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Introduction

As other countries which confronted institutional legacies of a planned economy, China
had to substantially reform and adapt its higher education system in the course of the
1980s and the 1990s (OECD 2008; Wu 2010a). Institutions that used to be mere teaching facilities until the late 1970s gradually resumed their scientific activities and in some
cases even developed into internationally acknowledged hubs of cutting-edge research
(Frietsch et al. 2008; Yang/Welch 2012). In many respects, this process of transformation has set an example of ambitious targets which were successfully achieved, backed
up by strong incentive systems (Wu 2010b). It has, however, not remained limited to
the realm of scientific merit alone. One further consequence is that, unlike in other developing nations (Intarakumnerd et al. 2002; Liefner/Schiller 2008), Chinese universities have become potentially more relevant sources of knowledge for local firms.
Furthermore, China's rapid development did not only come with a renewed push for
scientific excellence but also with quickly developing ambitions with regard to technological upgrading in the domestic industrial sector (Jin et al. 2008; Lee et al. 2011). The
pre-reform system's approach of relying on freely available research results of public
research institutes (Segal 2003) predictably failed (Chen/Kenney 2007). During the
process of institutional transformation, therefore, many of these institutes were either
privatised straight away or substantially reformed (OECD 2008). These reforms, however, did progress fast enough to satisfy the rapidly emerging demands of the national
industry (Kroll/Schiller 2010). As a result and in part expedited by a parallel decrease in
their basic funding for research (Chen/Kenney 2007), Chinese universities were confronted with substantial opportunities in different areas of what the academic discussion
has come to label the 'third role' (Kroll/Liefner 2008; Wu 2010a). Already involved in a
process of transformation since the 1980s, they were arguably able to adapt to this
novel role in the field of applied R&D faster than public research organisations, even if
they, too, had to overcome notable internal challenges before all internal stakeholders
were ready to accept university-industry relations as part of their mission (Kroll/Liefner
2008; Wu 2010a). In any case, the industrial share of funding for university R&D has
been and remains higher than that of funding for public research activities at many of
those other public research institutions which, with a view to their mission, should deliver more applied results (Kroll/Schiller 2010). In addition , the intensity of those cooperations with the private sector that can be evidenced by co-patents has visibly increased (Motohashi 2008).
That notwithstanding, much of the literature underlines that the Chinese system of
technology transfer has developed quite particular, and not always beneficial, features
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during the nation's gradual process of institutional reform. In particular, Chinese universities have focused on very entrepreneurial approaches to commercialisation and technology transfer, while market-oriented co-operative relations have taken longer to become effective (Gu 1999; Kroll/Liefner 2008)One prominent element of this entrepreneurial approach are the 'academy-run' or 'spin-around' firms (Eun et al. 2006; Kondo
2003), institutionally invested and dependent firms that have emerged side by side with
actual spin-offs in China (Eun/Lee 2010; Kroll/Liefner 2008). While some studies underline that these structural tendencies persist until today (Wu/Zhou 2012), others (Guan
et al. 2005; Motohashi/Yun 2007; Tagscherer et al. 2012) point out that there is no evidence suggesting that university-industry co-operations in China are limited to, or even
very focused on, co-operations with such newly set-up firms. Among other studies, a
2009 survey of 21 universities and 31 companies in Beijing, Tianjin and Hebei unambiguously demonstrated that partners from science and industry maintained quite different forms of co-operations from small-scale project-oriented contract research, the strategic set-up of joint science-industry research centres in high-tech industries, to the
formation of long-term national alliances for pre-competitive R&D in defence-related or
heavy industry (Tagscherer et al. 2012: 35). In fact, Chinese universities seem to engage in a much larger part of the broad array of possible university-industry relations
(D'Este/Patel 2007; Kodama/Branscomb 1999) and fulfil a much broader set of functions in their region (Uyarra 2010) than commonly acknowledged (Chen/Kenney 2007;
Motohashi/Yun 2007; Quan 2010; Wu 2010a).
Nonetheless, different studies have continued to express scepticism as to how meaningful and effective these still specifically Chinese types of science-industry cooperation really are (e.g. Cao 2004). Even very recently, some went so far as to claim
that “the role of [university-industry linkages in China] is largely stalled or out of sync
with industry progress” (Wu/Zhou 2012: 823) highlighting in particular that many universities in China are not yet able to assist the country's technologically most advanced
firms. On the other hand, however, these studies acknowledge that 'many smaller and
medium sized firms [remain] in great need of R&D support' (Wu/Zhou 2012: 825) – and
could thus indeed profit from public technology transfer. Other studies, moreover, underline that some of the leading institutions have indeed become able to do so
(Yang/Welch 2012). In a sense, therefore, these critical accounts reiterate the key findings of previous studies highlighting that well-functioning science-industry linkages in
China thrive on 'islands' that are only to a limited extent connected to the rest of the
economy (Kroll/Schiller 2010). In addition, they are in line with a plethora of papers
which underline the substantial degree of variety between regional innovation systems
in China – from different types of well-connected urban hotspots to a large, technologi-
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cally lagging periphery (Chen/Kenney 2007; Guan/Chen 2010; Kroll/Tagscherer 2009;
Zhang et al. 2012).
What remains unanswered, however, is to what extent the potential recipients of technology transfers in China's hot-spot of innovation are still facing the specifically Chinese obstacles mentioned in earlier studies (Cao 2004). Even though arguably disconnected from other parts of the broader industrial system, these hot-spots of development still undisputedly constitute one of the dynamic cores of the Chinese national innovation system, remain central to building China's domestic technological capabilities
and, in the long term, may well generate more relevant spill over effects than today
(Kroll/Schiller 2010; Lee et al. 2011; Zhao/Richards 2012). For the moment, however,
the situation on the 'islands of innovation' remains too specific to draw on general studies on technology transfer in the Chinese economy to improve our understanding of
these particular environments.
Consequently, the authors see merit in a study that is aimed at illustrating how the network of knowledge exchange in China has evolved in one of the core locations that
served as the drivers of the national innovation system in the last decade. In particular,
it seeks to establish whether some of the 'classic' intrinsic problems of the Chinese
technology transfer system that were lamented in the 1990s (Gu 1999) and the early
2000s (Cao 2004) still prevail, or if the system of knowledge exchange in some of the
leading innovation locations has in the meantime been substantially transformed and in
some respect become more similar to international set-ups as has been suggested by
newer studies (Liu et al. 2011; Zhao/Richards 2012).
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For at least two decades, Chinese policy making has sought to develop the national
