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Abstract--Ownership structure is the basic institutional 

arrangements of an enterprise and will affect its innovation 
strategy decision-making process, thereby affecting its 
innovation performance. With 20 listed auto companies and 72 
auto parts companies in China as the sample, this study regards 
the annual R&D investment as the main factor affecting the 
innovation performance, the relative share proportion of 
state-owned, private, foreign and institutional ownership as the 
threshold variables and the total assets, asset-liability ratio, 
operating income, net income, establishment age and listed age 
as the control variables to establish the panel threshold 
measurement model. Based on the relevant data of the above 
companies from 2012 to 2014, it uses the STATA software to 
conduct threshold panel data model analysis and draws a 
conclusion that there is not a simple influence relationship 
between the R&D investment and innovation performance of 
China's listed auto companies, and their R&D investment and 
innovation performance will show a remarkable interval effect 
because of the differences in ownership structure. The 
conclusion will help some countries’ state-owned enterprises to 
design the ownership structure in mixed ownership reform. 
 

I. INTRODUCTION 
 

Unlike Western countries, Chinese enterprises have many 
ownership structures[28], and the state-owned equity 
accounts for a large proportion. Under this institutional 
arrangement, do various ownership structures have an impact 
on enterprise R & D investment and innovation performance? 
Or what influence does it have and how great is the impact? 
No clear answers can be found in the existing studies. There 
are two ideas in the research on the factors affecting the 
enterprise innovation performance in the academic world: 
one is from the internal factors, such as R & D investment, 
enterprise human resources, enterprise social capital, 
enterprise technological capabilities, access to information 
resources, enterprise strategies and scale; the other is from 
external factors, such as inter-enterprise network structure, 
enterprise social networking and capacity, technical 
opportunities and technical system, government action and 
government policy. From the perspective of enterprise 
ownership structure, there are few research on the impact of 
ownership structure analysis on R & D investment and 
innovation performance, and such studies mainly analyze the 
impact of a particular type of ownership on the innovation 
activities or compare the efficiency differences between 
enterprises with different ownership structures [42] 

[28][16][27]. Almost no study takes into account of the 
ownership structure, and most of the studies ignore the 
impact of the equity structure and concentration on the 
innovation performance. Moreover, in the diverse ownership 
context, what impact does enterprise R & D investment have 
on its innovation performance, a single positive influence 
relationship or a significant range effect? These questions 
remain unresolved. This paper starts from these issues, which 
has an important theoretical and practical significance to 
enrich the research on technological catch-up and innovation 
of backward enterprises. 

 
II. LITERATURE REVIEW AND HYPOTHESIS 

 
Enterprise innovation is a technological and economic 

activity involving a wide range and a complex process[23]. 
Innovation performance refers to the performance arising 
from the innovative activities implemented by an enterprise, 
including the efficiency and effectiveness of its innovative 
activities and procedural results, such as that the interaction 
between various factors in the innovation process can 
enhance its innovation capability, improve the industrial 
structure and internal production processes and generate new 
concepts. The factors affecting the enterprise innovative 
performance are complex and diverse. 

 
A. The Impact of R & D Investment on Innovation 

Performance 
R & D activities, as the main source of technological 

innovation, play a key role in the enterprise technological 
innovation process. Inadequate R & D investment is bound to 
affect the innovation ability of an enterprise, thereby affecting 
its innovation performance [41]. Scholars at home and abroad 
gave a great concern to the relationship between R & D 
investment and innovation performance, and a lot of 
empirical research was conducted. Most studies show that 
there is a significant positive correlation between enterprise R 
& D investment and innovation performance[34] [11] [32] 
[17]. On the one hand, with the increase in R & D 
investment, the enterprise gradually accesses to more new 
knowledge and new technologies, which promotes 
technological spillovers, improves innovation capacity and 
increases innovation output[36]. On the other hand, R & D 
investment can improve the ability of an enterprise to 
understand and evaluate new technology trends, promote it to 
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develop, learn, digest and absorb external technical 
knowledge, create favorable conditions for its technological 
innovation[3], and enhance its innovation speed [11]. 
However, with the deepening of the research, some scholars 
pointed out that the positive impact between R & D 
investment and innovation performance was uncertain. 
Scherer [34] believes that there is a significant positive 
impact between enterprise R & D investment and patent 
output, but there is a certain lag effect. Erickson & Jacobson 
[9] believe that R & D investment does not play a better role 
in improving enterprise innovation performance than other 
forms of investment. Yang Hutao [39] believes that great R & 
D investment cannot guarantee high innovation performance 
and increasing the R & D investment cannot ensure that 
backward enterprises in technology will catch up with the 
leader. The study by Cao Yong et al. [2] shows that in some 
cases, an irrelevant or even negative correlation may be 
shown between R & D investment and innovation 
performance. Therefore, there are no consistent conclusions 
between the relationship between enterprise R & D 
investment and innovation performance. But in this study, we 
make hypothesis 
H1: Enterprise R & D investment has positive influence on 

