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Abstract With the development of IT industry, Chinese IT firms have become
listed on overseas stock markets one after another. Decision-makers are mainly
concerned about firms’ capacity and efficiency of raising funds overseas. In order to
assess their performances, IT firms are defined as a two-stage production process.
The first one is the operational process and the other is the market financing process.
This paper aims to evaluate and analyze the operational efficiency and market
efficiency of 28 Chinese IT firms listed on NASDAQ from 2008 to 2011 using
the advanced DEA method. The study shows that the inefficiency mainly results
from the market financing stage. Decomposition of the technical efficiency indicates
that it is not the scale but the pure technical inefficiency or the week capacity of
raising funds overseas lowered the market efficiency. Therefore, IT firms should
cautiously choose financing by listing overseas under the current international
economic downturn.
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1 Introduction

2 Background

In the last decade of the twentieth century, the total output values of the information
technology (IT) industry in China increased by 32.1 % each year, while the average
annual growth rate of all industries and the state-owned economy during the
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same period was only 14.2 % and 9.7 % respectively. Obviously, the information
technology industry has become a pillar industry of Chinese national economy
(Lin-bo Jin 2003). During the period of the Eleventh Five-year Plan, the average
sales of the whole industry increased by 28 % annually. By the end of 2008, the
sales reached 630 million Yuan, accounting for about 5 % of GDP, and making
a contribution of over 0.8 percentage points to the GDP growth. There are also
fierce competitions among the IT firms, so it is extremely important for an IT
firm to take effective measures to keep growing and maintain the competitive
advantages.

Nowadays, Chinese IT firms try to earn more market shares and improve their
competitiveness by listing at home and abroad. Being listed can bring funds for
the fast growth of a firm. However, the capacity of the domestic capital markets is
limited and many firms do not meet the requirements of the Chinese securities laws
and regulations. So many decision-makers turn to the international markets, and
more and more IT firms have determined to list abroad. How about the performances
of Chinese IT firms listed overseas? Is it the proper time for these firms to go abroad
to raise fund?

In order to evaluate the effectiveness of those IT firms, this paper attempts not
only to analyze and compare the internal operation efficiency of listed IT firms, but
also to assess the effectiveness of overseas listing using the advanced network data
envelopment analysis (DEA), or the two-stage DEA method. From the perspective
of input-output, we will observe by empirical study whether overseas listing has a
positive impact on the performances of firms.

2.1 Literature Review

Since the DEA was proposed by Charnes et al. (1978), the performance evaluation
with DEA is widely used in many industries (Sherman 1985; Rangan et al. 1988;
Wang et al. 1997; Sathye 2003). The two-stage DEA model was first used in the
performance evaluation on military recruitment by Charnes et al. (1986). They
paved the way for the development of the network DEA (Charnes et al. 1986), which
can be used to examine the internal structure of a system. The two-stage DEA was
once used in the mental health care (Schinnar et al. 1990), in the education field
(Lovell et al. 1994), in the commercial bank (Seiford and Zhu 1999), in the non-life
insurance performance evaluation (Noulas et al. 2001), and in the Major League
Baseball (Sexton and Lewis 2003).

Domestic researches on the evaluation of enterprise efficiency using the DEA
started in the late twentieth century. Most researchers aimed to measure the
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efficiency of Chinese commercial banks (Han-tao Liu 2004; Yu Wei and Li Wang
2000; Xiang Zhao 2010; Ning Wang and Zhi Li 2006; Jian-hua Zhang 2003).
Although there are several studies about listed IT firms using DEA method, they
could not evaluate the overseas financing ability of those firms (Xiao-min Zhang
and Zhi-ying Liu 2007; Xiang Li 2009; Hong-mei Tan 2010).

3 Methodology

3.1 Model

This paper divides the production process of listed IT firms into two stages. Stage
1 is the enterprise internal operational stage at which the enterprise transforms the
input of assets and labors into output of gross and net profits. Stage 2, connected
to Stage 1 in series, is the financing stage on the stock markets at which firms
use intermediate variables or the outputs of Stage 1 to obtain the profits from the
stock markets. The two-stage model as shown in Fig. 1 illustrates that IT firms
utilize their own operational ability to gain funds on the overseas stock markets.
The performances of the two stages obtained by the two-stage DEA are called
operational efficiency and market efficiency respectively.

