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,is study applies 3-stage data envelopment (DEA) of 24 listed companies in the development zone of Hubei Province from 2012
to 2017 based on the panel data; we used the DEA-Tobit model and regression analysis method on the sample in order to measure
the factors affecting the innovation efficiency of listed companies and the efficiency of corporate innovation. ,e results
demonstrated that the innovation efficiency of listed companies in the development zone of Hubei Province is relatively low. It is
necessary to improve the innovation system of the development zone and give the full initiative to the role of corporate innovation
as a mainstay. ,e four environmental variables of the number of enterprises, government subsidies, foreign direct investment in
the development zone, and fixed asset investment have a significant impact on innovation efficiency.,e enterprise size, operating
capacity, and state-owned shares of the company have a significant positive impact on the innovation efficiency. But the number of
years of the establishment has a significant negative impact on innovation efficiency. Moreover, the quality of the workers is not
significant. ,erefore, we must increase government investment in innovation to expand the scale of listed companies in the
development zone, improve the environment for foreign investment, further strengthen the construction of talented people of
companies, and enhance the original ability of innovation.

1. Introduction

,ere are 136 development zones of various types in Hubei
Province, 21 of them are at the national developed level, and
the total economic volume of the development zones
reached more than half of the total economic aggregate of
the province. ,e industrial output value accounts for more
than 50% of the country’s, and it is an important support
point and locomotive for the province’s economy. ,e listed
companies in the development zone are the strongest,
largest, and most innovative groups among the enterprises
in the development zone. ,eir ability to innovate and
develop is indispensable for the sustainable and rapid de-
velopment of the development zone. Continuous innovation
will improve technical efficiency and promote better and
faster development of development zone; innovation is also
conducive to promoting the resumption of production after

the epidemic in Hubei Province and also is helpful for the
Hubei government to achieving the short-term and long-
term economic goals. Since Schumpeter first proposed the
theory of innovation in 1912 [1], this field of research on
innovation development has made great progress. ,e re-
search on the innovation efficiency of listed companies
mainly focuses on the innovation capabilities [2, 3], inno-
vation efficiency [4], influencing factors [5], and efficiency
measures [6, 7]. In terms of influencing factors, many
scholars’ research studies show that technological innova-
tion [8], research and development investment [9], scale
efficiency [10], etc. will affect the company’s innovation
efficiency. In terms of evaluation methods, there are mainly
two types of parametric and nonparametric methods [11].
Parametric methods are represented by stochastic frontier
production function analysis (SFA) [12], and nonparametric
laws are based on data envelopment analysis (DEA) [13]. In
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order to reflect the true level of corporate innovation effi-
ciency, Farrel proposed a new method based on data en-
velopment analysis (DEA) to incorporate environmental
factors and random errors into the efficiency measure, which
is a three-stage DEA model [14]. ,is method has been
widely used [15].

So far, traditionally, some of the literature studied the
innovation efficiency of China’s listed companies [11]. Al-
though their research studies have achieved obvious results,
when it comes to select models and variables, there are still
strong subjective factors affecting the selection, which
cannot truly reflect the innovation efficiency of listed
companies in the development zone, and researchers cannot
conduct multioutput analysis and do not comprehensively
evaluate the listed companies in the development zone.
Evaluation of innovation efficiency did not exclude the
interference of environmental factors of the innovation
efficiency of listed companies, and the efficiency value ob-
tained may be affected by accidental factors that are not
conducive to the improvement measures brought for the
award and the same as other problems.

,e research field of DEA has grown rapidly since the
pioneering paper of Farrell [14] and Charnes et al. [15].
However, a pure analysis method based on the traditional
DEA model cannot eliminate the effects of environmental
factors and random error. Fried et al. come up with a new
method, a three-stage DEA model based on data envel-
opment analysis (DEA) that incorporates environmental
factors and random errors into efficiency measures [16].
Now, the three-stage DEA model is regarded as a good
method for researchers to study the performance of dif-
ferent industries and listed companies. Ebrahimnejad et al.
[17] proposed a three-stage DEA model with two inde-
pendent parallel stages linking to a third final stage to
calculate the efficiency of the banking industry. Lin [18]
analyzed the output and input efficiency of the information
industry in China based on the three-stage DEA model in
2009. Lin and Li’s research believed that the listed sample
technical efficiency of companies of debt financing has
somewhat improved compared with the figure obtained
before the input variables are adjusted and that the uneven
level of listed real estate pure technical efficiency of
companies of debt financing in China shows the obvious
difference. Liu and Li measured the performance of the
Internet Company of China using a three-stage DEA
model, and the result shows that the Chinese Internet
company is affected by external environmental factors [19].
Qu examines the technology innovation efficiency of
Chinese listed companies based on the three-stage DEA
model to the data from 2008 to 2015 of Chinese companies
listed on the market. ,e research shows that the tech-
nology innovation efficiency of the listed companies in
China is generally low [11]. Liu et al. selected 31 listed
companies in China’s cultural media as samples and used
the three-stage DEA model and found that their overall
efficiency, as well as pure technical efficiency and stan-
dardization efficiency, has been improved [20, 21].

But it should be pointed out that the three-stage DEA is
not limited to the single output mode; it can not only

overcome the need for artificial comprehensive weighting
(FCE) and stochastic frontier analysis (SFA) but can also
overcome the analytic hierarchy process (AHP); decision-
making quality will be reduced or even failed due to
unreasonable selected elements or incorrect relations
between elements; at the same time, it can overcome the
problem of single-stage DEA and two-stage DEA so that
these two cannot homogenize the nonoperating factors
(external environment and random errors) of the deci-
sion-making unit which is insufficient, excluding the in-
fluence of external factors so that each decision-making
unit will be under the same environment and random
factors [22].

