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Abstract
The paper is dedicated to probing into the effects of R & D, foreign and domestic technology imports on innovation capacity by using the province-level panel data of high-tech industry from
1999 to 2012. The analysis shows that R & D, foreign technology imports do have positive influences on improving innovation capacity while the effects of domestic technology transfer are not
significant and R & D do positive effects on assimilating foreign and domestic technology imports.
The relationships among R & D, foreign and domestic technology and innovation capacity also take
on different patterns in different regions. Technology imports’ influences on improving innovation
capacity are not significant in the middle and west region. Each region should propose specific incentives for innovation to enhance regional innovation capability.
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1. Introduction
Since 1980s, the high-tech industry has become an important source of economic growth in every country. As a
symbol of comprehensive national power and the level of technological advancement, the high-tech sector plays
an important role in the economic growth of China in the new era. Technological innovation, as a key enabler of
high-tech industry, can influence the whole competitiveness strengthening of high-tech industry and the state
innovation system to a large extent. How to improve the innovation ability of high-tech industry also becomes
an urgent problem to solve.
Domestic scholars’ researches on the innovation ability of high-tech industry mainly focus on the evaluation
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of innovation ability, the research on innovation efficiency and the influence of specific factors on it. Gao Dahong (2010) [1] has analyzed and sorted the factors that influence the innovation output of high-tech industry of
our country and the five sub-industries by making use of grey correlation model and related index of innovation
ability. Zhao Yulin and Cheng Ping (2013) [2] have built the evaluation index of the innovation ability of hightech industry and have dynamically evaluated the innovation ability of every province of our country by principal component analysis concluding that there are serious regional differences for the innovation ability of
high-tech industry between different regions and the gap is still widening. Han Jing (2010) [3] has demonstrated
the innovation efficiency of high-tech industry of our country by using stochastic frontier analysis method. Wang
Wei (2011) [4] has evaluated the innovation ability of high-tech industry of every province of China as well as
the development situation of the high-tech industry all over China by adopting data envelopment analysis. Using
provincial panel data, Yang Xiangyang et al. (2013) [5] and others have investigated innovation efficiency status
of two sub-stages during innovation process of high-tech industry by applying Malmquist index method. All
above researches have analyzed the influential factors of innovation efficiency and innovation ability from different aspects but barely mentioned effective approaches to enhance innovation ability of high-tech industry of
our country while the research on this issue has more realistic significance.
Based on research and development of high technology and the production, high-tech industry has unceasingly transformed the high technology and knowledge into the industry of new products and new processing; In
the process of its progress and development, the enhancement of innovation ability owns an important meaning
and has determined the development prospects of industries. In the context of economic globalization, if a country wants to achieve technological progress and innovation of industries, it is also an important way for it to
completely absorb and effectively make full use of advanced technology and experiences both at home and
abroad except relying on local research and development. Generally, domestic technology transfer will rely on
the way of directly purchasing of it and there are two kinds of introduction ways of foreign technology, one of
which is direct introduction of foreign advanced technology with indirectly spilling over advanced technology to
the host country through demonstration effect brought by FDI and competition effect as the other way. As for
the aspect of the relationship between the introduction of foreign technology and innovation ability, the vast
majority of literatures have focused on the influence of the spilling over of FDI technology upon the enhancement of innovation ability. Making use of panel data of sub-industries, Sha Wenbing and Sun Jun (2010) [6]
have studied the influence of spilling over FDI knowledge upon the innovation ability of China’s high-tech industry, considering that the research and development activities of foreign enterprises have promoted the enhancement of innovation ability of domestic enterprises to a certain extent. Jing Pan and Zhang Jiarong (2012)
[7] have studied the influence of the research and development investments of multinational companies in China
upon the innovation ability of China’s high-tech industry from four aspects.
Based on above studies, we can know that FDI has a certain influence upon innovation ability of high-tech
industry but the influence of technology imports upon innovation ability of high-tech industry remains to be studied; Using the panel data of high-tech industry of 26 provinces in China from 1999 to 2012, this paper has carried out an empirical study on independent research and development as well as the relationships between the
domestic technology transfer and foreign technology imports and the innovation ability and has analyzed the
result of the study with finally putting forwards the corresponding countermeasures and recommendations.