There are several two-stage DEA models that can be used to evaluate the overall
and sub-process efficiency of the production process. In order to identify the sources
of the low efficiency during the production, it is necessary to split the efficiency into
the pure technical efficiency and the scale efficiency. These two efficiencies can be
used to identify the management and scale inefficiency. Therefore this paper will
use the model developed by Kao and Hwang (2011).

Suppose the inputs and outputs at Stage 1 are denoted as (X1,X2, : : : ,Xm) and
(Z1,Z2, : : : ,Zq), while at Stage 2, the inputs is the outputs of the first stage, i.e.
(Z1,Z2, : : : ,Zq) and outputs is (Y1,Y2, : : : ,Ys). The overall technical efficiency in the
case of constant returns to scale (CRS) or the CCR efficiency, denoted as Ek, can
be obtained by the linear programming model (1). The CCR efficiency of the stage

Operational
efficiency

Market efficiency
Input Intermediate Output

Stage one Stage two

Fig. 1 The two-stage production system
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one, denoted as E1
k , can be estimated by model (2). The pure technical efficiency

under variable returns to scale (VRS) or BCC efficiency for both stages, denoted as
T1

k and T2
k , will be obtained by model (3) and model (4).
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Because the capacity in raising funds is reflected in the second stage, so the BCC
efficiency can be used to represent the ability of IT firms financing overseas. It has
been shown that efficiencies calculated by models (1), (2), (3), and (4) satisfy the
following efficiency equations (Kao and Hwang 2011).

Ek D Tk � Sk (5)

Ek D E1
k � E2

k; Tk D T 1
k � T 2

k ; Sk D S1
k � S2

k (6)

Equation (5) indicates that the CCR efficiency (Ek) is the product of BCC
efficiency (Tk) and the scale efficiency (Sk). Equation (6) means that the overall
efficiency is the product of the efficiencies of Stage 1 and Stage 2 under both CRS
and VRS.

Thus the performance of Stage 1 includes the CCR efficiency E1
k obtained

by model (2), BCC technical efficiency T1
k obtained by model (3) and the scale

efficiency S1
k , which is E1

k /T1
k by (5). The performance of Stage 2 includes the CCR

efficiency E2
k , which is Ek/E1

k by (6), BCC technical efficiency T2
k obtained by model

(4) and the scale efficiency S2
k , which is E2

k /T2
k by (5). The performance of overall

process includes the CCR efficiency Ek obtained by model (1), BCC technical
efficiency Tk, which is T1

k � T2
k by (6), and the scale efficiency Sk, which is S1

k � S2
k

by (6).
Hence the overall DEA efficiency Ek will satisfy the following relationship.

Ek D Tk � Sk D T 1
k � T 2

k � S1
k � S2

k (7)

Therefore, if a firm has a strong capacity of raise funds overseas, i.e. if T2
k and S2

k
are large enough, the overall performance will be improved. The equations from (5),
(6), and (7) can be used to detect the specific reasons for the inefficiency of listed
IT firms such as if there are any ineffectiveness in the internal operation, or lack of
capacity in collecting funds on the stock market.

3.2 Input and Output Indexes

According to previous researches, input indexes in the first stage consist of assets,
equity, cost and labor. From a financial point of view, total assets, fixed assets,
current assets and intangible assets are more available than others. This paper
will choose the current assets and intangible assets as assets indexes. Total equity
of common stock is chosen as the equity index and main business costs as the
cost index. Indexes of the labor include the staff numbers and the proportion that
technicians cover. As the latter is difficult to obtain and most employees in IT firms
are technicians, we finally select the staff numbers as the labor index. The outputs
of the first stage include incomes and gross profits which can be used to evaluate
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Operational efficiency Market efficiency

Gross profit

Income

Current assets

Total equity of
common stock

Intangible assets

Main business costs

Staff numbers

Net profit

EPS

Fig. 2 The inputs and outputs in two stages

the internal operational efficiency. Yet the second stage will use the incomes and
gross profits produced by the first stage as inputs; the net profit and earnings per
share (EPS) as outputs to measure the external market efficiency. In summary, the
selected inputs and outputs for two stages are shown in Fig. 2.

