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Abstract 
This paper firstly uses DEA-BCC model and Malmquist index to measure the changes of 
financing efficiency of Chinese high-tech enterprises from 2014-2019 under different 
financing methods from static and dynamic perspectives respectively, and then uses 
Tobit model to measure the influencing factors of financing efficiency. Research results 
show that: (1) The overall financing efficiency level of high-tech listed companies in 
China is not high under different financing methods; (2) The financing efficiency level 
under debt and equity financing methods shows a decreasing trend, and the financing 
efficiency level under endogenous financing method shows an increasing trend. (3) 
Profitability, growth capacity, operating capacity and capital utilization rate are the 
main factors affecting the financing efficiency of high-tech listed companies. In view of 
this, improvements should be made from three aspects: government, financial 
institutions and enterprises. 
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1. Introduction 

As the main force of innovation and development, high-tech enterprises are the important 
supporting force for sustainable and healthy economic development, which have a positive role 
in promoting the transformation of traditional industries. Capital is the lifeblood of high-tech 
enterprises, and the stability and adequacy of financing activities and the efficiency of capital 
integration and allocation play an important role in the sustainable and healthy development 
of enterprises. The efficiency of enterprise financing varies greatly under different financing 
methods, and the costs and risks incurred are not the same. The financing order theory shows 
that the preferred financing order of enterprises is endogenous financing, debt financing, and 
equity financing. However, due to the characteristics of the industry with high capital demand, 
long R&D cycle, high investment risk, uncertain results and the industrial structure with more 
SMEs, high-tech enterprises are often in the "lemon market" and face serious financing 
difficulties. Nearly 80% of enterprises are unable to cross the "valley of death" due to 
insufficient funds. Don't let the capital become the bottleneck of the self-improvement of 
national technology, how to further optimize the financing environment, explore the financing 
mode suitable for the development of high-tech industry, and improve the efficiency of the 
existing financing methods has become the purpose of this paper. 
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2. Literature Review 

2.1. Connotation of the Connotation of Financing Efficiency 
Scholars' research on the issue of enterprise financing efficiency started earlier, but still have 
not formed the same concept for the connotation of financing efficiency. The main defining 
perspectives include the following two aspects: (1) Financing cost and risk (i.e., the efficiency 
of enterprise capital integration or transaction efficiency) perspective (Yin, 2011; Wang, 2018); 
(2) Enterprise operating results (i.e., whether the integrated capital is effectively utilized) 
perspective (Jensen, 1983). Based on this, this paper argues that financing efficiency should 
include two aspects: first, the efficiency of capital integration, i.e., whether the enterprise 
finances the capital in a timely manner with the lowest cost and risk; and second, the efficiency 
of capital integration utilization, i.e., whether the enterprise can use the integrated capital to 
create the highest return for the enterprise. 

2.2. Current Status of Research on Financing Efficiency 
On the basis of studying the connotation of financing efficiency, scholars have further launched 
a multi-faceted study on financing efficiency, which focuses on the following two aspects: (1) 
Using different methods to measure and evaluate the financing efficiency of listed companies 
in different industries and regions. In terms of the selection of evaluation methods, existing 
studies mostly use hierarchical analysis (Wang, 2006), fuzzy comprehensive evaluation method 
(Zhu et al., 2006; Pang, 2013; Zhu, 2016), and entropy-value method (Fan, 2012; Guo, 2012; 
Zhao, 2014; Li, 2015). However, the above methods are susceptible to subjective factors and 
require the assignment of indicator weights. Therefore, in recent years, most researchers have 
used Data Envelopment Analysis (DEA) and its improvement methods (Zhang, 2015; Samut, 
2016; Shaffii, 2016; Wang and Dong, 2020) to conduct static analysis of financing efficiency, and 
a few of them have combined with Malmquist index (Liu,et al. 2019; He, Zhengchu et al. 2020; 
Yao, Dequan and Dai, 2020) for dynamic measures. In terms of the selection of industries and 
regions, early studies mostly focused on traditional industries such as logistics (Zhu, 2006; 
Huang, 2020); in recent years, many scholars have focused on emerging industries such as 
biomedicine (He, et al., 2020) and artificial intelligence (Liu et al., 2019). Regions are then 
mainly bounded by provinces, economic zones or the whole country. (2) Analysis of factors 
affecting financing efficiency. In the selection of explanatory variables, profitability, growth 
capacity, and capital utilization rate are chosen by most scholars (Liu et al., 2019; Huang, 2020), 
and some scholars combine non-financial factors on this basis (Zhang, 2015; Xu and Geng, 
2019). 
From the above study, it is clear that most of them focus on the sub-industries of high-tech 
industry in a certain region, lacking an overall analysis of the national high-tech industry, so the 
conclusions are difficult to be extrapolated. Its evaluation of the financing efficiency of high-
tech industry is based on static measures conducted by the traditional DEA and its 
improvement methods, and lacks dynamic analysis of the overall efficiency changes of the 
national high-tech industry. At the same time, the existing studies tend to select the input 
indicators of DEA model according to the production method and asset method, and seldom 
consider the differences of financing efficiency under different financing methods. Based on the 
previous studies, this paper innovates in the following three aspects: (1) Taking China's high-
tech industry as an independent research object, the financial data of 133 listed companies from 
2014-2019 are selected. (2) Unlike the previous authors who used DEA and Tobit methods 
alone, this paper first adopts the DEA-Malmquist method to comprehensively analyze and 
evaluate the financing efficiency of the national high-tech industry from both static and 
dynamic aspects, and then constructs three Tobit models to study the influencing factors of 
financing efficiency with the technical efficiency measured by DEA and its decomposition terms. 
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(3) In terms of the selection of indicators, this paper takes into account the characteristics of 
high-tech industry's preference for equity financing (Liu, Z., 2020) and the theory of superior 
order financing hypothesis, and selects the input indicators of DEA model from three 
perspectives of endogenous, debt and equity financing respectively, which are highly realistic 
and relevant. 