2. Model and Data
2.1. Model Structure
Cobb-Douglas function is the most commonly used form of production function, which can be shown as follows:

Qit = Ait Citα Lβit

(1)

where Qit , Cit and Lit respectively represent the output of the region i in the year t, the material capital investment and the human capital investment. α and β respectively represent the output flexibility of material capital investment and the output flexibility of human capital investment. Ait represents total factor productivity,
meaning all other factors influencing the output except material capital investment and human capital investment.
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In the view of investment and output, innovation activities of enterprises can be shown in terms of production
function, where the innovation ability can be known as the output form of innovation activities of enterprises.
However, in the specific analysis, it is usually very difficult to find an index to directly measure the innovation
ability. The existed methods to measure innovation ability are divided into two categories: One is selecting the
substitute variable of innovation ability; Xian Guoming and Yan Bing (2005) [8] as well as Li Xuedong (2011)
[9] have selected three output indexes, which are patent application amount, new products and the growth rate of
technical progress, as substitute variables and have investigated the influence of FDI upon enterprise innovation;
The other is establishing evaluation index system for measuring innovation ability to comprehensively evaluate
the innovation ability of enterprises from many aspects, such as the investment, the output and so on; Zhang
Huasheng (2006) [10] has established an analytical framework to carry out the empirical analysis of innovation
ability of manufacturing industry.
Starting from building a production function that can reflect the innovative activities of enterprises, this paper
has analyzed the influence of different technical improvement ways upon the innovation ability. Therefore, continuing to use Xian Guoming and Yan Bing’s (2008) [11] processing method, taking the amount of patent applications as the measurement index of innovation ability, this paper has built the following production function
on the basis of C-D function:

PATit = F ( Ait , RDEit , Lit )

(2)

PAT is the total amount of patent applications in Equation (2); RDE is the expenditures for the research and
experimental development (R & D) and L is the equivalent for full attendance of R & D staff, respectively
representing the output and investment of innovation activities. Representing the total factor productivity, A refers to all other factors affecting the innovation ability except R & D expenditure and the equivalent for full attendance of R & D staff. In the innovation activities of enterprises, not only influenced by the independent research accumulated in previous “learning by doing”, the improvement of innovation ability of total factor productivity may also be promoted by the introduction of domestic and foreign technology. Therefore, we define the
total factor productivity as:

Ait = Ae

f ( RDSit −1FTI it −1DTPit −1CAPit SIZEit )+bi

(3)

RDS is the R & D expenditure stock in Equation (3); FTI is the foreign technology imports stock; DTP is the
domestic technology transfer stock; CAP is the stock of material investment and SIZE is the scale of an enterprise. Because the influence of all innovation activities of enterprises upon the innovation ability has a long-term
characteristic, thus the expenditure stocks of all technology activities are considered to be added in the model.
Additionally, various innovation activities of enterprises in the current period will be affected by all previous
technology activities, so in Equation (3), the innovation ability in period t is the function of the technology activities’ stock in period t-1. Meanwhile, the innovation activities cannot be carried out without the investment of
material capital and the scale difference may also influence the improvement of enterprises’ innovation ability.
These two influential factors are also included in the model as controlled variables. A is a constant term and bi
represents the observed individual effect.
Bring Equation (3) into Equation (2) and take logarithm on both sides of the equation, implying that:
ln PATit =
ln A + α ln RDEit + β ln Lit + γ 1 ln RDSit −1 + γ 2 ln FTI it −1

(4)

+ γ 3 ln DTPit −1 + γ 4 ln CAPit + γ 5 ln SIZEit + bi + cit

Equation (4) determines the basic form of the measurement model of the paper; bi reflects individual effect;
Parameters α and β respectively are the R & D expenditure of innovation ability and the flexibility of the investment of technical personnel; γ1, γ2 and γ3 respectively represent R & D expenditure stock, the foreign technology imports stock and the output flexibility of innovation ability of domestic technology transfer stock; γ4
and γ5 reflect the influence of material investment stock and enterprises’ scale upon innovation ability.

