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Abstract
With the rapid change of the social environment, Mainland China has become a new economic market due
to the great domestic demand caused by its enormous population and the increasing economic growth rate.
Taiwanese businesses have gradually turned to develop in China under the pressure of increasing domestic
wages and land costs for expanding factories as well as the enhancement of environmental protection.
Mainland China presents the advantages of ample land, low labor costs, monoethnicity, and easy language
communication making it an attractive major investment location for Taiwanese high-tech industries. Data
Envelopment Analysis (DEA) is applied to measure overseas investment efficiency evaluation of Taiwanese
high-tech businesses in China, where the Delphi Method is used for selecting the inputs of the number of
employees, R&D expenses, and gross sales in total assets. Sensitivity Analysis is further utilized for
acquiring the most efficient unit and individual units with operating efficiency. The research results show that
1.Three high-tech businesses that present constant returns to scale perform optimally with overseas
investment efficiency 2.Two high-tech companies with decreasing returns to scale appear that they could
improve the overseas investment efficiency by decreasing the scale to enhancing the marginal returns, and
3.Sixteen high-tech enterprises reveal increasing returns to scale, showing that they could expand the scale
to enhance the marginal returns and further promote efficiency.
Key words: data envelopment analysis, Fuzzy Delphi Method, high-tech industries, OEM, operating
performance, overseas investment, technical efficiency, R&D, slack variable analysis, World Trade
Organization
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1
Introduction
International Business Machines Corporation
(IBM) unintentionally made the computer
structure public in the early 1980s and
announced that they planned to develop microcomputers
with
global
manufacturers.
Taiwanese manufacturers actively responded
and supported such an industrial development.
With the cooperation of major international
manufacturers, Taiwanese computer OEM
manufacturers such as Acer and MiTAC had
the chance to develop the business. Taiwanese
manufacturers professionally divided the labor
for micro-computer components for assembly
of the globally renowned computer giant with
fine labor division and a closely connected
cluster industrial system (Dedrick & Kraemer,

1998). The export value of high-tech industries
in Taiwan presented 0.83 trillion US dollars in
1985 and 2.41 trillion US dollars in 1990. This
increased about three times, to 8.28 trillion US
dollars in 2000. high-tech industries, especially
electrical and electronic industries in Taiwan
have achieved tremendous industrial performance
since the 1990s. By 1995 Taiwan had become
the fourth largest IC production country and
the top production country of computers and
peripheral equipment, such as motherboards,
monitors, and keyboards in the world (Ministry
of Economic Affairs, 2012). Following this
impressive achievement, the researchers are
interested in how, through division of labour
and depending on supply chains, high-tech
manufacturers in Taiwan achieved top production
in the world and through good performance to
successfully enter the international market.
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Although the extraordinary achievements have
been created by high-tech manufacturers in
Taiwan, the short life-cycle of high-tech
products has pushed high-tech businesses into
investing or moving overseas in order to
pursue the maximal production profits. The
issue of overseas investment is therefore
emphasized; and, most researchers have
appealed to the overseas investment of hightech industries, particularly in the investment
in Mainland China. This is why this paper used
Taiwan's high-tech industry investment in
China as the research sample.

2
Literature review
2.1 Business operating performance
measurement indicators
Chang (2007) observed that general businesses
aimed to pursue development and acquire
maximal profits. Nevertheless, the profit
data of conservative businesses could not
easily be acquired and most businesses divided
their financial data across various products,
rather than from a profit-making perspective.
Technology-intensive industries such as
electronics grew rapidly when newly developed
products were accepted in the market and the
growth rate of business revenue was considered
as an overall performance indicator. Chen (2009)
indicated that general operating performance
was measured via financial indicators, such as
return on assets, profit ratio, and return on
investment. When the acquired data were
sufficient and reliable, the long-term profit
ratio would be the best indicator to measure
business performance. Eccles and Pyburn
(1992) pointed out the importance of financial
indicators when measuring the overall
performance of businesses. However, merely
regarding revenue as performance did not give
the complete picture. Non-financial control
should be used to track the key success factors
so as to achieve the financial objectives. Lee
(2005) indicated that because traditional
financial performance indicators did not focus
on the process so that they could not assist
managers in making decisions. Moreover, they
lacked prediction capability that would save
costs, but sacrifice long-term competitive