3. Research Design 

3.1. Research Methodology 
3.1.1. DEA-BCC Model 
DEA is a non-parametric evaluation model based on multiple inputs and outputs, expressed as 
the ratio of outputs to inputs. Suppose there are 𝑛 high-tech listed companies (i.e., 𝑛 decision 
units), and each decision unit has 𝑘 input vectors 𝑋 =(𝑋 ,𝑋 ,…, 𝑋 ), i=1,2,…, 𝑘, and 𝑏 output 
vectors 𝑦 =(𝑦 ,𝑦 ,…,𝑦 ), 𝑟=1,2,…,𝑏. i denotes the ith input variable, 𝑟 denotes the 𝑟th output 
variable, and 𝑗 denotes the 𝑗th decision unit, then the DEA-BCC model is constructed as follows. 
 

𝑚𝑖𝑛 𝛿-𝜀( 𝑠 + 𝑠 ) 

𝜆 𝑥 +𝑠 =𝛿𝑥 ,i=1,2,…,𝑘 

𝜆 𝑦 -𝑠 =𝑦 , 𝑟=1,2,…,𝑡                                                               (1) 

𝜆 =1, 𝑗=1,2,…,𝑛 

 𝜆 ,𝛿,𝑠 ,𝑠 ,≥0, 𝑗=1,2,…,𝑛 
 
𝜀 is a non-Archimedean infinitesimal, 𝑥  and 𝑦  denote the ith input and 𝑟th output of the 
𝑤th firm (decision unit), respectively, and 𝑥  and 𝑦  denote the ith input and rth output of the 
𝑗th firm (decision unit). 𝑠  is a slack variable, 𝑠  is a residual variable. 𝜆 is a weight variable 
indicating the share of the 𝑗th decision unit among the valid decision units of the current 
portfolio construction. The δ (δ ≤ θ) in Eq. (1) denotes technical efficiency (Te), and according 
to the DEA principle, technical efficiency (Te) can be decomposed into pure technical efficiency 
(Pe) and scale efficiency (Se), i.e., Te = Pe*Se. Therefore, the decision unit is effective when both 
Pe, Se of the decision unit are optimal i.e., Se = 1 and Pe = 1. 
3.1.2. Malmquist Index Model 
In contrast to the DEA-BCC model, which is only applicable to static analysis, Malmquist index 
model can portray the relative efficiency changes over multiple sample periods from a dynamic 
perspective. From the input perspective, the Malmquist index from period t to period t+1 is 
expressed as follows. 
 

                                     𝑀(𝑦 , 𝑥 , 𝑦 , 𝑥 )  =
( , )

( , )

( , )

( , )

( , )

( , )
                 (2) 

 
In equation (2), the Malmquist index (Tpfch) is a measure of the combined use of resource 
allocation efficiency of decision units from period 𝑡 to 𝑡+1, and Tpfch >1 is an upward trend in 

the level of resource allocation efficiency compared to the previous year; 
( , )

( , )
 

represents technical efficiency change index (Effch), with Effch > 1 indicating an improvement 

S.t. 
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in technical efficiency; 
( , )

( , )

( , )

( , )
  denotes the index of change in technological 

progress (Techch), with Techch>1 indicating the technological progress of the firm. Under the 
assumption of variable returns to scale, Effch is equal to the product of the pure technical 
efficiency change index (Pech) and the scale efficiency change index (Sech). Pech reflects the 
change in the influence of institutional and management level factors on the efficiency level; 
Pech>1 indicates that the institutional and management level makes the efficiency increase; the 
scale efficiency change index (Sech) reflects the change in the influence of enterprise size 
factors on the efficiency level; Sech>1 indicates that the enterprise size makes the efficiency 
increase. Therefore, the Malmquist index (Tfpch) can be expressed as: Tfpch = Techch * Pech * 
Sech. 