2.2 Variable Selection and Data Sources
2.2.1. Stock of R & D Expenditure, Foreign Technology Imports and Domestic Technology Transfer
As factors of influence the enterprise innovation ability, R & D spending and technology at home and abroad all
use the perpetual inventory method to measure. Stock of R & D spending, for example, if the depreciation rate is
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δ , the calculation formula is:
RDS=
RDEit − (1 − δ ) RDSit −1
it

(5)

Firstly, determine the initial stock and the depreciation rate. Set before the sample period (before 1999) all R
& D spending at an average growth rate of g, base stock of R & D expenditure can be expressed as:

RDSi 0= RDEi 0 (1 + g ) ( g + δ )

(6)

According to the measurement of Wu Yanbing, the average annual growth rate of R & D expenditure in our
country is 5% and R & D inventory depreciation is set up at the rate of 15%, namely the base stock of R & D
spending is 5.25 times of the base period of R & D expenditure. This paper uses the above methods to measure
the expenditure that involved in the enterprise technical activities. The depreciation rate of foreign technology
imports stock and domestic technology transfer stock the depreciation rates are 15% and 25% and also set the
average annual growth rate as 5% about the foreign technology imports stock and domestic technology transfer
stock before the sample. Finally, the technical activities spending are deflated into the actual value. Using the
price index of investment in fixed assets in 1998 as the base period and making adjustment about the stock of R
& D expenditure, technology imports and domestic technology transfer. So we can reach a conclusion that the
average value about the spending of the high-tech industry in 26 provinces from 1999 to 2012.
2.2.2. R & D Expenditure, Material input Stock and Enterprise Size
In the name of the R & D expenses in different provinces and considering the volatility of price and using price
index of investment about the fixed assets to deflate for its actual value. The material input of the enterprise will
have an important influence on enterprise’s innovation activities in the long run. Material input is generally
measured by fixed assets and to estimate the investment of fixed assets in the stock of high-tech industry also
use the perpetual inventory method. For depreciation rate and base stock can reference the methods of Zhang
Jun et al. (2004) [12]. They set the depreciation rate of fixed asset investment is 9.6% and assuming the base
stock is 10 times the value of fixed assets and finally use the price index of investment in fixed assets to deflate
for actual value.
There is a lack of unified standard to measure the enterprise size. Zhou Li’an (2005) [13] uses the formally
hired workers in the enterprises in a region and the average output as the two indexes to measure the proxy variables of enterprise size. This paper continues to use this kind of treatment method to consider the availability
of data and it also uses the average income of the high-tech industry as a measurement of the enterprise size. The
number of the provincial high-tech industry companies and the main business income are all derived from the
China statistical yearbook of science and technology.
In this paper, the data of empirical model all derived from the China statistics yearbook on high technology
industry and China statistical yearbook. Patent filings, R & D expenditure, technology import spending at home
and abroad and material capital input data are derived from the China statistics yearbook on high technology
industry. To avoid price fluctuations on the impact of variables, using the corresponding price index of different
provinces to translate the nominal value for the actual value. And the involved price index of the investment in
fixed assets and the price index of industrial products are from the China statistical yearbook and there is a lack
of two years price index of investment in fixed assets in Guangdong province, with the nation’s price index of
investment in fixed assets instead. In China’s 31 provinces, the data of high technology industry in Inner Mongolia, Hainan, Qinghai, Tibet and Xinjiang are partially missing and they are excluded from the sample. R & D
related data statistics of high technology industry in China is later and can only get the statistics after 1998. At
the same time, (4) involved in the lag issue of stock of the technical activities of spending, so the time series of
analyzing samples is from 1999 to 2012. In the end, this paper selects the panel data of high technology industry
as the econometric model samples in 26 provinces of China from 1999 to 2012.