innovation performance 
 

B. The Impact of Ownership Structure on Innovation 
Performance 
Currently, scholars studied the impact of enterprise equity 

structure and type on enterprise innovation performance, or 
analyzed the impact of ownership concentration on enterprise 
innovation from the principal-agent theory, or focused on the 
impact of particular investors on enterprise innovation from a 
particular type of ownership. 

The impact of ownership concentration on innovation is 
complex. On the one hand, based on the principal-agent 
theory, many scholars believe that the dispersion of equity 
will lead enterprise owners to pursue their own goals, which 
is not conducive to enterprise innovation. On the contrary, 
ownership concentration is conducive to enterprise 
innovation[14]. On the other hand, based on the myopic 
institutional theory, some scholars believe that ownership 
concentration will make managers pay more attention to 
short-term effect and reduce R & D investment, which is not 
conducive to enterprise innovation[30] [29]. In addition, 
some scholars believe that there is not a simple positive or 
negative relationship between ownership concentration and 
innovation[20] [21] [5] [6]. 

There are two different views on the impact of 
state-owned ownership on innovation. One view based on 
resource dependence theory believes that state-owned 
ownership can be regarded as an external shareholder with 
rich resources. They have specific resources, can bring the 
necessary resources for technological innovation and can help 
the enterprises to reduce external accidents and reduce the 
uncertain risks brought by systems and policies, thereby 
positively affecting innovation[31][38][6].The other view 

believes that, due to job vacancy and low marketization of 
owners, enterprises with large proportion of state-owned 
ownership replies on administrative protection or resource 
monopoly for a long time, there is a lack of innovation and 
entrepreneurship, and they do not have the motivation and 
advantages for innovation[23]. In this study, we make 
hypothesis 
H2: There is a threshold effect when state-owned ownership 

impact on enterprise innovation. 
 

The impact of institutional investors on innovation is also 
complex. Some scholars with myopic investors view believe 
that institutional investors are risk-averse, and when they are 
the majority shareholder, they will put pressure on 
management to better access to short-term profits, which is 
not conductive to long-term projects and innovation[14]. On 
the contrary to myopic investors view, some scholars believe 
that institutions and professional decision-makers have an 
advantage in information gathering and analysis, the 
institutions may be locked by the stocks held, and 
institutional ownership has a positive effect on R & D 
intensity[13] [19]. Some scholars believe that the institutional 
investors are divided into different types, and the impact of 
different types of investors on enterprise R & D investment is 
different[35] [15]. In this study, we make hypothesis 
H3: There is a threshold effect when institutional investors 

ownership impact on enterprise innovation. 
 

There is no consistent answer about the impact of private 
capital on innovation. Scholars often compare the private 
capital with the state-owned capital while studying the impact 
of private capital on enterprise innovation. Three results were 
obtained: first, private enterprises are more innovative; 
second, state-owned enterprises are more innovative; third, 
the result depends on the specific conditions[22]. The reason 
why private enterprises are more innovative is that private 
enterprises face more intense market competition, the R & D 
investment of private enterprises is higher than that of 
state-owned enterprises, and the technological innovation 
efficiency of private enterprises is higher than that of 
state-owned enterprises[7][26]. Therefore, private ownership 
is more conductive to innovation[37]. The reason why the 
state-owned enterprises are more innovative is that 
state-owned enterprises have more abundant resources and 
R&D investment capital[33], and state-owned monopoly 
enterprises have a greater incentive to invest in R&D[4][21]. 
The view that the result depends on the specific conditions 
recommends making an overall consideration of product type, 
innovation size, innovative technology and other factors[18]. 
In this study, we make hypothesis 
H4: There is a threshold effect when private capital 

ownership impact on enterprise innovation. 
 