3.2. Input and Output Indicators Selection 
3.2.1. Input Indicators 
The financing methods of high-tech listed companies in China are mainly divided into 
endogenous financing, debt financing, and equity financing. Therefore, surplus reserves and 
undistributed profits are selected as the indicators of endogenous financing; short-term 
borrowing and long-term borrowing are selected as the indicators of debt financing; paid-in 
capital is selected as the indicator of equity financing.  
3.2.2. Output Indicators 
The output indicators are determined from three aspects of the enterprise's capital use 
efficiency, profitability and growth ability: the total asset turnover rate is selected to measure 
the capital use efficiency; the return on net assets reflects the profitability of the enterprise; the 
growth rate of operating income represents the growth of the enterprise. The input-output 
index system for the evaluation of financing efficiency of high-tech listed companies in China is 
shown in Table 1. 
 

Table 1. Input-output index system for the evaluation of financing efficiency 
Indicator 

Categories 
Primary 

Indicators 
Secondary 
Indicators 

Indicator 
Codes 

Indicator Descriptions 

Input 
indicators 

Debt 
Financing 

Short-term 
borrowings 

𝑋  
Debt with a repayment period of less 

than one year 
Long-term 

borrowings 
𝑋  Debt with a repayment period of 

more than one year or one business cycle 
Equity 

Financing 
Paid-in capital 𝑋  

Capital received by the enterprise 
from investors 

Endogenous 
Financing 

Surplus 
reserves 

𝑋  
Funds withdrawn from profit after 

tax 
Undistributed 
earnings 

𝑋  
Profit after tax to be distributed or 

later distributed by the enterprise 

Output 
Indicators 

Total assets turnover ratio 𝑌  
Operating income/total assets, 

reflecting the efficiency of capital 
utilization 

Return on net assets 𝑌  
Net income/owner's equity, 

reflecting the profitability of the 
enterprise 

Operating income growth rate 𝑌  

(Current period operating revenue - 
previous period operating 
revenue)/previous period operating 
revenue, reflecting the growth ability of 
the enterprise 
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3.3. Sample Selection and Data Preprocessing 
3.3.1. Sample Selection and Data Sources 
Panel data is required for both the DEA method and the regression model, but the listing time 
of the sample companies is generally short. Therefore, in order to prevent large fluctuations in 
financial data after listing from affecting the scientificity of the results, and to consider the 
disclosure time of the company's annual report and data integrity, the high-tech companies 
listed on the Shanghai and Shenzhen exchanges from 2014 to 2019 were used as the initial 
sample. Further screening was done according to the following criteria: (1) The financial data 
of ST listed companies were abnormal, so all ST listed companies were excluded to ensure the 
true and reliable of data;(2) Too many missing values have a large impact on the results of the 
empirical analysis and cannot objectively reflect the level of corporate financing efficiency, so 
companies with more missing values are excluded;(3) High-tech industry is a cross-sectoral 
industry covering multiple fields and sectors, and there is no independent statistical category 
of high-tech industry in China's current industry classification. Therefore, this paper combines 
the principles of industry classification of the 2012 revised edition of the Classification 
Guidelines for Listed Companies with some relevant literatures, further classifies the 
companies that exclude the ST category and those with more missing values, and finally 
determines the panel data of 133 high-tech listed companies from 2014-2019 as the research 
sample, with the sample data coming from the CSMAR database and the Oriental Fortune 
website. The sample companies were classified by industry with 63 companies in computer, 
communication and other electronic equipment manufacturing; 43 companies in 
pharmaceutical manufacturing; 23 companies in software and information technology services; 
3 companies in professional and technical services; and 1 company in research and 
experimental development. 
3.3.2. Dimensionless Processing of Data 
Due to the different qualification levels of each enterprise, there are a small number of negative 
values in the original data, and some of the data are too large in order of magnitude, which is 
not conducive to maintaining data consistency. Therefore, this paper draws on the processing 
method of Liu et al.(2019) for dimensionless processing of all input-output indicators. This 
operation does not affect the results and can transform the interval of all data to [0,1], 
eliminating the influence of negative and extreme values. The dimensionless formula is as 
follows. 

 
                                                                  𝑋  = 0.1 +  0.9 ×                                                               (3) 

 
In equation (3), 𝑀 =𝑚𝑎𝑥(𝑋 , 𝑋 , … , 𝑋 ), 𝑚 =𝑚𝑖𝑛(𝑋 , 𝑋 , … , 𝑋 ), where 𝑋  is the raw data 
of the 𝑗th high-tech listed company on index 𝑖, and 𝑌  is the dimensionless value. 

