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Previous  research  tended  to emphasize  the  benefits  of  international  collaboration.  This emphasis  has
led to a  common  belief  that  international  collaboration  will  necessarily  enhance  productivity  in science,
innovativeness,  and  even  societal  impact.  Yet,  benefits  and  costs  are  relative.  Economic  actors  and  sci-
entists  do  not  perceive  benefits  in  the same  way  in  all contexts,  and  there  are  situational  barriers  to
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overcome  for  materializing  the  benefits  of  collaboration.  This  study  examines  the case  of Chinese  science
actors  who  develop  medical  applications  with  nanotechnology,  and  highlights  the  “barriers  to  networks”
when  scientists  attempt  to collaborate  overseas  for an  emerging  technology.  I  present  my  findings  with
the metaphors  of  “pipes”,  “prisms”,  and  “sponges”,  and  propose  a framework  for  evaluating  the  utility  of
international  collaborative  networks.
hina

. Introduction

Previous research emphasized the desirable effects of network
onnectivity. Yet, as research evidence accumulates, the literature
as shown that network benefits are conditional upon a myriad
f factors. With respect to performance, networks can increase an
ctor’s information search capacity (Granovetter, 1973), creativity
Powell et al., 1996), and productivity (Fernandez et al., 2000). But
hese benefits depend on mobilizing the appropriate network(s)
t the right time. The distribution of network benefits is another
mportant issue worthy of consideration. When two or more actors
re connected in a network, not all of them may  yield the same level
f benefits, if at all. At any given time, the benefits may  only be felt
y some members in the same network (Smith-Doerr, 2005).

There are strong motivations to study the conditional nature
f network benefits: first and foremost, as network benefits may
e felt, perceived, and realized differently in different situations
Casciaro et al., 1999), it is useful to reveal how the utility of net-
orks matches with specific contextual needs and institutional

onditions (Luk et al., 2008). The findings would help practitioners
etter understand the range of network benefits and utilize them
ppropriately. Second, as Miles and Snow (1992) pointed out, net-
ork forms of organizations are subject to failures in several ways.

mong other things, network partners may  be unable to handle
etwork traffics at times of “overflow” or “congestion”. To capture
ow organizational actors may  utilize networks flexibly to avoid or

∗ Tel.: +1 573 884 0301.
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048-7333/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.respol.2012.05.001
© 2012 Elsevier B.V. All rights reserved.

mediate network failures, it is essential to follow their actual work
process (Latour, 1988; Fujimura, 1996).

Specifically, this paper develops the metaphor of “sponges” to
complement two older metaphors of network benefits—pipes and
prisms—in the literature (Podolny, 2001). Podolny’s conceptions of
pipe and prism are quite clear in their meanings. Pipe refers to a
network structure that allows resources to flow from one party to
another. Prism refers to a network structure that allows light to
shine from one party on the other, making the latter glow in colors.
Quite generalizable as these two metaphors may be, they do not
adequately capture the flexible and voluntary nature of many net-
work activities in action (Jones et al., 1997). To fill this gap, sponge
can be construed as a flexible network structure that absorbs fluid
materials from all sides and, with constructive efforts of network
partners, squeeze out the useful materials at a later time. Like other
metaphors, the use of sponge would not capture the full range of
network benefits. Yet, it highlights several salient issues of network
benefits for inter-organizational exchanges. Most importantly, I
emphasize that networks provide opportunities for organizational
actors to engage in learning-by-doing (Argote, 1999; Beckman and
Haunschild, 2002; Irwin and Klenow, 1994). My  findings are also
concerned with how network partners of unequal power could ben-
efit from the spongy nature of networks differently, and address
failures of networks as pipes and prisms with different degrees of
success.

The empirical case of this study focused specifically on Chinese

academic institutes and their scientists who  utilized international
networks to develop nanomedicine (medical products enabled
by nanotechnology research). Nanomedicine includes such prod-
ucts as gold nanoparticles inserted into human bodies to prevent

dx.doi.org/10.1016/j.respol.2012.05.001
http://www.sciencedirect.com/science/journal/00487333
http://www.elsevier.com/locate/respol
mailto:rleung@missouri.edu
dx.doi.org/10.1016/j.respol.2012.05.001
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ancer cells from multiplying (Kang et al., 2010). Although these
anomedicine products had great potential therapeutic value, the
echnology was still nascent among scientists—many of them con-
inued to view nanotechnology with great uncertainty (Roco, 2007).
n China, some scientists view nanotechnology and nanomedicine
s opportunities to elevate the nation’s science and technology
tatus (Leung, 2012a,b). Yet, the technical infrastructure is still
nderdeveloped in China. Can they benefit from international
etworks for learning-by-doing? Can these networks be concep-
ualized as sponges?

To answer these questions, this research adopts a hybrid
pproach that combines quantitative and ethnographic research.
his approach is useful in generating conceptual frameworks, and
ropositions for testable hypotheses (Harrigan, 1983). I analyzed
uantitative data to identify high-performance Chinese institutes

n nanomedicine research, and utilized ethnographic data to reveal
hinese scientists’ perceived benefits of international networks.
ased on my  observations, Chinese science actors had mixed feel-

ngs regarding international networks. Interestingly, those who
enefit from networks the most placed a great value on the ongo-

ng relationships that they develop with international colleagues,
uch more so than the short-term, immediate “publication” or

prestige” gains, offered by networks. This is not because Chinese
cience actors neglect the impacts of publications or prestige; in
act, these achievements have become important criteria for career
dvancement in the Chinese high-tech sector nowadays (Leung,
008). The more important reason, according to many of my  inter-
iewees, is that “China has to rely on its own” in the long run.
hey view overseas networks as capitals for learning and long-term
evelopment, rather than assets to acquire short-term gains.

The following discussions summarize the relevant literatures
rom organization theory and science studies that orient this
esearch. My  emphasis is that the utility of networks requires
ifferent parties to perform mutual adjustment to align multiple

nterests over time (Latour, 1988; Fujimura, 1996). I also outline
 number of important changes in the Chinese high-tech sector
o contextualize my  research findings. Then I explain strategies of
ata collection and analysis, and propose a framework of evaluating
osts and benefits of networks. Towards the end, I further discuss
he implications of my  findings.

. Literature

.1. Network benefits: pipes and prisms?

In the literature, Podolny generalized network benefits with the
etaphors of “pipes” and “prisms” (2001).  This framework assumes

hat two major sources of uncertainty prevail in market transac-
ions, which may  be reduced by utilizing external networks. That
s, economic actors face “ego-centric” uncertainty (about them-
elves), and “altercentric” uncertainty (from others). Ego-centric
ncertainty arises because of resource constraints, and/or other
ask-related difficulties. For example, an individual entrepreneur

ight be uncertain about the firm’s resource capabilities. To remain
ompetitive (or simply survive), s/he needs resources. Yet, s/he
ight use up all resources at unpredicted times, and lack the

apacity to re-generate resources. External network ties provide
n accessible channel where critical or supplementary resources
an become available in times of need.

