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Transferring Collective Knowledge: Teaching and L earning in the Chinese Auto Industry

Abstract

This paper is a theory-guided exploratory study of teaching and learning strategies that
firms use to transfer of collective knowledge between organizations. Collective knowledge is
knowledge that is both tacit and embedded in intra-firm group activities. We firg discussthe
benefits of group teaching and group learning in transferring collective knowledge from a source
community to arecipient community. Group teaching involvesjoint teaching effort by multiple
members of the source community. Group learning occurs when members of the recipient
community gain collective exposure to same problems and solutions. We then explore and
expand theinitid discusson by examining international R& D capability transfer in the Chinese
auto industry, based on interviews at multiple venturesin Chinaand the U.S.

Severa results emerge from the study. Group teaching is more effective then individud
teaching in heping reci pients understand multiple dimensions of a source' s collective knowledge
and creating bridge networks, while group learning is more effective than individud learning for
helping trainees integrate and synthesize their learning and re-embed it with their loca context.
Among four teaching-learning configurations, group teaching-group learning is the most
effective trander rategy for transferring collective knowledge. Individua teaching-individua
learning transfers collective knowledge poorly, but can lay afoundation for more complex
teaching-learning combinations by transferring individua and codified knowledge. Compared to
group teaching-group learning, the sequence of group teaching-individud learning followed by
individua teaching-group learning is aless costly but lengthier and less effective process of
trandferring collective knowledge.



Collective knowledge, which is knowledge that is both tacit and involves group-wide
activities, provides a durable basis for competitive advantage of firms because it is difficult to
imitate (Kogut and Zander, 1992; Spender and Grant, 1996). In addition to being difficult to
imitate, though, the tactitness and group- embeddedness mean that collective knowledge is difficult
for firmsto transfer into new uses as they attempt to adapt and grow (Cook & Brown, 1999; Kogut
& Zander, 1992; Spender, 1996). Recent sudies have examined the intra- organi zationa spread of
best practices (Gupta & Govindargian, 2000; Kostova, 1998; Szulanski, 1996), cross-border
trandfer of R& D management practices among multinationd firms subgidiaries (Inkpen & Dinur,
1998), and inter-aliance partner transfer of know-how (Brewer & Nollen, 1998). Most such
studies focus on how contextua congtraints such as absorptive capacity, transfer intent, relationa
capital, and country-level factors affect the outcome of transfer activities. By contrast, few studies
examine the actual mechanisms by which firms trandfer cgpabilities. Thisissueis especidly
sdient for transferring knowledge to firms in emerging economies, which require new business
skillsin order to compete effectively in globa markets. This paper develops aframework based on
teaching and learning mechanisms that facilitate the trandfer of collective knowledge.

Our gpproach is amultiple case sudy, involving the transfer of R& D practices from
American and European multinationd enterprises (MNES) to dliances with Chinese firms. The
research combines deductive ingghts from prior sudies with inductive findings from the cases.
Wefird lay out the conceptua foundation by defining collective knowledge and discussing
individual and group teaching and learning processes for transferring knowledge from source to
recipient communities. The literature review draws from awide range of research. Each literature
by itsdf is not sufficient to identify and assess teaching and learning activities during collective
knowledge transfer. Together, though, the perspectives provide guiddines for interview questions,
while leaving sufficient latitude that unexpected patterns could take shape during the study.

Thefidd invedtigations draw from twenty-Sx interviews at four venturesin Chinese auto
industry, as well as thirty-one prdiminary interviews a nine firmsin Chinaand the U.S. Severd
findings emerged with regard to roles and effectiveness of various teaching-learning combinations
in trangferring collective knowledge. We confirm our initid thoughts on the superiority of group
teaching and learning as mechanisms for transferring collective knowledge. We aso identify
severd detailed ways in which these mechanisms work in practice. We use these inductive

ingghts to develop three sets of propositions that can seed future research.



COLLECTIVE KNOWLEDGE AND ITSTRANSFER

Our god isto understand the effectiveness of inter-organizationa trandfer of capabilities
that have a high degree of collective knowledge. Capabilities are the processes by which firms use
physica and knowledge-based factor inputs to create goods and services (Richardson, 1972). By
inter-organizational transfer we mean that a recipient organization adopts cagpabilities that a
source organization possesses (Baum and Ingram, 1998). By transfer effectiveness, we mean the
degree to which the recipient organization is able to use the capabilities for its own purposes, by
replicating the source' s cgpabiilities and/or by adapting the capabilities to the recipient’ s context
(Darr, Argote and Epple, 1995; Winter and Szulanski, 2001). Relevant dimensions of
effectiveness include the cost, peed, and accuracy with which arecipient can accomplish atask
that uses the transferred capabilities.