The positive impact of foreign ownership on innovation 

was recognized by scholars. Scholars believe that the foreign 
investors not only provide financial contribution to domestic 
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enterprises, but also bring technical and management 
expertise and resources, which is particularly important in 
enterprises with transition economies[8][10][6][5]. Studies 
suggest that there are three reasons for the positive impact of 
foreign ownership on innovation[6]: first, a certain technical 
competitive advantage is required for the foreign capital of 
multinational companies to be invested on the core business 
of the domestic market. Therefore, foreign-funded enterprises 
have the advantage to improve the technological and 
innovation capability of domestic enterprises. Second, for the 
common good, foreign partners will encourage and help 
domestic enterprises to increase R & D efforts and improve 
innovation performance through the transfer of advanced 
technology resources. Third, foreign investors will encourage 
domestic partners to invest more in technical development by 
regulating their equity. In this study, we make hypothesis 
H5: There is a threshold effect when foreign ownership 

impact on enterprise innovation. 
 

From the above studies, it can be seen that from 
ownership concentration or a particular type of ownership, 
there is not a simple positive effect or a negative effect 
between ownership on enterprise innovation performance and 
the impact is complex. However, the nature and structure of 
enterprise ownership fundamentally determines the enterprise 
resource configuration mode, governance structure and a 
series of other institutional arrangements and have a profound 
impact on the technological innovation behaviors and 
innovation performance of enterprises[37]. This requires 
further empirical research to test the association between 
ownership structure and R & D investment and enterprise 
innovation performance in the transition economies. 

 
III. SELECTION OF VARIABLES 

 
To test the relationship among ownership structure, R & D 

investment and innovation performance, three variables were 
established to measure the ownership structure, R & D 
investment, innovation performance and some control 
variables. 

 
A. Selection of Independent Variables 

In this paper, independent variables mainly include 
ownership structure and enterprise R & D investment. First, 
the ownership structure is divided into four categories: 
state-owned, private, foreign and institutional ownership. For 
the sample enterprises, this study suggests that the top 10 
shareholders of a company have the biggest impact on its 
innovation performance decisions. Therefore, the top 10 
shareholders are classified according to the ownership type 
and the proportion of each ownership type is calculated. 
Then, the relative proportion of state-owned equity, private 
equity, foreign equity and institutional equity is taken as the 
threshold explanatory variables to examine the impact of the 
mixed ownership structure on innovation performance. 
Secondly, the core explanatory variable is R & D investment. 

The annual R & D investment of each company is taken as 
the basis. 

 
B. Selection of Dependent Variables 

In this paper, the dependent variable is the enterprise 
innovation performance. In the empirical research on 
enterprise innovation performance, many scholars directly 
use the number of patents applied by an enterprise as the 
indicator to measure its innovation performance. Although 
patents do not absolutely represent the innovation level of an 
enterprise, enterprise patent indicators have versatility, 
consistency, availability and other advantages. Many scholars 
believe that the number of patents is a very appropriate and 
reliable proxy variable to measure the innovation 
performance of an enterprise[40][23]. Moreover, R & D 
investment has a role in promoting patent output. Patents are 
the main outputs of enterprise R & D activities. Therefore, 
this paper uses the annual increase of the number of patents 
of listed auto companies to measure the innovation 
performance. 

 
C. Selection of Control Variables 

Selection of control variables is critical to more accurately 
calculate the impact of ownership structure on innovation 
performance. Combined with the relevant studies by previous 
scholars, this paper regards the establishment age, listed age, 
size (total assets), asset-liability ratio, operating income and 
net income of enterprises as the control variables. First, 
control the enterprise age, because the enterprise age is one of 
the important factors affecting enterprise innovation and R & 
D activities. Secondly, control enterprise size. The previous 
studies found that in the background of the emerging 
economies, the relationship between enterprise size and 
enterprise capacity was uncertain due to underdeveloped 
system. In addition, indicators such as asset-liability ratio, 
operating income and net profit of enterprises are closely 
linked with the direct R & D investment and innovation 
output of enterprises. In this study, data of the above 
indicators can be obtained from the basic database and annual 
reports of listed companies. 

 
IV. MODEL SPECIFICATION AND ESTIMATION 

METHODS 
 

Based on the above theoretical analysis, there is a 
nonlinear relationship between enterprise R & D investment 
and innovation performance because of differences in 
ownership structure, and a range effect is showed. To avoid 
the deviation brought artificial division of ownership range, 
the threshold panel model developed by Hansen [12]was used 
to divide ownership range based on the characteristics of the 
data itself, thereby studying the relationship between R & D 
investment and enterprise innovation performance in different 
ownership proportion range. With ownership structure as the 
threshold variable, the panel threshold regression model 
between R & D investment and enterprise innovation 

1247

2016 Proceedings of PICMET '16: Technology Management for Social Innovation



performance was established in accordance with the panel 
threshold analysis method first proposed by Hansen [12] and 
then developed by Lian Yujun, Cheng Jian [25] and Zheng 
Lilin [43]. Next the single threshold model was set first, and 
then it was extended to multi-threshold model. 