4. Empirical Analysis 

4.1. Static Analysis of Financing Efficiency based on DEA-BCC Model 
Using DEAP 2.1 to measure the financing efficiency level of China's high-tech listed companies 
under different financing methods is shown in Table 2. 
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Table 2. Level of financing efficiency of different financing methods 

Time 
Equity Financing Debt Financing Endogenous Financing 

Te Pe Se Te Pe Se Te Pe Se 

2014 4 11 5 6 10 37 6 13 13 
(3.01) (8.27) (3.76) (4.51) (7.52) (27.82) (4.51) (9.77) (9.77) 
0.703 0.776 0.907 0.702 0.747 0.940 0.719 0.810 0.892 

2015 3 5 3 6 14 7 8 14 9 

(2.26) (3.76) (2.26) (4.51) (10.53) (5.26) (6.02) (10.53) (6.77) 

0.600 0.665 0.901 0.658 0.723 0.909 0.671 0.752 0.892 
2016 8 8 8 7 23 9 6 19 6 

(6.02) (6.02) (6.02) (5.26) (17.29) (6.77) (4.51) (14.29) (4.51) 

0.601 0.658 0.909 0.696 0.762 0.912 0.655 0.743 0.881 

2017 5 10 6 7 15 11 7 16 10 

(3.76) (7.52) (4.51) (5.26) (11.28) (8.27) (5.26) (12.03) (7.52) 

0.646 0.725 0.890 0.740 0.778 0.952 0.704 0.796 0.885 

2018 3 6 3 7 15 12 6 13 13 
(2.26) (4.51) (2.26) (5.26) (11.28) (9.02) (4.51) (9.77) (9.77) 

0.695 0.830 0.837 0.798 0.842 0.946 0.719 0.810 0.892 
2019 3 7 4 8 13 14 6 12 10 

(2.26) (5.26) (3.01) (6.02) (9.77) (10.53) (4.51) (9.02) (7.52) 
0.704 0.829 0.850 0.798 0.845 0.944 0.775 0.867 0.895 

Note: (1) "DEA effective" means that not only the technical efficiency (Te), pure technical 
efficiency (Pe), and scale efficiency (Se) are all 1, but also the values of the slack variables in the 
model are all 0. (2) "( )" is the proportion of the number of DEA effective enterprises among all 
sample enterprises. 
 
Overall, the financing efficiency of high-tech listed companies in China was not high during the 
period of 2014-2019. Under the equity financing method, the Te experienced a trend of first 
decline and then rebound during the six-year period. The trends of Pe and Te were basically the 
same, and Se basically showed a continuous decline. From the viewpoint of debt financing 
method, Te, Pe and Se have slightly increased during 2015-2019 on the basis of 2014. In terms 
of endogenous financing method, Te and Pe have a small increase during 2015-2019 compared 
to 2014, while Se are basically unchanged. Comparing the three financing methods, the 
financing efficiency levels of debt financing and endogenous financing are higher than those of 
equity financing, both in terms of the average efficiency value and the number of enterprises 
relatively DEA-effective. 
From the viewpoint of Te level, the proportion of enterprises with optimal financing efficiency 
level is in the range of 2.26%-6.02%, which means only 2.26%-6.02% range of high-tech listed 
companies in China have been fully utilized in terms of integrated capital in 2014-2019. The 
performance of China's high-tech listed companies in Pe under the three financing methods is 
poor, but the number of enterprises achieving effective Pe is relatively high, which indicates 
that there may be a fault in the distribution of Pe of the sample enterprises, with too few 
enterprises located in the medium efficiency level and a large number of low efficiency 
enterprises pulling down the overall level of the industry. In addition, since the Pe of listed 
companies is lower than the Se in 6 years, it can be seen that the low Pe is the main reason for 
the low financing efficiency of high-tech listed companies in China. 
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4.2. Dynamic Analysis of Financing Efficiency based on Malmquist Index Model  
4.2.1. Dynamic Analysis of the Efficiency of Equity Financing 
The results of Malmquist index model of equity financing are shown in Table 3. 
 

Table 3. Results of Malmquist index model measurement of equity financing 
Time Effch Techch Pech Sech Tfpch 

2014-2015 0.846 0.927 0.852 0.993 0.785 

2015-2016 0.987 0.900 0.982 1.006 0.889 

2016-2017 1.092 1.054 1.114 0.980 1.151 

2017-2018 1.079 1.003 1.152 0.936 1.082 

2018-2019 1.016 1.076 1.002 1.014 1.093 

Mean 1.000 0.990 1.015 0.986 0.990 

 
As can be seen from Table 3, under the equity financing method, the average value of Tfpch of 
high-tech listed companies in China during 2014-2019 is 0.990<1, which indicates that the level 
of equity financing efficiency of high-tech listed companies in China shows a decreasing trend 
on average. From each decomposition of Tfpch, the average value of Effch is 1.000, among which, 
the mean of Pech is 1.015, with an average increase of 1.5%, and the mean of Sech is 0.986, with 
an average decrease of 1.4%. The mean of Techch is 0.990, with an average decrease of 1%. 
Further analysis of the trends in equity financing efficiency and its decomposition terms are 
shown in Figure 1. 
 

 
Figure 1. Changes in the Tpfch and its decomposition index for equity financing 

 
From the perspective of the time, the Tfpch of high-tech listed companies in China experienced 
a process of significant rise, fall, and then slight rise from 2014-2019. It rose and exceeded 1.0 
year by year from 2014-2017, successfully changing the efficiency of equity financing from 
falling to rising. From the change structure of the Tfpch, the Pech and the Sech show an inverse 
change: the Pech increases year by year during 2014-2018 and starts to fall thereafter; the Sech 
performs poorly in the first five years and then improves to a level comparable to the Pech. The 
trend of Techch and the Tfpch are basically similar.Combining Figure 1 and Table 3, it can be 
seen that the Effch of high-tech listed companies in China remained basically unchanged from 
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2014 to 2019, and the main reason for the decrease in the equity financing efficiency is the 
decrease in the level of Techch. 
4.2.2. Dynamic Analysis of the Efficiency of Debt Financing 
The results of the Malmquist index model for the debt financing are shown in Table 4. 
 