strengths. Non-financial performance indicators,
such as market share, capability of new product
development, product and service quality,
productivity, and employee training, should be
incorporated in performance measurement
indicators. Chen (2003) studied the performance
evaluation theories and indicator systems and
compiled the aspects for organizational performance evaluation. Delaney and Huselid
(1996) used cognitive organization performance
and cognitive market performance as
measurement indicators. The former contained
product or service quality, new products or
services development, employee morale, and
customer satisfaction. The latter included the
growth rate of revenue, market share, profit
ratio, and marketing capability. Cognitive
organization performance could be regarded as
a non-financial indicator which presented great
effects on permanent business operations.

2.2 Effects of overseas investment on
business performance
Lee, Wang & Liu (2006) measured Taiwanese
businesses investing in Southeast Asia (including
Mainland China) with a questionnaire that
showed that in addition to low labor costs, 18.7
per cent manufacturers tended to have mastered
their local market demand and expanded their
local sales. With the rapid economic development in China and the World Trade
Organization (WTO) exposing the Chinese
market to the world, the development of the
overseas market is a great opportunity for
Taiwanese businesses. Su (2009) listed the key
success factors in Taiwan’s electronic businesses
investing in China as acquiring control of
business management, completely utilizing
local resources and privileges, and local
relationships. Wang (2009) concluded that the
development of the Taiwannese information
industry would not be affected even if the
R&D center and the technology were
controlled in Taiwan, while assembly for
manufacturing was moved to China. Using
Data Envelopment Analysis, Chen (2004)
studied the differences in Overall Technical
Efficiency, Pure Technical Efficiency, and
Scale Efficiency of businesses before and after
investing in China. In terms of Scale
Efficiency, the sample investing company in
China showed a significant enhancement on
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Scale Efficiency of the mother company in
Taiwan. Regarding Pure Technical Efficiency,
no remarkable differences appeared among the
samples. As Scale Efficiency was improved,
Overall Technical Efficiency after investing in
China was higher than before investment. With
regard to economies of scale, most sample
companies revealed increasing returns to scale.
Using regression analysis Pai (2005) discusses
the effects of the investment scale of listed
mother board- and printed circuit board
manufacturers on the financial performance in
Taiwan . The results showed positive effects of
scale and investment scale on the financial
performance of operating revenue and
production value.

2.3 Data envelopment analysis
Charnes, Cooper & Rhodes (1978) expanded
Farrell’s single output/input to multiple inputs/
outputs and simplified the linear planning
model with mathematical component namely,
as a Data Envelopment Analysis. When
estimating the production boundary with Data
Envelopment Analysis, two dimensions are
considered, namely input-orientation and
output-orientation. In microeconomics Data
Envelopment Analysis (DEA) replaces the
production function with envelopment, so that
all inputs/outputs are projected to locate
boundaries. Decision-Making Units on the
boundary are considered as the most efficient
input/output combination with the performance
indicator is defined as 1, while DMUs not on
the boundary are considered inefficient.
Having a specific efficient point as the
standard, each DMU is given a relative
performance indicator. Data Envelopment
Analysis presents the flexibility integrating the
subjective opinions of experts and decisionmakers into an evaluation that could
objectively evaluate the performance of each
unit and subjectively guide DMUs to the
direction emphasized by decision-makers.