 
A. Setting and Test of Single Threshold Panel Model 

The single threshold model is set as follows: 

0 1 2( ) ( )i i it it it it it ity x I s x I s                (1) 

 
Wherein, i represents enterprise; t represents time; 
y represents the explanatory variable enterprise innovation 

performance; x  represents the core explanatory variable 
enterprise R & D investment; 

it  represents a group of 

control variables with a significant impact on innovation 
performance, including total assets, asset-liability ratio, 
annual operating income, net profit, establishment age and 

listed age; and is represents the threshold variable. In this 

paper, it represents the proportion of investor shares.   
represents the threshold to be estimated. ( )I   represents the 

indicative function. When is ≤  , I=1; otherwise, I=0, 

namely, when the threshold variable exceeds the threshold , 
the role of the relevant explanatory variables in the range is 
interpreted as that the explanatory variables have undergone 
mechanism conversion. Model estimation uses the panel 
fixed effect model approach to calculate the average value, 

thereby eliminating the individual fixed effect value i .
 Then 

grid search is carried out on the threshold variable, and OLS 
least square sense is used to solve the residual square and the 

least threshold estimate ( )s  ̂ , namely, ̂ = arg min( )  . 

Then, F statistics 2
1 0 1

ˆ ˆ( ( ( )) / )F s s    is constructed to 

determine whether the threshold effect is remarkable. Hansen 
recommends using the “Bootstrap” method to obtain its 
asymptotic distribution, thereby calculating the p value based 
on likelihood ratio test. If the p value is small enough, reject 
the null hypothesis, indicating the presence of at least one 
threshold. 

 
B. Setting and Test of Multi-threshold Panel Model 

If 
1F  is rejected, continue to discuss whether the model 

has two or more thresholds. Assuming that there are two 
thresholds, the specific setting form is as follows: 

0 1 1 2 1 2 3 2( ) ( ) ( )i i it it it it it it it ity x I s x I s x I s                       

 
(2) 

 
Model estimation uses the method introduced by Bai and 

Perron [1]: First fix the estimated value obtained by the single 
threshold model

1̂ , and then use the grid search method again 

to determine the second threshold value
2̂ , obtaining the 

minimum residual sum of squares
1 2( )s  . Then fix the second 

threshold value
2̂ . In turn, correct the first threshold value

1̂ , 

obtain the corrected first threshold value 
1̂  with the 

minimum residual sum of squares
1 2( )s  . 

Then construct the F statistics 2
2 1 1 2

ˆ ˆ ˆ( ( ( ) ( )) / )F s s      

according to the principles of the single threshold to 
determine whether the second threshold value is significant. 
If the null hypothesis is refused, there are at least two 
thresholds. Then by analogy, extend the model setting and 
test form until accepting the null hypothesis. The hypothesis 
testing of multi-threshold model is similar to single threshold 
model. Therefore, it will be covered again here. 

 
V. SAMPLES AND DATA 

 
A. Data of Ownership Structure 

The study takes 20 listed auto companies and 72 auto 
parts companies in China as the sample. Auto companies 
were chosen because in China, the auto industry is not just a 
pillar industry; otherwise, it is a strategic pillar industry. In 
terms of technology, the auto industry is a complex industry 
involving innovation in electronics, new materials, vehicle 
networking, new energy and other fields. Currently, China's 
auto industry does not have a unified ownership structure and 
a mixed ownership pattern has formed. From the vehicle 
industry, all of the Sino-foreign joint venture, China-China 
joint venture and listed companies under state-owned groups 
adopt the mixed ownership pattern. From the ownership of 
the parts industry, it is dominated by the private capital, but 
many private holding listed companies and restructured parts 
enterprises under state-owned auto parts groups adopt the 
mixed ownership pattern. The ownership includes the mixing 
of state-owned capita and collective capital and the mixing of 
private capital, individual capital and foreign capital. The 
research on the association between mixed ownership 
structure, R&D investment and enterprise innovation 
performance with the auto industry as the representative is 
representative. In terms of ownership structure data, 
according to the basic information and annual reports of 
listed companies published on the website of Shanghai Stock 
Exchange and Shenzhen Stock Exchange, the researchers 
made a detailed inquiry of the top 10 shareholders and their 
share proportion in the sample enterprises from 2012 to 2014. 
The shareholders were classified in accordance with the 
state-owned, private, foreign and institutional capital, and in 
accordance with the four categories, the total of share 
proportion was calculated as the data of ownership structure. 