Table 4. Measurement results of Malmquist index model of debt financing 
Time Effch Techch Pech Sech Tfpch 

2014-2015 0.925 0.847 0.959 0.964 0.784 

2015-2016 1.060 0.823 1.053 1.007 0.872 

2016-2017 1.081 1.147 1.030 1.050 1.240 

2017-2018 1.077 0.923 1.086 0.992 0.994 

2018-2019 1.005 1.087 1.009 0.997 1.092 

Mean 1.028 0.957 1.026 1.002 0.984 

 
As can be seen from Table 4, under the debt financing method, the average value of Tfpch of 
high-tech listed companies in China during 2014-2019 is 0.984<1, and the efficiency of debt 
financing shows a decreasing trend on average. From the decomposition index of Tfpch, the 
mean of Effch is 1.028, with an average increase of 2.8%. The mean of the Pech is 1.026, with 
an average increase of 2.6%. The Sech has a mean value of 1.002, with an average increase of 
0.2%. In contrast, the Techch shows a negative growth of -4.3%. It can be seen that although 
the Effch has improved, it was hit by a significant decrease in the Techch, which showed a 1.6% 
decrease in the overall financing efficiency. Further analysis of the trend of equity financing 
efficiency and its decomposition term is shown in Figure 2. 
 

 
Figure 2. Changes in the Tfpch and its decomposition index for debt financing 

 
From the perspective of the time, the Tfpch of high-tech listed companies in China from 2014 
to 2019 shows an "inverted U" shape, which rises year by year from 2014 to 2017 and exceeds 
1.2, changing the efficiency of debt financing from a downward trend to an upward trend. From 
the change structure of Tfpch, the Pech and Sech basically remain above 1. The trend of the 
Techch is basically similar to theTfpch, and its value has been lower than the Tfpch during 2015-
2019. Combined with Figure 2 and Table 4, it can be seen that the reason for the decrease of the 
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debt financing efficiency index of high-tech listed companies in China from 2014-2019 mainly 
lies in the decrease of the level of Techch and the level of Sech. 
4.2.3. Dynamic Analysis of the Efficiency of Endogenous Financing 
The results of the Malmquist index model for endogenous financing are shown in Table 5. 
 

Table 5. Measurement results of Malmquist index model of endogenous financing 
Time Effch Techch Pech Sech Tfpch 

2014-2015 0.917 0.904 0.918 0.998 0.828 

2015-2016 0.967 0.919 0.981 0.986 0.889 

2016-2017 1.089 1.137 1.085 1.004 1.238 

2017-2018 1.114 1.183 1.142 0.975 1.318 

2018-2019 0.994 1.021 0.960 1.035 1.015 

Mean 1.014 1.027 1.014 1.000 1.041 

 
As can be seen from Table 5, under the endogenous financing method, the average value of 
Tfpch of high-tech listed companies in China during 2014-2019 is 1.041>1, which indicates that 
the efficiency of endogenous financing of enterprises is on a significant upward trend. From the 
decomposition index of Tfpch, the average value of Effch is 1.014, with an average increase of 
1.4%. The mean of the Pech is 1.014, with an average increase of 1.4%. The Sech has a mean 
value of 1.000 and remains unchanged on average. The average value of the Techch is 1.027, 
with an average growth rate of 2.7%. The average value of all five indexes reached or exceeded 
1, indicating a high level of endogenous financing for high-tech listed companies during2014-
2019. It can also be seen that the Effch, Techch, Pech, Sech, and Tfpch all exceeded 1 during 
2016-2017, which means that the overall financing efficiency of high-tech industry has 
improved significantly during this period. Further analysis of the trend of equity financing 
efficiency and its decomposition term is shown in Figure 3. 
 

 
Figure 3. Changes in the Tfpch and its decomposition index for endogenous financing 

 
From the perspective of the time, the Tfpch of China's high-tech listed companies in 2014-2019 
shows the characteristics of first a significant increase over 1 and then a decrease, that is, the 
financing efficiency of China's high-tech listed companies in 2014-2019 under the endogenous 
financing method is at the level of first a decrease and then an increase. The trend of Techch 
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and Sech is more similar toTfpch, and both of them have a greater impact on Tfpch of 
endogenous financing efficiency. Combined with Figure 3 and Table 5, it can be seen that the 
reasons causing the increase of endogenous financing efficiency of high-tech listed companies 
in China from 2014 to 2019 are the joint improvement of Effch, Techch, Pech and Sech, among 
which the improvement of Techch is the most important factor influencing the increase of 
endogenous financing efficiency. 

