation activities of
universities form an organic cooperation with the local
economic development to a certain extent. +e economic
development will help the improvement of efficiency. +is
may be related to the research and development foundation
of the region, internal governance structure, high-tech in-
dustry development status, achievement transfer platform
construction level, and other factors; however, in some years,
the central region will be higher than the eastern region of
China. +e main reason may be due to differences in lo-
cation, economic level, and knowledge management system.
Under the influence of national government policy trends
and other factors, the economic development of the western
region has a stronger demand for the output of universities’
science and technology innovation in the society, which has
greatly stimulated the rapid transformation of the social
value of science and technology innovation in universities.

Table 5: Variable selection.

First-level
indicator

Secondary
indicators

Characterization
index Variable code

Science and Technology
Innovation
Environment of Universities

Economic advantage
GDP per capita PGDP

High-tech industry output value per capita PHV
Added value of tertiary industry/GDP THIA

Location advantage Location LO
Highway mileage HM

Government
support

Per capita public education expenditure PE
Government allocated R&D expenditure/total R&D

expenditure GA

R&D basis
Number of PhDs/total number of R&D personnel DN

Number of universities UN
Number of senior titles/total number of R&D personnel ST

Table 6: Stationarity test result.

Variable LLC test IPS test Fisher–ADF test Fisher–PP
test

PGDP −5.56∗∗∗ −6.19∗∗∗ 55.742∗∗∗ 103.818∗∗∗
PHV −9.012∗∗∗ −8.021∗∗∗ 77.021∗∗∗ 132.990∗∗∗
THIA −7.776∗∗∗ −7.376∗∗∗ 67.293∗∗∗ 117.092∗∗∗
LO −3.768∗∗∗ −4.291∗∗∗ 66.872∗∗∗ 88.382∗∗∗
HM −4.292∗∗∗ −3.992∗∗∗ 55.982∗∗∗ 99.012∗∗∗
PE −5.982∗∗∗ −4.129∗∗∗ 35.872∗∗∗ 98.234∗∗∗
GA −2.992∗∗∗ −7.092∗∗∗ 77.092∗∗∗ 99.012∗∗∗
DN −6.921∗∗∗ −5.211∗∗∗ 55.293∗∗∗ 78.120∗∗∗
UN −0.992∗∗∗ −3.827∗∗∗ 33.092∗∗∗ 69.663∗∗∗
ST −0.882∗∗∗ −4.921∗∗∗ 66.921∗∗∗ 97.034∗∗∗

Note: 2∗”ote∗∗”ote: 2∗∗∗”ote: 2PP testtst resulttotal number of R&D per-
sonnelitureies hi

Table 7: Regression results.

Factor Variable Coefficient of elasticity

Economic advantage
PGDP −0.02∗∗
PHV −0.002
THIA 5.882∗∗∗

Location advantage LO 2.992∗∗∗
HM 0.772

Government support PE 4.134∗∗∗
GA −2.12

R&D basis
DN 0.62
UN 0.04∗∗∗
ST −3.09

Note: ∗∗∗, ∗∗, ∗indicate significant at 1%, 5%, and 10%, respectively.
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(2) +e results of the Markov chain show that the efficiency
in each province has a path-dependent characteristic during
the entire observation period. After 2016, the mobility of
different levels of efficiency in the eastern region has in-
creased, while it is stable in the central and western regions.
(3)+rough the analysis of the influencing factors, it is found
that economic advantages, location advantages, government
support, and R&D foundation have important influences on
the efficiency. +erefore, there is a need to vigorously de-
velop strategic emerging industries, improve the state of
scientific research and innovation infrastructure in the
central and western regions, establish and improve internal
governance structures, internal performance evaluation
mechanisms, and mechanisms for attracting and training
scientific research talents, encouraging the rational flow of
high-level scientific research talents, and improving science
and technology in universities. Innovation efficiency is of
great significance [44].

5.2. Limitations and Prospects

(1) +e establishment of the input-output indicator
system for the innovation efficiency of universities
still needs to be improved. First, the indicator
construction of the data envelopment analysis
method has a certain subjective bias, and the aca-
demic fraternity does not have a set of objective and
standard indicator selection methods. +is subjec-
tivity results in efficiency calculations having certain
deviations; Second, part of the input and output
indicators cannot be specifically quantified, such as
the conversion indicators of scientific research re-
sults. Future research needs to find a more com-
prehensive quantitative treatment method to be
more precise. Measure the innovation efficiency of
colleges and universities.

(2) Indexes of influencing factors of efficiency need to be
enriched. Similar to input-output indicators, the
academic circles also have a certain degree of sub-
jectivity in the setting of influencing factor indicators.
Any external environment may affect efficiency
changes.+e paper analyzes the 10 external factors on
the innovation efficiency of universities. Follow-up
research is needed. Enrich the selection of influencing
factors from a more comprehensive perspective.

(3) Spatial spillover effects need to be considered. Be-
cause variable influences may have spatial spillover
effects, this article does not consider its spatial effects
due to space limitations. +e author will evaluate the
spatial effects in the follow-up research, compare the
results obtained with this article, and hope to obtain
more valuable results.
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