Alter-centric uncertainty is concerned with social acceptance or
xpectation from other actors. For instance, the same entrepreneur

or his firm) is facing a group of skeptical customers, who  worry that
he firm is unable to serve their needs well. By building networks
ith other reputable firms, the entrepreneur is able to restore

he confidence of his customers. Moreover, other firms in the
 42 (2013) 211– 219

market may  develop great trust with the entrepreneur or the firm.
In Podolny’s conception, networks as pipes (to transfer resources)
enable the focal actor to reduce ego-centric uncertainty; networks
as prisms (to share reputation and trust from others) enable the
focal actor to reduce alter-centric uncertainty. The unit of analysis
does not have to be individuals. It can be the entire organization.

The metaphors of pipes and prisms are quite appropriate for
explaining why  Chinese scientists seek international network part-
ners. First, international networks are useful information and
knowledge pipes for Chinese science institutes. In the litera-
ture, Granovetter (1973) showed that network ties enhance the
information-seeking capability of job seekers to identify potential
jobs. Networks can be regarded as information pipes in this con-
text. In the case of Chinese science institutes, information about
the latest development of nanotechnology and nanomedicine was
still quite limited. International networks functioned as pipes of
information and knowledge resources, which were essential to
developing something as high-tech as nanomedicine.

Kostoff et al. (2006) adopted a bibliometric approach to show
how Chinese science institutes obtain prism value from interna-
tional networks. According to their findings, collaboration between
American and Chinese scientists benefits the latter group at the
expense of the former. That is, American researchers had gener-
ally achieved high impact scores in publications than their Chinese
counterparts. As such, scientific teams of “American researchers
only” outperformed those teams having both American and Chi-
nese researchers. Also, since “US-China” teams outperformed the
teams of “Chinese researchers only”, Chinese research teams essen-
tially enjoyed a net “prism” gain by collaborating with American
teams in publishing. At the same time, the American teams had
to bear a “cost of impact score” to collaborate with Chinese
researchers. These research findings are intriguing by themselves.
But more importantly, they suggest that collaborative parties may
be “unequal” in terms of expectations, cost-benefits calculations,
and even negotiation power (Spencer-Oatey, 1997). This point will
be further discussed below.

2.2. Conditional network benefits

The utilization of international networks can be quite different
in specific cases, even for science actors within the same national
setting. The literature contains empirical evidence about possible
variations. For example, in Granovetter’s job search study, his spe-
cific results showed that “weak ties” (distant friends and relatives
of the job seeker) were more useful than “strong ties” (close friends
and relatives that share the same social circles) in providing infor-
mation to job seekers. Bian and Logan (1996) pointed out that the
relative utility between weak and strong ties varies across socio-
economic contexts. In their research, weak ties did not provide
useful information for job seekers in the transitory Chinese econ-
omy. Contrary to Granovetter’s findings, Bian and Logan believed
that valuable information could only transfer through strong ties of
Chinese job seekers. In other business contexts in China, networks
“may not work” in ways similar to those in Euro-American settings
(Xiao and Tsui, 2007).

More recently, Luk et al. (2008) demonstrated that social net-
work does not confer the same type of benefits to organizational
actors in different institutional contexts. In market economies,
social network provides useful informational benefits—many of
them are benign. In transitional economies, however, social net-
work may  create particularized trust and other malignant effects.
In other studies, researchers found that the costs of networks out-

weighed the benefits. For example, new immigrants without family
ties might turn to local ethnic communities for material assis-
tance and moral support in their initial years in the U.S. (Portes
and Sensenbrenner, 1993). Yet, some of these immigrants might
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ecome overly embedded in ethnic networks, gradually lost their
utonomy, and became unable to assimilate with the mainstream.
ecause of resource constraints, Chinese science actors take costs
nd benefits seriously in research activities. Their cost-benefit cal-
ulations would likely influence how they strategize to build and
aintain international networks (Leung, 2012b).
Gulati’s study emphasized the importance of time with respect

o the realization of network benefits (Gulati, 1999). Since organi-
ations accumulate network resources over time, they tend to show
ime-specific network preferences and adopt alliance behaviors
ccordingly. This finding pertains to networks linking organiza-
ions of unequal power (Contu and Willmott, 2003; Cumbers et al.,
003). For example, an organization in need of certain information
t one time may  network with another organization specifically
or acquiring information resources. At other times, the two  orga-
izations might expect different things from each other, and yield
ifferent benefits. For example, Chinese science institutes may  now
uild network ties with Euro-American science institutes primarily
or information and material benefits; whereas their international
etwork ties may  seek Chinese institutes mostly for entering the
hinese consumer market (Xiao and Tsui, 2007).

Also, it is important to consider the process in which network
artners of different powers absorb “pipe” or “prism” benefits from
ach other. In this respect, an ethnographic approach is able to
how what low- and high-power organizational actors actually
o in the process of seeking network benefits from each other
Fujimura, 1996). Based on my  observations, a significant part of
etwork benefits for Chinese science actors is the availability of
etwork partners itself. This availability of networks allows them
o gradually find out what possible benefits exist, and how these
enefits may  be materialized. More generally, forming a network
ie with another organization may  not bring about immediate ben-
fits. Instead, the organizational actor needs time to learn about its
etwork partners after the network has been in place (Beckman
nd Haunschild, 2002).

Learning may  be ongoing while the organizational actor has
lready engaged in joint ventures with its network partner(s)
Van De Ven and Polley, 1992). In learning process like this, the
ctor’s flexibility and voluntary actions are essential (Beckman and
aunschild, 2002; Cumbers et al., 2003). My emphasis on net-
orks as sponge intends to highlight the possibility of international
etworks as a flexible learning-by-doing platform that enables
rganizational actors to experiment different strategies, and draw
n useful resources (and fame) from network partners gradually
Argote, 1999; Irwin and Klenow, 1994).

.3. Mutual adjustment and network benefits

In social studies of science, researchers pay attention to how sci-
nce actors mobilize networks to align different interests relevant
o the actual process of science-making. Latour’s masterful work
n Pasteur shows us how science actors purposefully enroll others
o create a network, manipulate inscriptive devices, and establish
he legitimacy of scientific theory and measurement tools (Latour,
988). The process of “network enrolment” takes time and delicate
ffort, and only the most “artful” scientists with the ability to align
ultiple interests can succeed at the end.
Callon’s research on the collaboration between fishermen and

cientists offered another interesting perspective (Callon, 1986).
ccordingly, network enrolment may  be a two-way (or multiple-
ay), mutual process. Under this logic, the success of a network
epends on all its partners, not a single actor. A rigid network struc-

ure is unlikely desirable for its members. Instead, a more flexible
etwork structure—such as a sponge—may better serve the need of
utual enrolment among network partners. Fujimura’s research on

he emergence of molecular biology offers a great example (1996).
 42 (2013) 211– 219 213

To put forth a new discipline such as molecular biology in the 1970s,
science actors skillfully exploited the amorphous nature of molec-
ular biology to align academic, commercial, and political interests.
The network of molecular biology did not simply provide its mem-
bers pipe or prism benefits. Rather, the network is a locus of actions,
mutual adjustment and learning. And the success of molecular biol-
ogy did not happen overnight but spanned over decades.