In summary, the three-stage DEAmethod in this paper is
able to overcome the above problems. In addition, from all
the literature we researched, no literature has been found
using the three-stage DEA method to study the innovation
efficiency of listed companies in the development zone. We
believe that the innovation of this paper is obvious.
,erefore, this paper takes the development zone of Hubei
Province as an example to study the innovation efficiency of
listed companies in the development zone and systematically
analyzes the problems and influencing factors of the de-
velopment of innovation efficiency in the development zone;
we formulate development policies and measures which are
appropriate for improving the innovation system con-
struction of the development zone. We primarily focus on
the following issues. We aim to provide further insights into
which and how the factors affect the innovation efficiency of
listed companies in the development zone of Hubei Province
and in what way the government can formulate appropriate
development policies to improve the innovation system
construction of the development zone, etc. ,erefore, this
research has important practical significance and reference
value.

,e rest of the paper is organized as follows. Section 2
presents the research design including defining the input,
output, environment variables and selecting samples and
data sources. Section 3 characterizes the measurement and
analysis of innovation efficiency based on the three-stage
DEA model. Section 4 presents the studies and analysis of
factors affecting innovation efficiency based on the Tobit
model. Section 5 outlines the conclusions, related policy
recommendations, and research limitations.

2. Research Design

2.1. Research Methods. Because the traditional DEA model
cannot exclude the influence of environmental variables and
random factors on the efficiency of decision-making units,
this paper uses the three-stage DEA model proposed by
Fried et al. [16]. We construct a three-stage DEA model at
first, then determine the input, output, and environmental
variable index, process the corresponding data, and measure
the innovation efficiency of listed companies in the Hubei
Development Zone. At last, we use innovation efficiency as
the explanatory variable. ,e Tobit model was used to study
the innovation efficiency of the enterprise influencing
factors.
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2.1.1. !e First Stage: DEA-BCCModel. In the first stage, the
traditional DEA method is used for calculation, and the
original input-output data are used for initial efficiency
evaluation. ,is paper adopts the BCC model “with variable
returns to scale” proposed by Banker et al. [23] and Charnest
et al. to measure the initial input-output data for DMU
technical efficiency [15]. ,e BCC model was adopted in
most literature in most of the three-stage DEA models [24].

2.1.2. !e Second Stage: SFA Model. ,rough this stage, an
SFA (Stochastic Frontier Analysis) model was structured to
study the influence of environment variables. ,e total re-
laxation amount (the sum of radial and nonradial relaxation
amounts) corresponding to each input is used as the de-
pendent variable, and all environmental variables are used as
independent variables. ,e relaxation amount of each input
is individually subjected to SFA, and a total of i are estab-
lished. ,e ith regression equation is

sij � f
i

zj; β
i

  + vij + uij, j � 1, . . . , n, i � 1, . . . , m,

(1)

where sij is the slack of the i
th input of the jth decision unit; P

is the number of environment variables;
zj � [z1j, z2j, . . . , zPj], j� 1, 2,. . ., n; βi is a parameter to be
estimated; vij + uij is a mixed error, where vij∼N (0, σ2vi

)
reflects random errors and uij ≥ 0 reflects management in-
efficiency; we assume that uij follows a seminormal dis-
tribution uij ∼ N+(0, σ2ui

).
In order to eliminate the influence of random error, it is

necessary to separate the random error from the manage-
ment inefficiency. In this paper, we use the formula derived
by Luo to calculate the conditional estimate of management
inefficiency E[udescriptions | vij + uij] [20]; then, the model is
structured as follows:

E uj

 εj  �
λσ

1 + λ2
ϕ εjλ/σ 

Φ εjλ/σ 
+
εjλ
σ

⎡⎢⎣ ⎤⎥⎦, j � 1, . . . , n, (2)

where εj � vj + uj,σ2∗ � σ2uσ
2
v/σ

2, λ� σu/σv and ϕ(·) and Φ(·)

are the density function and distribution of the standard
normal distribution. ,e conditional estimate to obtain
random errors can be written as

E vij

 vij + uij  � sij − zj
βi − E uij

 vij + uij ,

j � 1, . . . , n, i � 1, . . . , m.

(3)

2.1.3. !e !ird Stage: Adjust the Input Value and the
Original Outputs into the DEA Model and Run It Again.
In the third stage, the adjusted input value and the original
output value are brought into the DEA-BCC model again.
We can say that combining different inputs and outputs will
produce a different efficiency ranking of companies. ,e
adjusted innovation efficiency is the effect of stripping the
external environment and random errors. At this time, the

efficiency is only affected by the enterprise’s self-manage-
ment level.

2.2. Variable Definition. According to the research of Wang
et al. and Qu et al., this paper divides innovation input into
research and development input and production input.
Similarly, we also divide the innovation output into technical
output and marketing output [11, 25]. Based on the char-
acteristics of the development zone and the actual situation
of the listed company, we finally determine three input
indicators, two output indicators, and four environmental
variable indicators, as shown in Table 1.

2.2.1. Innovation Input Indicators. ,e input factors mainly
included human input and capital input. In this study, these
factors will directly affect the innovation efficiency of the
enterprise. ,is paper has selected a total of three input
indicators. ,e indicators described as follows reflect the
selected reasons:

(1) Technical Staff (Person). Most literature generally
chooses R&D personnel as an indicator of the
technical personnel of listed companies; technical
personnel is one of the essential elements of enter-
prise investment and also one of the indispensable
elements of enterprise innovation investment
[11, 19]. In this paper, we selected the number of
technical personnel in the annual report of listed
companies as the human input element in R&D
investment

(2) R&D Investment (Million Yuan). One of the im-
portant input elements in independent innovation of
enterprises is R&D funds [11, 19]. ,is paper selects
the R&D expenditure input index of listed compa-
nies at the end of each year as the capital input el-
ement of R&D investment. Because innovation
output is different from general production, the
current innovation output is not only affected by the
current input but also affected by the previous in-
novation input; that is, the current input not only
affects the current but also affects the future of in-
novation output. Since the R&D expenditure data
disclosed in the annual report is flow data, it needs to
be converted into a stock index. In the estimation of
stock, the internationally common method is the
perpetual inventory method. ,is paper makes some
adjustments based on the basic formula. ,e cal-
culation formula is