business sector's techno-economic capabilities beyond imitation and adaptation
(Chen/Kenney 2007; Frietsch/Schüller 2010; OECD 2008). Beyond prestige related
considerations, one key political rationale behind this certainly is that business models
based on innovation instead of labour cost competition enable Chinese firms to pay
higher wages and thus, indirectly, safeguard societal well-being. Accordingly, precompetitive research and technology transfer have been high on the central government's agenda since at least the 1980s (Cao et al. 2006; Chen/Kenney 2007). On the
contrary, from an individual firm's perspective investment in technological upgrading
only becomes relevant when it promises to yield tangible additional opportunities in
terms of profit or growth (Dosi 1988). In the 1990s and early 2000s, the market mechanism as such did not provide incentives such as that Chinese firms could compete
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based on low labour cost or regulatory arbitrage with regard to for example pollution,
and rely on technological imports from abroad (Chen 2007; Lee et al. 2011) – as could
be theoretically expected (Nelson 2008) and which has many times been observed in
emerging economies (Ernst/Kim 2002; Kogut 2004; Revilla Diez/Berger 2005). To
some extent, undoubtedly, some of these incentive frameworks continue to persist until
today, in particular in manufacturing regions like the Pearl River Delta (Kroll/Schiller
2012; Schiller 2011).
In recent years, however, this established situation has come under pressure by rising
wages, tightening regulations, as well as an increasingly discerning and affluent customer base (Asian Development Bank (ADB) 2010; Lee et al. 2011). As a result, companies favouring old-style business models move further inland while more and more
companies in the affluent urban centres, characterised by a dynamic public research
landscape, have successfully demonstrated that money can just as well be made by
producing technologically more advanced and higher-quality products even if this requires drawing on a well-educated, more expensive workforce (Altenburg et al. 2008;
Wang/Zhou 2013). In parallel, more and more Chinese universities have developed to
a point where they have become relevant sources of forward engineering (Frietsch et
al. 2008; Lee et al. 2011). Evidently, Chinese firms have been making active use of
these opportunities (Motohashi 2008; Motohashi/Yun 2007) which in turn helped them
to improve their own technological capacity and their ability to innovate (Brehm/Lundin
2012; Fu et al. 2012; Guan et al. 2005; Tagscherer et al. 2012). In the late 2000s and
early 2010s, therefore, the formerly poor match of technology supply and demand
(Kroll/Schiller 2010) improved while, in parallel, the national government reinforced its
investments in science, technology and innovation (Cao et al. 2006; Lee et al. 2011;
OECD 2008). Certainly, there are still a number of Chinese regions where either the
sheer absence of public research capabilities or the prevalence of traditional business
models will keep the potential for the development of a dynamic local network of
knowledge exchange rather limited (Schiller 2011; Zhang et al. 2012). In other locations, like Beijing, in contrast, university-industry relations have been the backbone of
the regional technology sector from its outset, even during the planned economy era
(Chen/Kenney 2007; Segal 2003; Zhao/Richards 2012). As a result, these locations are
a priori endowed with a much denser local network of relations between the university
and the industrial sector (Guan et al. 2005; Tagscherer et al. 2012). As Fu et al. (2012)
rightly point out, however, these networks have to be understood in Chinese terms as
guanxi – long-standing personal relations between people who know each other from
working in a similar field or having studied at the same university. While this network of
inter-personal relations may create an environment of trust, it does not necessarily en-
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sure an effective, dynamic and viable network of inter-business relations. Even though
people know each other well, they may not necessarily be knowledgeable about the
implementation of technology transfer or free to act as they see fit. In the past decade,
for example, the effectiveness of the network, which existed even then, remained severely hampered by other deficiencies such as low absorptive capabilities in local firms,
unclear ownership rights, lack of venture capital, and the government's strongly interventionist approach to technology policy (Cao 2004). In more general terms, it has
been argued that the existing networks cannot become effective without the right incentive systems and framework conditions (Wu/Zhou 2012).
It is also important to note that the dynamic of the local system of technology transfer
does not depend on the technology providers alone, but at least to the same extent on
the characteristics of the potential recipients of technology transfers (Bozeman 2000).
This was empirically confirmed for the case of China years ago/a few years ago (Cao
2004). Against this background, it has to be regarded as a deficit that the majority of
recent studies aimed at analysing the system of technology transfer in China's hotspots
of innovation have tended to focus on the perspective of the technology providers. With
comparatively new reviews of the public research perspective now available (Wu/Zhou
2012; Wu 2010b), it is this perspective of the firm that remains missing from the overall
picture. Unambiguously, more general studies (e.g. Brehm/Lundin 2012; Motohashi/Yun 2007) have demonstrated the great potential of company-level studies to assess how useful and effective the technological offers made by domestic universities
really are, a potential that remains to be leveraged through more focused studies.
In order to evaluate the current state of development of knowledge exchange and
technology transfer in China's hotspots of innovative development, our analysis will
have to focus on a sample of enterprises in Beijing that are part of the established local
network and thus preferred recipients of technology transfers. To determine which limitations and particularities prevail in the local system of knowledge exchange, we will
analyse the firms' views on the local situation and benchmark their assessment against
that of companies in a potentially more favourable – and less specifically Chinese environment. To the authors' knowledge, no study has so far been conducted from this particular perspective.
More specifically, the empirical analysis will focus on a sub-group of firms which can be
assumed to be part of Beijing's existing local network of technology-related interpersonal relations. To that end, the study focuses on firms which have either tried to
register as 'technology-firms' or applied for funding for 'technology activities'. To determine whether the technology transfer system in Beijing still displays 'Chinese particu-
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larities' and 'typically Chinese obstacles' the Beijing firms' assessment of their own
situation and the local framework conditions were benchmarked against a representative sample of German firms which claim to be 'innovative'. Germany was selected as a
country of reference as, firstly, it is an economy within which the notion of technological
innovation can be expected to be a concept fully understood by most entrepreneurs
and, secondly, it is an economy in which a co-operative approach to technological development and R&D is fairly widespread (Schmoch 2000). Thus, the Chinese firm's
assessments of a number of technology-transfer related issues in their specific environment will be compared against those of a sample of innovating firms from a stable
environment in which knowledge, technology and innovation have undisputedly become central to economic success and where co-operation and knowledge transfer
constitute relevant sources of international competitiveness.