Seen differently, networks provide more than “one-time” ben-
efits (such as getting a job) if organizational actors can identify
what benefits their networks can offer and utilize these benefits
properly. For example, it is generally believed that new employ-
ees with friends and relatives working in the same organization
are able to adjust to the new environment more effectively due to
pre-screening (prior to taking the job), and personal advice (after
taking the job) (Fernandez et al., 2000)—both of which require the
new employee to be active in learning about the utility of their
networks. At the firm level, there are other resource benefits from
external networks, but they accrue to the focal actor over time.
For example, intimate business partners may  offer some flexibility
with respect to delivery time, payment terms, and other economic
transactions (Uzzi and Spiro, 2005). These benefits are significant,
and embedded in the ongoing networks of business enterprises.

While some resources can be transferred from one individual
(or organizational entity) to another relatively easily, other things
such as reputation, legitimacy, status or trust cannot be “shipped”
easily. Sufficient time is necessary for transferal of these and other
resources. Often, for an organizational actor to benefit from its
network ties, the focal actor needs to develop a close attachment
with the desired network(s) to find out what actual benefits can
be derived. For example, a firm seeking to increase its status by
forming a partnership with another prestigious firm in the mar-
ket needs to learn what its reputable status can actually increase
business opportunities, market share and business performance in
general.

2.4. International networks and nanotechnology in China

To understand how Chinese science actors perceived and uti-
lized international networks, a brief overview of the Chinese
high-tech sector is in order. China has experienced a long history
of economic underdevelopment since World War  I (Fairbank and
Goldman, 2006). Political conflicts and other economic problems
within the country, including the notorious Cultural Revolution,
had made Chinese political leaders extremely eager to strengthen
the country (Ding, 1994). Science and technology development has
always been a top priority item in China’s national developmental
plan (Cao et al., 2006). As the Chinese economy prospered in recent
years, Chinese political leaders have expressed increasingly strong
sentiments to become a recognizable world superpower in high-
tech science. Investments to scientific research in absolute dollars
have increased steadily (State Statistical Bureau of the PRC, 2006).

Following the lead of industrialized countries such as the U.S.,
Japan and other European countries (Roco, 2007), Chinese polit-
ical leaders pledged a large amount of government investment
for nanotechnology research since the year 2000 (Bai, 2005). It
is believed that nanotechnology is “new to everyone”, so China
could be on par with others in this new high-tech area more easily.
Yet, the level of public investment in nanotechnology in China was
less than 20% of that in the U.S., as of 2006 (Roco, 2007; Leung,
2008). To engage in a new science that requires a high level of
R&D inputs, the Chinese government believes that collaborative
and knowledge networks—particularly ties with overseas Chinese

scientists—can be very useful (Zweig et al., 2008). The government
provided funding for forging international partnerships, and inter-
national collaboration in nanotechnology research has increased
rapidly since 2000 (Bai, 2005).
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Table 1
Institutional affiliations of seventy interviewees.

Institute Number of
interviewees

Tsinghua University 14
Peking University 11
Chinese Academy of Science

(selected institutes in Beijing
and Shanghai)

14

Fudan University 9
14 R.C. Leung / Research

As Chinese scientists had to overcome both ego-centric and
lter-centric uncertainty in the market of nanotechnology and
anomedicine research, many of them built international networks
o foster information exchanges, sharing facilities, coauthoring in
cientific publications, informal contacts and even formalized insti-
utional partnerships. In addition to resource deficiency, Chinese
cience institutes suffered from a low perceived status in scientific
roducts. In particular, Chinese scientists affiliated with academic

nstitutes of low status had to overcome substantial trust barriers
o publish in Euro-American journals and magazines (DiTomaso
t al., 2007). More generally, academic institutes sought to raise
heir status by partnering with high-status ones. Collaborating with

 high-status institute in Euro-American countries is often regarded
s an effective means to raise one’s visibility, very much like lining
p with a “prism”.

The metaphors of pipes and prisms focus attention on outcomes.
et, networks also facilitate the process of innovation, research
nd other management activities. Like other science actors, Chinese
cientists often pick up the “best practices”—and the associated sat-
sficing outcomes—through actually doing the task. Argote called
his “learning by doing” (Argote, 1999). Knowledge and collabo-
ative networks produce ongoing relationships between Chinese
cience actors and their network ties—or the opportunities of learn-
ng by doing. Van De Ven and Polley (1992) have found that
earning occurs quite often during—rather than after—the process
f organizational innovation. Given infrastructural constraints and
conomic underdevelopment, Chinese science actors are likely to
lace strong value on international networks as learning platforms.

. Methods

This research combines analysis of available quantitative data
rom different sources, and ethnographic data from interviews and
articipant-observations. Such a hybrid approach in data collection

s suitable for studying innovative activities in rapidly changing
ocio-economic contexts such as China (Harrigan, 1983), but the
esearcher needs to remain organized throughout the research pro-
ess to utilize the hybrid approach effectively. My  quantitative data
ome from published papers, professional reports, and statistical
ata published by Chinese government agencies. Some of these data
ave been analyzed extensively already; others have not. Ethno-
raphic data come from face-to-face and virtual interviews with
hinese and American scientists, as well as observations based on
articipating in professional meetings, laboratory tours, and other

ess formal meetings. Interviews had taken place in my  intervie-
ees’ offices, conference halls, other locations and over-the-phone.

n terms of participant-observations, I went to some of the profes-
ional conferences and seminars that my  interviewees attended.
fter these observations, I followed up with my  interviewees and
sked them what they had learned, whether they achieved their
bjectives, and so on. These discussions were very useful for me  to
etter understand my  interviewees.

With respect to costs and benefits, I have performed a Data
nvelopment Analysis (DEA) to evaluate networks and funding as
nput factors, and publications as output for the most prolific insti-
utes identified in the literature review. My  DEA findings enabled

e to ascertain what the top Chinese institutes were, to serve as the
ocus of my  ethnographic research. As this paper uses DEA primarily
or identifying top Chinese institutes, and the findings concentrated
n the ethnographic part, I omit the actual formula and computa-
ions associated with DEA here. Van de Ven et al. (2011),  Leung

nd Pasupathy (2011) and others provide more discussions on the
echnical aspects of DEA.