Kjt � (1 − δ)Kj,t−1 + Ejt, (4)

where Kjt represents the R&D capital stock of the jth
company in the tth year, Kj,t−1 represents the R&D
capital stock of the jth company in the t− 1 year, Ejt

represents the R&D funding input of the jth company in
the t year, and δ represents depreciation rate.
According to the adjusted method proposed by Wu
method, he set δ to 15% [26].
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According to the practice of Hall and Jones, the cal-
culation formula for the base year R&D capital stock
was structured as follows:

Kj,2012 �
Ej,2012

δ + gj 
, (5)

where Kj,2012 is the base R&D capital stock of the jth

company in 2012, Ej,2012 represents the R&D
funding investment of the jth company in 2012, and
gj represents the year of the jth company’s R&D
investment average growth rate.
,is paper uses 2012 as the base period and then
calculates the annual average growth rate of each
company’s R&D expenditure in 2013–2017. We use
formula (5) to obtain the company’s 2012 base period
R&D capital stock and then bring it into formula (4).
At last, we can obtain the R&D capital stock of each
company from 2013 to 2017.

(3) All Employees (Persons) of the Enterprise. After new
technology had been developed, the participation of
all employees in the enterprise is an important factor
for the successful transformation, application, and
promotion of technology [11]. Different from the
input of technical personnel, the content of em-
ployee’s work is not to develop new technologies but
to apply and popularize new technologies to benefit
the enterprise in the further. ,erefore, this paper
selects the total number of employees in the com-
pany’s annual report as a factor of productive input

2.2.2. Innovation Output Indicators. Innovation output is
mainly considered from technical output and marketing
output. ,e descriptions for inputs and outputs are as
follows:

(1) !e Number of Invention Patents Granted (Number).
,ree types of patents in China can be considered:
invention patents, utility model patents, and design
patents. Among them, the most representative of an
enterprise’s innovation ability and innovation
strength are invention patents [11, 19].,erefore, the
number of invention patents authorized is selected as
the technical output index

(2) Total Operating Income (Million Yuan). For listed
companies, the development of an enterprise is in-
separable from innovation, the ultimate purpose of
innovation is to bring economic benefits to the
enterprise, and innovation will have an impact on the
company’s subsequent R&D investment activities.
,e reflection of the company’s business results at a
certain stage is financial indicators, which deter-
mines the company’s future cash flow and will also
affect the company’s R&D investment [11]. ,ere-
fore, we select the total operating income of a listed
company at the end of the year as an indicator of
marketing output

2.2.3. Environment Variables. In the second stage, the en-
vironmental variables eliminated are not subject to corpo-
rate subjectivity and management; the environmental
variables are the factors that objectively affect the efficiency
of corporate innovation, including macro national policies,
regional economies, and micro corporate characteristics.
When we select the environmental variables, we use a macro
perspective; combined with the specific environment of
listed companies in the development zone, the following
indicators were selected as environmental variables:

(1) !e Number of Enterprises. ,e increase in the
number of enterprises is beneficial to R&D expenses
and R&D personnel. In order to develop better in the
future, enterprises need to increase their investment,
but it may also cause waste in the process of input
resources. Increasing investment will affect the in-
novation efficiency of enterprises [11]. According to
the 2012 CSRC industry classification standard, we
select the number of listed companies in the cor-
responding industry

(2) Investment in Fixed Assets (100 Million Yuan). In-
vestment in fixed assets in the development zone can
provide enterprises with advanced production
equipment and services. ,e investment creates an
excellent environment for innovation and affects the
innovation efficiency of enterprises to a certain ex-
tent [19]. In this study, we choose the total invest-
ment in fixed assets of the development zone where
the enterprise is located

Table 1: Related indicators of innovation efficiency measurement.

Reference layer Indicator layer

Innovation input variables R&D Technician
R&D investment

Production input All employees of the enterprise

Innovation output variable Technical output Number of invention patents granted
Marketing output Total operating income

Environment variables

Number of companies Number of listed companies in the industry
Investment in fixed assets Development zone investment in fixed assets
Foreign direct investment Foreign Direct investment in development zones

Government subsidy Government subsidies for listed companies
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(3) Foreign Direct Investment (Million USD). In theory,
foreign investment will promote the level of inno-
vation efficiency of enterprises through technology
spillovers. Foreign investment will bring technology
spillover effect; therefore, it will indirectly improve
the level of technical efficiency of enterprises [11]. In
our study, due to the lack of data on foreign direct
investment in some development zones, this paper
selects the sum of foreign direct investment in all
development zones in the city where the listed
company is located instead

(4) Government Subsidies (Ten !ousand Yuan). Gov-
ernment subsidy refers to a policy in which the
government provides financial subsidies to innova-
tive companies to encourage innovation [11, 21]. In
development zones, government subsidies are also
used to attract high-tech enterprises to join and
provide guarantees for enterprise development.
,erefore, government subsidies are always included
in the current profit and the loss of the listed
company’s annual report

In order to eliminate the possible impact of different data
dimensions, we standardize the four environmental vari-
ables. ,e formula can be expressed as follows:

Yj �
Xj − minXj 

maxXj − minXj 
, j � 1, 2, 3, 4, (6)

where Xj is the initial value of the j
th environment variable

and Yj is the result of the jth environment variable
processing.

