Mita Takahashi
takahashi@dis.osaka-
sandai.ac.jp

Associate Professor
Faculty of Business
Management

Osaka Sangyo University
3-1-1 Nakagaito, Daito
Osaka 574-8530

Japan

Nobuhiro Takahashi
nobuhiro@bus.osaka-cu.ac.jp
Professor

Graduate School of Business
Osaka City University
3-3-138 Sugimoto
Sumiyoshi-ku

Osaka 558-8585

Japan

Research Article

Unintended Technology Transfer
to Chinese Software Firms from
Japan Through Offshore Software
Development

Mita Takahashi
Nobuhiro Takahashi

Abstract

Since the end of the 1990s, some Chinese software firms have undertaken
offshore software development for Japanese firms. They are engaged not only
in coding and testing, but also in design. The results of our interviews with
Chinese and Japanese firms show that Chinese firms have acquired design
skills through these joint developments. Japanese firms did not intentionally
implement technology transfer, but the practice of offshore development did
have this effect. In addition, we identify that the main reasons Japanese firms
entrusted software design to Chinese firms were quality control and cost re-
duction of their software development projects. Currently, Chinese firms are
employing the transferred skills for their own domestic projects, indicating
that the export of software services has contributed significantly to the expan-
sion of the domestic market. We conclude that China should focus on both
domestic supply and export of software services as a strategy for developing
its own software industry.

1. Introduction

The Chinese software industry has grown at a tremendous rate over the
past decade. Its sales increased from RMB75.1 billion (US$9 billion) in
2001 to RMB1.3364 trillion (US$200 billion) in 2010, with a large propor-
tion of this increase attributed to the domestic market. Although exports
accounted for only a small proportion of these sales, they also increased
sharply, from US$1.71 billion in 2007 to US$9.74 billion in 2010." Of the
2010 exports, 27% were to the United States and 24% were to Japan
(Ministry of Commerce, 2011).2 Some argue that Chinese software firms
have fallen behind their Indian counterparts in terms of internationaliza-
tion: “Indian firms invest in ‘offices’ or ‘beachheads’ in North America and
Western Europe, where they export the majority of their services. Chinese
firms do not seem to be entering Japan or the USA in the same way”
(Niosi & Tschang, 2009, p. 290). Even so, the recent rapid increase in

1. Figures exclude embedded software.
2. In 2004, 60% of exports were to Japan (China Software Industry, 2005). The decline in the Japanese share of soft-
ware exports was primarily the result of rapid expansion of exports to Western countries.
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exports suggests that the internationalization of the
Chinese software industry has already begun this
process.

Studies of the Chinese software industry agree
that strong domestic economic growth and support
from the Chinese government promoted the indus-
try’s rapid expansion; however, the industry faces
many obstacles to further development, such as a
lack of consulting capability, a shortage of highly
skilled engineers, and rampant piracy (Huang, 2011;
Tschang & Xue, 2003, 2005; Wong & Wong, 2004;
Zhang, 1999; Zhang, Fu, & Liu, 2001). Large reve-
nue losses caused by piracy have seriously con-
strained local firms’ further R&D investments in
software products (Ju, 2001). The shortage of engi-
neers with English language proficiency, workers
who are indispensable to expanding international
business, is also emphasized (Gregory, Nollen, &
Tenev, 2009; McManus, Li, & Moitra, 2007). There-
fore, some studies insist that China must produce
more graduates® with better information technology
(IT) skills and greater English-language fluency to
enable them to gain employment with multinational
firms operating in China or with local companies
with global ambitions (Farrell & Grant, 2006).

Nevertheless, the literature overlooked the impor-
tant point that the process of offshore software
development has helped Chinese firms acquire
advanced technology. Since the end of the 1990s,
some Chinese firms have provided software devel-
opment services for foreign firms in the areas of
coding and testing, as well as design. Because
design skills and business knowledge are difficult to
obtain using a team’s own efforts, Chinese firms
gained these skills and this business knowledge
through joint developments with Japanese firms.
After working with the Japanese firms, the Chinese
firms then exploit these transferred skills for their
own domestic projects. Therefore, the technology
that Chinese firms acquire from Japan effectively
contributes to the expansion of China’s domestic
software market.

This article analyzes the technological progress of
the Chinese software industry from the viewpoint of
international division of work. Through information
obtained from interviews with Chinese and Japanese
firms, we show that offshore software development

has led to unintended technology transfer to Chi-
nese firms. Finally, we propose strategies to aid the
ongoing development of the Chinese software
industry.

This article is organized as follows: Section 2
examines the literature on the development of the
Chinese software industry. Section 3 explains the
methodology employed for the case study. Section 4
reveals the changes in the division of work between
Japan and China at the end of the 1990s. Section 5
clarifies the manner in which Chinese firms achieved
technological progress. Section 6 discusses the rea-
sons underlying these changes. Section 7 analyzes
the technology transfer process from the viewpoint
of social capital. Section 8 provides concluding
remarks.

2. Literature Review

This section examines the literature related to the
technological progress of the Chinese software
industry and the strategies for the advancement of
software industries in developing countries.

2.1 Technological Progress in the Chinese
Software Industry

Chinese software firms emphasize technological
progress. Almost all Chinese software firms have
incurred R&D expenditures that, as a percentage of
total costs, are significantly higher than the corre-
sponding share of Indian software firms’ costs
(Gregory et al., 2009).