Given that Chinese science actors constitute a big population,
 followed a purposive data collection strategy in ethnographic
Others (China/Hong Kong) 14
Others (USA) 8

research. My  focus was  on the most prolific and high-profile Chi-
nese science actors in nanomedicine research. Table 1 summarizes
the number of interviewees from different academic institutes.
While this focal group differs from Chinese science actors work-
ing in less prestigious institutes, I interviewed a small number of
Chinese scientists from outside the focal group. The rationale is to
better understand how the work of Chinese science actors might
differ in alternative settings. In short, my  data collection strategies
are intended to be focused, and to avoid unnecessary distraction
(Table 1).

My interviewees included seventy research and teaching faculty
members from academic institutes, students, business executives
and related staffs in the U.S. and China. The majority of intervie-
wees were from China. In the U.S., I have included Chinese and
non-Chinese interviewees. When analyzing interview data, I pay
attention to the interviewees’ academic affiliation, research inter-
ests and other demographic information. This information allowed
me  to better evaluate the genuineness of interview data. Intervie-
wees that did not participate in the research at sufficient length
were dropped from the analysis.

4. Findings

In 2005, Chinese scientists produced 18% of the world’s nano-
technology research articles (Kostoff et al., 2006). This productivity
figure draws data from the Scientific Citation Index (SCI) database,
and does not include many “home” or Chinese-written journal
papers that were unrecorded in SCI. Of these research articles from
Chinese scientists, over 90% of them were coauthored papers. Inter-
national collaborations enhance the prestige of Chinese science
actors in terms of publication. According to Kostoff et al. (2006),
“China-only publications” (research publications with authors from
China but no other countries) had a median citation of 4 (which
means that only four other scientists cite a Chinese paper on
average). In comparison, the median citation was 12 for “US-only
publications”. For “US-China publications”, the median citation was
10. In nanotechnology, Beijing and Shanghai were the most pro-
ductive and influential ones (Kostoff et al., 2006). My  DEA results
identified top science institutes in China with funding and publica-
tions as inputs and outputs respectively (Table 2).

The most prolific institutes were from Beijing and Shanghai.
These two  cities were where I conducted most of the participant-
observations and in-depth interviews. These ethnographic data
reveal the subtleties regarding the beneficial effects of, and resis-
tance to, international networks.

4.1. Networks as pipes

The importance of information for Chinese science actors should

be understood in view of the infrastructural constraints within
the local Chinese research environment (this is mostly referred
to mainland China, excluding Hong Kong, Taiwan and Macau). As
mentioned, although the Chinese government has increased its
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Table 2
DEA ranking of Chinese science institutes based on funding, publications and citation
score in nanotechnology research, 1999–2003.a

Rank Institute

1 Chinese Academy of Sciences
2 Tsinghua University
3  Peking University
4 Nanjing University
5 University of Science and Technology China
6  Fudan University
7  Jilin University
8 Shandong University
9  Zhongshan University

10 Tianjin University
11  Zhejiang University
12 Nankai University
13 Harbin Institute of Technology
14 Wuhan University
15 Shanghai Jiaotong University
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a Data come from various publications and publicly available sources (e.g. Kostoff
t  al., 2006; State Statistical Bureau of the PRC, 2006).

unding to scientists in recent years, most Chinese scientists still
ace significant budget constraints in comparison with their coun-
erparts in industrialized countries such as the U.S. (Leung, 2008).
ome of my  interviewees suggested that being updated about the
atest development in certain foreign labs is an economical way
o keep Chinese research current. For something as new as nano-
echnology, this type of foreign information is preferred to the
raditional research orientation of a “closed-door” policy. Informa-
ion is regarded by my  interviewees as essential to exploration and
xploitation in nanotechnology research (more discussions on this
oint below).

The use of information and communication technologies (ICT)
as facilitated information exchanges between Chinese science
ctors and their overseas ties. Advancement in ICT has kept the
ost of long-distance communication very low and convenient. In
ffect, ICT helps ensure that scientists from Chinese institutes have
epeated and ready access to knowledge and information from
ifferent collaborative networks. For R&D problems that were par-
icularly difficult to resolve, Chinese scientists might even need
o engage in multiple back-and-forth discussions and information
xchanges with their ties.

One of my  interviewees in Beijing was a young chemistry pro-
essor from a prestigious university in Beijing. His research was
oncerned with nanomaterials for medical applications. Since he
ad published relatively frequently in top science journals and
agazines such as Science and Nature,  he was highly regarded

n his institute. This scientist emphasized that international net-
orks served mainly as information pipes. For him, international
etworks of scientist colleagues helped him filter information on

nternet: as he put it: “the leading colleagues in the field have all
pened groups on the web. Visiting these websites allows us (Chi-
ese scientists) to understand what they (foreign scientists) will do

n the coming half a year, what they are doing now and what they
ay  do, what areas cannot go further”. This scientist expressed his

reference of developing nanomedicine “by himself”, rather than
ctually working with a foreign scientist. Besides, he did not see
etworks as having significant values in terms of enhancing pres-
ige.

Still, this scientist recognized the importance of developing
ong-term relationships. In some occasions, long-term relation-
hips bring useful information to the scientist without him actively
eeking. As he recalled: “Sometimes they (international colleagues)

all to greet us. We  will ask about what they do”. According to him,
he international colleague has to trust him enough to share really
seful information about scientific research. This trust requires
any years to build and maintain. Other Chinese scientists who
 42 (2013) 211– 219 215

maintained close relationships with international colleagues could
even borrow high-ended equipment for research purposes.

4.2. Clogged pipes

But not all information is equally valuable. Because of time
constraints to process and utilize information, the science actor
needs to carefully select what information (or resources) to seek
and what networks to mobilize at different times. For many of my
interviewees, information from local networks was not very useful
because it was “available anyway”. Some of my  interviewees actu-
ally had to reduce “social exchanges” with local colleagues to save
time for research and teaching. Information provided by networks
from abroad often had a higher value. But getting this informa-
tion entailed increased communication and traveling costs, which
possibly outweigh the benefits of academic collaboration. In other
situations, my  interviewees sought advice and help from interna-
tional colleagues but never got a reply. They gradually lost faith
in international networks. In practice, collaborative nanotechnol-
ogy research between Chinese academic institutes tends to involve
researchers from the same or adjacent region(s), and international
collaboration has remained a small proportion out of all collabora-
tion activities (Kostoff et al., 2006; Leung, 2012a).

Besides, even though ICT can save communication costs in the-
ory, the Chinese government has prohibited internet access to some
foreign websites for political reasons. It is believed that controver-
sial issues—including high-tech science news—posted in foreign
websites could generate social unrest in China (Cao et al., 2006).
Therefore, even with useful information value, foreign sites might
be banned temporarily or permanently by government agencies.
Some social media websites that allowed scientists to commu-
nicate informally, such as Facebook, cannot be used in mainland
China (but accessible in Hong Kong, Taiwan, and Macau) (Wall
Street Journal, 2010). In addition, emails between certain Chinese
scientists (who work in “classified areas”) and their international
colleagues may  be monitored or censored by the government
(Kalagas, 2008). In consequence, information networks for Chinese
scientists may  be “clogged”, and might not generate useful value to
Chinese science actors.