2.3. Sample Selection and Data Sources. ,e data of the
annual report of listed companies we need in this study are
from the Guotai’an database and the “Hubei Statistical
Yearbook.” ,e sample selection of listed companies is
mainly based on the following: (1) Registration places in
Hubei Province Economic and Technological Development
Zone or High-tech Industrial Development Zone are in-
cluded. (2) We exclude STand ∗STcompanies because these
listed companies have abnormal financial conditions and
will affect the research conclusions. (3) ,e R&D expen-
ditures of listed companies in Hubei Development Zones
were seriously deficient before 2012. ,erefore, we choose
the data range from 2012 to 2017. (4) Enterprises missing
main indicators will be eliminated. Finally, we screen panel
data of 24 listed companies from 2012 to 2017.

Because the innovation input of enterprises is lagging,
according to the research of Yu et al., the innovation output
index is two periods behind the innovation input index
[26, 27]. ,e data of input indicators in this paper are from
2012 to 2015, and the data of output indicators are from 2014
to 2017. ,e descriptive statistics of the development zones
and industry classification codes of 24 listed companies are
presented in Table 2.

3. Measurement and Analysis of Innovation
Efficiency Based on the Three-Stage
DEA Model

3.1.Results ofTraditionalDEA in theFirst Stage. At this stage,
using the innovation efficiency of the listed companies in the
Hubei Development Zone, three inputs and two outputs are
calculated by the traditional DEA-BCCmodel and the classic
DEAP 2.1 software; after being calculated, we can see the
average annual efficiency obtained in Table 3.

First of all, the result shown in Table 3 indicates that the
comprehensive technical efficiency of the 24 listed compa-
nies in the Hubei Development Zone from 2012 to 2015 was
low, the average value of each column only reaches 0.516,
and the efficiency of listed companies is all below 0.7. ,ere
was a certain distance from the frontier of efficiency distance
and there is a lot of room for improvement. ,e average
value of pure technical efficiency is 0.722, and the average
value of scale efficiency is 0.713, which indicates that the
overall technical inefficiency is caused by improper tech-
nology management, insufficient resource allocation, and
failure to achieve scale effects. Second, as for the change in
tendency, comprehensive technical efficiency in 2012–2015
was decreased. ,e reason for the reduced efficiency of
comprehensive technical from 2012 to 2013 and from 2014
to 2015 is to reduce the pure technical efficiency, indicating
that corporate management and resource configuration
need to be improved. ,e reason for the 2013-2014’s
comprehensive technical efficiency decreases is the size
reduction, indicating that the effect of the year did not meet
the enterprise scale.

From the perspective of a single listed company,
Guangxun Technology, Renfu Medicine, Donghu High-
tech, Yangtze Telecom, FiberHome, Sanan Optoelectronics,
and Dongfeng Motor have a total technical efficiency of
0.8–1, about 1/3 of the total. ,ere are 7 companies in the
range of 0.5–0.8 and 10 companies in the range below 0.5.
,ere are 2 companies with a comprehensive technical ef-
ficiency of 1, 6 with a pure technical efficiency of 1, and 2
with a scaling efficiency of 1. From 2012 to 2015, only
Guangxun Technology and FiberHome have reached the
forefront of comprehensive technical efficiency.

3.2. Phase 2 SFAResults. In the second stage, SFAmodels are
used to analyze each year separately. We take the number of
enterprises, government subsidies, foreign direct invest-
ment, and fixed asset investment as independent variables,
and we establish a random frontier analysis model for each
year of the three input relaxation values obtained in the first
stage. When the coefficient is positive, it means that in-
creasing the environment variable will promote the increase
of input slack value, leading to an increase in waste, which is
not conducive to the improvement of efficiency. Conversely,
when the coefficient is negative, it means that increasing the
environment variable will reduce the input slack value and
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reduce the waste of input, which is conducive to the im-
provement of efficiency. ,e SFA regression result and
analysis are obtained by using frontier 4.1 (see Table 4).

It can be seen from Table 4 that the coefficients of the
three input relaxation values for each of the environmental
variables in the past 4 years have passed the 5% significance
test, which indicates that the environmental variables we
selected in this paper are reasonable. ,e environmental
variables and random errors are important for corporate
innovation, and the impact of efficiency is significant. ,e
equations of the four environmental variables for the
technician’s relaxation value did not pass the test in 2015.
,erefore, in the third stage, we will not make any ad-
justments to the technician input value in 2015.

Vertically, first of all, we can be sure that the number of
companies always has a significant positive impact on the
slack value of R&D capital stock; this indicates that an in-
crease in the number of companies in the industry will lead
to a waste of R&D capital and is not conducive to the in-
novation efficiency of companies. ,e increase in the in-
tensity of competition between companies has caused
companies to blindly increase investment in innovation; this
action cannot be translated into corresponding output.

Second, in the four years of the fixed asset investment in the
development zone, three years of them have a significant
positive impact on the three types of input relaxation values;
this indicates that the investment of the development zone in
its own facilities and services will cause waste of R&D funds
and personnel; it is not conducive to improving efficiency.
,ird, foreign direct investment in the development zone
has had two impacts on the three types of input slack. ,is
means the technological spillover effect of foreign direct
investment on the enterprise has enabled the enterprise to
allocate resources more reasonably, but the blind intro-
duction of foreign investment will also cause the waste of
invested resources to the enterprise. Fourth, in four years of
government subsidies, three years of them shows a signif-
icant positive impact on the three types of input slack. ,e
reason for it might be that the dependence of enterprises on
the government has caused waste and unreasonable use of
investment resources.

3.3. DEAResults after Adjusting Investment in the!ird Stage.
Due to the results of the second stage SFA, we adjust the
input value of all enterprises to the same level and external

Table 2: Development zone and industry classification codes of 24 listed companies.