In the following we specify this paper's objectives by means of five distinct hypotheses.
As a first hypothesis, we suggest that the overall level of technological capability in the
Chinese industrial sector is more limited than that of innovating firms in Germany, even
among those companies registered as 'technology firms' (Lee et al. 2011; OECD
2008). In particular, the literature suggests that not many firms have moved into a position from which they can develop and patent global novelties (Kroll 2011). Instead, they
are more likely to focus their technological activities on the domestic market
(Schiller/Kroll 2013) which, for the time being, offers sufficient volume and business
opportunities based on the adaptation of solutions that are available elsewhere. Consequently, most of the firms surveyed in China have only recently begun to feel a need
to invest substantially in own, internal R&D capabilities, if at all. Instead, they are likely
to be used to rely on external inputs and inspiration which they then transfer into actual
products (Lee et al. 2011; Zhu/Chen 2006).
Hypothesis 1: Chinese firms looking to register as technology firms display lower technological capabilities than innovating firms in Germany – illustrated by their more limited tendency to develop global novelties; in line with this, they tend to be more dependent on external knowledge transfer and likely to place less confidence into their
own, internal R&D capacities.
As a second hypothesis, we suggest that, due to the way in which the sample was
drawn, many of the surveyed firms are likely to orient their internal structure towards
the requirements put forward by the government for the funding or registration that they
sought to obtain. According to local experts, these include stipulations regarding the
formal qualification of the staff, the number of dedicated R&D personnel and the stated
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business model. On the other hand, much of the literature on technology transfer in
China suggests that many employees in firms do not have the necessary qualifications
needed to process external technological knowledge (Cao 2004; Tagscherer et al.
2012). In addition, many firms are said to lack market related knowledge, which leads
to difficulties in selling their products (Kroll/Schiller 2010). Consequently, we can expect
that their declared motivations for absorbing knowledge will suggest that a number of
internal capabilities leave room for improvement, in particular those related to employees' qualification and to the applicability and customer orientation of their products.
Hypothesis 2: Most Chinese firms looking to register as technology firms will fulfil official 'high-tech' criteria with a view to workforce qualification, R&D employment and their
declared competitive edge to a stronger extent than German firms; nonetheless, some
of their motivations for accessing external knowledge will indicate that their workforce's
task-related qualification and customer orientation remain to be improved.
As a third hypothesis, we put forward that while many Chinese technology firms may
be quite experienced with regard to the adoption and adaptation of external knowledge,
a not uncommon narrative suggests that much of this absorption of knowledge is based
on the re-engineering of existing hardware, rather than on an actual capability to either
process more abstract, codified knowledge or to collaborate with partners from academia (Tagscherer et al. 2012; Wu/Zhou 2012). While the trade of embedded technological content has been established for more than a decade and seems to function rather
well (Gu 1999; Kroll/Liefner 2008), recent studies have confirmed that the actual impact
of university-industry relations depends on the firms' actual investment in their own
absorptive capacity (Brehm/Lundin 2012). Furthermore, less positive assessments
have been published of Chinese universities' ability to license patents (Wu, 2010b) and
of Chinese firms' general ability to absorb external knowledge (Liu/Zheng 2011) which
in the past has prompted the emergence of an overly entrepreneurial technology transfer system (Eun et al. 2006; Kondo 2003) that seems different from the personalinteraction-based German system (Schmoch 2000). With a view to potential partners,
the still limited technological capabilities in the domestic industrial sector suggest that
for many firms there is little alternative to collaborating with public research organisations if they want to learn something substantially new (Lee et al. 2011; Motohashi/Yun
2007). In addition, the high intensity of competition-oriented thinking in the Chinese
business sector can be expected to limit any collaboration between those firms who
fear that sharing knowledge might expose their business secrets.
Hypothesis 3: The firms surveyed in China have a lower absorptive capacity than those
in the German sample; hence, many of them will seek to obtain ready-made products
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and prototypes; co-operative R&D, in contrast, will remain less common. Since the
technological capabilities in the industrial sector remain low, more firms will focus on
transfer from public research.
As a fourth hypothesis, we suggest that many Chinese firms are still 'national champions' neither able nor willing to compete on the global marketplace (Lee 2005;
Liu/Zheng 2011). For the time being, the domestic market offers sufficient volume and
opportunity as well as a slightly less discerning customer base that matches the firms'
own technological capabilities well (Schiller/Kroll 2013). While capabilities relevant for
global competiveness can only be learned abroad (Zhu/Chen 2006), this domestic
market could for a transitory period be served without intensive localised R&D cooperation. Increasingly, however, the development of novel products for a more and
more challenging customer base requires an interaction with partners knowledgeable
about technology but arguably also about local specifics and customer requirements
(Fu et al. 2012; Schiller/Kroll 2013). As a result, it would seem logical if Chinese technology firms have a stronger tendency to co-operate with domestic partners than their
much more internationally oriented German counterparts.
Hypothesis 4: The activities of Chinese firms looking to register as technology firms are
mostly focused on the domestic market; due to this focus, the degree of R&D collaboration with local partners will also be higher.
Finally, much of the literature suggests that different – i.e. by and large more obstructive – framework conditions for technology transfer and knowledge exchange continue
to persist in the Chinese innovation system. Beyond cultural particularities (Fu et al.
2012), examples of those framework conditions are a fragmentation of and lack of cooperative culture in the industrial sector, a general lack of awareness regarding IPR
issues, a limited impartiality of some courts which leads to a limited implementation of
IPR regulations, as well as a lack of managerial competences related to innovation
within Chinese firms themselves (Cao 2004; Zhu/Chen 2006). If all those claims hold
true, it can be expected that Chinese companies encounter remarkably different obstacles in their attempts to obtain external knowledge as much as they can be expected to
express different demands with a view to policy makers in charge of amending the
situation.
Hypothesis 5: Due to different framework conditions, the difficulties encountered by
Chinese technology firms in obtaining external knowledge differ substantially from
those encountered by innovating firms in Germany; as a result, their expressed demands with a view to desirable policy support will be different.
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In the following, these five main hypotheses will be tested through the empirical collection of relevant datasets in both China and Germany. The precise empirical will be described in more detail in the next section.