Despite various forms of internet censorship, contacts with the
outside world have become much easier for Chinese scientists
in recent years. Some Chinese internet users employed technol-
ogy to overcome firewall or other blocking devices by Chinese
government agencies (Wall Street Journal, 2010). Besides, foreign
colleagues with long-term relationships are willing to share infor-
mation in international conferences, professional meetings and
other private occasions. More formally, investors, foreign scien-
tists, multinational technology corporations (such as Microsoft and
Facebook) which have recognized the economic prospect of China
in science and technology have initiated partnerships with Chi-
nese partners. These efforts have enabled Chinese science actors
to acquire information and other resources from international col-
laborators.

4.3. Networks as prisms: enhancing prestige

To Chinese science actors, partnerships with international
collaborators are desirable not only for addressing resource uncer-
tainty. As mentioned earlier, reputational enhancement is equally
important. For example, the Tsinghua-Foxconn Nanotechnology
Research Center was set up in 2002 (Tsinghua University Education
Foundation, 2009), which fulfilled the prestige needs for both part-

ners well. Through this partnership, the FoxConn Technology Group
consolidated its renowned status as a high-tech manufacturer.
FoxConn continued to get business from multinational compa-
nies such as Apple Computer. The academic partner—Tsinghua
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niversity—also benefitted. The monetary investment provided by
oxConn enabled Tsinghua to hire a large group of competent scien-
ists to conduct nanomedicine and other nanotechnology research.
hese scientists enjoyed the reputation of working with FoxConn.

There was also “prism” value for individual scientists. Two of my
nterviewees benefitted from each other in nanomedicine research.
hese two scientists—one from the U.S. and the other one from
hina—sought to produce nanomaterials for biomedical applica-
ions such as tissue engineering. While the two  of them were
lready quite established in medical research, nanomedicine was
ew to both of them. Thus, they needed help from other scien-
ists. In the beginning, their collaboration was like other common
ollaborative activities in scientific research, without much pub-
ic attention. Yet, over time, the two started to engage in more
requent information exchanges, including visiting each other’s
ampus and teaching graduate students. While both of them
ere affiliated with a very prestigious academic institute in their

wn country, their collaboration soon caught media attention.
heir story was covered in newspapers and scientific magazines.
he Chinese scientist—with visiting professorship in a prestigious
merican institute—won respect from other scientists in the Chi-
ese high-tech sector; the American scientist—collaborating with a
igh-profile Chinese scientist—became a “China expert”. These rep-
tational gains had generated other tangible benefits. For example,
he two had attracted likeminded scientists and students to inquire
bout their tissue engineering research. Some of these interested
arties later joined their research and provided useful advice and
esearch assistance.

.4. Dimmed prisms: trust barriers

Nevertheless, not all partnerships produce desirable results.
n fact, whether a partnership could be formed in the first place
epends on the perception and position of a particular scientist.

Generally speaking, whether in the U.S. or China, my  inter-
iewees who were younger and had a lower status recognized
he prestige value of working with “big names”—famous scientists
nd/or those who work in prestigious universities. With regard to
S-China collaboration specifically, my  interviewees in the U.S. rec-
gnized prestigious institutes in China, but few intended to seek
restige by working with someone in China. My  Chinese intervie-
ees recognized prestigious institutes in the U.S., but they did not
ecessarily know how they could build a productive relationship
ith foreign scientists.

In short, there existed “two-way trust barriers”. For example,
he young chemistry professor that I mentioned in the previous
ection expressed strong reservations over international collabora-
ion. Although he kept frequent contacts with his overseas friends
o learn about the latest development in his field, he was  very cau-
ious about China’s dependence on Western countries in science
nd technology in the long run. Instead of acquiring legitimacy
irectly through coauthored papers, he preferred finding out what
as considered legitimate to do in his field. From international con-

erences, journal papers and informal contacts, he could identify the
eading scientists in foreign countries. He would only establish con-
acts with these leading scientists selectively—either because of his
wn preference or the potential collaborator’s unwillingness. With
hese “good contacts”, he was willing to spend time for more in-
epth exchanges and “real collaboration”. Doing so allowed him to
void committing in collaborative research that he was not fully
nterested in.

In some occasions, he even viewed foreign scientists as “oppo-

ents”. For him, it was important to be aware of what these
opponents” were currently working on because, in his own words,
knowing your opponents will lead you to lose never.” He reasoned
urther: “We  didn’t pay attention to [opponents] in the past, [but
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now] our internet technology has improved”. With new ICT, he was
able to “know his opponent”. Also, he was  very reluctant to publish
his own research on the web: “Why don’t we  do a homepage? For
prestigious Chinese scientists, if a project can win  the Nobel Prize,
or produce international shining stars, then you wouldn’t mind if
people pay attention on you. Other situations are better hidden.
Because that [strategy of hiding] is to our advantage. Don’t totally
expose yourself. [Foreign scientists] don’t totally understand what
I think.”

Some of my  American interviewees expressed similar skepti-
cisms about collaboration with scientists from China and other
less developed countries. Only the more experienced American sci-
entists knew where they could find capable Chinese scientists to
collaborate.

4.5. Networks as sponges? Learning by networking

As mentioned, networks provide not only resources and prestige
but also ongoing relationships for Chinese science actors. In partic-
ular, as indicated by my interviewees, resource or prestige benefits
from international networks often require time investment and
continuous learning to materialize. In this sense, networks might
be better utilized as a learning platform, so that network benefits
accrue to science actors gradually (Beckman and Haunschild, 2002).
Treating networks as a sponge through which beneficial effects
infiltrate to the science actors may  also address the problems of
clogged pipes and dimmed prisms.

This is possible because networks as sponges provide relatively
stable structures of relations that enable organizational actors to
store useful knowledge and routines (Gulati, 1999). Stable rela-
tional structures not only enable organizational actors to test, verify
and improve their procedural knowledge but also increase trust
among network partners. In contrast, networks as pipes only make
knowledge—whether declarative or procedural—available (Cohen
and Bacdayan, 1994). In this sense, networks as sponges seem
particularly important for process-oriented innovations; whereas
networks as pipes and prisms may  be essential to technical innova-
tion only (Benner and Tushman, 2002). My  findings in this research
do not address the differences between process-oriented and tech-
nical innovations directly. Yet, this will be an intriguing direction
for further studies.

To put network-based learning in perspective, the experience
of an academic Chinese scientist was  illustrative. He identified a
commercial opportunity from his academic research. Yet, the tech-
nical constraints in his home university would not allow him to
pursue the commercialization path, which required mass produc-
tion, patenting, advertising, and other operational tasks. Thus, he
became eager to attract an industrial partner and obtain industrial
funding. While he did not know how to solicit business interests in
the first place, he turned to his network ties in business, trying to
learn things by doing.