Stock code Company abbreviation Development zone 2012 SFC industry code
000852 Petrochemical machinery Wuhan-Donghu high-tech zone C35
000988 Huagong technology Wuhan-Donghu high-tech zone C39
002281 Light Motion technology Wuhan-Donghu high-tech zone C39
002377 Guochuang high-tech Wuhan-Donghu high-tech zone C25
002414 Gaode infrared Wuhan-Donghu high-tech zone C39
300018 Zhongyuan shares Wuhan-Donghu high-tech zone C38
300161 Central China CNC Wuhan-Donghu high-tech zone C34
300184 Liyuan information Wuhan-Donghu high-tech zone F51
300205 Celestial information Wuhan-Donghu high-tech zone C39
300323 Huacan optoelectronics Wuhan-Donghu high-tech zone C39
600079 Renfu medicine Wuhan-Donghu high-tech zone C27
600133 Donghu high-tech Wuhan-Donghu high-tech zone E48
600345 Changjiang communications Wuhan-Donghu high-tech zone C39
600355 Jinglun electronics Wuhan-Donghu high-tech zone C39
600498 Beacon communication Wuhan-Donghu high-tech zone C39
002694 Gu Di technology Ezhou-economic development zone C29
300054 Dinglong shares Wuhan-economic development zone C26
300276 Mitutoyo intelligent Huangshi-economic development zone C35
600293 ,ree Gorges new materials Yichang-Dangyang economic development zone C30
600703 Sanan optoelectronics Jingzhou-economic development zone C39
002013 AVIC Xiangyang-high-tech zone C37
000821 Jingshan Light Machine Jingmen-Jingshan economic development zone C35
600006 Dongfeng Motor Wuhan-economic development zone C36
000760 Steyr Jingzhou-public security economic development zone C36

Table 3: Mean annual innovation efficiency of 24 listed companies in the Hubei Development Zone.

Year Comprehensive technical efficiency Pure technical efficiency Scale efficiency
2012 0.612 0.745 0.795
2013 0.563 0.710 0.798
2014 0.449 0.727 0.609
2015 0.439 0.707 0.651
Mean 0.516 0.722 0.713
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environment, and we use the DEA model again to calculate
the innovation efficiency of 24 listed companies in Hubei
Development Zone and then the efficiency values compared
with the preadjustment. ,e average innovation efficiency
before and after each year of adjustment is shown in Table 5.

From the results shown in the table, overall, from the
data of 2012 to 2015, a four-year average of listed companies
of the comprehensive technical efficiency after the adjust-
ment has been improved, indicating that the preadjustment
is mainly affected by adverse environmental factors; it will
make the underestimation of the overall technical efficiency
of the enterprise. ,e adjusted pure technical efficiency has
been improved in each year, indicating that the low com-
prehensive technical efficiency before the adjustment is
mainly due to the underestimated pure technical efficiency;
the adjusted scale efficiency has declined, indicating that the
listed company is in an unhealthy state in scale and needs to
be reasonably expanded in future development. In general,

the adjusted average technical efficiency is still at a low level,
indicating that the overall level of innovation of listed
companies in the Hubei Development Zone is low and there
is much room for improvement.

From the perspective of the innovation efficiency of a
single listed company, first of all, after our adjustment, the
three at the forefront of comprehensive technical efficiency
have been changed to five. Among them, the comprehensive
technical efficiency of Guochuang High-tech, Liyuan In-
formation, and Changjiang Communications has always
been 1; it means that before our adjustment, those three
companies are in a relatively poor environment, so the
adjustment impact to them is small. Second, there are 16
companies increasing the overall technical efficiency, of
which Fiberhome Communications has the largest increase.
,ird, there are 12 companies with pure technology effi-
ciency growth and 10 companies with scale efficiency
growth. Fourth, after adjustment, the increase in scale

Table 4: Results of relevant parameters using the SFA model from 2012 to 2017.

,e year 2012

R&D capital stock slack Relaxation value of all
employees in the enterprise Technician relaxation value

Coefficient T value Coefficient T value Coefficient T value
Constant term −78.190 −37 −3676.014 −46 −389.212 −164
Number of companies 69.814 76 647.049 651 11.919 2.78
Investment in fixed assets 309.354 327 17653.580 51 2267.552 785
Foreign direct investment −213.276 −282 −9395.036 −79 −1218.832 −1747
Government subsidy 20.439 18 1832.107 4.6 181.544 63
Sigma-squared 14973.585 14986 11538049 11542640 202812.3 202809
Gamma 0.9999999 154338 0.9999999 851283 0.9999972 125817
Log-likelihood −131 −213 −162

,e year 2013
Constant term −80.559 −90 −1022.431 −1080 66.687 94
Number of companies 123.185 135 56.712 4721 −134.399 352
Investment in fixed assets 98.591 99 3844.913 22 319.119 −51
Foreign direct investment −127.364 −132 −2917.641 1204 −330.789 148
Government subsidy 111.382 111 5494.703 −1427 877.628 −377
Sigma-squared 19357.798 19357 5917432.6 5917424 284045.4 245718
Gamma 0.9999999 77 0.9999999 8964383 0.9999999 103130300
Log-likelihood −135 −206 −160

,e year 2014
Constant term −111.985 5.2 −476.988 −13 −302.608 −302
Number of companies 110.905 14 873.191 −51 325.760 325
Investment in fixed assets −84.161 −57 −1274.168 12 −67.630 −67
Foreign direct investment 35.054 18 301.777 71 23.149 23
Government subsidy 301.096 118 1635.974 446 388.014 388
Sigma-squared 27955.047 28018 2394380.6 2394373 119852.6 119852
Gamma 0.9999999 224506 0.9999999 506017 0.9880079 10
Log-likelihood −141 −193 −159

,e year 2015
Constant term −131.693 −108 −3613.280 −67 −147.622 −147
Number of companies 115.129 125 −179.221 −12 −112.713 −112
Investment in fixed assets 5.454 13 6763.365 110 1755.248 1755
Foreign direct investment 12.941 18 −2783.636 −22 −1179.371 −1179
Government subsidy −102.427 −105 −103.446 −2.6 −181.919 −181
Sigma-squared 42157.164 42157 7419775.3 7419670 146753.5 146753
Gamma 0.9999961 1109210 0.9999999 666463 0.09 0.09
Log-likelihood −144 −211 −176
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returns increased from 11 to 12, the adjusted scale returns
decreased to 8, and the other 5 companies were in the same
state of scale returns, indicating that expanding the scale of
input factors is no longer an effective way to integrate
technical efficiency for some of those enterprises.

