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Abstract — Although many scholars carried out studies on the relationship between characteristics of senior executives team and 
the research and development (R&D) investment, there is no literature setting internal control as a regulated variable. Therefore, 
the paper used the hierarchical regression analysis, and put the five aspects of senior executives team heterogeneity as well as 
interaction effect of internal control into the model to test adjustment roles of internal control between heterogeneity of senior 
executives team and R&D investment. The results revealed that: internal control has a weak positive effect on R&D investment, 
and the level of internal control in the regulation relationship of management heterogeneity and R&D investment is not obvious. 
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I. INTRODUCTION 

It is well-known that R&D has become an important 
event affecting core competitiveness of an enterprise. R&D 
investment has become an essential indicator to measure the 
R&D capacity of an enterprise. An enterprise can establish 
its own competitive advantages through R&D investment to 
realize dominant position in the market competition. 
Therefore, R&D investment plays a very important role on 
enterprise's survival and development, as well as social and 
economic development. With increasing attentions on R&D 
enterprises and academia, there are more and more research 
literatures on the R&D activities. However, there are few 
R&D investment involved on the heterogeneity of senior 
executives team. Managers, as the constitutor and executor 
of enterprise investment strategy, may place their personal 
interests above the company's long-term interests which will 
directly affect the R&D investment of the enterprise. The 
behavior is closely related to some personal characteristics, 
such as age, education, occupation, tenure and gender, which 
determine enterprise's strategy choice and innovation plan to 
a great extent. In addition, they have vital influence on 
design and development of enterprise internal control. 
Internal control, as an important management activity, 
undoubtedly has significant impact on R&D investment. On 
account of this, related departments of our country issued 
rules and regulations of internal control successively in 
recent years. From the corporate governance perspective, 
internal control is as an excitation and constraint to the 
manager. They can promote the management efforts and 
make scientific decisions. Xiaona (2012) divided corporate 
governance structure into four aspects viz. equity structure, 
structure of board of director, executives structure and the 
structure of the board of supervisors. The empirical test 
results indicate that corporate governance structure has 
certain impacts on R&D investment.[1] Consequently, 
internal control, as an important management activity, should 

also help managers to make effective decisions. Internal 
control may play regulatory roles between heterogeneity of 
senior executives team and R&D investment. On the 
contrary, the heterogeneity of senior executives team will 
directly affect the implementation effects of internal control 
as well. A good internal control requires managers to practise 
at first. And then all the members shall participate in. Since 
the final decision on R&D investment is to be made by the 
top management of the enterprise, and the top management 
of the company is prone to beyond the internal control, due 
to the existence of heterogeneity of senior executives team, 
the internal control mechanisms of different companies have 
different impacts on R&D investment. In conclusion, 
although many scholars carried out studies on the 
relationship between characteristics of senior executives 
team and the R&D investment, there is no literature setting 
internal control as regulated variable. Therefore, the paper 
tested the adjustment roles of internal control between 
heterogeneity of senior executives team and R&D 
investment by applying empirical data. 

II. PROPOSAL OF RESEARCH HYPOTHESIS 

At present, many literatures support the positive 
correlation between the heterogeneity of senior executives 
team to enterprise innovation and enterprise performance. 
No final conclusion has been made on the issue. Some 
scholars reached the opposite result.  For example, 
Zhangping (2006) detected through empirical researches on 
365 listed companies during 2001 to 2002. Under the 
background of unique social and cultural background in 
China, the heterogeneity of senior executives team differs 
from that at foreign countries. The heterogeneity of 
professional background of senior executives team presents 
significant negative correlation with the heterogeneity of 
tenure and corporate performance. [2] In the study performed 
by Li Huajing and Xing Xiaodong (2007) on the strategic 
relationship between the senior executives team and 
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corporate entrepreneurship. Combining with agency theory 
and upper echelons theory, the heterogeneity of professional 
background and corporate entrepreneurship strategy level 
present negative correlation for the 103 electronics industry 
listed companies. [3] Jiadan (2008) detected through 
empirical research on 233 listed companies that the 
heterogeneity of senior executives team education level 
presents negative correlation with corporate performance. [4] 
Scholars believed that the bigger the heterogeneity of senior 
executives team and more conflicts, the more adverse to 
communication will be. Jehn et. al. believed that the bigger 
age difference among members, it is easier to generate inner 
and outer groups within the team. In order to safeguard the 
interests of their respective groups, emotional conflict 
between members will increase. The internal communication 
and cooperation in the whole team will gradually reduced, so 
will the satisfactory degree of team members to the team. As 
time passes, with the decreasing of team cohesion, the 
overall output of the team or oven the performance of the 
whole organization will be affected. [5] R&D investment 
with high risks is the source for driving force of the company 
growth and competitive advantages. Knight et. al. (1999) 
also believed that the heterogeneity of senior executives team 
professional background is significant which will cause more 
interpersonal conflicts within the senior executives team, and 
will further decrease the identification degree of enterprise 
strategy [6]. Therefore, it will cause difficulties on enterprise 
strategic planning and decision-making, and further affect 
the speed and quality of strategically decisions of the 
enterprise.  