At first, he was unclear how patents could protect his real eco-
nomic interests other than the abstract concept of intellectual
property, so he continued to consult his Japanese friends. Over time,
he learned about the strategy of “writing a basket of patents”, and
the languages in a patent document had economic as well as sym-
bolic consequences. He acquired this knowledge gradually through
working with his Japanese colleagues for years. As he told me,
the more important thing to do for a high-tech science such as
nanomedicine was  being strategic and entrepreneurial, rather than
achieving technical sophistication.

International networks also increased understanding of busi-

ness interests, and facilitate articulation and practice adjustment.
These enabled the science actor to exploit the results of basic
science, and turned them into applied products (Ahuja, 2000).
An important action item in the translation process was  about
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ifferentiating needs of business enterprises in different sizes, loca-
ions, and other organizational factors (Fujimura, 1996). The more
ell-connected scientists I interviewed had repeated exchanges
ith enterprises. Consequently, they had developed an acute busi-
ess sense over time.

In this respect, some enabling factors facilitated building col-
aborative networks with industry. For example, taking advantage
f institutional agreement between one’s home university and
nterprises was an important one. If there was no pre-existing insti-
utional agreement, alumni could provide useful starting points for
orging one. Also, more senior scientists sometimes took advan-
ages of their own reputation and influence in the scientific
elds, and turned them into “networking capitals”. Enterprises and
niversities from both local China and foreign countries might rec-
gnize these influential scientists, and might be willing to set up a
ormal relationship with the Chinese institutes through the influ-
ntial scientists.

Overseas experience was another significant capital for
etworking. It enabled my  interviewees to form reasonable
xpectations when collaborating with international industrial col-
aborators. And even less prestigious institutes had scientists with
verseas experience. One of my  interviewees from a less presti-
ious institute in Shanghai compared the kind of pressures upon
eceiving funding from Chinese and overseas sources: “Collabora-
ive activities within China and with overseas researchers give you
ifferent levels of pressure. Within China, you have a lot of pressure
egarding deadlines and tangible results. . . . However, there is more
reedom when you collaborate with overseas researchers.” His own
verseas experience enabled him to identify overseas collaborators.

Existing ties did not guarantee that the academic scientist could
nd an immediate solution. Yet, network ties enabled the scientist
o gather information from different sources and develop a solu-
ion incrementally. The problems of clogged pipes and dimmed
risms might be handled through continuous learning. As men-
ioned, alumni networks produce a channel of learning by doing.
ased on my  interviewees, alumni networks often provided the
tarting point for an industrial partnership. Importantly, alumni
hared the identity of the university. They had a kind of “natu-
al bond” with scientists from their Alma mater, and were more
ommitted to forming a partnership with these scientists. In partic-
lar, science graduates from prestigious universities such as Peking
niversity, Tsinghua (in Beijing) and Fudan and Shanghai Jiaotong
niversity (in Shanghai) were typically very proud of their home
niversity. When their current company sought an academic part-
er, they would first refer their home university and helped defend
he choice.

.6. Exploration and exploitation

Many of my  interviewees—in both the U.S. and
hina—recognized the benefits of exploitation and exploration
ade possible by international collaborative research (March,

991). This is quite different from the more traditional way of
oing science—within boundaries of single disciplines—according
o my  interviewees. On the other hand, the collaborative process

ight take more time for the interdisciplinary team to learn from
ach other, and become familiar with each other’s “language”
Nonaka, 1994).

In particular, nanotechnology has been regarded as “inher-
ntly multidisciplinary” (Roco, 2007). There are many definitions
f nanotechnology, but most scientists agree that nanotech-
ology research is concerned with matters in the scale of

–100 nanometers (nm). The diameter of a human hair is about
0,000 nm,  and 1 nm is smaller than a DNA molecule. It is believed
hat the ability to manipulate physical and chemical matters and
henomena in the nanoscale can lead to a large number of applied
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technologies, and that multidisciplinary collaboration is necessary
for synthesizing different knowledge to build new products with
nanotechnology (Roco, 2007).

A chemistry professor from a less prestigious university in
Shanghai emphasized the importance of continuous learning from
other disciplines: “I did physical chemistry, but I now study
nucleotides. That means I need to learn about cells and biology.
I didn’t know the technology regarding how to grow cells.” This
scientist got his PhD from a Japanese university. He continued
to collaborate extensively with researchers from Japan and Hong
Kong, and found continuous learning to be very beneficial.

In this regard, network partners in unequal power relations
may  engage in learning-by-doing in different forms (Contu and
Willmott, 2003; Cumbers et al., 2003; Spencer-Oatey, 1997).
Although both strong and weaker partners may  utilize networks
for exploitation and exploration in high-tech science, my  data seem
to suggest a more specific tendency. That is, the network part-
ner of a higher status—with more knowledge and reputational
resources—tended to utilize the lower-status network partner for
exploring new R&D and intellectual possibilities. In contrast, the
network partner of a lower status tended to utilize the higher-
status network partner for exploiting existing R&D and intellectual
possibilities. In other words, the higher status partner values the
learning-by-doing benefits of networks mostly for exploration;
whereas the lower status partner focuses on exploitation (Irwin and
Klenow, 1994). For example, my  American scientist interviewees
sought to learn from their Chinese networks how their research
products can enter into the Chinese market. On the other hand,
my Chinese interviewee sought to learn from the American expe-
rience how their existing research could be exploited and further
improved.

Yet, lower-status partner may  need more effort to develop a
partnership than their higher-status counterpart. This was the
case for more than half of my  Chinese interviewees. These Chi-
nese scientists sought to partner with a large foreign enterprise
to obtain research funding and equipment support. For these pur-
poses, they saw a need to understand the foreign R&D culture.
One of my  interviewees commented on the importance of rapid
technology transfer for multinational enterprises: “In the current
society, efficiency is emphasized. [You want] an immediate trans-
fer to applications . . . Think about this GMR’s hard disk, [which]
has a magnetic head. Its magnetic effects were discovered in 1988,
and IBM used it in the 90s. Now many companies have made [the
procedures of technology transfer] systematic. So you see new sci-
entific advancement, and it will become technology immediately.
The time [for technology transfer] is very short. . . . Economic devel-
opment is very important.”

This scientist was  a chemistry professor from a prestigious uni-
versity in Shanghai. He knew that once a big multinational company
such as IBM started developing a certain product, other compa-
nies would follow and/or refine the technology within a short time
frame. From the enterprise’s viewpoint, the academic partner must
respond quickly in the R&D process. The scientist told me  that
he kept an open mind about differences between himself and his
international network partners. He was willing to absorb these dif-
ferences over time by way of continuous learning.

5. Discussions

This research emphasizes that network benefits in science-
making are conditional on some enabling conditions and situational

factors. More specifically, it shows that the process of science-
making has more variations than intuition suggests. The same
connecting mechanism—networks—may or may  not benefit sci-
ence actors, depending on how science actors can utilize the
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Table 3
Proposed framework of evaluating network costs and benefits in science-making.