4. Analysis of Factors Affecting Innovation
Efficiency Based on the Tobit Model

According to our previous analysis, we found that there is a
certain difference in the innovation efficiency between
different enterprises, and the innovation efficiency of en-
terprises is affected by many factors. In this section, we will
build a Tobit regression model based on the three-stage
measurement results from the previous section. From the
microlevel, we further study the influencing factors of the
innovation efficiency of listed companies in the Hubei
Development Zone.

4.1. Index Selection. With reference to domestic and foreign
scholars’ selection of indicators of influencing factors of
corporate innovation efficiency, combined with the char-
acteristics of listed companies in development zones, the
following indicators are selected as influencing factors:

(1) Enterprise Scale. ,e size of a company has a huge
impact on a company’s position in the industry and
its future development. A large-scale enterprise
means that the company has strong human re-
sources, material resources, and financial resources,
which can provide multifaceted support for the
company’s innovation activities. A large-scale
company has a stronger ability to resist the risks
brought into the company by sudden market and
financial issues. To ensure the continuity and sta-
bility of the company’s innovation activities and thus
to make sure of the realization of innovation results,
this paper expresses the total assets of the enterprise
scale [28]

(2) Enterprise Operating Capabilities. ,e operating
capacity of an enterprise mainly refers to the effi-
ciency and effectiveness of its operating assets.
Among them, the efficiency of an enterprise’s op-
erating assets mainly refers to the turnover rate or
turnover rate of assets. For those enterprises which
have good operating capabilities, on the one hand,
they can improve the financing efficiency of the

enterprise, so as to provide protection for the
company’s investment in research development; in
addition, higher operating capabilities are conducive
to optimizing corporate assets structure, rationally
allocating and using resources, and promoting the
transformation of corporate innovation achieve-
ments. ,is paper will express the capability using
total asset turnover [29]

(3) Years of the Establishment. ,e impact of the es-
tablishment period on the innovation efficiency of
the enterprise is mainly reflected in the establish-
ment time of the enterprise. With the change of time,
the characteristics of enterprises in different life
cycles and different competitive environments are
also different. ,is paper expresses the measures by
the years from the time when a company is registered
to the reporting period [30]

(4) Quality of Workers. ,e quality of laborers is one of
the core competitiveness that forms the competi-
tiveness of enterprises. ,e level of laborers’ quality
as an intangible factor has a huge impact on the
innovation efficiency of enterprises. ,e innovation
level of an enterprise is often reflected by the in-
novation ability of employees. ,e improvement of
the quality of workers is the source andmotivation of
innovation and development of enterprises. ,is
paper uses the ratio of the number of masters and
above the total number of employees to measure the
quality of workers [31]

(5) State-Owned Shares. ,e state or state-owned legal
person’s participation in the company will be more
strictly controlled to the financial risk and opera-
tional risk of the company; thereby, it will enhance
the company’s ability to resist risks, enabling the
company to rationally allocate resources and im-
proving innovation efficiency. In this paper, dummy
variables are used to deal with the variables held by
the state. 1 is the state or state-owned legal person
holding the shares of the enterprise, and 0 is not
holding the shares [32]

4.2. Tobit Regression Model Construction. We take the ad-
justed comprehensive technical efficiency of each company
obtained in the previous section as the dependent variable;
we can see that their efficiency values are between 0 and 1.
,erefore, the dependent variable data is a limited

Table 5: Mean innovation efficiency before and after adjustment in each year.

Year
Before adjustment After adjustment

Comprehensive technical
efficiency

Pure technical
efficiency

Scale
efficiency

Comprehensive technical
efficiency

Pure technical
efficiency

Scale
efficiency

2012 0.612 0.745 0.795 0.654 0.880 0.721
2013 0.563 0.710 0.798 0.578 0.894 0.626
2014 0.449 0.727 0.609 0.604 0.930 0.643
2015 0.439 0.707 0.651 0.548 0.826 0.639
Mean 0.516 0.722 0.713 0.596 0.883 0.657
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dependent variable. If we use ordinary least squares (OLS)
regression, it will cause bias and large errors. ,erefore, we
decide to use the Tobit model when studying the factors that
affect the innovation efficiency of listed companies in the
Hubei Development Zone.,e Tobit model was proposed by
economist Tobin; the model belongs to a type of limited
dependent variable (LDV) regression [33]. Its basic form is
as follows:

Y �
Y∗ � β′X + μ, Y∗ > 0,

0, Y∗ ≤ 0,

⎧⎨

⎩ (7)

where Y is the dependent variable, Y∗ is the truncated
dependent variable, X is the independent variable, β is the
regression coefficient vector, μ is the error vector, and μ is
independent and obeys μ∼N (0, σ2).

,is paper uses the Tobit panel model under random
effects to take the log of the company’s total assets and
establishment period. At last, we turn it into a relative in-
dicator. Model 1 is constructed as follows:

Y1jt � β1 lnX1jt + β2X2jt + β3 lnX3jt + β4X4jt

+ β5X5jt + μ1jt,
(8)

where Y1 represents the adjusted comprehensive technical
efficiency of the sample enterprises, ln X1 is the logarithmic
value of the total assets of the enterprise, X2 is the business
operation capacity, ln X3 is the logarithm of the establish-
ment period, X4 is the quality of the laborer, X5 is whether
the country holds shares, β1 is the regression coefficient of
the independent variable, μ1 is the error vector, and μ1 is
independent and obeys μ1∼N (0, σ2).