3
Research design
To discuss the operating efficiency of hightech industries, one needs to consider the
major expenses involved in the rapid market
change, short product cycle, R&D of
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manufacturers, the fixed assets of land,
buildings, machinery, and the employees. The
efficiency evaluation of Data Envelopment
Analysis depends on the input/output data of
DMUs that would be distorted when improper
inputs/outputs are selected. For this reason, the
correct input/output variables are regarded as
key success factors in Data Envelopment
Analysis.
Labor and capital are the essential inputs in
the production process that, in addition to the
above principle of input/output variables, the
selection of inputs/outputs should combine the
experts’ opinions and avoid fuzziness in the
interview. The Fuzzy Delphi Method is
therefore used for selecting the inputs/outputs.
Out of a total 40 questionnaires distributed, 35
valid ones were retrieved, giving a retrieval
rate of 88 per cent. Fremont, Shull, Delbecg &
Curmings (1970) indicated that the public
opinion of more than five participants could be
accepted as an analysis basis. The interviewed
experts in this study appear to be
representative, comprising industry, officials,
and academia and have had frequent
interaction with overseas investment. After the
computation with the Fuzzy Delphi Method,
the geometric mean among experts was
accepted towards inputs/outputs. The median
of the evaluation scores of inputs/outputs is
regarded as the selection standard of the
inputs/outputs for high-tech industries overseas
investment measurement. In this study, a total
of four input/output variables and 21 DMUs
were selected. The data of all the variables
were acquired from public prospectuses and
annual reports, as the following definitions:
1) R&D expenses (I1). Generally speaking, a
business could create value through R&D,
design, production, marketing, logistics, and
after-sales services (Kaplan & Atkinson,
1999).
2) Total assets (I2). Assets are the production
tool, which should be (a) tangible and
endurable, (b) renewable, and (c) used in
the production process. Accordingly, the
capital input merely contains total fixed
assets, but not current assets, construction
in progress, and in-transit equipment.
3) Number of employees (I3). Labor contains
staff and workers which are regarded
as homogeneous inputs for analyses.
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Employees with rewards are referred to as
labor demand.
4) Gross sales (O1). Gross sales are regarded
as the output of business operating performance where the operating revenue in
2009-2012 is used as the output variable.

4
Empirical analysis of overseas
investment efficiency
4.1 Analysis of high-tech industries
overseas investment efficiency
The DEA efficiency evaluation results could
help us understand the relative efficiencies of
overseas investment among high-tech businesses.
When the efficiency equals to 1, the DMU
achievements are relatively efficient. Alternately,
it is relatively insufficient when the efficiency
is less than 1. Table 1 indicates the empirical
results, of three companies, including SAMPO,
Compal, and Quanta, appeared relatively
efficient with an efficiency=1. In other words,
the overseas investment efficiency of three

such companies achieved an ideal situation,
while the rest of the 18 companies reported
relatively worse overseas investment efficiency.

4.2 Slack variable analysis
With regard to returns to scale analysis, three
high-tech businesses appeared with constant
returns to scale, Table 2, which allowed the
overseas investment efficiency to reach its
optimum. Two high-tech businesses showed
decreasing returns to scale and the overseas
investment efficiency could be improved by
decreasing the scale to enhance the marginal
returns. The rest of the 16 enterprises
presented increasing returns to scale and
efficiency could be promoted by expanding the
scale to enhance the marginal returns.
Regarding slack variable analysis, the
improvement for high-tech businesses with too
many inputs is shown in Table 2. The unit
could achieve efficient operation by decreasing
inputs. Moreover, three high-tech businesses
revealed overseas investment efficiency where
the input resource achieved the optimum.

Table 1
Relative efficiency of high-tech businesses
Businesses with
overseas investment