 
B. Data of R & D Investment 

According to the annual reports of listed companies 
published on the website of Shanghai Stock Exchange and 
Shenzhen Stock Exchange, the researchers made a detailed 
inquiry of the R & D investment of 92 sample auto 
companies from 2012 to 2014 and aggregated and unified the 

1248

2016 Proceedings of PICMET '16: Technology Management for Social Innovation



measurement units. 
 
C. Data of Patent Number 

The study queried the patent number of the above 20 
listed auto companies and 72 auto parts companies in China 
from 2011 to 2014 and classified the patents into four 
categories, namely, invention publicity, invention 
authorization, utility model and design patent. In the specific 
statistical process, the annual number of invention publicity, 
invention authorization, utility model and design patent of the 
listed auto companies were calculated. 

 
D. Corporate Information and Financial Data 

According to the annual reports of listed companies 
published on the website of Shanghai Stock Exchange and 
Shenzhen Stock Exchange, the researchers made a detailed 
inquiry of the annual total assets, total liabilities, operating 
income, net profit, establishment age and listed age of the 
sample enterprises and calculated the asset-liability ratio. At 
the same time, they queried the basic information and time to 
market and obtained the establishment age and listed age. 

 
VI. EMPIRICAL ANALYSIS 

 
A. Sample Descriptive Statistics 

The STATA12.0 software was used to make descriptive 
statistical analysis on the research sample. The results are 
shown in Table 1. Table 1 shows the defining method of 
proxy variables and basic descriptive statistics in model (1). 

Because the ownership structure is composed of the 
state-owned, private, institutional and foreign ownership and 
different forms of ownership will have different impact on R 
& D investment and innovation performance, it is necessary 
to conduct panel threshold analysis on ownership 
respectively. The STATA12.0 software was used in this study, 
and xtthres xttr_graph command developed by Lian Yujun 
[25] was combined in specific panel threshold analysis. 

 

B. Panel Threshold Analysis of Ownership Structure 
1) Threshold Effect Bootstrap Test 

The proportion of state-owned equity, private equity, 
foreign equity and institutional equity was used as the 
threshold variable to establish the threshold analysis model. 
Because the number of thresholds cannot be predetermined, 
the pattern of model cannot be determined in advance. Model 
(2) was estimated on the assumptions of no threshold, one 
threshold and two thresholds, and the F statistic and the P 
value obtained with the Bootstrap approach is shown in Table 
2. 

From Table 2, it can be seen that if the state-owned equity 
is taken as the threshold variable, the effect of single 
threshold and double threshold is very significant and the 
corresponding bootstrap P value is 0.000, while the effect of 
triple threshold is not significant, and the bootstrap p value is 
0.110. Therefore, double threshold model should be used in 
analysis if the state-owned equity is regarded as the threshold 
variable. If the private equity is regarded as the threshold 
variable, the effect of single threshold, double threshold and 
triple threshold is significant at the level of 1%, 5% and 10%, 
and the corresponding bootstrap P values are 0.003, 0.027 
and 0.077 respectively. Therefore, the triple threshold model 
should be used in analysis if the private equity is taken as the 
threshold variable. If foreign equity is regarded as the 
threshold variable, the effect of single threshold is very 
significant and the corresponding bootstrap P value is 0.003, 
while the effect of the double threshold and triple threshold is 
not significant, and the corresponding bootstrap P values are 
0.117 and 0.430 respectively. Therefore, single threshold 
model should be used in analysis if foreign equity is regarded 
as the threshold variable. If the institutional equity is regarded 
as the threshold variable, the effect of single threshold, 
double threshold and triple threshold is significant at the level 
of 1%, and the corresponding bootstrap P values are 0.000, 
0.000 and 0.003 respectively. Therefore, the triple threshold 
model should be used in analysis if the institutional equity is 
taken as the threshold variable. 

 
 

TABLE 1 SAMPLE DESCRIPTIVE STATISTICS (2012 ~ 2014, N = 225, T = 3 YEARS) 

Variable Description Mean S.D Min. Max. 

y Number of patents 132.1467 322.21751 1.00 2470.00 

s1 State-owned equity .3689 .40488 .00 .98 

s2 Private equity .4539 .39723 .00 1.00 

s3 Foreign equity .0655 .17198 .00 1.00 

s4 Institutional equity  .1117 .12815 .00 .73 

zzc Total assets 1.41E+10 4.43E+10 3.74E+08 4.15E+11 

zcfzl Asset-liability ratio .4674 .17984 .07 .94 

yysr Operating income 1.52E+10 6.51E+10 5.47E+07 6.30E+11 

jlr Net profit 7.79E+08 3.02E+09 -1.66E+09 2.80E+10 

yftr R & D Investment 3.71E+08 8.52E+08 9.28E+05 6.83E+09 

clnc Establishment age 16.8800 4.36696 6.00 27.00 

ssnx Listed age 9.9644 7.02410 .00 23.00 
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TABLE 2 THRESHOLD EFFECT BOOTSTRAP TESTING RESULTS 