4.3. Regression Results and Analysis. In order to adopt the
random effect Tobit model for regression, we use
STATA15.0 to regress panel data of 24 listed companies
from 2012 to 2015. ,e results are shown in Table 6.

As the LR test results indicate in Table 6, it shows strong
rejection “H0: σu � 0”, so we believe that there is an indi-
vidual effect, and the Tobit panel model under random
effects further verifies the rationality of the model con-
struction in this paper. From the value of Wald χ2, it can be
concluded that model 1 passed the test at a significance level
of 1%, indicating that the regression equation constructed by
model 1 is reasonable, and a specific analysis of each
influencing factor index is made as follows.

First, the size of an enterprise has a significant positive
impact on the overall technological efficiency. Large-scale
enterprises generally have a larger market share and strong
human resources and financial resources to provide support
for innovation activities and ensure the development of
innovation activities, which is conducive to the improve-
ment of comprehensive technical efficiency. Second, the
ability of a company to operate has a significant positive
impact on the overall technical efficiency. ,e stronger the
company’s operating capabilities, the more competitive it is
in the market and, therefore, the easier it is to gain the favor
of capital; on the basis of stronger operating capabilities,
companies can be promoting the development of corporate

innovation activities and be forming a virtuous circle. ,ird,
the establishment period has a significant negative impact on
comprehensive technical efficiency, which is contrary to the
previous analysis. After the enterprise has reached a certain
scale, innovation may encounter bottlenecks, and a large
number of funds will be required for market development,
transformation, and upgrading and diversified development,
which will cause the proportion of innovation investment to
decrease, thereby making the innovation efficiency of the
enterprise at a low level for a long time. Fourth, the quality of
laborers has a positive impact on the overall technical ef-
ficiency but is not significant. ,e impact of highly educated
personnel on innovation efficiency is not significant, which
indicates that the listed companies in the development zone
of Hubei Province do not make the best use of the highly
educated personnel; this act causes a waste of talent to a
certain extent. Fifth, state-owned shares have a significant
positive impact on the overall technological efficiency. ,e
development of an enterprise is inseparable from the impact
of macroeconomic policies and politics. A state or state-
owned legal person’s participation in a company can make
the company more sensitive to the environment and en-
hance its ability to resist risks, thereby focusing more on the
development of innovative activities, and also can be more
beneficial to the output of innovation results of those
companies.

5. Conclusions and Related
Policy Recommendations

5.1. Discussion and Conclusion. ,rough the research on
innovation theory, enterprise innovation ability, and in-
novation efficiency, we use the three-stage DEA-Tobit model
to conduct an empirical analysis of the innovation efficiency
and its influencing factors of 24 listed companies in Hubei
Development Zone from 2012 to 2017. Among the 24 listed
companies in the development zone, there are 15 in the East
Lake High-tech Zone, known as Wuhan Optics Valley,
mainly in the optoelectronics, communications, and laser
industries, and the remaining 9 companies are located in
Xiangyang, Yichang, and other regions; they are economi-
cally connected with Hubei. ,is is consistent with the
pattern of “one major city and two secondary cities.” ,e
specific discussion of data analysis and empirical results
show the following:

Table 6: Tobit regression results.

Variable Model 1 comprehensive technical efficiency
Constant (C) −1.59055 (1.169232)
lnX1 0.1203022∗∗ (0.0538922)
X2 0.5807479∗∗∗ (0.2068644)
lnX3 −0.3263321∗∗ (0.1532586)
X4 0.9765009 (0.7176158)
X5 0.2657279∗∗ (0.1184951)
Wald χ2 23.66∗∗∗
LR 24.27∗∗∗

Note. ∗∗∗, ∗∗, and ∗ indicate significance levels of 1%, 5%, and 10%,
respectively. Standard deviations are in parentheses.
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(1) ,e innovation capability of listed companies is a
comprehensive capability. ,e overall innovation
efficiency of listed companies in the Hubei Devel-
opment Zone is relatively low. ,e adjusted average
annual innovation efficiency is under 0.6, the lowest
in 2015 was 0.439, and the average technical inno-
vation efficiency of Chinese listed companies in the
conclusion of [11] is about 0.7. It means that our
average annual innovation efficiency is at a low level.
,e empirical analysis results show that the levels of
innovation efficiency of listed companies in Hubei
Development Zones vary widely. A four-year sample,
after adjusting the innovation efficiency average,
shows that there are seven companies between 0.8
and 1, seven other companies between 0.5 and 0.8,
and ten of the rest below 0.5. Among these com-
panies, the highest is Optical Motion Technology and
Fiberhome Communications, with an efficiency
value of 1, which fully reflects the characteristics of
the East Lake High-tech Optics Valley industry. ,e
innovation efficiency of other industries such as
Renfu Technology, Dongfeng Motor, and Jingshan
Light Machinery is relatively low, which is also re-
lated to their industry and geographical location.,e
lowest is Steyr with an efficiency value of only 0.107.
,e company is an ST company. From the annual
report, the company is involved in a number of
lawsuits and huge financial borrowings could not be
repaid. Most of the R&D projects have been ter-
minated, and the innovation capacity is seriously
insufficient

(2) Environmental variables have a significant impact on
innovation efficiency. Four have a significant impact
on innovation efficiency: the environmental vari-
ables of the number of enterprises, government
subsidies, foreign direct investment in development
zones, and investment in fixed assets, indicating that
the above variables are conducive to enterprise in-
novation. After we exclude environmental factors
and random interference factors, the efficiency has
been improved, indicating that the innovation effi-
ciency of listed companies is adversely affected by the
environment. Consistent with the conclusion of the
impact of external environment on enterprise effi-
ciency in [10], environmental factors have a signif-
icant impact on enterprise innovation efficiency
[11, 34]; that is, government-supported to high-tech
industrial technology innovation policies and gov-
ernment systems need to increase their support and
enhance the trade-off of configuration efficiency [34,
35] to ensure maximum innovation efficiency