3. The Estimated Results and Discussion
3.1. Basic Estimation Results
Measurement model in this paper is Equation (4). For the possible problem in its direct return is that the control
variables may be related to R & D investment and enterprise in the process of the technological progress of activities and the spending during the various technical progresses may also be relevant. And the multicollinearity
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problems will make the coefficient estimator can not accurately reflect and explain the influence of variables to
be explained and to avoid this kind of influence as much as possible. This article adopts the method of stepwise
regression. For each step regression model selecting, all depending on the fixed effects and the Hausman test
results of the random effects.
As can be seen from the estimated results in Table 1, the enterprise R & D funds and personnel input as important input variables and for the influence of innovation ability is significant. Join the enterprise R & D expenditure stock, foreign technology imports stock and domestic technology transfer stock in Columns (3) to (5),
the results show that the domestic technology transfer stock coefficient estimate is not significant. But according
to the purpose in this paper, spending of the enterprise technology activities all have important economic significance, therefore should not eliminate variables ln DTP . Column (6) included all explanatory variables in the
econometric model and can be seen from the estimated results that the inputs of enterprise R & D have a significant impact on innovation ability. In the kinds of activities about enterprise technology, the effects of the R & D
expenditure stock on innovation ability has the largest influence and it followed by the foreign technology imports stock. And the domestic technology transfer stock has no significant impact on the innovation ability. The
larger size of enterprise and capital stock also has positive impact on the improvement of enterprise innovation
ability.
According to the estimated results of Equation (4), the stock of innovation ability for enterprise R & D expenditure elasticity is 0.33 and it is higher than 0.12, the elasticity of the foreign technology import stock. It
shows that to some extent on the basis of “learning by doing” that accumulated independent research and development ability of enterprise innovation ability promotion effect is superior to the technology import directly,
therefore, independent research and development is the most direct way to promote the accumulation of enterprise innovation ability. But when affirms the dominant position of independent research and development, we
should also pay attention to technology transfer for the significant role of cultivating the ability of technology
Table 1. Estimation results: selecting some explanatory variables based on Equation (4).
Variables
CONS

(1) FE

(2) FE

(3) FE

(4) FE

(5) FE

−17.126

−15.556

−16.224

−16.879

−15.556

***

(−11.80)

***

(−11.50)

***

(−12.06)
0.345

***

(−11.68)

***

(−11.57)

***

(6) FE
−17.226***
(−11.88)
0.360***

ln RDS

(3.13)

(2.73)
0.134**

0.115***

(2.41)

(2.73)

ln FTI
0.040

−0.080

(0.73)

(−1.24)

ln DTP
0.470***

0.394***

0.433***

0.457***

0.391***

(7.17)

(5.70)

(6.50)

(6.72)

(5.62)

ln CAP

0.420

***

0.311

**

0.450

***

0.398

***

0.364***

ln SIZE

(3.33)

(2.53)

(3.70)

(3.28)

(2.88)

1.007***

0.517***

0.370***

0.470***

0.502***

0.306***

(16.87)

(6.40)

(4.03)

(5.75)

(6.12)

(3.93)

ln RDE
0.994

***

0.421

***

0.430

***

0.463

***

0.437

***

0.454***

ln L
(6.46)

(2.72)

(2.81)

(2.99)

(2.75)

(3.93)

2

0.842

0.869

0.873

0.871

0.869

0.874

Prob. F

0.000

0.00

0.00

0.00

0.00

0.00

Adj.R

*

**

Note: FE, fixed effects model; statistically significant at the 10% level; statistically significant at the 5% level;
level.
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innovation. While there are technical barriers during the process of directly introducing the foreign technology
may not be able to import the advanced technology of developed countries, but as long as the technology import
is suitable for our country and it also helps to narrow the technology gap between our country and developed
countries. And compared to the independent research and development, the technology import has the characteristics of low risk and can also reduce the uncertainty and blindness in the process of independent research and
development. Compared with the foreign technology imports, domestic technology transfer stock for enterprise
innovation ability promotion effect is not significant, this may be due to the big gap between the technology level of domestic enterprises and overseas technical level and it may also be the concept of maintaining their own
technological advantages for the domestic enterprises, so it will not transfer its truly technology that is the core
of the competitiveness of enterprises. So the domestic technology cannot be directly promoted the innovation
ability.