The government’s role is an important point of
contention in the literature. The Chinese govern-
ment has undertaken substantial efforts to introduce
foreign technology and develop its science and tech-
nology, particularly since 1978 (Bianchi, Carnoy, &
Castells, 1988; IDRC, 1997). Yang, Ghauri, and
Sonmez (2005) apply Porter’s diamond theory on
the competitive advantage of nations to the Chinese
software industry. They show that the government’s
role is significant for the software industry’s future
development. Li, Lin, and Xia (2004) propose pro-
moting open source software (OSS) as the Chinese
government’s strategy to foster development. The
adoption of OSS would weaken Microsoft's domi-
nance in the upstream operating system market and
promote collaboration among firms in the Chinese

3. Wilson and Segal (2005) also asserted that China requires some restructuring of the social pipeline that produces
software engineers, software managers, salespersons, systems integrators, and so on.
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software industry. In fact, the Chinese government’s
policy has focused on establishing standards using
Linux-based operating systems as alternatives to
Microsoft Windows, and on developing domestic
office automation products as alternatives to
imported application software (Suttmeier &
Xiangkui, 2004).

Brain drain has been a serious problem for
China’‘s IT industry. For instance, from 1978 to 1999,
only 14.1% of Chinese IT professionals who went to
the United States eventually returned. However,
brain circulation is also occurring; in the 2000s, the
number of returnees steadily increased,* some lured
by the promise of lucrative market opportunities. In
addition, Chinese policy makers have encouraged
them to return to work for Chinese firms or under-
take their own technology enterprises (Saxenian,
2003, 2006). The national “One Thousand Talents
Scheme,” implemented in 2008, involves benefits
such as a lump-sum payment of one million yuan
(US$144,000) to competent returnees.

Internationalization of business activity is one of
the most important factors for technological prog-
ress in the Chinese software industry. Indeed, many
foreign IT firms have established R&D centers in
China. For instance, with the support of SAP head-
quarters and SAP Labs North America, SAP Labs
China, a subsidiary of SAP AG (Germany), helped
Chinese IT workers accumulate skills and experience,
and then develop new products (Jui, 2010). In the
case of Japanese firms, the Hitachi Information and
Telecommunication Systems Group founded its tech-
nology center in Beijing in 2004. NEC then launched
a joint venture with the Institute of Software, China
Academy of Science to develop software for
Japanese customers (Pei & Jing, 2006).

Many Chinese software firms have developed
their capabilities by working with Western multina-
tional enterprises that have entered the Chinese
domestic market.” Initially, Chinese firms imple-
mented the localization and testing of products
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from Western enterprises. Later, they implemented
application development and maintenance of these
products (Niosi & Tschang, 2009).

Technology transfer through foreign direct invest-
ment (FDI) occurs in two primary ways. One is the
“show how" of foreign investors displaying and
spreading knowledge through their presence in the
local economy. This presence gives local firms and
personnel opportunities to learn through observa-
tion. The other way is through the technology flow
within FDI firms, particularly in joint ventures (Lan,
1996). McManus et al. (2007) argue that FDI pro-
duces externalities in the form of spillovers in the
software industry, including those related to produc-
tivity and market access.

Using regression analysis, Liu (2008) demon-
strates that the technology spillovers from interna-
tional firms outsourcing to China are substantial.
IBM, Microsoft, and other multinationals established
R&D centers for software development in China.
These foreign R&D centers communicate with local
firms and collaborate on new products. Through
these relationships, local Chinese firms obtain new
technology and information. Using correlation analy-
sis, Yang (2011) shows that internal knowledge
sharing and external knowledge acquisition are
mutually correlated for Chinese software
outsourcing vendors.

However, these studies barely explain the specific
process of technology transfer involved in software
development projects in China. The literature’s anal-
ysis of technology transfer through offshore soft-
ware development to China is also immature.® Most
studies of offshore software development to China,
such as Eltschinger’s 2007 work, pay little attention
to the effects of technology transfer. Indeed, Japa-
nese firms that entrusted coding and testing to Chi-
nese firms were concerned with the outflow of
Japanese skills and knowledge to China (Takahashi
& Takahashi, 2008). This concern, in and of itself,

4. In the late 1990s, approximately 20,000 Chinese commenced study abroad each year, and fewer than 10,000 re-
turned. By the 2000s, a substantial increase occurred in both figures. In 2009, more than 229,000 Chinese com-
menced study abroad each year, and more than 108,000 returned to China (National Bureau, 2010).

5. Wu and Miyazaki (2006) have shown that some large Chinese software firms had strong business links to foreign
IT firms, but only a few links to domestic firms. This phenomenon reflected the technology dependence of local firms

on foreign multinational enterprises.

6. Offshoring software development to India was frequently analyzed at the organizational level (Krishna, Sahay, &
Walsham, 2004, Nicholson & Sahay, 2004, Prashantham & Dhanaraj, 2010, Rivard & Aubert, 2008; Sahay, Nicholson, &

Krishna, 2003, Walsham, 2001).
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Software Business

Services

Strategy 3 involves IT product
exports. Applied to the Chinese

Packages case, this strategy requires the

Export

Chinese suppliers to develop or
obtain access to a distribution
network and ensure the provision

Market
Served

of post-sales services. However,

competition can be intense, and
the advantage of low labor costs
in a developing country loses its

Domestic

relative importance.

Firms’ Strategies in
Developing Countries

Figure 1. Strategic positioning for developing country software enterprises.

Source: Heeks (1999).

suggests that offshore development involves sub-
stantial technology transfer.