3

Empirical Approach

To obtain the companies assessment of technology related issues, two surveys were
conducted in Germany and Beijing with identical questionnaires in the respective national languages. The questionnaires comprised four main sections related to basic
company information, the firms' current innovative efforts, actual and desired technology transfer activities in the firm, opinions and expectations regarding external knowledge sourcing, as well as the respondents' expectations with a view to policy. Overall,
the questionnaire contained seventeen different questions. With a view to the delineation of the potential survey population and the criteria relevant for the inclusion of firms
into the sample, different approaches had to be chosen, due to the different framework
conditions in Germany and China. Both surveys were conducted in mid-2011.
In China, the survey was conducted on paper and, in part, in person. In line with the
conceptual approach, the sample was stochastically drawn from the management databases of government management departments dealing with the certification of company-based R&D agencies and the allocation of public R&D funding for enterprises.
Naturally, most of the firms listed in their databases have acquired or are attempting to
acquire either a certification for internal R&D agencies by the Beijing Municipal S&T
Commission or public funding for innovation activities. As intended, the firms surveyed
in Beijing thus reflect a subset of the firm population which is comparatively active in
innovation and likely to be part of the established network. Arguably, they thus constitute a (fairly) representative element of the 'islands of innovation' in large urban centres
that have been referred to in earlier literature. As most interviews were conducted in
person and the survey had the support of the authorities in Beijing, a high response
rate could be achieved, resulting in an overall sample size of 178 questionnaires.
In Germany, the survey was run as an online survey based on electronic questionnaires and email, using the EFS survey software. The overall population of addressees
was drawn from the Amadeus/Markus firm database. While this database does not
provide complete coverage of all firms, it is not known to have any particular bias.
Firms listed with less than 25 employees were excluded as information on them is often
known to be less reliable or dated. Beyond that, no further stipulations were laid down,
so that the potential survey population covered about 39,000 firms across Germany. Of
those, 450 started to fill out the questionnaire and 265 completed it, leading to an over-
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all response rate of 1.5%. Despite this comparatively low turnout, the general representativeness of the sample could be confirmed across regions, firm sizes and industrial
sectors. Later on, the sample was filtered so that only those firms which indicated to be
innovative remained, limiting the sample to 120 to 140 answers, depending on the
question.
In the following, the significance of the differences between findings will be determined
by standard t-tests of the difference of the two independent samples' means. While the
nature of the survey does not necessarily suggest that all variable meet all criteria for a
t-test in finite samples of limited size, the probability of a positive answer to many of the
questions (arguably about 0.5) suggests that their overall probability distribution will
converge against normality with a rate that makes the t-test a suitable choice at sample
sizes around n=130.

4

Data

Before a more detailed analysis of the data can be undertaken, it has to be established
whether the two samples differ substantially in structure, i.e. whether the broader German sample really constitutes an appropriate point of reference for the more selective
sample of technology firms in Beijing. Naturally, this analysis of general structural criteria cannot replace the need for awareness that we are benchmarking a regionalised
'island of innovation' with the situation in a broader national economy – including the
natural implication that the sectoral structure of the two samples will not be alike. These
more general implications, however, have been dealt with in the introduction and will be
taken up in the discussion and conclusion. Furthermore, it can be stated that the Chinese sample covers a broad range of sectors so that no specific technology-related
bias can be expected to come into play (biotech/pharmaceuticals, agricultural technology, ICT, traffic/transportation, energy technology, environmental technology). Beyond
that, Table 1 illustrates that there is no particular size-related bias in either one of the
samples. On average, firms in the samples employ between 50 and 250 staff, while
both smaller and larger numbers of employees are common. With a view to Table 2,
however, we observe that the sales volume of German firms is notably higher. On average, their turnover reaches 5-50 million euros whereas it ranges between 1-10 million
euros in China. Against the background of similar employment figures, it thus seems
that German are somewhat better established t in their potential markets, or that, quite
simply, their staff realises greater efficiency.