Specific to these conflicts, whether the internal control 
can play a role on adjusting the conflicts? Whether the 
relationship between heterogeneity of senior executives team 
and D&R investment will be affected by internal control. 
Among the five objectives of internal control, strategic target 
is the ultimate and long-term objective for an enterprise. 
Strategic objectives require managers to design internal 
control from long-term interests of managers. Hitt et. al. 
(1997) believed that strategic control focuses on the 
improvement of long-term performance, and emphasized the 
long-term development of the core business of an enterprise. 
Control strategy is very important for an enterprise to keep 
innovation atmosphere. To design an excellent strategic 
control system can motivate employees to be engaged in 
product development and innovation process which can enter 
the market with great significance after a long term of 
practicing.[7] Some domestic scholars also studied the 
corporate governance affecting D&R investment. For 
example, Zhao Xingang (2012) established a moderating 
effect model on D&R investment performance of the 
company. It verified the positive adjustment effect of 
company management on Enterprise R&D performance. The 
improvement of company management is propitious to 
improve the R&D investment performance [8]. Hu 
Zhenjiang (2011) set R&D intensity as dependent variable. 
He tried to study the impacts on R&D investment through 
equity structure, executive incentive and governance of the 
Board of Directors as internal management of a company 
through establishing an internal governance composite index 

from the overall internal government. The results of 
empirical results indicate that the internal governance 
composite index has significant positive impacts on R&D 
investment indeed. [9] Thus, it can be expected that internal 
control, as an essential management activity of enterprise, 
will impetus R&D investment. Consequently, the assumption 
of the paper was proposed: 

Assumption: Internal control has significant positive role 
on promoting the R&D investment. Besides, internal control 
plays adjustment roles on the relationship between 
heterogeneity of senior executives team and R&D 
investment. 

III. RESEARCH DESIGN 

A. Sample Selection and Data Sources 

According to the statistic analysis of Liu Yunguo and 
Liuwen (2007), the samples from manufacturing and 
information technology industries account for 86.97% of the 
total sample amount from the listed companies with 
disclosed R&D investment. [10] The data analysis performed 
by Luoting et. al. (2009) also detected that the samples from 
manufacturing and hi-tech. technology industries account for 
89.4% of the total sample amount with disclosed R&D 
investment. [11] Based on past experience, this paper also 
chose manufacturing and information technology industries 
with higher R&D investment as research sample in the paper. 
In addition, the data adopted in this paper were mainly from 
Sharp financial database, CSMAR and Di Bo database. The 
observation period was from 2013 to 2014. ST, *ST listed 
companies were excluded from sample data selection; in 
addition, companies with data missing also were deleted. 
Eventually, 1077 sample company data were obtained from 
A-share in Shanghai, Shenzhen exchange centers. 

B. Setting of Relevant Variables 

1) Enterprise R&D.R&D investment intensity (R&D 
expenditure/revenue), an international general measuring 
index was adopted in the paper to measure the variable. 
R&D expenditure was collected and collated by hands from 
"Other paid cash flow related to the business activities", 
"administration expense", "long-term unamortized expenses" 
and "accrued expenses" disclosed in annual reports of listed 
companies.  

2) Heterogeneity of senior executives team. 
Heterogeneity of senior executives team is to be determined 
relying on the following several indicators, Hsex, Hedu, 
Hcar, Hage and Hterm of senior executives team. Based on 
previous literature, in case of continuous data, standard 
deviation coefficient was adopted to measure the 
heterogeneity of senior executives team; in the paper, age 
and term were continuous data. Therefore, coefficient of 
standard deviation was adopted to calculate the heterogeneity 
of senior executives team. Since Hedu, Hcar and Hsex were 
belonging categorical variables, they were measured with 
Herfindal-Hirschroan as shown in the computational formula 
as below: 
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The H calculated from the formula (1) is between 0 and 1. 
The higher the H calculated, it indicated that the smaller 
heterogeneity of senior executives team will be.  

3) The internal control index (ICI). ICI calculated by DIB 
Enterprise Risk Management Technology Co., Ltd. was 
adopted to measure the internal control status of the 
company.  