3.2. The Absorptive Capacity of R & D and Innovation Ability
In order to analyze the relationship between the domestic technology transfer stock and R & D. On the basis of
the Equation (4), the introduction of domestic technology transfer stock and cross terms of R & D expenditure
and thus build the following econometric model:
ln PATit = c1 + fi + α ln RDEit + β ln Lit + λ1 ln RDSit −1 + λ2 ln FTI it −1 + λ3 ln DTPit −1
+ λ4 ln CAPit + λ5 ln SIZEit + λ6 ln RDEit × ln DTPit −1 + µit

(7)

In Equation (7), c1 as the constant term, fi for individual effects and µit as random items. On the basis
of (7) to introduce foreign technology import stock continuously and the cross terms of R & D expenditure, if
the overlapping coefficient is positive and then it indicates that there exists complementary effect between them.
The model can be expressed as the Equation (8) through adjustment:
ln PATit = c2 + vi + α ln RDEit + β ln Lit + ϕ1 ln RDSit −1 + ϕ2 ln FTI it −1 + ϕ3 ln DTPit −1 + ϕ4 ln CAPit
+ ϕ5 ln SIZEit + ϕ6 ln RDEit × ln DTPit −1 + ϕ7 ln RDEit × ln FTI it −1 + µit

(8)

In (8), c2 for the constant term, vi for individual effects, µit as random items. Estimated results of the (8)
are shown in Table 2.
The estimated results of Table 3 shows that the cross of ln RDE × ln DTP is significantly positive and it
means that although domestic technology transfer can’t directly promote the ability of the enterprise innovation,
through independent research and development of enterprises can indirectly promote the innovation ability of
ascension. The coefficient of ln FTI , ln L , ln RDE × ln FTI was not significant and combined with the regression results in Table 2, the coefficient was not significant may likely to be caused by cross terms are introduced to the result of multicollinearity. Coefficient estimate symbol of ln DTP and ln RDE does not accord
with the expected because of the cross term ln RDE × ln DTP contained in (8). In the Column (2), remove the
cross term ln RDE × ln DTP and the not significant variable ln L , the results showed that ln RDE × ln FTI by
significance test under 1% confidence level, the other variable symbols did not change. Hu et al. (2005) [14] use
Chinese enterprise data found that there is a complementary relationship with domestic and international technology transfer of R & D. Independent research and development not only can directly promoted the promotion
of the enterprise’s innovation ability and it also has positive influence on imitating, digesting and absorbing foreign and domestic technology.

3.3. The Regional Differences of the Innovation Ability
There is a big difference among economic basis and the technical level in eastern, central and western regions in
China and there is also a large imbalance between regional research and development ability and technology
imports and transfer, independent research and development and technology imports and transfer for the influence of the innovation ability may also show different characteristics. In order to analyze the regional differences, this article subdivided into features of the 26 provinces into three samples and at the basic model of (4), the
results as shown in Table 3.
Estimating result from Table 3 shows that domestic technology transfer spending for eastern and central all
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Table 2. Estimation results: based on (8).
Variables
CONS

(1) FE

(2) FE

0.457

−4.429***

(−0.91)

(−4.09)

**

0.221**

0.230

ln RDS

ln FTI
ln DTP
ln CAP

ln SIZE

ln RDE

(2.04)

(1.94)

−0.215

−0.862***

(−0.84)

(−6.53)

−0.740***

−0.02

(−3.37)

(−0.36)

0.393***

0.412***

(6.09)

(6.71)

0.557***

0.586***

（4.34）

(5.038)

−0.553***

−0.612***

(−3.42)

(−4.09)

−0.252

ln L

(−1.54)
0.078***

ln RDE × ln DTP

(3.42)

ln RDE × ln FTI

0.336

0.102***

(1.45)

(8.08)