Results

100 - 249

250 - 499

more than
500

Germany, n=120

50 - 99

China (Beijing), n=129

10 - 49

Number of Employees in 2011
less than 10

Table 1:
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0.8%

20.9%

42.6%

13.2%

22.5%

-

-

32.5%

24.2%

24.2%

9.2%

10.0%

difference of mean significant

No (CN: 3.36, DE: 3.40)

Source: Research and calculations by Fraunhofer ISI.

250.000 - 1
million

1-5
million

5 - 10
million

10 - 50
million

more than 50
million

Sales Volume in 2011

below
250.000

Table 2:

China (Beijing), n=129

1.6%

9.4%

28.3%

43.3%

17.3%

-

Germany, n=120

1.7%

-

24.2%

23.3%

28.3%

22.5%

difference of mean significant

yes, at 99.9% level (CN: 3.65, DE: 4.44)

Source: Research and calculations by Fraunhofer ISI.
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Hypothesis 1: Lower Innovative Capacity, Higher Dependence on External Technology
With a view to Hypothesis 1, our analysis finds that 81% of the firms surveyed in Germany sell products or services that can be regarded as international novelties, while
two thirds of the firms surveyed in Beijing offer products or services that are new to the
domestic market, but exist in similar form elsewhere. In line with this proof of more
modest ambitions and/or capabilities, the findings presented in Table 1 confirm that
most Chinese firms express a notably higher need for external knowledge sourcing
than their German counterparts. On average, Chinese enterprises state that technology
transfer was of high to very high importance for their business, while German firms
merely tended to express a somewhat less than 'high' importance. Moreover, the results presented in Table 2 underline that these statements do not only hold in general
terms but also in relation to the firms' assessment of their own internal R&D effort.
Whilst in Germany external knowledge tends to be assigned an only somewhat more
than 'medium' importance in relation to their own capabilities, Chinese companies al-
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most unanimously regard technology transfer as 'highly', i.e. more, important than their
own internal R&D efforts.
Table 3:

Stated Relevance of Technology Transfer/External Knowledge
very high

high

medium

low

very low

China (Beijing), n=128

46.9%

50.8%

2.3%

0.0%

0.0%

Germany, n=133

9.0%

39.1%

39.1%

12.0%

0.8%

difference significant

yes, at 99.9% level (CN: 1.55, DE: 2.56)

Source: Research and calculations by Fraunhofer ISI.

Table 4:

Stated Relevance of External Knowledge Compared to Own R&D Efforts
very high

high

medium

low

very low

China (Beijing), n=128

38.3%

52.3%

9.4%

0.0%

0.0%

Germany, n=133

8.3%

31.6%

46.6%

12.8%

0.8%

difference significant

yes, at 99.9% level (CN: 1.71, DE: 2.66)

Source: Research and calculations by Fraunhofer ISI.

Hypothesis 2: Fulfilling High-tech-Criteria while Stating Need for Improvement
With regard to Hypothesis 2, Table 5 illustrates that more than two thirds of the surveyed firms in China employ more than 50% of staff with a higher education degree
while the average in Germany remains in the area of 5-24%. Furthermore, Table 6
highlights that Chinese firms have a significantly higher tendency to employ staff as
dedicated R&D personnel. In China, one half of the surveyed firms employs more than
25% of their personnel in this way while in Germany, the average firm assigns less
than 10% of its workforce to full-time R&D related tasks. Accordingly, Chinese firms are
found to mention technological lead and qualification of personnel significantly more
often as factors that set them apart from competitors (Table 7) while the quality of
products and services and their adaptation to customer requirements are issues considered to be of similar importance in both countries. On the contrary, most of the surveyed Chinese firms do not yet see their strength in more market-related qualities such
as flexibility.
Finally, however, Table 8 highlights that the differences in the factors that motivate
companies in China and Germany to seek technology transfers are in fact not very
pronounced. While the above focus on a technology-related edge is mirrored in the
finding that a focus on 'increasing the degree of novelty of products and services' as
well as on 'increasing own R&D competences through learning' is somewhat more
common than in Germany, these differences are not very significant. On the other
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hand, there are indeed notable differences with a view to a focus on 'increasing the
qualification of own personnel' – suggesting that the existing qualifications of the firms'
many R&D employees (Table 5 and Table 6) are of limited value to the companies'
actual business. Furthermore, a wish to 'improve marketing and advertisement strategies' suggests that these market-related competences are not available within the firms
themselves.
Table 5:

Share of Employees with Higher Education Degree
1-4%

5-24%

25-49%

above 50%

China (Beijing), n=128

0.0%

14.1%

18.0%

68.0%

Germany, n=120

22.5%

54.2%

15.0%

8.3%

difference significant

yes, at 99.9% level (CN: 3.54, DE: 2.09)

Source: Research and calculations by Fraunhofer ISI.

Table 6:

Share of Employees Working Full-Time as Dedicated R&D Staff
none

below 10%

10-24%

25-49%

above 50%

China (Beijing), n=127

0.8%

9.4%

33.9%

22.8%

33.1%

Germany, n=136

28.7%

38.2%

25.0%

5.1%

2.9%

difference significant

yes, at 99.9% level (CN: 3.78, DE: 2.15)

Source: Research and calculations by Fraunhofer ISI.