(3) ,e scale of the enterprise, the company’s operating
capacity, and state-owned shares have a significant
positive impact on innovation efficiency. ,e
number of years of the establishment has a signifi-
cant negative impact on innovation efficiency. ,e
quality of workers has no significant impact on in-
novation efficiency. ,is indicates that two listed

companies should further increase the scale of en-
terprises, operating capacity, and state-owned
shares. ,e number of years of establishment indi-
cates that after the listed companies have developed
to a certain size, bottlenecks in innovation and de-
velopment have emerged. It is necessary to trans-
form, upgrade, and realize the conversion of new and
old kinetic energy. In the conclusion of [10], it
mentioned that the efficiency of innovation and R&D
is subject to low-scale efficiency [35], which is
consistent with the research conclusions of this
paper. It is mentioned that technological progress
[32], scale efficiency, and high-tech industrial re-
source allocation [11] are the core drivers of en-
terprise development, and the adverse environment
has a bad impact on enterprises, but it also shows
that, in the current stage, the technological inno-
vation efficiency of Chinese enterprises has a lot of
space to improve

5.2. Policy Recommendations. According to the “China
development zone review announcement catalogue (2018
edition),” the number of national development zones in
Hubei Province has increased to 22 (including 7 in the
economic development zone, 12 in the high-tech zone, and 3
in the special customs supervision zone), and the number of
companies in Hubei Province is in the middle level of China.
And all listed companies are all distributed in national
development zone levels. ,is research analyzes the inno-
vation efficiency and influencing factors of listed companies
in the Hubei Province from the perspective of innovation
efficiency of listed companies in the Hubei Development
Zone. According to the research conclusions, relevant policy
suggestions can be put forward from the following aspects:

(1) Deepen the reform of the system and mechanism of
the development zone and, therefore, revitalize the
innovation of companies. First, to further improve
the management system, we must actively imple-
ment the spirit of the state council’s opinions on
promoting the innovation and enhancement of
national economic and technological development
zones and creating new heights of reform and
opening (issued by the state council [2019] no. 11)
and accelerate the formulation and promulgation of
the “regulations on development zones in Hubei
province.”,e district regulations of Hubei province
encourage enterprises to expand their scale, enhance
their operational capabilities, and improve their
innovation capabilities. ,e second step is to opti-
mize the industrial structure of the high-tech zone in
accordance with the characteristics of the East Lake
High-tech Zone in Hubei, further strengthen the
R&D and innovation capabilities of optoelectronic
communications, and create a new wave of inno-
vation in the East Lake High-tech Zone

(2) Strengthen the top priority of a talented person, and
create a new high ground for the development of
“high-precision and scarce” talented people.
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Environmental factors indicate that highly educated
personnel have not been used reasonably in the listed
companies in Hubei Development Zone, and there is
a certain waste of talented people. On the one hand,
it is recommended that the government learned the
“10 beautiful jade” terms from the Guangzhou de-
velopment zone and take the “high-skilled shortage”
as the guide to build a platform for the connection of
scientific and technological talents and industries to
attract Nobel prize winners, national highest science
and technology award winners, and various high-
level incremental talents, including academicians,
thus to improve the originality and level of inno-
vation of listed companies. On the other hand, en-
terprises should establish a perfect incentive
mechanism to fully mobilize the enthusiasm of
highly educated personnel in corporate innovation
activities, tap the potential of highly educated talents,
promote the realization of innovation results, and
improve the innovation ability to find talents

(3) Increase investment in innovation, strengthen the
main body of innovation, deepen cooperation be-
tween government, industry, university, and re-
search institutes, improve the business environment,
and enhance innovation capabilities. First of all, we
must increase financial support for the transfor-
mation and upgrading of national development
zones and for innovation and development. ,e
government’s innovation-led investment has steadily
increased, leading high-tech enterprises in devel-
opment zones to increase investment in research and
development, and continuously increasing the pro-
portion of R&D in national development zones. ,e
second step is to strengthen the subject of innova-
tion, guide various types of innovation factors to
gather to work for listed companies, make enter-
prises as the main subject of innovation decision-
making, R&D investment, scientific research, and
achievement transformation, accelerate the cultiva-
tion of a group of innovative listed companies, and
consolidate the main body of innovation.,e third is
to deepen the cooperation between industry, uni-
versities, and researchers, make full use of the ad-
vantages of Hubei Province in science and education
to build a group of industry-university-research
cooperation innovation platforms, industrial tech-
nology innovation bases, industrial technology in-
novation strategic alliances, and collaborative
innovation centers, and break the “bottleneck” in the
transformation of scientific and technological
achievements. ,e fourth is to learn from Xiamen’s
“no need to go to the government departments for
administrative approval” terms and Zhejiang’s
“handle all administrative approvals through one
online platform” experience, promote “one window
acceptance, integrated services,” and create a “one-
time submission, simultaneous processing, infor-
mation sharing, time-limited settlement” process to

improve government services efficiency and the
foreign investment environment

Finally, our research “Relying on National Development
Zones to Create Hubei Kinetic Energy Conversion Pilot
Zone” has been submitted to the Hubei provincial gov-
ernment in the form of a government special report, received
the approval of the governor of Hubei Province, and for-
warded to the reform commission for application; finally, we
formed a number of relevant government documents.

5.3. Research Limitations

(1) ,e time span of data is short. In the future, after
statistical data becomes more complete, a wider time
span can be conducted to draw more accurate
conclusions.

(2) About the selection of samples, those listed com-
panies in the development zone in every province in
China should be selected as the sample to study the
differences in innovation efficiency in the future, so
that the research will be more universal.
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