2.2 Strategies for Software Industries in
Developing Countries

The previously described literature does not identify
the strategic approaches that China should adopt
for its future development. We now analyze some
possible strategies for software industries in devel-
oping countries.

Export Strategies for Developing Countries
Correa (1996) described three strategies for promot-
ing software exports in developing countries. Strat-
egy 1 is the export of work that requires software
engineers to work in developed countries for brief
periods. These operations are primarily limited to
programming, and the learning process with respect
to design is not substantial.

Strategy 2 is the export of software development
services, which, in the Chinese case, typically consists
of software firms developing custom software in
accordance with their clients’ specifications or taking
on part of the development process as subcontrac-
tors. Software engineers may participate in the design
and implementation of systems, work which is likely
to be higher value-added and more profitable than
the activities mentioned in Strategy 1. The learning
process is likely to be substantial.

In contrast to Correa (1996), who
did not analyze strategies for
domestic markets, Heeks (1999)
classified software firms’ strate-
gies into five positions in terms of
markets and business.”

Figure 1 depicts Heeks' five strategies. Position A
represents the export of software services or off-
shore development. In this position, developed
countries entrust software firms in developing coun-
tries with either the entire software development or
subsections thereof. Position B is the export of soft-
ware packages. Position C is the production of pack-
ages for the domestic market. Position D is software
development and the sale of software services to
the domestic market. Finally, Position E represents
supply for niche markets, including sector, applica-
tion, and linguistic niches.

On the basis of this approach, McManus et al.
make the following argument:

[Position B] is almost non-existent in China’s soft-
ware industry. The majority of software program-
ming in China is for the outsourcing and domestic
services segment, which tends to be at the lower
end of the software industry value chain. China
currently lacks an entrepreneurial environment
that fosters innovation. (2007, p. 131)

Li and Gao (2003) apply Heeks' (1999) model to
China and argue that Positions A, B, and C are not
good strategies for the country’s particular circum-
stances. As a latecomer in the software export mar-
ket, China faces insurmountable obstacles in
Positions A and B for the immediate future. Worse

7. Heeks (1999) also clarified several factors crucial to successful software production, namely enterprise tactics, na-
tional strategy, and national vision. Heeks and Nicholson (2002) deduced the software export strategies from the expe-
riences of six developing countries, comprising national vision, national strategy regarding markets, national tactics
regarding infrastructure, and national tactics regarding international linkages and competitive clusters.
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yet, these export-oriented approaches have a serious
side effect: The advanced technology that firms
acquire through the export of software services often
fails to trickle down into the domestic market.® Posi-
tion C is also inadvisable. For example, a Chinese
software firm, KINGSOFT, developed the first word
processing software package in simplified Chinese in
1988. However, 10 years later, Windows-based
Microsoft Office took most of the market share.

In contrast, Positions D and E are suitable strate-
gies for Chinese software firms. Position D is an
appropriate starting point for several reasons. First,
this segment is the easiest for new firms to enter.
Second, this position can be a good starting point
for progressing into exports. A sizable and demand-
ing domestic market could be the springboard
required to launch China into the export market, as
a domestic market can provide a suitable base of
relevant skills and experience and a strong record of
accomplishment. Third, a sizable domestic market
attracts a large number of IT multinationals. Collab-
oration with multinational firms can create export
opportunities for local partners. In addition, Position
E provides thriving market opportunities. Given
China’s high economic growth rate, an increasing
number of large firms are operating across various
industries, making Position E promising (Li & Gao,
2003, pp. 68-70).

Nonetheless, Li and Gao (ibid.) overlook the
interaction between domestic and foreign firms
through the export of software services. Contrary to
their assumption, these exports have, in fact, led to
technology transfer to domestic firms, as we show
in the following sections.

In summary, Correa (1996) suggests that a sub-
stantial learning process would accompany the
export of software development services. However,
Li and Gao (2003) overlook this same effect. The
following sections show how the export of software
development services is playing an important role in
the ongoing development of China’s software
industry.

Marketing and Customer-Oriented Strategies
McManus et al. (2007) discuss marketing and cus-
tomer-oriented strategies for Chinese and Indian
software industries in light of the global software
industry’s structure and dynamics. The strategies
include those for market positioning, demand gen-
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eration, customer management, market influencing,
and partnership leverage.

Overall, McManus et al. (2007) argue that,
although the Chinese software industry had an
inherent advantage of cost leadership, it also
needed to implement these strategies to overcome
its shortcomings. In addition, China needed to build
trust and credibility with international clients, and to
acquire the ability to remotely deliver large and
complex projects.

Technological Leapfrogging Strategies
Steinmueller (2001) examines the possibility of tech-
nological “leapfrogging” by developing countries.
Leapfrogging means bypassing stages in capability
building or investment that countries were previ-
ously required to pass. Steinmueller (ibid.) notes that
developing countries need to address the following
prerequisites for technological leapfrogging: 1) exis-
tence of absorptive capacities to produce or use T,
2) access to the equipment and knowledge required
to use the later stages of technological development
productively, 3) complementary technological capa-
bilities, and 4) downstream integration capabilities.

Overall, Steinmueller (ibid.) argues that it is possi-
ble for developing countries to address these prereg-
uisites, due to the discontinuity brought about by
technological change in electronics, the availability
of knowledge about key technologies, and a broad
and competitive market for producer and user tools.
The following sections demonstrate that offshore
development helps developing countries address
these prerequisites.