14

Germany
(n=136)

significant
difference

Main Competitive Edge as Stated by Company

China
(Beijing)
(n=129)

Table 7:

Results

Technological lead (ongoing R&D)

89.1%

47.8%

***

Degree of adaptation to customer requirements

54.3%

55.1%

-

Quality of company's products/services

49.6%

58.8%

-

Qualification of personnel

43.4%

15.4%

***

Degree of novelty of current products/services

40.3%

39.7%

-

Ability to respond in a flexible way to customer
requirements

16.3%

61.8%

***

Spatial proximity to / close co-operation with customers

14.0%

8.8%

-

Branding, marketing and advertising

8.5%

4.4%

-

Low production cost

7.8%

4.4%

-

° (significant) at 90% level, * significant at 95% level, ** significant at 99% level, *** significant at
99, 9% level
Note: A maximum of three different types of competitive edge could be stated.
Source: Research and calculations by Fraunhofer ISI.

significant
difference

Increase degree of novelty of products/services
Increase of own R&D competence through learning effects
Increase qualification of own personnel
Improve adaptation to customer requirements
Improve quality of existing products/services
Improve marketing and advertisement strategies
Increase ability to flexibly respond to customer requirements
Lower production cost

Germany
(n=126)

Main Purpose of Seeking Technology Transfer as Stated by Company

China
(Beijing)
(n=124)

Table 8:

75.8%
75.0%

65.9%
65.9%

°
-

54.0%
51.6%
39.5%
29.8%
20.2%

31.7%
42.9%
38.9%
13.5%
26.2%

***
***
-

1.6%

29.4%

***

° (significant) at 90% level, * significant at 95% level, ** significant at 99% level, *** significant at
99, 9% level
Note: A maximum of three different types of competitive edge could be stated.
Source: Research and calculations by Fraunhofer ISI.
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Hypothesis 3: Low Absorptive Capacity, Limited Transfer Channels, Focus on Public
Partners
Concerning Hypothesis 3, Table 9 corroborates that it is significantly more common
among the surveyed technology firms in China to obtain either prototypes or readily
developed products from external sources than it is among innovating firms in Germany. On the other hand, this does not imply that a significantly lower number of them
focus on obtaining patents or drawing information from relevant scientific publications.
As it seems, many Chinese firms tend to add a complementary aspect to their activities
rather than opting for a completely different profile.
In line with this, Table 10 illustrates that the patterns of technology transfer channels
used by Chinese and German firms are in fact surprisingly similar. In both cases, the
'joint development of solutions in R&D co-operations', 'consultancy of internal developers', and the 'training of own personnel' are the three most commonly used approaches
to obtaining external knowledge. Thus, we find those approaches based on personal
contacts and collaboration dominant in both countries. If anything, R&D co-operations
are slightly more common in China than in Germany. Nonetheless, Chinese firms do
indeed display a higher propensity to license patents as well as they focus more often
on the hiring of additional R&D staff and the outsourcing of R&D projects as channels
of transfer.
What is correct, moreover, is that the surveyed Chinese technology firms are significantly more inclined to collaborate with public research organisations and universities
than innovating firms in Germany. On the other hand, this does not seem to negatively
affect their tendency to actively collaborate in R&D with customers, suppliers and consultants to a notable degree. In fact, the prevalence of R&D collaborations among
competitors seems to be significantly higher among the surveyed firms in China than in
Germany.
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Germany
(n=131)

significant
difference

Main Type of Knowledge Obtained

China
(Beijing)
(n=125)

Table 9:

Results

Basic scientific knowledge (Publications)

44.8%

49.6%

-

Basic technological knowledge (Patents)

68.8%

58.8%

°

Prototypes

48.8%

22.9%

***

Readily developed products

59.2%

26.0%

***

° (significant) at 90% level, * significant at 95% level, ** significant at 99% level, *** significant at
99, 9% level
Note: A maximum of three different types of competitive edge could be stated.
Source: Research and calculations by Fraunhofer ISI.

Joint development of solutions in R&D co-operations
Consultancy of internal developers by external experts
Training of own personnel with a view to R&D competences
Permanent hiring of new personnel with R&D capabilities
Temporary hiring of ext. personnel with R&D capabilities
Licensing of existing (invention) patents
Provision of results developed in the course of past projects
Outsourcing of R&D projects
Licensing of existing utility models
Public Research Organisations and Universities
Customers
Competitors
Suppliers
Consultants

76.6%
58.6%
49.2%
36.7%
36.7%
35.9%
26.6%
19.5%
9.4%
(n=129)
86.0%
59.7%
45.7%
43.4%
27.9%

66.4%
43.5%
52.7%
30.5%
6.9%
11.5%
27.5%
9.9%
0.0%
(n=136)
62.5%
51.5%
15.4%
54.4%
30.9%

significant
difference

Germany
(n=131)

Main Channels Used to Obtain External Knowledge, Main Partners

China
(Beijing)
(n=128)

Table 10:

°
*
***
***
*
***
***
***
°
-

° (significant) at 90% level, * significant at 95% level, ** significant at 99% level, *** significant at
99, 9% level
Note: A maximum of three different types of competitive edge could be stated.
Source: Research and calculations by Fraunhofer ISI.

Hypothesis 4: Orientation of Knowledge Sourcing towards Domestic Source
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As for Hypothesis 4, Table 11 unsurprisingly confirms that a substantially higher share
of the, on average, technologically more advanced firms in Germany sells on the global
market, while a dominant share of the Chinese technology firms focuses their activities
on the domestic market. This, however, is not necessarily reflected in their selection of
R&D co-operation partners as the percentage of firms maintaining contacts with firms,
universities or public research institutes abroad does not differ significantly from that of
German firms. With a view to their choice of domestic partners, however, we indeed
find a significantly higher propensity to collaborate with public research organisations or
universities as well as a significantly lower prevalence of co-operations with business
partners, even including competitors.