critical value 

Type of ownership Model            F         P      BS      1%      5%      10% 

State-owned equity 

One threshold    113.690***  0.000    300    51.220   12.971    4.802 

Two thresholds   182.070***  0.000    300    19.917    6.922    4.019 

Three thresholds  4.240       0.110    300    35.217    9.146    4.645 

Private equity 

One threshold    49.809***   0.003    300    24.534    5.370    2.194 

Two thresholds   19.727**    0.027    300    24.887    9.895    4.925 

Three thresholds  8.859*      0.077    300    36.545   12.833    6.312 

Foreign equity 

One threshold    48.322***   0.003    300    25.086    8.927    6.019 

Two thresholds   5.233       0.117    300    98.063   10.720    5.591 

Three thresholds  0.347       0.430    300    41.878    8.172    3.095 

Institutional equity 

One threshold    109.668***  0.000    300    41.643    6.234    3.737 

Two thresholds   231.097***  0.000    300    60.896   17.517    6.467 

Three thresholds  23.514***   0.003    300    19.234    8.426    5.032 

Note: ① P value and critical value are based on 300 times of Bootstrap testing results; 
      ② ***、** and * mean significant at 1%、5% and 10% level respectively. 

 
2) Estimated Threshold Value and Confidence Intervals 

Based on panel threshold analysis, the estimated threshold 
value and the corresponding 95% confidence interval when 
state-owned equity, private equity, foreign equity and 
institutional equity is taken as the threshold variable is 
obtained, as shown in Table 3. 

From Table 3, it can be seen that two estimated threshold 
values are obtained when the state-owned equity is regarded 
as the variable, namely, 0.719 and 0.786; three estimated 
threshold values are obtained when the private equity is 
regarded as the variable, namely, 0.006, 0.088 and 0.489; one 
estimated threshold value is obtained when the foreign equity 
is regarded as the variable, namely, 0.400; and three 
estimated threshold values are obtained when the institutional 

equity is regarded as the variable, namely, 0.067, 0.205 and 
0.244. The 95% confidence intervals of various equity 
threshold variables are listed in Table 3. 

 
3) Likelihood Ratio Function Graph of Threshold Analysis 

Model  
The likelihood ratio function graph of threshold analysis 

model can clearly show the estimates of threshold and 
construction of confidence intervals. The likelihood ratio 
function graph of threshold analysis model when the 
proportion of state-owned equity, private equity, foreign 
equity and institutional equity is taken as the threshold 
variable is obtained, as shown in Figure 1 to Figure 4. 

 
TABLE 3 ESTIMATED THRESHOLD VALUE 

Type of ownership Threshold variable   Threshold estimate   95% Conf. Interval 

State-owned equity 
1̂               0.719           [ 0.719,  0.719 ] 

2̂               0.786          [ 0.782,  0.812 ] 

Private equity 

1̂               0.006          [ 0.006,  0.719 ] 

2̂               0.088          [ 0.076,  0.223 ] 

3̂               0.489          [ 0.006,  0.489 ] 

Foreign equity 
1̂               0.400          [ 0.397,  0.403 ] 

Institutional equity 

1̂               0.067          [ 0.029,  0.067 ] 

2̂               0.205          [ 0.188,  0.205 ] 

3̂               0.244          [ 0.238,  0.255 ] 
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Figure 1 Likelihood ratio function graph of state-owned equity threshold analysis 

Figure 2 Likelihood ratio function graph of private equity threshold analysis 

Threshold parameter S1

Threshold parameter S2
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Figure 3 Likelihood ratio function graph of foreign equity threshold analysis

Figure 4 Likelihood ratio function graph of institutional equity threshold analysis 

Threshold parameter S3

Threshold parameter S4
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TABLE 4 PARAMETER ESTIMATION RESULTS OF THE MODEL 
Type of ownership Independent Variable Coef. t P>|t| 

State-owned equity 
yftr_1 -2.72E-08 -0.43 0.667 
yftr_2 1.01E-06*** 12.14 0.000 
yftr_3 -6.69E-08 -0.88 0.379 

Private equity 

yftr_1 2.11E-07** 2.29 0.024 
yftr_2 -6.36E-08 -0.64 0.525 
yftr_3 -3.70E-07*** -3.05 0.003 
yftr_4 -1.52E-07 -0.94 0.351 