3. Research Methodology

We use an inductive case study methodology to
examine changes in the division of work in Japan
and China. In keeping with the procedures of induc-
tive case study research, we iterate continuously
between the data and the emerging propositions
(Eisenhardt, 1989; Yin, 2003). For this purpose, mul-
tiple case studies offer a more robust analysis than a
single case study would.

Before describing our interview method, we need
to explain the process of software development.
When Japanese firms conduct offshore software
development, they typically apply the waterfall
model. Phases in this waterfall model include

8. Li and Gao (2003) referred to Arora and Athreye (2002), who explained how the technology that Indian software
firms acquired through software exports failed to trickle down into the domestic market.
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1) requirements definition, 2) external design,

3) internal design, 4) programming design, 5) cod-
ing, 6) unit tests, 7) join tests, 8) system tests, and
9) operations and maintenance. Requirements
definition is the process of defining the product’s
requirements.® External design is product design that
meets the defined requirements.'® Internal design is
the design of the implementation details that are
invisible to users."" Programming design is the
detailed specification and design of each program
module. External and internal design require not
only extensive technical knowledge and skills, but
also business knowledge, which includes informa-
tion regarding individual customer business styles,
where and how the software will be used, and ideas
about developing software that suits the business
style of each customer.

In most offshore development projects in the
1990s, Japanese firms performed the requirements
definition, design, and join and system tests. They
entrusted Chinese firms with only the lowest value-
added phases: coding and unit tests.

Now, however, we find that Japanese firms
entrust a broader range of design phases to the Chi-
nese. During 2007-2009, we interviewed 50 Chi-
nese firms that received orders from Japan. These
firms included local Chinese firms, joint ventures
between Japanese and Chinese firms, and subsidiar-
ies of Japanese firms.’? Through this recent research,
we discovered that more than half of these firms
have been entrusted with external or internal design
since the end of the 1990s, and substantial technol-
ogy transfer involving design methods has occurred.

To investigate this more deeply, we re-inter-
viewed some of the Chinese firms and the Japanese
firms that traded with them. Based on the interview
data, we analyzed the reasons for the changing
outsourcing pattern, thereby formulating some
propositions. We then re-interviewed the firms to
confirm our propositions.

This process reveals that both the methods by

which and the reasons why Japanese firms
entrusted design to Chinese firms were similar
across the firms. Therefore, among the several
dozen Chinese firms we interviewed, we chose four
firms. We describe the results of our interviews with
these firms'3 in the following sections. The descrip-
tion of the four sample firms encompasses the
methods and reasons for entrusting design to many
Chinese firms.

We designate the four Chinese firms as Firms A,
B, C, and D. Firms A and D are local Chinese firms.
Firms B and C are international joint ventures.
Regarding their products, Firm A is a large IT vendor
that provides software systems and packaged soft-
ware. Firms B and D are also large IT vendors, but
they provide software systems and embedded soft-
ware. Firm C provides embedded software for its
Japanese parent company. Thus, these four firms are
representative of the various software development
fields in China. Table A1 in the Appendix provides
some general information about the sampled firms.

4. Global Distribution of Tasks

Using the example of our four firms, this section
describes changes in the division of work between
Japan and China at the end of the 1990s. Figure 2
details the changes in the balance of tasks between
Japanese firms and Chinese Firms A and B.

Firm A is a local Chinese firm founded in 1991.
It was entrusted with programming design, cod-
ing, and unit tests by Japanese IT vendors in the
1990s. Firm A opened an office in Japan in 1999.
Generally, Firm A's Chinese engineers have high lev-
els of software development skills and Japanese lan-
guage literacy. Therefore, they serve as mediators
between Japanese IT vendors and the firm’s main
office in China. Around 2000, a Japanese IT vendor
invited highly skilled Chinese engineers from Firm A
to participate in internal design phases, which was a
role previously assigned to Japanese engineers. The
Chinese engineers gradually acquired internal design

9. This process includes determining features, cost and price, performance, safety, and regulatory factors.

10. These requirements include the definition of user interfaces (both command line and graphical); features; external

interfaces to other programs or systems; a high-level architecture that shows the dependence on external components;
and the response to cost, price, performance, safety, and regulatory requirements.

11. These details include the internal architecture of program modules, definitions for intermodule interfaces, and lists
of key data structures and methods or functions associated with each module.

12. Of the 50 Chinese firms we interviewed, local Chinese firms comprise two-fifths, joint ventures between Japan and
China comprise two-fifths, and subsidiaries of Japanese firms comprise one-fifth.

13. We interviewed each of the four firms three to four times.

Information Technologies & International Development



TAKAHASHI, TAKAHASHI

Requirements External Internal | Programming | Coding Unit
Definition Design Design | Design Tests
1990s )
Japanese Chinese
End of the 1990s
Firms Firms A and B
2000s
Figure 2. Changes in the division of work between Japanese firms and Chinese Firms A and B.
Requirements | External Internal Programming Coding Unit
Definition Design Design Design Tests
1990s )
Japanese Chinese
Late 1990s ) .
Firm Firm C
2000s

Figure 3. Changes in the division of work between a Japanese firm and Chinese Firm C.

skills and eventually equaled the expertise' of the
Japanese engineers, and the Chinese began to con-
duct internal design by themselves. Presently, Firm A
conducts external design jointly with the Japanese
firm and internal design and other processes on its
own.

Firm B is a joint venture between a Japanese IT
vendor and a Chinese software firm. The Japanese
IT vendor has entrusted programming design, cod-
ing, and unit tests to the Chinese firm for more than
10 years. When they established Firm B together in
1996, the Chinese parent company transferred skills
and business knowledge to Firm B. Subsequently,
the Japanese parent company invited engineers
from Firm B to participate in the internal design
phases. In 1998, the Japanese and Chinese engi-
neers jointly commenced external design. Several
years later, Firm B conducted external design on its
own. Firm B’s orders have been increasing since it
established an office in Japan in 2001.