Germany
(n=136)

significant
difference

Main Market Orientation and Main Orientation of Knowledge Sourcing

China
(Beijing)
(n=129)

Table 11:

National Market

92.2%

44.1%

***

International Market (technologically leading economies)

12.4%

75.7%

***

International Market (developing and emerging economies)

13.2%

16.9%

-

Domestic Public Research/University Partner

86.0%

60.3%

***

International Public Research/University Partner

20.9%

12.5%

°

Domestic Business Partner (excl. consultants)

55.9%

70.5%

***

International Business Partner (excl. consultants)

46.3%

36.4%

-

° (significant) at 90% level, * significant at 95% level, ** significant at 99% level, *** significant at
99, 9% level
Note: A maximum of three different types of competitive edge could be stated.
Source: Research and calculations by Fraunhofer ISI.

Hypothesis 5: Different Obstacles Resulting from Different Framework Conditions
Hypothesis 5, finally, can surprisingly not be confirmed in the manner suggested. In
fact, very few significant differences can be identified, even with regard to those issues
that were covered with specific regard to the assumed Chinese situation such as 'organisational problems during the process of realisation', 'lack of sufficiently qualified
personnel', 'inadequate legislation, regulations', and 'reservations regarding reliability of
partners in the IPR-field'. Instead, the most notable difference identified by the surveys
was that it was substantially more common among Chinese firms to perceive a 'lack of
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internal sources of finance' and to consequently lament a 'lack of public support with a
view to subsidy programmes'. Apparently, many of the surveyed technology firms in
China are more worried about their ability to finance future R&D co-operations than
about their own internal capabilities to absorb and process external knowledge and the
external framework conditions that enable them to do so.

Germany
(n=127)

significant
difference

Main Difficulties Encountered with a with to Knowledge Sourcing

China
(Beijing)
(n=126)

Table 12:

Lack of public support with a view to subsidy programmes

63.5%

14.2%

***

Lack of internal sources of finance

39.7%

15.7%

***

Excessive cost (unfavourable cost-benefit analysis)

34.9%

37.8%

-

Organisational problems during the process of realisation

22.2%

28.3%

-

Lack of information on suitable co-operation partners

22.2%

20.5%

-

Inadequate legislation, regulations, administrative procedures

19.0%

12.6%

-

Lack of sufficiently qualified personnel

15.9%

23.6%

-

Reservations regarding reliability of partners in the IPR-field

15.9%

19.7%

-

Lack of suitable external sources of finance

11.1%

11.8%

-

Lack of suitable co-operation partners

11.1%

19.7%

°

Lack of interest on the side of potential co-operation partners

4.0%

4.7%

-

Internal resistance to/reservations against R&D-cooperation

1.6%

6.3%

°

° (significant) at 90% level, * significant at 95% level, ** significant at 99% level, *** significant at
99, 9% level
Note: A maximum of three different types of competitive edge could be stated.
Source: Research and calculations by Fraunhofer ISI.