4.3. Analysis of the Factors Influencing Financing Efficiency 
4.3.1. Variable Selection 
The above static and dynamic measurement results show that there are large differences in the 
financing efficiency values of high-tech listed companies under different financing methods. 
Therefore, it is especially important to find out the factors affecting financing efficiency 
accurately for the optimization of financing efficiency. Based on efficiency theory and previous 
research, this paper selects independent variables from seven aspects: capital structure, 
growth capacity, profitability, operating capacity, equity concentration, capital utilization, R&D 
and innovation, and constructs Tobit model with Te, Pe and Se as dependent variables 
measured by DEA. 
 

Table 6. Selection and definition of variables 

Variable 
Type 

Primary 
Indicator 

Secondary 
Indicator Code Variable Definition 

Dependent 
variables 

Technical efficiency Te Technical efficiency values measured 
by DEAP 2.1 

Pure technical efficiency Pe 
Pure technical efficiency values 
measured by DEAP 2.1 

Scale efficiency Se Scale efficiency values measured by 
DEAP 2.1 

Independent 
variables 

Capital 
structure 

Gearing ratio DA Total liabilities/total assets*100% 

Growth 
capacity 

Operating income 
growth rate IRBR 

(Current period's main business 
revenue - Previous period's main 
business revenue)/Previous period's 
main business revenue*100% 

Profitability Return on Net 
Assets 

ROE Net profit/Net assets*100% 

operating 
capacity 

Total Assets 
Turnover Ratio 

TAT Total assets/main business 
income*100% 

Equity 
concentration 

Shareholding ratio 
of top ten 

shareholders and 
PB 

Number of shares held by top ten 
shareholders/total shares of the 
company 

Capital 
utilization 

Cost of main 
business COGSTS 

Costs incurred in operating activities 
such as selling goods and providing 
labor services 

R&D and 
innovation 

Ratio of R&D 
investment to 

operating revenue 
R&D R&D investment/operating revenue 
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4.3.2. Descriptive Statistical Analysis 
Table 7. Descriptive statistical analysis of variables 

Variable Samples Mean Standard deviation Min. Max. 
Te 798 0.7947 0.1436 0.3090 1.0000 
Pe 798 0.8631 0.1322 0.4240 1.0000 
Se 798 0.9223 0.0996 0.4170 1.0000 

DA 798 0.4557 0.1605 0.0619 1.3518 

IRBR 798 0.2813 0.6372 -0.8625 10.6996 
ROE 798 0.0589 0.1371 -1.3373 0.6586 
TAT 798 0.5879 0.2912 0.0209 2.1592 

PB 798 5.69E+09 1.16E+10 7.20E+07 9.84E+10 

COGSTS 798 6.9046 7.3209 0.1400 137.4500 
R&D 798 0.5879 0.2912 0.0209 2.1592 

 
The descriptive statistics of each indicator in the Tobit model are detailed in Table 7. It can be 
seen that the maximum and minimum values of the seven independent variables have a large 
difference and the mean values are all biased towards the minimum value, indicating that the 
financial performance level of the sample high-tech listed companies is generally not high and 
there are large differences in the operating conditions of different enterprises. 
4.3.3. Model Construction 
The results of the DEA model of financing efficiency are distributed in (0, 1], and it is difficult to 
explain the difference in nature between the limiting and non-limiting values using 
conventional regression analysis, so the Tobit model dealing with the limiting dependent 
variable is chosen in this paper. The basic form of the Tobit model is as follows. 
 
                                                                    𝑌 = 𝛽 + 𝛽 𝑋 + 𝑢 , i=1,2,…,𝑛                                                 (3) 

 
In equation (3), 𝑌  is the financing efficiency, 𝑋  is the influencing factor, 𝛽  is the unknown 
parameter, and 𝑢 ~N (0, σ). 
This paper selects the Te measured by the DEA-BCC model above as the dependent variable to 
build model 1. The influencing factors of Te can be known using model 1, but the specific ways 
in which these factors affect Te cannot be clarified. Therefore, this paper establishes model 1, 
model 2, and model 3 with Te and its decomposition terms--Pe and Se as dependent variables, 
respectively, as follows. 
 
𝑇𝑒 , = 𝑐 + 𝛽 𝐷𝐴 , + 𝛽 𝐼𝑅𝐵𝑅 , + 𝛽 𝑅𝑂𝐸 , + 𝛽 𝑇𝐴𝑇 , + 𝛽 𝑃𝐵 , + 𝛽 𝐶𝑂𝐺𝑆𝑇𝑆 , + 𝛽 𝑅&𝐷 ,   (4) 

 
𝑃𝑒 , = 𝑐 + 𝛽 𝐷𝐴 , + 𝛽 𝐼𝑅𝐵𝑅 , + 𝛽 𝑅𝑂𝐸 , + 𝛽 𝑇𝐴𝑇 , + 𝛽 𝑃𝐵 , + 𝛽 𝐶𝑂𝐺𝑆𝑇𝑆 , + 𝛽 𝑅&𝐷 ,   (5) 