Metaphors Benefits Costs Evaluative metrics

Pipes Amount of resources acquired Communication and traveling expenses Benefits-to-costs ratio(resources)
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Prisms Level of reputation acquired Lo

Sponges Degree of learning-by-doing made possible Tim

echanism strategically to serve particular purposes. Using
he metaphor of sponge, I emphasized that networks produce
earning-by-doing opportunities. In this sense, networks may
ncrease—rather than depend on—the absorptive capacity of orga-
izational actors (Cohen and Levinthal, 1990). For example, an
rganization may  seek advice from its network partners when fac-
ng new knowledge and difficult-to-solve problem(s). The network
artner may  provide “hands-on” opportunities for the focal orga-
ization to try out how the newly acquired knowledge can be
xploited to solve R&D and other organizational problem(s). This
nding opens an excellent opportunity for further research.

I apply the metaphor of sponge to highlight the indetermi-
ate nature of network benefits among Chinese science actors who
ere pursuing an emerging high-tech science. For these science

ctors—as is the case for other organizational settings—networks
ould be clogged, and/or dimmed. Science actors who  value long-
erm relationships, learning and mutual adjustment were more apt
o repair clogged and dimmed networks. It does not mean that net-
orks as sponges are problem-free, but this perspective motivates

 more nuanced view of network benefits for science-making in the
east.

Third, while network has been conceptualized as a form of cap-
tal in recent years (Luk et al., 2008), the utilization of this capital
as seldom been formally evaluated in the form of cost-benefit
nalysis. Based on the findings of this research, it seems quite
mportant to estimate time and financial costs associated with
uilding, maintaining and utilizing collaborative and knowledge
etworks precisely (Farrell and Klemperer, 2007). Advanced eval-
ation techniques such as DEA might be employed for this purpose
Van de Ven et al., 2011; Leung and Pasupathy, 2011). Table 3 pro-
osed a scheme of evaluating costs and benefits of networks in the
rocess of science-making.

In this framework, the costs and benefits of networks in science-
aking may  be evaluated with reference to each of the three
etaphors discussed in this paper: pipes, prisms, and sponges. In

erms of pipes, the emphasis is the amount of resources that are
rovided by network ties, relative to the communication and trav-
ling expenses for acquiring these resources; in terms of prisms,
he emphasis is the degree of reputation that can be acquired from
etwork ties, relative to the potential loss of one’s own status; and

n terms of sponges, the emphasis is the benefits-to-costs ratios
f resources or reputation, relative to the time that is spent for
ontinuous learning in the network(s).

cknowledgements

I thank Joan Fujimura, Kjell Doksum, Bob Freeland, Clark Miller,
rik Wright, David Zweig, Roger Schroeder, Andy Van de Ven,
wo anonymous reviewers, and the editor of Research Policy for
omments on earlier versions of this manuscript. Many other
esearchers and students in China and the United States pro-
ided useful assistance during the research process. The fieldwork
esearch for this article was supported in part by a National
cience Foundation grant (NSF/SES-0621150). Additional travel

unds were provided by the University of Wisconsin’s Nanoscale
cience and Engineering Center, Holtz Center of Science and
echnology Studies, School of Business and the Graduate School,
rizona State University’s Center for Nanotechnology in Society,
tatus due to partner’s misbehavior(s) Benefits-to-costs ratio(reputation)

 adjustment difficulties
Benefits-to-costs ratio(resource  or  reputation)

Time(2–1)

Hong Kong University of Science and Technology’s Center on
China’s Transnational Relations, and City University of Hong
Kong’s Applied Social Studies Department. The University of
Wisconsin–Madison and Brown University supported my  teach-
ing on nanotechnology-related courses. I was also given generous
writing time as Postdoctoral Associate at University of Minnesota’s
Carlson School of Business. All errors in this article are mine.

References

Ahuja, G., 2000. Collaboration networks, structural holes, and innovation: a longi-
tudinal study. Administrative Science Quarterly 45, 425–455.

Argote, L., 1999. Organizational Learning: Creating, Retaining and Transferring
Knowledge. Kluwer, Boston.

Bai, C., 2005. Global voices of science: ascent of nanoscience in China. Science 309,
61–63.

Benner, M.J., Tushman, M.,  2002. Process management and technological innovation:
a  longitudinal study of the photography and paint industries. Administrative
Science Quarterly 47, 676–707.

Bian, Y., Logan, J.R., 1996. Market transition and the persistence of power: the
changing stratification system in Urban China. American Sociological Review,
739–758.

Beckman, C., Haunschild, P., 2002. Network learning: the effects of partners’ het-
erogeneity of experience on corporate acquisitions. Administrative Science
Quarterly 47, 92–124.

Callon, M.,  1986. Some elements of a sociology of translation: domestication of the
scallops and the fisherman of St. Brieuc Bay. In: Law, J.E. (Ed.), Power, Action,
and Belief: A New Sociology of Knowledge? Routledge & Kegan Paul, London;
Boston, pp. 196–229.

Cao, C., Suttmeier, R.P., Simon, D.F., 2006. China’s 15-year science and technology
plan. Physics Today 59, 38–43.

Casciaro, T., Carley, K.M., Krackhardt, D., 1999. Positive affectivity and accuracy in
social network perception. Motivation and Emotion 234, 285–306.

Cohen, M.D., Bacdayan, P., 1994. Organizational routines are stored as procedural
memory: evidence from a laboratory study. Organization Science 5, 554–568.

Cohen, W.M., Levinthal, D.A., 1990. Absorptive capacity: a new perspective on learn-
ing  and innovation. Administrative Science Quarterly 35, 128–152.

Contu, A., Willmott, H., 2003. Re-embedding situatedness: the importance of power
relations in learning theory. Organization Science 14, 283–296.

Cumbers, A., Mackinnon, D., Chapman, K., 2003. Innovation, collaboration, and
learning in regional clusters: a study of SMEs in the Aberdeen oil complex.
Environment and Planning A 35, 1689–1706.

Ding, X.L., 1994. Institutional amphibiousness and the transition from communism:
the case of China. British Journal of Political Science 2403, 293–318.

DiTomaso, N., Post, C., Smith, D.R., Farris, G.F., Cordero, R., 2007. Effects of structural
position on allocation and evaluation decisions for scientists and engineers in
industrial R&D. Administrative Science Quarterly 52, 175–207.

Fairbank, J.K., Goldman, M.,  2006. China: A New History, 2nd ed. Belknap Press of
Harvard University Press, Cambridge, MA.

Farrell, J., Klemperer, P., 2007. Coordination and lock-competition with switching
costs network effects. In: Armstrong, M.,  Porter, R. (Eds.), Handbook of Industrial
Organization, vol. 3. Elsevier, pp. 1967–2002.