Discussion
Evidently, most of our findings have been found to be in line with our general assumptions while some of our assumptions could be proved to be wrong. What has been confirmed for the surveyed sample in the Beijing area is the overall picture of a set of technologically-learning, domestically-oriented firms that are still less established in their
potential markets than the average firm in a technologically well-developed nation. Undisputedly, some of them have reached international standards but the large majority
rightly follows a different path – apparently due to lacking financial resources to change
the prevailing business model of external sourcing and adaptation. Arguably, much of
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the external knowledge still feeds into a routine of re-engineering and adaptation rather
than inspiring a genuine process of new product development – which remains absent
in many firms.
Likewise, we find evidence of a state-driven model of technological upgrading, documented by the high extent of fulfilling formal criteria and an apparent lack of ability or
interest to shift the main business model by own initiative. Instead, many of the surveyed firms deplore their lack of internal resources to launch R&D activities and call for
the government to provide these. Given that their typical relation/ratio of personnel to
sales remains significantly lower than that common among economically wellestablished German firms, this appears to a degree conclusive. On the other hand, it
reveals that R&D driven activities do not necessarily constitute the natural basis of all
the surveyed firms' business model to the extent that they would be willing to prioritize
investing into it – despite their prevalent claim that 'technological lead' constitutes their
prime competitive advantage.
Interestingly, however, this combination of limited technological capacities as well as
limited internal resources of various kinds seems to have added momentum to, rather
than obstructed, the development of a dense network of R&D co-operation and technology transfer. Beyond certain Chinese particularities, most of the technology firms
surveyed in Beijing are driven by quite similar motivations, use the same channels of
transfer, and work with a comparable set-up of partners, as their German counterparts.
In many cases, the findings do not reflect the originally expected “either/or” between a
'transformation economy model' and a 'developed economy model' but a mix of both.
Apparently, both rely intensively on per-existing networks of personal contacts even if
those may at times be of a quite different nature. While it is true that Chinese firms focus more strongly on embedded knowledge (prototypes/products) than firms in Germany, that is not to say that they focus less on licensing patents or considering publications, that they engage less in R&D co-operations, or that they are less interested in
external consultancy or the training of their staff. While it is true that more Chinese than
German firms focus on co-operations with public research organisations or universities,
it does not in general terms imply that they collaborate less with their partners along the
value chain. On the contrary, the assumption that Chinese firms collaborate less with
their competitors could be directly refuted.
In general terms, the majority of the surveyed firms were implicitly very optimistic with
regard to their ability, if necessary, to obtain relevant external knowledge. Contrary to
commonly accepted wisdom, neither the institutional framework conditions nor the
characteristics of their potential partners were seen as major obstacles. Instead, many
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firms claimed that they had problems with establishing internal R&D capacities and did
not consider technology transfer as such as an appropriate means to that end. Instead,
they expressed a strong focus on funding.
If these findings are taken at face value they seem to question many of the established
findings on a 'stalled' or at least heavy going process of technology transfer from Chinese universities to the surrounding enterprise sector. Before rushing to conclusions,
however, the findings should be put into perspective from two different angles.
Firstly, we have to take into account which subsample of the overall population of enterprises has been surveyed. Evidently, we are talking about a sub-group of even those
firms that have the advantage to operate on the 'Beijing island of innovation'. As outlined in the conceptual section, many of them are likely to have had long-standing interpersonal relations with many of their current R&D co-operation partners long before the
challenge of launching more innovation-oriented projects had become an issue. Possibly, a number of them even are former public R&D institutes which have been privatised and turned into private R&D service providers in the late 1990s. Among many of
those players, issues of mutual trust or distrust will have been resolved years ago –
and help to circumvent many of the limitations related to framework conditions that may
in general terms still be present. Hence, our findings do not suggest that the documented, well-functioning transfer network can easily be extended to any desirable
number of additional firms. Potentially, entering the network may actually be quite difficult for newcomers from outside the established circle.
Secondly, it has to be acknowledged that while many firms stated that their situation
with regard to networkedness and access to external knowledge was not bad, they still
stated an internal level of technological competence that must appear dissatisfactory to
many of them – and in any case to a Chinese government aiming at more 'indigenous
innovation'. What we find lacking, therefore, is the combination of internal R&D capacity, relevant task-related qualification and good access to external knowledge that was
found to be characteristic for German firms. As long as many of the Chinese firms have
not launched substantial internal R&D activities, external knowledge will merely be fed
into the well-established process of adapting existing products instead of inspiring
genuinely novel, globally relevant developments. While most firms fulfil the government-set formal criteria for technology-orientation and even realise some sales, their
efforts to employ additional personnel and to commission external consultancy suggest
that much remains to be done. Hence, our findings do not refute the statement that the
current system of technology transfer continues to display a fairly limited capability to
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support industrial upgrading in China. What they suggest, in contrast, is that the degree
of connectedness to external partners is not the main issue.
From an outsiders' perspective, therefore, it remains questionable whether the firms
are right in stating that additional public funding would solve most of the problem. On
the one hand, it may well be a necessary condition and a suitable priority request vis-àvis policy makers. On the other hand, many firms appear financially viable in that they
already sell products so that at least the notion that the funding for R&D efforts has to
come from public sources should be critically considered. Lest all surveyed firms remain completely unprofitable it seems surprising that they should lack internal finance
to the stated degree. If that really is the case, however, it would in more general terms
question the viability – and sensibility – of technological upgrading in Beijing. In practice, however, we have found that many of the companies are making adjustments
aimed at improving their internal capabilities by training personnel as much as by hiring
new staff (both temporarily and permanently), by inviting external consultants as much
as by joining in R&D co-operations. Possibly, some of the firms have thus not failed to
indicate the issue of internal managerial or technological capability because they were
not aware of the problem, but because they felt that it was already being dealt with
successfully.

6

Summary and Conclusions

In summary, our study has highlighted that technology transfer systems in China may
involve more channels, involve more partners, and in global terms be more dynamic
than commonly assumed – at least in the case of well-developed urban innovation systems such as Beijing. With certainty, the times where spin-offs had to be set up for a
lack of other options are over. Instead, our survey documents a vibrant set of interactions between not only science and industry but also up and down the value chain
within industry itself. In terms of quantities, at least, this system does no longer appear
inferior or very differently structured than those of technologically more advanced nations. Moreover, most of the surveyed companies could not find fault with many of the
commonly assumed obstructions of knowledge exchange in China – such as lack of
trust or unfavourable and poorly implemented regulations
Despite these surprising findings, however, other results of the survey still underline
that most of the firms that the government registers as 'technology-enterprises', continue to predominantly sell on and develop for the domestic market. Despite an impressive share of R&D staff in their workforce, many of them still lack a well-established
internal R&D process and are only starting to develop sufficient absorptive capacity to

22

Summary and Conclusions

become able to integrate more complex and abstract forms of external knowledge. In
brief, technology transfer in China fails to achieve the complementary, inspiring function that it fulfils in many technologically more developed economies. Instead, it is used
to substitute a lack of in-house developments and to feed the established process of
re-engineering and adaptation. Arguably, this remains sufficient to realise sales on the
domestic markets but at least the firms themselves claim that it does not generate sufficient internal funds to finally start off the needed internal R&D processes.
In conclusion, more has been achieved with regard to technology transfer in China than
is commonly acknowledged, even though it is correct that the results remain less than
convincing. Certainly, one has to remain sceptical with regard to the firms' own claim
that money alone will solve much of the remaining problem of limited internal capacities. On the other hand, we find tentative evidence that a good number of them are
silently working in parallel on the less monetary issues such as qualification and market
orientation. Furthermore, the government is likely to eventually heed the call for additional funding to build internal capabilities.
Undoubtedly, many of China's 'technology companies' have a long way to go before
they can develop the technological capacity needed to compete on the global markets
– should they at all aim to do so. That notwithstanding, this article has collected tangible evidence that cautions against underestimating the inherent potential of scienceindustry relations in China. In fact, it would even today be more appropriate to speak of
a potential to expand current practices rather than a dormant potential. In a few years'
time, a quite substantial number of Chinese firms will be likely to have developed much
stronger internal capacities while the interpersonal network of knowledge exchange will
certainly be no weaker than today.
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