 
𝑆𝑒 , = 𝑐 + 𝛽 𝐷𝐴 , + 𝛽 𝐼𝑅𝐵𝑅 , + 𝛽 𝑅𝑂𝐸 , + 𝛽 𝑇𝐴𝑇 , + 𝛽 𝑃𝐵 , + 𝛽 𝐶𝑂𝐺𝑆𝑇𝑆 , + 𝛽 𝑅&𝐷 ,   (6) 
 
Where Te, Pe, and Se represent technical efficiency, pure technical efficiency, and scale 
efficiency, respectively; 𝑖  denotes the 𝑖 th listed company, while 𝑡  denotes time (year), 𝜀 ,  
denotes the residual, 𝑐 is the intercept, and 𝛽 is the correlation coefficient. The meanings of 
other symbols are as follows: 𝐷𝐴  gearing ratio, representing the capital structure of the 
enterprise; 𝐼𝑅𝐵𝑅 :operating income growth rate, representing the growth ability of the 
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enterprise; 𝑅𝑂𝐸: return on net assets, representing the profitability of the enterprise; ;𝑇𝐴𝑇: 
total asset turnover ratio, representing the operating ability of the enterprise; 𝐶𝑂𝐺𝑆𝑇𝑆: cost of 
main business, representing the capital utilization of the enterprise; 𝑃𝐵: shareholding ratio of 
the top 10 largest shareholders and, representing the equity concentration of the enterprise; 
𝑅&𝐷: the ratio of R&D investment to operating revenue, representing the R&D and innovation 
of the enterprise. 
4.3.4. Analysis of Regression Results 
Tobit regression of model 1, model 2 and model 3 is carried out through Stata 16. The results 
are shown in Table 8. 
 

Table 8. Tobit regression results 
Variable Model 1 Model 2 Model 3 

DA 
0.0113489 

(0.30) 
-0.1227971** 

(-2.52) 
0.1597076*** 

(5.60) 

IRBR 
0.0472828*** 

(4.07) 
0.0554329*** 

(3.84) 
0.0087351 

(1.10) 

ROE 
0.1962634*** 

(5.16) 
-0.0583417 

(-1.31 ) 
0.2524737*** 

(8.80) 

TAT 
0.2997666*** 

(11.87) 
0.2595412*** 

(7.13) 
0.1241636*** 

(6.57) 

COGSTS 
3.07e-12*** 

(4.94) 
2.08e-13 

(0.23) 
3.05e-12*** 

(6.77) 

PB 
-0.0004439 

(-0.96) 
-0.0008442 

(-1.28) 
-0.0004676 

(-1.36) 

R&D 
0.0011219 

(1.50) 
0.0032527** 

(2.08) 
-0.0006666 

(-1.21) 

_CONS 
0.6324915*** 

(18.87) 
0.8130036*** 

(16.18) 
0.8170029*** 

(32.18) 

Note: The z-values are in parentheses, and ***, **, and * indicate significant at the 1%, 5%, and 
10% levels, respectively. 
 
Based on the Tobit regression results of the three models in Table 8, the following conclusions 
can be drawn. 
(1) The gearing ratio is significantly and positively correlated with the Pe of high-tech listed 
companies at the 5% level, significantly and negatively correlated with the Se at the 1% level, 
and positively but not significantly correlated with the Te. Debt is one of the important sources 
of external financing for enterprises, and proper debt can increase enterprise value in the form 
of tax offset. However, at present, China's financing channels are relatively narrow, and 
excessive indebtedness will weaken the competitiveness of enterprises, making the integration 
of funds does not match the current scale of enterprises, thus reducing the Se. 
(2) The growth rate of operating income affects Te by affecting Pe, and the growth rate of 
operating income is significantly and positively correlated with Te and Pe at 1% level. High-
tech listed companies with stronger growth ability and higher development potential will 
inevitably attract more investors, which means that the companies have more opportunities to 
choose the financing methods suitable for their own development, thus conducting technical 
research and development and affecting Te. 
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(3) Return on net assets affects Te by affecting Se, which is significantly and positively 
correlated with Te and Se respectively at 1% level. Having a large amount of capital for scale 
expansion after enterprises achieve larger profitability can bring into play economies of scale 
to a certain extent, which in turn promotes Se and affects the level of Te. 
(4) Total asset turnover ratio is positively correlated with Te, Pe and Se of high-tech listed 
companies, and all of them are significant at 1% significance level. Faster asset turnover of an 
enterprise can save capital investment and avoid idle and wasteful capital. Meanwhile, a higher 
asset turnover rate can quickly divest the company's liabilities and reduce the possibility of 
liquidity risks such as debt default, which is conducive to the stability of enterprise efficiency. 
(5) The cost of main business affects Te by influencing Se, which is significantly and positively 
correlated with Te and Se at the 1% level, respectively. Among various financing methods, 
endogenous financing has the highest fund availability rate, followed by debt financing, and the 
least efficient one is equity financing. Due to the imperfect system and lax supervision of China's 
securities market, some listed companies raise funds and then change the direction of capital 
flow at will, and do not use the funds in the knife's edge, leading to increased financial risks. In 
this paper, the sample of listed companies is relatively high degree of equity financing, so the 
utilization rate of capital is relatively low and the capital is wasted seriously, which leads to low 
financing efficiency. 
(6) The shareholding ratio of the top ten shareholders and the Te, Pe and Se are negatively but 
not significantly correlated. This indicates that for high-tech industries, the increase in equity 
concentration is not the main reason for the increase in corporate efficiency. It may be because 
the equity structure of a company only reflects the distribution of control in the legal sense, and 
does not clearly reflect the actual operating conditions of the company. 
(7) The ratio of R&D investment to operating revenue is significantly and positively correlated 
with the Pe of high-tech listed companies at the 5% level. At present, high-tech listed companies 
should pay more attention to the mastery of core technology while pursuing short-term gains, 
and inject strong endogenous power for industry development and efficiency improvement. 