Firm C is a joint venture established by a Japa-
nese machine manufacturer and a Chinese firm in
1991. Occasionally, engineers from Firm C worked
at the Japanese parent company’s offices and con-
ducted external and internal design under the gui-

dance of Japanese engineers. In the late 1990s, Firm
C's engineers began to conduct the external design
phase by themselves. Currently, Firm C sometimes
conducts its own requirements definitions. Figure 3
illustrates the changes in the division of work
between the Japanese firm and Chinese Firm C.

In these three cases, Chinese firms conducted
both external and internal design. The following
case is one of a Chinese firm conducting only inter-
nal design. Figure 4 illustrates the changes in the
division of work between a Japanese firm and
Firm D.

Firm D is a local Chinese firm founded in 2000.
A Japanese IT vendor invited highly skilled Chinese
engineers from Firm D to Japan to participate in
internal and programming design. In 2003, Firm D
established a Japanese office staffed by Chinese
engineers to increase sales to Japanese firms. Firm D
now conducts its own internal design.

These examples show how changes in the divi-
sion of work occurred in the software industry in
Japan and China. First, Chinese engineers worked
with Japanese engineers in the design phase. Once
the Chinese engineers had acquired the necessary

14. As estimated by Firm A.
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Requirements External Internal Programming | Coding Unit
Definition Design Design Design Tests
2000 ) ) )
Japanese Firm Chinese Firm D
Present

Figure 4. Changes in the division of work between a Japanese firm and Chinese Firm D.

skills and business knowledge, they began to con-
duct the design phase themselves.

To summarize, engineers in Chinese firms (i.e.,
suppliers) obtained skills and business knowledge by
working with engineers in Japanese firms (i.e.,
outsourcers). Initially, the supplier engineers worked
with the outsourcer engineers. However, once the
former had acquired the necessary skills and busi-
ness knowledge, they began to conduct the tasks
on their own. Therefore, we arrive at the following
proposition:

Proposition 1: Technology transfers of offshore
software development arise through the collabo-
ration of outsourcers and suppliers. Engineers in
the supplier firm work with engineers in the
outsourcer firm to acquire the necessary skills and
business knowledge.

Furthermore, these examples show that the high
absorptive capability of Chinese engineers was a key
factor in technology transfer. For this reason, Chi-
nese software firms made a point of assigning com-
petent employees to their business activities with
Japanese firms.

5. Process of Technological
Progress

Next, we clarify the process by which Chinese firms
acquire experience and skills relevant to the design
phase. Offshore development differs from domestic
development in three primary ways: the diversity of
organizations and cultures, the nature of the work,
and the process involved in the offshore relation-
ship. Therefore, individuals, teams, and organiza-
tions have to manage the complex problem of
embedded knowledge in offshore development
(Nicholson & Sahay, 2004). We now describe how
Chinese firms overcame difficulties in this area.

5.1 Accumulation of Coding and Testing
Skills

In the 1990s, most Chinese engineers had little
experience in offshore development. They needed to
acquire experience and develop coding and testing
skills, as well as Japanese-language literacy. This sec-
tion explains how they accomplished these tasks.

Acquisition of Coding and Testing Skills
Working on Japanese Designs

When Chinese firms received orders from Japan, the
Chinese acquired coding and testing skills working
on the designs sent by the Japanese. The four Chi-
nese firms we interviewed had standardized their
development methods and, thus, had improved cod-
ing and testing efficiency. One Chinese employee
whom we interviewed said, “Japanese designs were
very detailed. We followed them in conducting cod-
ing and testing. By repeating this, we overcame our
deficiency in teamwork and established methods of
organizing development teams.” In other words,
Chinese firms followed the Japanese designs, and in
so doing, learned the Japanese style of software
development, organization of development teams,
and other skills.

Training Programs

The Chinese firms conducted training programs for
their employees. Firms A and B invited Japanese
engineers to China and sent their engineers to
Japan. Through these training programs, Chinese
engineers gained opportunities to experience soft-
ware development processes in Japan. In addition,
all four firms conducted Japanese-language training.

Recruiting Engineers from Japan

We found that Chinese firms hired engineers not
only from China, but also from Japan. These firms
recruited Japanese and Chinese software engineers
working in Japan and asked their Japanese parent
companies to transfer Japanese software engineers

Information Technologies & International Development



to China. For example, Firm B’s Japanese parent
company sent a Japanese adviser to Firm B. In addi-
tion, certain Chinese firms secretly hired Japanese
engineers as technical advisers.’ Chinese engineers
then acquired coding and testing skills from these
foreign advisors. Through these measures, Chinese
firms developed an understanding of foreign-based
advanced technology. This period is regarded as a
“chrysalis” stage in the design process.

5.2 Acquisition of Design Skills

Design skills are difficult to obtain through a team’s
own efforts. As previously described, in the 1990s,
Chinese firms were accumulating experience in soft-
ware development, but they lacked sufficient design
skills. External design is particularly difficult, because
it requires specific business knowledge. We now
explain the process of offshore software develop-
ment and clarify how Chinese firms acquired design
skills. A representative case is the development pro-
cess involving a Japanese IT vendor'® and Chinese
Firm A, described in the previous section.