4) The company's scale (Size). It is widely believed that 
the size will affect a company's creative ability. According to 
"Schumpeterian Hypotheses", size is an essential factor 
affecting R&D investment and technology innovation ability 
of an enterprise. Fishman and Bob (1999) also believed that 
size is an essential influencing factors of the company. [12] 
Therefore, this paper took natural logarithm of the book 
value of the company's total assets to measure the company 
size.  

5) The company's performance (ROA). The research 
carried out by Bolton(1993) verified that company 
performance is an essential influencing factor of R&D 
investment. [13] The paper set the value as ROA (net 
profit/total assets), Enterprise r&d activity requires a great 
amount of capital investment. Thus, the higher the ROA, the 
company had the ability to R&D activities.  

6) The company's age(Age). The age of the company can 
illustrate enterprise management level and innovation ability. 

Consequently, age is an important factor affecting R&D 
activity. In this paper, the enterprise took the year of 
establishment to present.  

7) The first big shareholders nature (Holder). In this 
paper, properties of listed companies were divided into state-
owned and non-state-owned holding. Shleifer & Vishny 
(1997) believed that senior executives of state-owned 
enterprise focused on R&D projects. The manager of the 
private enterprises put the energy to R&D activities. [14] 
Research performed by Chen Haisheng, Ludan (2011) 
detected that the relationship between R&D investment of 
private listed company, R&D investment of state-owned 
holding company and operating performance and market 
value are significant positive correlation and irrelevant 
respectively. [15] Consequently, we believed that the non-
state-owned enterprises have more R&D investment than 
state-owned enterprises. If the holder is state-owned, set the 
value as 0; on the contrary, if the holder is non-state-owned, 
set the value as 1.  

CEO, holding a concurrent post (Gmisbo). The paper set 
whether CEO holds a concurrent post of general manager as 
a dummy variable. If yes, set the value as 1; if not, set the 
value as 0. 

IV. CONCLUSION AND ENLIGHTENMENT 

A. Descriptive Statistical Analysis 

TABLE I DESCRIPTIVE STATISTICAL TABLE 

 N Minimum Maximum Mean Std. Deviation 
 Statistic Statistic Statistic Statistic Std. Error Statistic 

R&D 1077 0.00 51.13 3.67 0.12 4.08 
Hsex 1077 0.00 0.49 0.22 0.00 0.15 
Hedu 1077 0.00 0.81 0.61 0.00 0.11 
Hcar 1077 0.00 0.79 0.62 0.00 0.10 
Hage 1077 0.03 0.80 0.17 0.00 0.05 
Hterm 1077 0.00 1.30 0.42 0.01 0.24 

ICI 1077 30.62 977.72 687.76 2.62 86.03 
Size 1077 19.08 26.97 21.79 0.03 1.05 
ROA 1077 -0.33 1.23 0.04 0.00 0.06 
Age 1077 1.00 69.00 14.36 0.17 5.57 

Valid N (listwise) 1077      

 
From Table I it can be seen that the R&D indicator can 

change within the range from 0 to the Max. 51.13, with an 
average value of 3.67, which indicates that the R&D 
difference is huge. The average value of Hsex, Hedu, Hcar, 
Hcar, Hage and Hterm of executives team are 0.22, 0.61, 
0.62, 0.17 and 0.42 respectively. It indicates that the 
heterogeneity degree of gender, age and tenure is low which 
means that most of the managers of the company have 
similar gender, age and tenure. While the heterogeneity 
average value of Hedu and Hcar are 0.61 and 0.62 
respectively which are slightly higher than that of other 
heterogeneity which indicates the big significance between 
education level and occupation. The standard deviation of 
ICI is big which indicates significant amplitude of variation, 
followed by age and R&D. The variation amplitude of other 
variables is less which means small heterogeneity degree. 

The ICI can change within the range from 30.62 to the max 
977.72, with an average value of 687.76, which indicates that 
the R&D difference is huge. The internal control quality is 
generally good. In addition, it has been detected during 
statistical process that the size (natural logarithm of total 
assets) fluctuates within the range from 20 to 25, with a max 
value of 26.97 and the min value of 19.08. The ROA 
basically fluctuates within the range from -0.1-0.2, with a 
max value of 1.23 and a min value of -0.33. The Age of the 
companies mainly focused on 11-13 years. There are 133 
companies with an Age of 13, accounting for 10.5%. The 
non state-owned holders account for 64.16%; and state-
owned holders account for 35.84%. The CEO is not holding 
the post of general manager account for 72.98%; and those 
holding the post of general manager account for 27.02%.    
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B. Hierarchical Regression Analysis of Heterogeneity of 
Senior Executives Team, Internal Control and R&D 
Investment 

The aforementioned assumptions were discussed with 
hierarchical regression analysis. The size, ROA, age, holder 
nature and Gmisbo are set as control variables. Put the R&D 
investment of the company as dependent variable. Set the 

heterogeneity of executives as independent variable, 
combining the regulated variable internal control. The five 
aspects of senior executives team heterogeneity as well as 
interaction effect of internal control to the model to inspect 
the adjustment effect of internal control and the 
heterogeneity of senior executives team as well as the R&D 
investment. The analysis results are shown in table II below. 