Foreign equity 
yftr_1 1.29E-07 1.59 0.114 
yftr_2 -1.89E-07** -2.02 0.045 

Institutional equity 

yftr_1 -5.58E-08 -1.13 0.262 
yftr_2 -2.26E-07*** -3.26 0.001 
yftr_3 3.76E-07*** 5.82 0.000 
yftr_4 -8.65E-07*** -8.55 0.000 

 
(4) Parameter Estimation of Threshold Analysis Model 

Parameter estimation results can objectively reflect the 
statistical relationship between the core explanatory variable 
and explained variable in the threshold variable segmentation. 
The parameter estimation results of the model are as shown in 
Table 4. This paper focuses on the relationship between 
enterprise R & D investment and innovation performance 
with ownership structure as the threshold variable, so it 
directly shows the impact of segmented R & D investment on 
innovation performance, and the parameter estimation results 
of control variables are ignored here. 

From Table 4, it can be seen that when the state-owned 
equity is regarded as the threshold variable and the proportion 
of the state-owned equity is between 71.9% and 78.6%, there 
is a significant positive influence relationship between 
enterprise R & D investment and innovation performance; 
and when the proportion of state-owned equity is lower than 
71.9% or higher than 78.6%, there is not a significant 
negative influence relationship between enterprise R & D 
investment and innovation performance. So H2 has been 
supported. 

When private equity is regarded as the threshold variable 
and the proportion of private equity is lower than 0.6%, there 
is a significant positive influence relationship between 
enterprise R & D investment and innovation performance, 
and when the proportion of private equity is between 8.8% 
and 48.9%, there is a significant negative influence 
relationship between enterprise R & D investment and 
innovation performance. While in other intervals, there is not 
a significant negative influence relationship between 
enterprise R & D investment and innovation performance. So 
H3 has been supported. 

When foreign equity is regarded as the threshold variable 
and the proportion of foreign equity is higher than 40.0%, 
there is a significant negative influence relationship between 
enterprise R & D investment and innovation performance, 
and when the proportion of foreign equity is lower than 
40.0%, there is not a significant positive influence 
relationship between enterprise R & D investment and 
innovation performance. So H4 is being supported. 

When institutional equity is regarded as the threshold 
variable and the proportion of institutional equity is between 

6.7% and 20.5%, there is a significant negative influence 
relationship between enterprise R & D investment and 
innovation performance, and when the proportion of 
institutional equity is between 24.4% and 20.5%, there is a 
significant positive influence relationship between enterprise 
R & D investment and innovation performance; when the 
proportion of institutional equity is higher than 24.4%, there 
is a significant negative influence relationship between 
enterprise R & D investment and innovation performance; 
and when the proportion of institutional equity is lower than 
6.7%, there is not a significant negative influence relationship 
between enterprise R & D investment and innovation 
performance. So H5 has been supported. 

And above all, we can see that there is not a simple 
positive influence relationship between enterprise R & D 
investment and innovation performance, so H1 has not been 
supported. 

 
VII. CONCLUSIONS AND IMPLICATIONS 

 
A. Conclusions 

With the listed auto companies in China as the research 
object, R & D investment as the core explanatory variable, 
the innovation performance as the explained variable and the 
ownership structure as the threshold variable, this paper drew 
the following conclusions by panel threshold analysis: 

First, this study again confirms that there is not a simple 
positive influence relationship between enterprise R & D 
investment and innovation performance. Traditionally, we 
generally believe that enterprise R & D investment directly 
affects the technological innovation. Therefore, we often 
simply believe that the bigger the R & D investment is, the 
better the innovation performance will be. However, the 
theoretical analysis in this paper shows that although most of 
the existing studies have shown that there is a significant 
positive correlation between enterprise R & D investment and 
innovation performance, the positive impact of R & D 
investment on innovation performance is uncertain, and in 
some cases, there may be an irrelevant or even negative 
correlation between R & D investment and innovation 
performance. Empirical analysis in this paper also shows that 
there is a significant positive or negative relationship or even 

1253

2016 Proceedings of PICMET '16: Technology Management for Social Innovation



not a significant relationship between enterprise R & D 
investment and innovation performance because of 
differences in ownership structure. Therefore, this study again 
confirms that there is not a simple positive influence 
relationship between enterprise R & D investment and 
innovation performance. 