Table 1 provides information from the interviews
about the software development process. The Japa-
nese IT vendor and Chinese Firm A jointly conducted
external design. The Japanese IT vendor entrusted
the later phases to Firm A and provided support.
The vendor prepared the technical information, con-
ducted training, checked each product, and cor-
rected mistakes. Sometimes, Japanese engineers
traveled to China to confirm the progress of the
project and advise Chinese engineers.

Offshore development resulted in unintended
technology transfer. In Phases 3 and 4, Firm A
learned the process of developing software in accor-
dance with the business style of each customer. In
Phases 5-7, the Chinese firm acquired internal
design skills. In Phases 10-12, it developed testing
skills. In our interview, a manager at the Japanese IT
vendor said, “Our firm did not implement technol-
ogy transfer intentionally, but the above process
resulted in technology transfer.”

As previously stated, we interviewed dozens of
Chinese firms entrusted with design, most of which
acquired design skills and business knowledge in a
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similar way—that is, Chinese firms acquired skills
through training and repeated working experiences
with their Japanese partners. In other words,
entrusting design work to Chinese firms requires
outsourcers’ support, which leads to technology
transfer. Thus, we arrive at the following
proposition:

Proposition 2: Entrusting more difficult tasks ne-
cessitates outsourcers’ support in the form of
training, instruction, and periodic product checks.
Entrusting work to others results in technology
transfers to suppliers, even if the outsourcers do
not intentionally implement such transfers.

Firm A is a local Chinese firm, not a subsidiary of
the Japanese IT vendor. However, the Japanese ven-
dor holds a positive attitude toward transferring
technical instruction to Firm A; the same attitude is
displayed toward Firms B and C by their Japanese
parent firms. Firm A had been doing business with
with the Japanese IT vendor for about 10 years . In
our interview, the Japanese IT vendor stated that it
needed to produce high-quality products; thus, it
unhesitatingly implemented technical instruction for
its long-term partners.

From our interviews with dozens of Chinese soft-
ware firms, we find that many Japanese firms con-
duct business in a similar way. Their attitude toward
technical instruction of Chinese firms with which
they have had lengthy (e.g., 10-year) business rela-
tionships differs greatly from their attitude toward
Chinese firms with which they have had only short-
term (e.g., 2-year) business relationships and is close
to their attitude toward their own subsidiaries.
Therefore, we suppose that little difference exists
between the nature of technology transfer from Jap-
anese firms to Japanese subsidiaries in China, and
such transfer to local Chinese firms that are long-
term partners.

6. Reasons for Changes in the
Division of Work

This section discusses why Japanese firms changed
the division of work between themselves and Chi-

15. For example, a Japanese engineer provided paid advice to a Chinese firm only on weekends. He did not notify his

company of his activities.

16. This firm began offshore development in China in the late 1990s. Around 2000, the firm began to implement off-
shore operations on a large scale and entrust internal design to Chinese firms.
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Table 1. Software development process involving a Japanese IT vendor and Chinese Firm A.

Phase Description

Chinese engineers arrange for Phases 7-12.

0 N O Ul AW N =

component.*

Japanese vendor conducts requirements definition.

Japanese and Chinese engineers jointly conduct external design.

Japanese vendor prepares technical information for developing software.

Chinese engineers undertake training in Japan (if necessary).

Japanese and Chinese engineers jointly develop an outline of the internal design using the Internet.

Chinese engineers conduct internal design based on the outline.*
Chinese engineers partition the content of internal design and place teams in charge of each

9 Chinese engineers divide each component into subcomponents and select the person in charge of each
subcomponent.* Chinese engineers then conduct coding.*

10 Chinese engineers conduct unit tests for quality verification.*

1" Chinese engineers conduct join tests for quality verification.*

12 Chinese engineers (or in some cases, Chinese and Japanese engineers together) conduct system tests

for operation.*

*Work checked by the Japanese IT vendor.

nese firms. We identify two primary reasons: quality
control and cost reduction. In other words, Japanese
firms entrusted the design phases to Chinese firms
to improve product quality and to reduce develop-
ment costs. We explain these reasons by analyzing
the current software development circumstances in
Japan.

6.1 Quality Control
One of the main problems in offshore software
development is maintaining software quality. A
survey'” conducted by the Japanese government
showed that 62.5% of Japanese firms are con-
cerned about poor-quality software or have difficulty
controlling quality. The most important reason
appears to involve gaps in thinking about design
changes and the level of quality. Although design
changes often happen after the beginning of coding
in Japan, they do not happen frequently in other
countries. In addition, a large quality gap exists
between Japanese firms and foreign firms (Ministry
of Internal Affairs and Communications, 2007).
These gaps arise from the unique Japanese soft-
ware development methodology. Typically, a Japa-
nese firm does not first complete a design; rather, it
adjusts and gradually optimizes the design during

the course of coding. Therefore, delays in determin-
ing the requirements definition and revisions of
designs often occur. Moreover, Japanese firms pay
attention to very detailed points of design. Chinese
programmers who are unfamiliar with these prac-
tices cannot always understand why the designs are
revised (Kitajima & Ban, 2006).

Japanese firms invited Chinese engineers to par-
ticipate in internal design to control the software
quality. In our interview, an executive of Firm A said
the following:

The main purpose of offshore development in
China is entrustment of coding and testing. How-
ever, when Japanese firms entrust only coding
and testing, Chinese firms do not participate in
design, so they cannot understand the properties
of the software and make many mistakes in de-
veloping it. Therefore, the developed software has
a large problem in quality. It takes significant time
and money for Japanese firms to revise the soft-
ware. The effects of cost reduction by offshore
development are reduced.