3.3 Sample and Data

At present, well-developed IT firms in China tend to get listed on NASDAQ in
USA. By 2010, there were 47 listed IT firms. The data came from the annual reports
of each firm. There were 28 IT firms remained for further study since 16 of them
had incomplete data and 3 of them had delisted from the stock market. In order to
observe the development of Chinese IT listed firms, this paper collected panel data
of these 28 firms from 2008 to 2011.

IT firms involved in this study are Sina, Baidu, Sohu, NetEase, FocusMedia,
ShandaGames, ChangYou, Elong, The9, PerfectWorld, Ctrip, JRJ, 51job, Link-
tone, Ku6, Kongzhong, VisionChina, AirMedia, UTStarcom, HiSoft, SpreadTrum,
AsiaiNFO, TecFace, Grebtech, SKYEngine, CDCSoftware, MecoxLan and AutoN-
avi. According to amount of the operating income, they will be classified into three
categories. Firms with operating income more than 100 million belong to large scale
group, those with operating income within10–100 million and less than 10 million
belong to the medium and small scale groups.

4 Results

The overall and two-stage efficiencies of IT listed firms are obtained by models
above from (1), (2), (3), and (4) and equations of (5) and (6). Table 1 shows the
average efficiency of each category, the overall average, variance and median from
2008 to 2011.
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Table 1 The technical
efficiency of three categories

2008 2009 2010 2011

Large scale 0.5576 0.4254 0.5169 0.5435
Middle scale 0.1135 0.1103 0.1304 0.4261
Small scale 0.0001 0.0014 0.0312 0.4306
Mean 0.4013 0.3164 0.4096 0.4856
Variance 0.1160 0.0782 0.1045 0.1027
Median 0.2642 0.2293 0.3664 0.4385

Table 2 The operational efficiency and market efficiency of two stages

2008 2009 2010 2011

E1 E2 E1 E2 E1 E2 E1 E2

Large scale 0.7570 0.7347 0.7690 0.5567 0.7763 0.6565 0.8184 0.6203
Middle scale 0.6763 0.2291 0.7565 0.1370 0.6192 0.2445 0.8987 0.4406
Small scale 0.6863 0.0001 0.4726 0.0025 0.4046 0.063 0.6384 0.1966
Mean 0.7158 0.5486 0.6662 0.4062 0.6525 0.5394 0.7898 0.5613
Variance 0.0609 0.1318 0.0656 0.1196 0.0759 0.1011 0.0634 0.5486
Median 0.6622 0.6143 0.6005 0.3588 0.6781 0.5393 0.8546 0.0839

The overall average of technical efficiencies (CCR), which are between 0.3164
and 0.4856, uncover a greater technical inefficiency of listed IT firms. But the trend
is going up although the average efficiency in 2009 was the lowest probably because
of the impact of world financial crisis. Additionally, the gap between the mean and
median is getting narrower, which indicates that more and more IT firms have a
higher efficiency than the overall average.

The total average operational efficiency (E1) and the market efficiency (E2) of
two stages are shown in Table 2. It is obviously that E1 of Stage 1, with means
from 0.6525 to 0.7898, is higher than E2 of stage 2, with means from 0.4062 to
0.5613. So it can be seen that although these 28 IT listed firms have a stronger
capacity in operations, the capacity of raising funds from the overseas market is not
so significant. On the other hand, it is the market efficiency that lowered overall
technical efficiency.

From the view of scale, whether the overall average technical efficiency or both
operational and market efficiency, the large IT firms performed better than small
and medium ones. That is to say being listed brings more benefits to large firms
than others, so listed firms can improve the performance level by expanding their
scale appropriately.

Table 3 gives the total pure technical efficiency (T) and the scale efficiency (S),
and the market efficiency (E2) of Stage 2 (financing stage) has been decomposed
into the pure technical efficiency (T2) and the scale efficiency (S2). It is shown
that the overall pure technical efficiency is between 0.4170 and 0.6009 while the
scale efficiency during the same period is between 0.7016 and 0.8183. So from
this perspective, it is the pure technical efficiency, which reflects management
ineffectiveness lowered the overall technical efficiency (E).
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Table 3 The pure technical efficiency and scale efficiency of the overall and financing stage