Secondly, this study shows that there is a significant 
interval between R & D investment and innovation 
performance because of differences in ownership structure. 
At the institutional level, the nature and structure of corporate 
ownership is the most basic institutional arrangements which 
will affect the innovation strategy decision-making process 
and innovative ways, fundamentally determine the corporate 
resource allocation system, governance structure and a series 
of other important arrangements and have a profound impact 
on the technological innovation behaviors and innovation 
performance. Theoretical analysis in this paper shows that no 
matter what form of ownership is adopted, there is not a 
simple positive or negative relationship between ownership 
structure and innovation performance, and some relationship 
is complex. Empirical analysis in this paper also shows that 
when the proportion of state-owned equity is between 71.9% 
and 78.6%, there is a significant positive influence 
relationship between enterprise R & D investment and 
innovation performance; when the proportion of private 
equity is lower than 0.6%, there is a significant positive 
influence relationship between enterprise R & D investment 
and innovation performance, and when the proportion of 
private equity is between 8.8% and 48.9%, there is a 
significant negative influence relationship between enterprise 
R & D investment and innovation performance; when the 
proportion of foreign equity is higher than 40.0%, there is a 
significant negative influence relationship between enterprise 
R & D investment and innovation performance; when the 
proportion of institutional equity is between 6.7% and 20.5%, 
there is a significant negative influence relationship between 
enterprise R & D investment and innovation performance, 
and when the proportion of institutional equity is between 
20.5% and 24.4%, there is a significant positive influence 
relationship between enterprise R & D investment and 
innovation performance. Obviously, there is a significant 
interval effect between R & D investment and innovation 
performance because of differences in ownership structure. 

 
B. Significance 

First, this study has an important theoretical significance. 
This paper analyzes the impact of ownership structure on 
enterprise R & D investment and innovation performance 
from the perspective of enterprise ownership structure. There 
are many ownership structures in Chinese enterprises. Under 
this institutional arrangement, different ownership structure 
has a different impact on enterprise R & D investment and 
innovation performance, and the degree of impact mainly 
depends on the proportion of the specific equity ownership in 
the enterprise. Moreover, if different ownership structures are 
regarded as the threshold variables, in the context of diverse 

ownership, there is a significant interval effect between 
enterprise R&D investment and innovation performance. 
There is a significant positive or negative relationship or even 
not a significant relationship between enterprise R & D 
investment and innovation performance because of 
differences in ownership structure. It confirms that the nature 
and structure of enterprise ownership fundamentally 
determines the enterprise resource configuration mode, 
governance structure and a series of other institutional 
arrangements and have a profound impact on the 
technological innovation behaviors and innovation 
performance of enterprises. Therefore, this study has an 
important theoretical significance to enrich the research on 
technological catch-up and innovation of backward 
enterprises. 

Secondly, this study has important practical significance. 
Innovation has become a common theme around the world, 
and enterprises in various countries are the subject of 
innovation. In many countries, including China, there are a 
variety of corporate ownership structures. This study shows 
that there is a significant interval effect between R & D 
investment and innovation performance because of 
differences in ownership structure. Enterprises with diverse 
forms of ownership structure design the ownership structure 
more scientifically and invest in R & D more rationally, 
which provides an important reference for substantially 
enhancing the innovation performance and is conductive for 
backward enterprises to better catch up with the leader in 
technology while participating in international competition. 

 
C. Limitations 

First, this study only selected the listed auto companies in 
China as the research samples. Although the research on the 
association between mixed ownership structure, R&D 
investment and enterprise innovation performance with the 
auto industry as the representative is representative, the 
sample size of listed auto enterprises in China is very limited. 
Initially, this study selected 20 auto companies and 72 auto 
parts enterprises as the research subjects, but in actual data 
analysis, there were a total of 75 valid samples after 
excluding the unsatisfactory samples and data. It has some 
limitations from the perspective of effective sample size. 

Secondly, this study only selected the enterprise data from 
2012 to 2014. Although from the requirements of panel data 
analysis, the enterprise data of three years meets the basic 
requirements, no significant changes are shown from the 
perspective of time series. The enterprise data from 2012 to 
2014 was chosen because for the considerations of sample 
data availability, many listed auto companies in China were 
successfully listed in the past few years, and the 
corresponding annual reports and related data are limited. In 
the future, as time goes on, the annual data of the research 
object will be improved. 

Finally, research variable data was directly used in panel 
threshold analysis. In the previous panel threshold research, 
some studies directly used the research variable data, and 
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some studies calculated the research variable data and 
conducted the logarithmic process. In general, the result may 
be better after calculation and logarithm process of the 
research variable data. This study explores the threshold 
effect between the ownership structure and enterprise R & D 
investment and innovation performance. To render the most 
intuitive analysis results, no special processing was 
conducted on the research data. Follow-up studies can try 
threshold analysis after special treatment of research variable 
data. 
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