5. Conclusions and Recommendations 

5.1. Conclusions of the Study 
5.1.1. Static Evaluation 
(1) From an overall perspective, only 2.26%-6.02% of the 133 high-tech sample companies 
reached the optimal state of technical efficiency in 2014-2019 under endogenous financing, 
debt financing and equity approach.(2) In terms of different financing methods, the Te under 
the debt financing and endogenous financing methods in 2014-2019 are both more than 2% 
higher than those under the equity financing method in the same year, indicating that the 
efficiency of using equity capital in China's high-tech listed companies is lower than that of debt 
capital and endogenous capital. (3) In terms of financing efficiency values, Te, Pe and Se 
fluctuate slightly from 2014 to 2019, but the overall changes are not significant. In the Te 
decomposition term, the Pe is lower compared with the Se, which shows that the low Pe is the 
main reason for the low financing efficiency of high-tech listed companies in China. 
5.1.2. Dynamic Evaluation 
(1) From the average value of Tfpch, it can be seen that the average financing efficiency level 
under equity financing and debt financing methods of high-tech listed companies in China from 
2014 to 2019 shows a decreasing trend, and the average financing efficiency level under 
endogenous financing methods shows a significant increasing trend. (2) From the 
decomposition index of Tfpch, the changes of financing efficiency level under endogenous 
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financing, debt financing and equity financing methods in China's high-tech industry from 
2014-2019 are influenced by the changes of Techch. 
5.1.3. Influencing Factors 
Tobit regression results show that profitability, growth capacity, operating capacity and capital 
utilization rate are the main factors affecting the financing efficiency of enterprises, which all 
have a positive impact on the financing efficiency.  

5.2. Suggestions for Countermeasures 
5.2.1. Governments 
(1) Increase policy support in scientific research. Government departments should increase 
policy support, in addition to giving appropriate tax concessions, financial subsidies, 
government-enterprise cooperation and other support, they should also increase the 
investment in scientific research funds and the scale of scientific research project start-up funds 
for high-tech listed companies, so as to effectively stimulate the R&D enthusiasm of high-tech 
enterprises. 
(2) Create a relaxed financing environment. Government should further enrich the financing 
channels and actively create a virtuous cycle of financial ecological environment, so that the 
financial main body and the main body of high-tech industry development can integrate and 
grow. 
5.2.2. Financial Institutions 
(1) Innovate financial products. Financial institutions should seriously study the financing 
problems of high-tech enterprises and develop financial products suitable for them. Financial 
institutions, mainly banks, should take inclusive finance as the grip, relax the financing 
constraints on small and medium-sized high-tech enterprises and actively provide credit 
support.  
(2) Use financial technology to reduce financing cost. Financial institutions should actively use 
modern financial technology, rely on big data to achieve automatic approval, intelligent risk 
control and comprehensive services, promote the reduction of financing costs for high-tech 
enterprises with the improvement of their own efficiency. 
5.2.3. Enterprises 
(1) Carefully choose financing methods. Firstly, the choice of financing method should be in line 
with the growth cycle of the enterprise. In the start-up period, enterprises should pay more 
attention to the accumulation of endogenous financing, so as to effectively reduce financing 
costs; when the scale expands and the required capital increases, they should then reasonably 
choose debt and equity financing to balance financing costs and financing risks. 
(2) Increase investment in science and technology innovation. Research results show that the 
level of technological progress is an important factor affecting the financing efficiency of high-
tech industry. Therefore, high-tech listed companies should further increase the investment in 
R&D, speed up the technological progress in the form of introduction, absorption, digestion and 
reinvention, and establish their own core technology system. 
(3) Reasonably allocate enterprise resources. The financing efficiency of high-tech listed 
companies is closely related to the Pe and Se, so enterprises with different financing 
characteristics can implement differentiated strategies. Enterprises with higher Pe but lower 
Se can reasonably expand their production scale so that the input-output efficiency of current 
financing funds matches their scale; enterprises with higher Se but lower Pe should improve 
their management system and management level, and can reduce management costs by 
strengthening information system construction and implementing standardized procedures.  
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