2

0.895

0.892

Prob.F

0.000

0.000

Adj.R

Table 3. The measurement results of innovation capability among the eastern, central and western regions.
Variables

Eastern (FE)

Central (FE)

Western (FE)

CONS

−17.320***

−19.913***

−8.079***

(−9.94)

(−6.36)

(−5.64)

ln RDS

0.865***

0.772**

−0.002

(5.39)

（2.44）

(−0.90)

ln FTI

ln DTP

ln CAP

ln SIZE

−0.103

0.045

(3.79)

(−1.07)

(0.42)

0.136

0.151

−0.203***

(1.23)

(1.35)

（−1.93）

0.042

0.301

0.493***

(0.44)

(2.16)

(4.19)

−0.490

0.712***

(−1.59)

(3.12)

0.344

***

0.308

**

(1.97)

ln RDE

ln L

0.289

**

0.505

***

0.531***

(2.15)

(3.32)

(2.97)

0.046

0.944**

−0.552**

(0.23)

(2.17)

(−3.12)

Adj.R2

0.921

0.891

0.796

Prob.F

0.000

0.000

0.000
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did not significantly influence the innovation ability of ascension and this also obtained the results when using
the same sample. R & D spending and foreign technology import spending and stock of R & D spending for the
influence of innovation ability in all areas present a bigger difference: in the eastern region, R & D expenditure,
foreign technology introduction and R & D spending stock for regional innovation ability showed a significant
positive impact on the ascension; In the central region, R & D expenditure stock and R & D expenditure have a
significant positive effect on promoting regional innovation ability. However, foreign technology import spending has no significant effect to the promotion of innovation ability; Only R & D expenditure in the western region has significant positive effect on promoting innovation capacity and it’s important to note that domestic
technology purchased coefficient showed significant negative impact on the innovation ability and this maybe
because in the western region for the transfer of the lack of domestic technology digestion and absorption ability
can’t play the role of the purchase technology.
Features of this three areas show the main reason of the differences is that the development level and degree
of opening in eastern region economic to the outside world are significantly higher than the central and western
areas, which created the conditions for the introduction of foreign technology. And the enterprise in eastern part
is better in the process of independent research and development experience and it also makes the foreign technology be fully digested and absorbed and it ultimately plays a better role in ascending enterprise innovation in
eastern. For the Midwest, in the process of improving the innovation ability, independent research and development played an irreplaceable role and at the same time of continuing to pay emphasis on independent research
and development we should also create conditions for the introduction of complementary technology so as to fill
the blank of the existing technology.

4. Conclusions and Policy Suggestions
Through inter-provincial panel data of high-tech industry, this paper analyzes the independent research and development also analyzes the effect of the introduction of international technology to enhance innovation capability. Results show that R & D spending and the introduced foreign technology for the ability of the enterprise innovation all have significant positive effect, while the influence on enterprise innovation ability is not significant
from the aspect of the purchase of domestic technology. Meanwhile, the company’s independent research and
development will not only directly contribute to the promotion of innovation, its digestion and absorption of
technology at home and abroad also have a positive impact. With the deepening of market-oriented reform in
China, independent research and development should be further strengthened in its leading position in enterprise
innovation capability. And to create a favorable external environment and strengthen the protection of intellectual property rights for enterprise innovation and R & D activities have an important significance. In addition, on
the one hand, we should incentivize independent research and development but on the other hand we should also
pay attention to the introduction of technology which can promote the innovation capacity. Through encouraging the integration of independent research and development and technology, enhancing their innovation capability of enterprises and continuously promoting technological progress, the innovation capability can be improved.
At the same time of continuously advancing our innovation capability, we should also pay attention to regional differences. This paper analyzes and shows that the introduction of technology in the Midwest does not have a
significant role in promoting the innovation capacity. At this stage, during the process of improving the innovation capability through independent research and development in the central, east and west, it should concern
about the introduction of technology to strengthen the self-development and accumulation of the self-research,
adjust measures to local conditions, put forward corresponding innovation incentives and comprehensively enhance the regional innovation ability. So, the development of regional economy can be balanced.
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