In our interviews, Japanese firms said that the
participation of Chinese engineers has several
effects. First, Chinese engineers in charge of coding

17. The Japanese Ministry of Internal Affairs and Communications commissioned Mitsubishi UFJ Research and Con-
sulting Co., Ltd. to conduct the survey. In 2007, questionnaires were mailed to 4,632 Japanese companies, 514 of

which responded.
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Figure 5. Growth rate of sales in the Japanese software industry (1990-2006).

Note: Growth rate is year over year.
Source: Murakami (2007).

and testing understand where and how the soft-
ware is to be used. Second, Japanese firms can now
explain design matters more easily to Chinese firms.
Third, there is an improved understanding of design
changes and reduced discrepancies in the level of
quality between Japanese and Chinese firms.

6.2 Cost Reduction

The business environment of the Japanese software
industry worsened at the end of the 1990s, promot-
ing changes in the method of offshore develop-
ment.

As Figure 5 shows, the growth rate of the Japa-
nese software industry decreased at the end of the
1990s. To make matters worse, the unit price of
software development in the Japanese market con-
tinued to decline during the 2000s."® In response,
Japanese firms are looking for a new business model
to maintain profits.

Japanese firms intended to reduce their develop-
ment costs by entrusting design to Chinese firms.
Our interviews show that the Japanese IT vendor
that entrusted internal design to Firm A succeeded
in reducing software development costs. The inter-
viewee maintained that the personnel cost of the
Chinese engineers who conducted the internal
design of the same quality over the same period as
the Japanese engineers was one-third that of their
Japanese counterparts. Similarly, the Japanese IT
vendor that entrusted design to Firm B achieved a
cost reduction by entrusting external design to Chi-
nese personnel.’®

To summarize, quality and cost problems encoun-
tered by outsourcing firms in Japan led to changes
in the division of work. In turn, these changes
brought about additional technology transfers to

18. According to authors’ calculation based on Bank of Japan Time-Series Data, the unit price of software development

in Japan declined by 9.1% from April 2000 to April 2010.

19. This description is based on our interviews with the Japanese firms.
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China. Therefore, we arrive at the following
proposition:

Proposition 3: Outsourcers’ problems, which in-
clude the need for quality control and the deterio-
ration in the domestic business environment,
result in changes to the division of work between
outsourcers and suppliers. This change in the divi-
sion of work leads to additional technology trans-
fers.

7. Social Capital Dimensions of
Technology Transfer

This section analyzes the previously described tech-
nology transfer from the viewpoint of social capital.
As Inkpen and Tsang (2005) argue, concerted social
interactions among organizational actors facilitate
knowledge transfer. In other words, intensive
exchange and trust encourage technology transfer.
In addition, Sabherwal (2008) showed that social
capital and intellectual capital affect the dynamics of
management of outsourced information system
development projects in India. Prashantham and
Dhanaraj (2010) show that entrepreneurial Indian
software firms that exploit the network learning
opportunities presented by social capital achieve
greater international growth. Therefore, we consider
how Japanese and Chinese firms created a similar
relationship. Using the framework developed by
Nahapiet and Ghoshal (1998), we explore the devel-
opment of this relationship across three social capi-
tal dimensions: structural, cognitive, and relational.

The structural dimension of social capital repre-
sents the pattern of relationships among actors. This
dimension involves network ties and network
configuration. Network ties explain actor relation-
ships and describe a fundamental aspect of social
capital. Network configuration is the pattern of link-
ages among network members, representing hierar-
chy, density, and connectivity.

The cognitive dimension of social capital involves
the resources for shared meaning and understand-
ing among members. This dimension has two facets:
shared goals and shared culture. The relational
dimension of social capital refers to assets created
and leveraged through relationships. Among the
facets of this dimension, which include trust, norms,
and identification, trust is a critical factor affecting
inter-firm knowledge creation and transfer (Inkpen &
Tsang, 2005).

12

7.1 Structural Dimension

Network Ties

Through offshore development, Japanese and Chi-
nese engineers developed enduring interpersonal
relationships. As described in section 4, Japanese
firms began to entrust coding and unit tests to their
Chinese partners in the early 1990s, and then grad-
ually expanded the range of responsibilities
entrusted to the Chinese engineers, thus transfer-
ring skills and business knowledge. During this time,
Japanese and Chinese engineers maintained close
contact with one another. In addition, they often
worked together at Japanese firms' offices for sev-
eral months when developing software. This collab-
oration facilitated the development of network ties
between them.

Network Configuration
The relationship between Japanese and Chinese
firms was that of principal contractors to subcon-
tractors. Japanese firms wanted Chinese firms to
develop high-quality software; therefore, Japanese
firms transferred skills and knowledge. At the same
time, Chinese firms eagerly absorbed these skills and
knowledge, aiming to improve their own skills. This
hierarchical relationship evolved into a close connec-
tion between the engineers of the two countries.
During the process of offshore software develop-
ment, other Japanese firms entrusted only coding
and unit tests to Chinese firms. Their main concern
was that the technology transfer involved would
assist Chinese firms in catching up and competing
with them in those areas (Takahashi & Takahashi,
2008). On the other hand, the Japanese firms that
outsourced design to Chinese Firms A, B, C, and D
had few worries in this area. In the interviews, these
Japanese firms stated that the skills and knowledge
they transferred were obsolete, and that the transfer
was the price of pursuing cost reductions. In addi-
tion, they stated that they would be able to develop
new technologies to maintain their respective edges
over Chinese firms.