Fernandez, R.M., Castilla, E.J., Moore, P., 2000. Social capital at work: networks
and employment at a phone center. The American Journal of Sociology 1055,
1288–1356.

Fujimura, J.H., 1996. Crafting Science: A Sociohistory of the Quest for Genetics of
Science. Harvard University Press, Cambridge, MA.

Granovetter, M.S., 1973. The strength of weak ties. American Journal of Sociology
78, 1360.

Gulati, R., 1999. Network location and learning: the influence of network resources
and firm capabilities on alliance formation. Strategic Management Journal 20,
397–420.

Harrigan, K.R., 1983. Research methodologies for contingency approaches to busi-
ness  strategy. The Academy of Management Review 83, 398–405.

Irwin, D.A., Klenow, P.J., 1994. Learning-by-doing spillovers in the semiconductor
industry. Journal of Political Economy 102, 1200–1227.

Jones, C., Hesterly, W.S., Borgatti, S.P., 1997. A general theory of network governance:

exchange conditions and social mechanisms. The Academy of Management
Review 22, 911–945.

Kalagas, A., 2008. Healthy mind, healthy body: SARS, HIV/AIDS and the justifiability
of  restrictions on media freedom in the People’s Republic of China. Australian
Journal of Human Rights 132, 99–136.



 Policy

K

K

L

L

L

L

L

L

M

M

N

P

P

Xiao, Z., Tsui, A.S., 2007. When brokers may  not work: the cultural contingency of
R.C. Leung / Research

ang, B., Mackey, M.A., El-Sayed, M.A., 2010. Nuclear targeting of gold nanoparticles
in  cancer cells induces DNA damage, causing cytokinesis arrest and apoptosis.
Journal of the American Chemical Society 132, 1517–1519.

ostoff, R.N., Stump, J.A., Johnson, D., Murday, J.S., Lau, C.G.Y., Tolles, W.M., 2006.
The  structure and infrastructure of global nanotechnology literature. Journal of
Nanoparticle Research 83–84, 301–321.

atour, B., 1988. The Pasteurization of France. Harvard University Press, Cambridge,
MA.

eung, R., 2008. Doing Nanotechnology in 21st Century China. Unpublished PhD
Dissertation. University of Wisconsin-Madison, Madison, WI.

eung, R., 2012a. Cluster-based advantages in the innovation process: the diffusion
of  nanotechnology in two Chinese cities. Frontier of Business Research in China
6,  25–54.

eung, R., 2012b. Network building in the innovation journey: how Chinese science
institutes jump on the nanotech Bandwagon. East Asian Science, Technology
and  Society: An International Journal 6, 1–31.

eung, R., Pasupathy, K.S., 2011. The economics of social computing: some prelim-
inary findings on healthcare organizations. Journal of Computational Science 2,
253–261.

uk,  C.L., Yau, O.H.M., Sin, L.Y.M., Tse, A.C.B., Chow, R.P.M., Lee, J.S.Y., 2008. The effects
of  social capital and organizational innovativeness in different institutional con-
texts. Journal of International Business Studies 39, 589–612.

arch, J.G., 1991. Exploration and exploitation in organizational learning. Organi-
zation Science 2, 71–87.

iles, R.E., Snow, C.C., 1992. Causes of failure in network organizations. California
Management Review 34, 53.

onaka, I., 1994. A dynamic theory of organizational knowledge creation. Organiza-
tion Science 5, 14–37.
odolny, J.M., 2001. Networks as the pipes and prisms of the market. American
Journal of Sociology 107, 33–60.

ortes, A., Sensenbrenner, J., 1993. Embeddedness and immigration: notes on the
social determinants of economic action. American Journal of Sociology 98,
1320–1350.
 42 (2013) 211– 219 219

Powell, W.W.,  Koput, K.W., Smith-Doerr, L., 1996. Interorganizational collaboration
and the locus of innovation: networks of learning in biotechnology. Administra-
tive Science Quarterly, 116–145.

Roco, M.C., 2007. National nanotechnology initiative—past, present, future. In:
Goddard III, W.A., et al. (Eds.), Handbook on Nanoscience, Engineering and Tech-
nology. CRC Press, Boca Raton, FL.

Smith-Doerr, L., 2005. Institutionalizing the network form: how life scientists
legitimate work in the biotechnology industry. Sociological Forum 20, 271–
299.

Spencer-Oatey, H., 1997. Unequal relationships in high and low power distance
societies. Journal of Cross-Cultural Psychology 28, 284–302.

State Statistical Bureau of the PRC, 2006. China Statistical Yearbook. State Statistical
Bureau, Beijing, China.

Tsinghua University Education Foundation, 2009. Tsinghua-Foxconn Nanotech-
nology Research Center. Contributions Available at http://english.tuef.org.cn/
News txt.aspx?classID1=2&classID2=37&ID=249.

Uzzi, B., Spiro, J., 2005. Collaboration and creativity: the small world problem. Amer-
ican  Journal of Sociology 111, 447–504.

Van de Ven, A.H., Leung, R., Bechara, J.P., Sun, K., 2011. Changing Organizational
Designs and Performance Frontiers. Organization Science (published online
before print).

Van De Ven, A.H., Polley, D., 1992. Learning while innovating. Organization Science
3, 92–116.

Wall Street Journal, 2010. Mr.  Zuckerberg Goes to China: Facebook
CEO  Makes the Rounds with Tech Executives, Fueling Speculation
Over Effort to End Ban. Available at http://online.wsj.com/article/
SB10001424052748703814804576035143409583806.html#ixzz1EtGcbuAY.
social capital in Chinese high-tech firms. Administrative Science Quarterly 52,
1–31.

Zweig, D., Chung, S.F., Han, D., 2008. Redefining the brain drain: China’s ‘Diaspora
Option’. Science, Technology & Society 13 (1), 1–33.

http://english.tuef.org.cn/News_txt.aspx%3FclassID1=2%26classID2=37%26ID=249
http://english.tuef.org.cn/News_txt.aspx%3FclassID1=2%26classID2=37%26ID=249
http://online.wsj.com/article/SB10001424052748703814804576035143409583806.html%23ixzz1EtGcbuAY
http://online.wsj.com/article/SB10001424052748703814804576035143409583806.html%23ixzz1EtGcbuAY

	Networks as sponges: International collaboration for developing nanomedicine in China
	1 Introduction
	2 Literature
	2.1 Network benefits: pipes and prisms?
	2.2 Conditional network benefits
	2.3 Mutual adjustment and network benefits
	2.4 International networks and nanotechnology in China

	3 Methods
	4 Findings
	4.1 Networks as pipes
	4.2 Clogged pipes
	4.3 Networks as prisms: enhancing prestige
	4.4 Dimmed prisms: trust barriers
	4.5 Networks as sponges? Learning by networking
	4.6 Exploration and exploitation

	5 Discussions
	Acknowledgements
	References