2008 2009 2010 2011

Total T S T S T S T S

Mean 0.4933 0.7383 0.4170 0.7016 0.5616 0.7461 0.6009 0.8183
Variance 0.1103 0.0508 0.1096 0.0740 0.1069 0.0931 0.0837 0.0770
Median 0.4384 0.7801 0.3451 0.7925 0.4866 0.8922 0.6583 0.9665

Stage Two T2 S2 T2 S2 T2 S2 T2 S2

Mean 0.6436 0.8115 0.4824 0.8088 0.6568 0.8445 0.6466 0.8682
Variance 0.1390 0.0285 0.1334 0.0504 0.1006 0.0550 0.0760 0.0531
Median 0.8076 0.8624 0.4706 0.9206 0.7669 0.9428 0.6605 0.9719

Table 4 The pure technical efficiency of two stages

2008 2009 2010 2011

T1 T2 T1 T2 T1 T2 T1 T2

Large scale 0.8144 0.8167 0.8478 0.6619 0.8528 0.7203 0.9147 0.6721
Middle scale 0.7710 0.3470 0.9420 0.1731 0.8408 0.3167 0.8987 0.4485
Small scale 0.7444 0.0001 0.6849 0.0051 0.8077 1 0.8775 0.8816
Mean 0.7824 0.6436 0.8214 0.4824 0.8394 0.6568 0.9054 0.6466
Variance 0.0447 0.1390 0.0422 0.1334 0.0361 0.1006 0.0264 0.0760
Median 0.8122 0.8076 0.9266 0.4706 0.9549 0.7669 1 0.6605

Moreover, the pure technical efficiency of Stage 2 is obviously lower than the
scale efficiency. So the low pure technical efficiency of Stage 2 leads to the low
overall market efficiency (E2). But as a whole, both the pure technical and scale
efficiency show a rising trend except that in 2009. In 2011, the median was already
higher than the average, especially as for the scale efficiency (the median of 0.9665
is significantly higher than the mean of 0.8183), which illustrate that the scale
efficiency of most firms is better than the overall average and their scores are very
close to 1.

The overall pure technical efficiency (T) could be decomposed into the pure
technical efficiency of the operation stage (T1) and market stage (T2), and the pure
technical efficiencies for the two stages are shown in Table 4. On the whole, T1 is
better than T2. So on average, it is the inefficiency of the financing stage leads to the
inefficiency of whole IT firms. Moreover, as for the pure technical efficiency of two
stages (T1 and T2), large scale firms performed better than small and medium ones
except the market efficiency of small scale firms in 2010 and operation efficiency
of middle scale firms in 2009. It is indicated that small IT firms have a higher
capacity than others in recent 2 years in raising funds overseas. Although the pure
market efficiency for small scale firms improved significantly recent years, the low
average technical efficiency of these firms shown in Table 2 indicate that small
and medium-sized listed firms will get a better performance by improving their
innovation capacity and making more market shares.
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5 Conclusions

This paper uses the new developed two-stage DEA model to measure the capacity
and efficiency of IT firms listed on NASDAQ from 2008 to 2011. The results
indicate that Chinese IT firms listed on NASDAQ show a larger technical ineffi-
ciency, which mainly results from the pure technical inefficiency or the management
ineffectiveness. On the other hand, when dividing the IT firm into the operational
stage and financing stage, we find that Stage 2 shows a low capacity in financing
overseas. Moreover, this low financing capacity is also the result of management
ineffectiveness, as indicated by the poor pure technical efficiency in this stage.
Generally speaking, the large scale firms perform better than those small and
medium ones. Additionally, the average of pure technical efficiency, scale efficiency
and overall efficiency has shown an uptrend although there is a great inefficiency
among those IT firms.

So we conclude that firstly Chinese IT firms should be very cautious before
making a decision to financing overseas in the current international economic
downturn environment since we find the low financing capacity of those listed IT
firms overseas. Secondly, although there are some diseconomies of scale, the listed
firms should focus more on the improvement of the internal management, including
the adjustment of structure and utilization of human resources effectively. Thirdly, in
terms of the operational and financing stage, IT firms should pay more attention on
strengthening financing capabilities, especially the level of technical management.
And finally, for those small and medium-sized firms, they should take the large
IT firms as their benchmarks and continue to improve their competition advantage
especially in the domestic market.
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