7.2 Cognitive Dimension

Shared Goals

Entrusting the design duties to the Chinese encour-
ages the formation of shared goals. As described in
the previous section, Chinese engineers gained an
understanding of the software properties by partici-
pating in the design process. This understanding

Information Technologies & International Development



assisted Chinese and Japanese engineers in sharing
goals related to the software under development.
Furthermore, these engineers maintained close con-
tact and visited one another regularly to discuss
these shared goals.

Shared Culture

Chinese engineers who worked with Japanese engi-
neers learned the Japanese business culture, as well
as relevant skills and knowledge. When these Chi-
nese engineers first began working with Japanese
engineers, they encountered a significant culture
gap, and many arguments ensued. However, as they
continued working together, Chinese engineers
gradually came to understand the Japanese business
culture. At the same time, Japanese engineers
began to understand the Chinese way of thinking.
As a result, both parties implemented their tasks
more smoothly than before. In addition, training
programs conducted by Chinese firms, as previously
described, also contributed to their employees’
understanding of Japanese business culture.

7.3 Relational Dimension

Trust

Trust strengthened the ties between the Japanese
and Chinese. Inkpen and Tsang note that “commer-
cial transactions embedded in social ties instill into
future exchanges expectations of trust and reciproc-
ity. In turn, relationships based on trust and reciproc-
ity are likely to promote the transfer of distinctive
knowledge and resources” (2005, p. 159).

The ties between Japanese and Chinese engi-
neers fostered trust in their mutually beneficial rela-
tionships. On the basis of these ties, Chinese
engineers acquired skills and knowledge and gained
experience. In turn, Japanese firms achieved cost
reductions in their software development projects.
As a result, Japanese firms transferred increasingly
advanced technology, and Chinese engineers contin-
ued to gain knowledge from the process. This con-
tinuing exchange further strengthened their ties. A
Japanese engineer we interviewed said, “Chinese
engineers understand the Japanese business culture
and their work meets our expectations. They are
reliable. So we have continued working together
and created a closer relationship.”

To summarize, in these mutually beneficial rela-
tionships, outsourcers and suppliers foster trust
through technology transfers. Developing trust con-
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tributes to even more technology transfer.
Therefore, we arrive at the following proposition:

Proposition 4: When the repeated technology
transfers lead to mutually beneficial relationships
and the development of trust between out-
sourcers and suppliers, the resultant relation-
ships and trust promote still further technology
transfers.

8. Concluding Remarks

This article discussed technology transfer to Chinese
firms from Japan through offshore software devel-
opment. We investigated the process of technology
transfer and the reasons for its implementation,
then examined this process from the viewpoint of
social capital. This case study analysis developed
four propositions on technology transfer.

Our results revealed how technology transfer
occurs. Engineers in supplier firms work with engi-
neers in outsourcer firms, which allows the supplier
firms to acquire new skills and business knowledge.
The process of entrusting more difficult tasks to sup-
plier firms necessitates the outsourcers’ support in
the form of training, instruction, and periodic prod-
uct checks for quality. These practices result in tech-
nology transfers to suppliers, even when the
outsourcers do not intentionally implement such
transfers. Changes in the division of work lead to
additional technology transfers. When repeated
technology transfers lead to mutually beneficial rela-
tionships and the development of trust between
outsourcers and suppliers, the relationships and the
trust lead to even more technology transfers. These
results indicate that offshore development brings
substantial benefits to Japanese firms and enables
significant technological progress in China‘s software
industry.

Furthermore, the technology transferred through
offshore development is employed in domestic soft-
ware development in China. According to our inter-
views, the Chinese firms took advantage of the
transferred skills for their own domestic projects. For
instance, Firm A used these skills when developing a
software system for subway management, while
Firm D used them to develop the software to man-
age a tunnel. These cases show that acquired skills
and knowledge allowed Chinese firms to catch up
with firms from developed countries in certain areas
of technology. We believe that technology transfer

13
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contributed significantly to the rapid development
of the Chinese software industry.

Our research results indicate a possible develop-
ment strategy for China. Li and Gao (2003) insisted
that the best strategy for China’s software industry
was to sell software services to the domestic market.
However, as we have shown, exports contributed
significantly to the domestic market expansion.
Therefore, we recommend that the Chinese soft-
ware industry intensify the export of software ser-
vices, and that the government support these
exports.?% Hence, China should adopt strategies that
focus on both domestic supply and export of soft-
ware services.

Some Indian engineers working in Australia expe-
rience poor working conditions, and their situation
in the labor market is in flux and uncertain (Biao,
2006). Conversely, Chinese engineers who work for
Chinese firms and conduct design for Japanese pro-
jects receive higher salaries compared to their

domestic colleagues who do not work with the Jap-
anese firms. In addition, implementing designs gives
engineers greater satisfaction than coding and unit
testing do. An engineer in Firm C who conducted
requirements definition and design said, “I may be
able to make more money if | work for another
company. However, | enjoy my work creating new
products. That's why | work for this company.” This
statement suggests that Chinese engineers obtain a
sense of fulfillment by participating in requirements
definition and design. These effects on labor condi-
tions require further exploration, which remains a
task for future research. m
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20. The Chinese government has already implemented a number of policies to promote the export of products from its
software industry. The 10th five-year plan (2001-2005) included tax reductions, subsidies, low-interest bank loans, and
other preferential treatment. The 11th five-year plan (2006-2010) contained further promotional policies.
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