The concept of collective knowledge arises from the generd discusson of knowledge
contained within firms, where knowledge is afirm’s stock of beliefs and skills (Spender and
Grant, 1996). Management research has identified two saient dimensions of firms' knowledge:
tacit versus explicit and individudly-carried versus group-embedded (Cook et al., 1999; Kogut et
al., 1992; Nonaka & Takeuchi, 1995; Spender, 1996). We follow Spender (1996) in referring to
knowledge that is both tacit and embedded in intra-firm group activities as collective knowledge.
Cook and Brown (1999) use the term organizetiond genresin asmilar ven.

Collective knowledge relates to ideas in the knowledge-based view of organization. This
perspective often considers organizationd capabilities as the firm's ability to harness and integrate
the knowledge of many individua specidigts. Capabilities contain three types of knowledge: (1)
individua speciaist knowledge, (2) common knowledge held by adl members of the organization,
such as engineering language, engineering literacy, shared cognitive schema and framework (Fiol,
1994), and shared knowledge of using boundary objects to achieve better cross-functiond
coordination (Carlile, 2002), and (3) inter-persona knowledge, such as recognition of each other’s
knowledge domain (Grant, 1996; Wegner, 1987) and inter- persond coordination routines (Nelson
& Winter, 1982) . From this typology, common knowledge and inter-personal knowledge are
group-level knowledge, which isthe first dimension of collective knowledge. The second
dimension, as we noted above, istacitness. Collective knowledge, therefore, is the tacit portion of
the common knowledge and inter-persona knowledge e ements of organizationa capabilities.

Specific cases in which cgpabilities contain high levels of collective knowledge are
common in practice. Team:based marketing programs that rely on un-codified understandings of



customer needs are one example. Concurrent R& D management processes that jointly control
timing, budgeting, and personnel movement, while incorporating market research, concept design,
quality contral, finance, purchasing, and manufacturing are another instance. Smilarly, modern
lean production systems that require coordinated activities and adjustments involving many people
contain high levels of collective knowledge.

The group-tacit basis of collective knowledge contrasts with the other three generd classes
of knowledge that the tacit-explicit and individud-group dimensions define. The group-explicit
combination involves scripted tasks that need to be conducted jointly, such as standardized
maintenance programs. The individua-tacit combination involves individua employeeswho carry
out unscripted activities such as persond sdes cals. The individua-explicit combination involves
independent employees who carry out scripted activities such as specific production line assembly
tasks.

A firm’s knowledge base includes dl four knowledge combinations, but collective
knowledge offers the most competitive advantage due the difficulty that other firmsfacein
imitating skills that are both tacit and involve group-wide activities (Amit & Schoemaker, 1993;
Dierickx & Cool, 1989; Penrose, 1959; Spender, 1996). However, the constraint isthet in addition
to being difficult to imitete, it is difficult for firms to trandfer collective knowledge into new uses.
Nonethdess, firms that overcome the transfer difficulties gain advantages when they expand into
new areas, such as new or emerging markets.

Mechanisms required to transfer tacit knowledge have received mogt attention in prior
research. Transfer of tacit knowledge benefits from stable and close contacts between the
transferor and transferee. This commonly cals for the transferor and transferee to undertake joint
projects, which facilitate close person-to- person contacts and learning- by-doing (Arrow, 1962;
Brown & Duguid, 1998; Levitt & March, 1988; Nonaka et d., 1995; Polanyi, 1962). In order to
trandfer tacit R&D knowledge, for instance, both the source and recipient organizations often
engage in joint R& D projects that serve as platforms for transferring capabilities that the firms
cannat fully convey with verba or written media (BIC, 1992). Nevertheless, learning-by-doing
through joint projectsis only a necessary condition for transferring collective knowledge, not a
sufficient condition, because this mechanism aone does not resolve the difficulty of transferring
group-embedded knowledge.