TABLE II HIERARCHICAL REGRESSION ANALYSIS TABLE OF HETEROGENEITY OF SENIOR EXECUTIVES TEAM, INTERNAL CONTROL AND R&D INVESTMENT 

  
R&D investment 

M1 M2 M3 M4 M5 M6 M7 M8 M9 

Control 
variables 

                  

Size -0.546*** -0.501***       -0.534*** -0.523*** -0.51*** -0.562*** 

ROA 3.055 2.947       2.324 2.401     

Age -0.085*** -0.073**       -0.072** -0.075*** -0.071** -0.071*** 

Holder 0.212 -0.073       -0.085 -0.107     

Gmisbo 0.214 0.224       0.225 0.192     

Independent 
variables  

                  

Hsex（A)   -0.246 -0.059 -0.058 -0.255 -0.242 -0.786     

Hedu(B)   -2.1* -2.253* -2.254* -0.426 -2.082* 1.953 -2.003* -1.978** 

Hcar（C)   0.402 0.05 0.054 -22.716** 0.379 -21.695**     

Hage(D)   5.934** 7.625** 7.646** 41.413* 5.808** 34.745 5.885** 5.603** 

Hterm（E）   -1.047* -2.099*** -2.104*** -6.495 -1.013* -5.749 -1.09** -1.006*** 

regulated 
variable 

                  

ICI(F)       -0.0003  -0.0150  0.0012  -0.012    0.002  

Interaction 
effect 

                  

A*F         0.0004    0.0009      

B*F         -0.0027    -0.006      

C*F         0.033**   0.032**     

D*F         -0.049   -0.042     

E*F         0.0063    0.007     

Max VIF 1.222 1.406 1.053 1.054 164.785 1.41 165.532 1.16 1.196 

R2 0.047 0.058 0.029 0.029 0.036 0.058 0.065 0.055 0.056 

Adjust R2 0.043 0.049 0.024 0.023 0.026 0.048 0.051 0.05 0.051 

∆R2 0.047 0.011 0.029 0 0.007 0.022 0.007   

F 10.667 6.517 6.367 5.307 3.642 5.966 4.595 12.418 10.634 
Note: *** said significant under 1% level, ** said significant under 5% level, * said significant under 10% level.

 
Mode 1 (M1) is incorporated in regression analysis of 

control variables. From Table 2 it can be seen that 
 2 0.047,  10.667 0.05R F p   . The overall model is 

significant. The impact of Size, Age to the dependent 
variable is significant. The max value of variance inflation 
factor 1.222 5VIF   . The multicollinearity issue of factors 
can be excluded.  

Mode 2 (M2) is the regression analysis after 
incorporating the independent variable, heterogeneity of 
senior executives team. From the table above, it can be seen 
that R2=0.011. It indicates that after incorporating the 
heterogeneity of senior executives team, it can explain the 
overall amount of 5.8%. Compared to Mode 1, the interpret 

ability increased 1.1%.  6.517 0.05F p  . The overall 

model is significant. The regression coefficient of other 
variables was inspected. Among the β values of independent 
variables, only Hage is below the significance level 0.05. 
The max value of variance inflation factor (VIF) 1.406＜5. 
The multicollinearity among factors can be excluded which 
means that the correlation between heterogeneity of senior 
executives team and D&R investment is significant. Namely 
Hsex, Hedu and Hterm are negatively correlated to D&R 
investment. Hcar and Hage are positively correlated to D&R 
investment.   

Mode 3 (M3) is the analysis results of heterogeneity of 
senior executives team and D&R investment after regression. 
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2 0.029R  ,  6.367 0.05F p  . The model is 

significant. The max value of variance inflation factor VIF 
1.053 5 . The multicollinearity issue of factors can be 
excluded.  

Mode 4 (M4) is regression analysis after adding the 
regulated variable ICI. 2 0.029R  ,  5.307 0.05F p  . 