Overall
efficiency

Pure technical
efficiency

Scale
efficiency

SAMPO

1.00

1.00

1.00

LiteOn Technology

0.97

0.95

0.96

DELTA

0.98

0.96

0.99

KINPO

0.94

0.92

0.95

MiTAC

0.93

0.91

0.95

HON HAI

0.99

1.00

0.98

Compal

1.00

1.00

1.00

D-Link

0.90

0.87

0.92

BenQ

0.97

0.94

0.99

Inventec

0.98

0.99

0.97

ASUS

0.95

0.91

0.98

Tatung

0.90

0.87

0.95

GIGABYTE

0.83

0.80

0.86

msi

0.81

0.80

0.83

Quanta

1.00

1.00

1.00

WINTEK

0.86

0.82

0.94

Chicony

0.81

0.80

0.84

FoxLink

0.73

0.70

0.75

Premier

0.76

0.78

0.76

Chunghwa picture tubes

0.80

0.81

0.81

Coretronic

0.84

0.85

0.83
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Table 2
Improvements for high-tech businesses
Decision-making unit
(DMU)
SAMPO

Improvements for
outputs

Improvements for inputs
Number of
employees
0

R&D expenses

Total assets

Return to scale

Gross sales

0

0

0

CRS

LiteOn Technology

-3

-3

0

0

IRS

DELTA

-2

0

0

-2

IRS

KINPO

-1

0

-2

0

IRS

MiTAC

-5

0

0

-1

IRS

HON HAI

-3

0

0

0

IRS

0

0

0

0

CRS

D-Link

0

-4

-1

0

IRS

BenQ

-2

-3

0

-3

IRS

Inventec

-4

0

0

0

IRS

ASUS

-1

-2

-1

0

IRS

Tatung

0

0

-1

-5

IRS

GIGABYTE

0

0

-5

-4

IRS

-2

-2

-1

0

IRS

0

0

0

0

CRS

WINTEK

0

-2

0

-6

DRS

Chicony

-3

-5

0

-3

IRS

FoxLink

-3

-2

-2

-4

IRS

Premier

-2

-2

0

-5

IRS

Chunghwa picture
tubes

-1

0

-4

0

IRS

0

-2

0

-3

IRS

Compal

msi
Quanta

Coretronic

Data source: Organized in this study

5
Conclusions and suggestions
Originally based on the report by Kung (2009),
Ma (2010) further classified DMUs into Strong
Efficiency, Marginal Efficiency, Marginal
Inefficiency, and Distinct Inefficiency, where
Strong Efficiency showed an efficiency=1 and
a slack variable=0, whose strength was much
larger than inefficient DMUs. Such units could
sustain their efficiency unless there were major
changes in the inputs/outputs. Marginal Efficiency
presented an efficiency=1 and at least one
slack variable≠0 where the efficiency would
drop below 1 when the inputs were increased
or the outputs were decreased. Marginal
Inefficiency revealed an efficiency of less than
1 which was larger than 0.9. The efficiency
could easily be increased to 1. When the
efficiency <0.9, it was regarded as Distinct
Inefficiency. Such units could not easily be
changed to be efficient in a short period. Units

with the efficiency <0.75 would remain to be
inefficient unless there were major changes of
inputs/outputs.
The efficiency acquired from the DEA and
the variables are set out in Table 2, with a total
of three DMUs. Fourteen per cent of all DMUs
represent Strong Efficiency of the overseas
investment with an efficiency=1. This shows
relatively favorable overseas investment
efficiency. Ten DMUs, namely 48 per cent of
all DMUs reveal an overseas investment
efficiency between 0.9 and 1 as a marginal
inefficiency. This shows the relative overseas
investment efficiency as being easily promoted.
Eight DMUs which represent 38 per cent of
the total DMUs appear with an overseas
investment efficiency of less than 0.9 as a
distinct inefficiency. Of these FoxLink shows
the lowest overseas investment efficiency of
0.73. The DEA results show that many hightech businesses do not achieve scale efficiency
and should reconsider and adjust their inputs
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so as to enhance their competitiveness. It is
therefore recommended that business save
their production costs and invest in quality
R&D which will lead to innovative ways to
enhance production efficiency. It is also good
to aim for new processes, new products, or
creation of new materials to create higher
revenue, and to integrate global information of

markets so that the business operation can
compete more efficiently internationally and
achieve sustainable development. It is also
suggested that government formulate policies
encouraging relevant industries to constantly
research and develop to assist industries in
innovative development for sustainable
management.
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