The key issue underlying the trandfer of group-embedded knowledge is that the knowing
entity of group-embedded knowledge is a community, rather than an individua or smple sum of



individuas. Collective knowledge involves systems of coordinated relationships among members
of the knowing community in which people interact to carry out routines or solve problems (Fiol

& Lyles, 1985; Levitt et d., 1988; Nelson et al., 1982). Indeed, collective knowledgeis partly
independent of the individual members who execute the systems (L evitt et al., 1988; Nelson et dl.,
1982). As Cook and Brown (1999: 386) point out, “the body of [collective] knowledgeis
possessed by the group as awhole and is drawn on in its actions, just as knowledge possessed by
an individud isdrawn onin hisor her actions’. Together, then, the tacit and group-embedded
agpects mean that transferring collective knowledge requires inter-commund learning-by-doing.

Two focd communities are rdlevant in the inter-communa process of transferring
collective knowledge: the source community, which is the knowing entity of the targeted collective
knowledge, and the recipient community, which is the knowing entity in which the collective
knowledge will be re-embedded. Although firms can transfer some knowledge through vicarious
imitation, recent research suggests that hands on teaching and learning processes enhance
knowledge transfer (Darr, Argote, and Epple, 1995; Baum and Ingram, 1998; Argote and Ingram,
2000; Mitchell et d., 2002). The source and recipient communities serve as teachers and learners
in the knowledge transfer process.

Group Teaching versusIndividual Teaching

Teaching isthe set of activities by which a knowledge source transmits knowledge. A
source community can use different teaching mechaniams for transferring collective knowledge to
the recipient community. We digtinguish between two types of teaching strategies: group teaching
and individua teeching.

The notion of group teaching islargely absent in management literature but related studies
arisein the education literature. Education studies define team teaching as collaborations of
teechers with different skillsin a sngle dassroom setting to Smulate Situations involving complex
inter-personal interactions (Shaplin and Olds, 1964; Wenger and Hornyak, 1999). Here, in the
business setting, we initidly define group teaching as a process in which multiple teachers work
together to explain the inter-rel ationships among the knowledge that they are teaching.

In contrast to group teaching, individua teaching usesindividua members of the source
community as teachersto ingruct or supervise members of the recipient community at elther the
recipient location or the source site. In multinational cases, this commonly means that individud
expatriates travel from the source to the recipient location.



Group teaching offers advantages for transferring collective knowledge. Groups of
teachers will be better able to describe or demonstrate a source community’s common knowledge
and inter- persona knowledge, while helping students observe and interpret the indtitutiona
contexts that shape the knowledge, than will individud teachers. Individua teaching by members
of the source community often struggles to bring collective knowledge to the recipient
community. As Teece (1986: 20) notes, “...it will often not suffice to transfer individuas[to
transfer collective knowledge]. While asngle individua may sometimes hold the key to much
organizationa knowledge, group support is often needed, since organizationa routines may need
to be trandferred.” Nonetheless, firms often adopt individual teaching for transferring collective
knowledge, such as pogting individua trainers on internationd assgnments.

Group Learning versus Individual Learning

Learning isthe set of activities through which a recipient assmilates knowledge. Learning
in arecipient community can hgppen a two different levels group and individua (Inkpen, 1997,
Tiemessen, Lane, Crossan, & Inkpen, 1997).

We use a priminary definition of group learning as a process in which members of the
recipient community gain collective exposure to same problems and solutions. Group learning by
the recipient community may occur while the source community engages in ether group teaching
or individua teaching. Group-levd learning requires adapting and embedding individua-level
kills into group-wide routines, norms and rules within the recipient community (Araujo, 1998;
Lave & Wenger, 1991; Levitt et d., 1988). Group learning implies developing consensusin
cognitive frames (Fiol, 1994) and cultivating mutua understanding of each other’s knowledge
domain (Ellis, Hollenbeck, Iigen, & Porter, 2002; Grant, 1996; Wegner, 1987).

We define individua |learning as a process in which members of the recipient community
learn skills asindividuds. In contrasgt to group learning, individud learning often occur when
recipients do not work together to share their learning with each other, whether they learn a the
sametime or location or not. The notion of individud learning is Smilar to Kad et d.’s (1997)
definition of the fragmented mode of team learning, in which individuas learn separately even
though they may be in the same teaching environment, such that the group does not gain a holigtic
understanding of whet the individuas have learned.

In parale with group teaching, group learning offers advantages for transferring collective
knowledge to recipients. Just as collective knowledge involves shared processes at the source

organization, learners must creste a set of shared knowledge that they will need to embed within



the recipient community. (Kad, Marsick, & Dechant, 1997) note the importance of synergetic
team learning, in which members create knowledge mutudly and integrate divergent perspectives
by creating shared meaning schemes.