It can be seen that after adding ICI, the model is generally 
significant. However, 2R  remained unchanged and F value 
decreased. From Table 4 it can be seen that the significance 
of β estimated value of independent variables basically 
remained unchanged. Only the β estimated value of Hcar 
slightly decreased. The impacts of ICI to dependent variable 
are not significant which indicates that internal control has 
no impact on the relationship between the heterogeneity of 
senior executives team and D&R investment.  The max value 
of variance inflation factor 1.054 5VIF   . The multi-
collinearity  issue of factors can be excluded.  

Mode 5 (M5) is adjust variable and independent variable. 
It is the regression analysis after adding the interaction 
between adjustable variable and independent variable. 

2 0.036,R     3.642 0.05F p  .  However, 

164.785 10VIF   which indicates that critical 
multicollinearity exists among factors and that the model 
after adding interaction are not reliable.  

Mode 6 (M6) is the regression analysis of control 
variable, independent variable and adjust variable. R2=0.058, 
F=5.966. It indicates that the model is overall significant. In 
addition, 1.41 5VIF   , which indicates that no 
multicollinearity exist among factors.  

Mode 7 (M7) is regression analysis of control variable, 
independent variable and adjust variable after adding the 
interaction between adjustable variable and independent 
variable.  2  0.065,   4.595 0.05R F p   . The max VIF 

of variables is 165.532>5. Obvious multicollinearity exists 
among factors which means that the model is un-reliable 
after adding the interaction.  

M8 and M9 are based on matrix results combining with 
correlation coefficient, collinearity diagnosis and 
aforementioned seven hierarchical regression models. M8 
mode:  2 0.055,   10.634 0.05R F p   . The overall 

model is significant. The max value of variance inflation 
factor  1.16VIF  . The multicollinearity issue of factors can 
be excluded M9 mode 2  0.056R   ,   12.418 0.05F p  . 

The overall model is significant. The max value of variance 
inflation factor  1.196VIF  . The multicollinearity issue of 
factors can be excluded. 

V. CONCLUSION AND ENLIGHTMENT 

Based on the aforementioned hierarchical regression 
analysis, control variables such as size, ROA, age, holder 
nature, Gmisbo and other control variables were gradually 
put in. The interactions between independent variables, such 
as Hsex, Hedu, Hcar, Hcar, Hage and Hterm, internal control 
regulated variables, namely the five factors of heterogeneity 
of senior executives team and internal control respectively 

were presented to verify the research model according to the 
actual and relevant theories. We detected that there was no 
obvious change on the fitting effects of regression equation 
after adding internal control regulated variable. However, the 
model is still significant after adding internal control. The 
impacts of Hsex and Hcar on dependent variable R&D are 
not significant. The regression model among relevant 
variables of the previous models is as below according to 
hierarchical regression: 

& 16.33 0.562 0.071

          1.978 5.603

          1.006 0.002

R D Size Age

Hedu Hage

Hterm ICI

  
 
 

                (2) 

From the formula (2) it can be seen that with the 
increasing of size and establishment history, the D&R 
investment decreased. May be some companies ignored the 
significance of D&R investment on production. With the 
increasing of Hedu and Hterm, the D&R investment is 
decreasing which indicates the inverse relationship between 
Hedu, Hterm and D&R investment.  With the increasing of 
Hage, the D&R investment is consistently increasing, which 
means that Hage and D&R investment present positive 
relationship. Internal control only has slight positive role on 
promoting the D&R investment. Besides, internal control 
plays non-obvious adjustment roles on the relationship 
between heterogeneity of senior executives team and D&R 
investment.  

Based on empirical research, the following policy 
suggestions were proposed: Firstly, improve the educational 
level of managers. Based on the research results mentioned 
above, when the difference on education level of senior 
executives team is small, the D&R investment will increase. 
Therefore, it is necessary to overall improve the education 
level of senior executives team. However, the Hedu is 
decreasing. Secondly, in order to avoid the managers being 
changed frequently or the tenure of managers being too long, 
tenure management of senior executives team shall be 
performed properly to minimize the term among members to 
the greatest extent thus to be conducive to long-term healthy 
development of the enterprise. Thirdly, reasonable 
collocation of old, middle-aged and young executive team 
members enables all the managers at every age period can 
fully play their advantages. The higher the Hage, the D&R 
investment of the enterprise will increase as well. Fourthly, 
the conclusion of the paper supports internal control which is 
propitious to D&R investment of the manager. Enterprises 
shall design good internal control procedure so that the 
procedure can be effectively implemented. Therefore, it can 
combine with long-term strategy of the enterprise, and 
promote the managers to take long term consideration for the 
enterprise. 
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