Nonethdess, many firms adopt individud learning for inter-organizationd knowledge
trander (Liebrenz, 1982; Reddy & Zhao, 1990). Most technology transfer agreements, for
indance, date the provisons for training members of the recipient organization in measures such
as person-months of on-gte training, without requirements for cooperative education (Reddy &
Zhao, 1990).

Combinations of Teaching and L earning Strategies

Previous studies of knowledge transfer mostly focus ether solely on teaching or learning.
We bdlievethat it is useful to study teaching and learning strateges jointly as related aspects of
knowledge transfer events, because every knowledge transfer practice involves a source and a
recipient, that is, involves both teaching and learning strategies. Based on the interplay of the
teaching and learning dichotomies we discussed above, we develop a two-by-two matrix of
teaching-learning strategies. Table 1 describes the four teaching-learning configurations.

xxxxx% Table 1 about here *****+x*x

The preceding discussions of teaching and learning suggest that collective teaching and
learning are superior to individud teaching and learning for the transfer of collective knowledge.
Integrating these conclusions, we begin with the expectation that a combination of group teaching
and learning is more effective for transferring collective knowledge than individua-group
combinations which, in turn, are more effective than a combination of individua teaching and
learning. Our research god isto explore the finer-grained issues that determine the application and
effectiveness of teaching-learning configurations.

RESEARCH SETTING AND METHODS

We base the study on interviews with managers in the Chinese auto industry who have
taken part in knowledge trangfer activities involving North American and European multinationd
motor vehicle manufacturers. This setting offers saverd srengths for this sudy. Firdt, auto R&D
management includes substantia collective knowledge. We bdlieve that the results concerning
collective and non-collective knowledge in this setting will generdize to other business activities,
such as production. Second, there is growing incidence of transferring R& D practices from MNES
to Chinese-based auto facilities. Chinese technology policy has required R& D capability transfer
in the joint ventures that MNEs form with locd firms, while the MNESs have competitive



incentives to develop technica capabilities a their loca affiliates. Third, evidence from
preliminary fieldwork suggested substantia variation in cross-case choices of collective
knowledge transfer mechanisms. Fourth, there are subgtantia culturd, technical, and managerid
differences between recipient organizations in Chinaand MNE source units (Beamish, 1993,
Child and Y an, 2001). Fifth, the use of asingle industry helps control for industry-leve factors,
athough we expect generdizability of the conclusions to go beyond this industry setting because
the congtructs are not industry-specific.

Collective knowledge trandfer has been criticaly important in the industry. R&D unit of
Chinese state-owned auto firms typicaly did not develop entire vehicle platforms for decades
during the era of central command economy. The R& D organizationa structures, product
development procedures, and the R& D planning were highly inefficient and obsolete until these
firms partnered with foreign companies and arted to acquire modern R& D capabilities. Chinese
engineers and managers not only had to learn individud skills, but more importantly, they needed
to understand the tacit and group-embedded R& D mindset and routines of their foreign partners,
and adopt them in their own context. This industry makes a strong case for learning, while
providing Smilar cross-case contextua settings.

The multiple case study research approach suits our setting. The approach is appropriate
for research that poses “how” or “why” questions. This method can be especidly reveding for
knowledge-based research topics, because of its ability to reach the depth and cover the breath of
managerid intentions and mechanisms related to organizationd resources and capabilities
(Almeida & Grant, 1998; Brewer et d., 1998; Capron & Mitchell, 1999; Inkpen et d., 1998;
Leonard-Barton, 1992; Rouse & Dadlenbach, 1999).

Case sHection of this study derived from three principles: (1) theoretical sampling, i.e,
choosing cases that will help extend theory, rather than provide satistica randomization
(Eisenhardt, 1989), (2) obtaining variance in congructs (Yin 1994), and (3) capitalizing on
persond rel ationships between the first author and respondents to ensure interview access and data
qudity (Inkpen, 1997).

We collected datain two stages. During the first stage, in summer 2000, the first author
conducted a field study involving open-ended interviews with thirty-one respondents from nine
companies operating the Chinese auto industry. The purpose of this stage was to understand the
context, as well as develop initid framing for congtructs and relationships.



The second stage was an in-depth case study at four of the ventures, in summer 2001,
focusng more explicitly on the four teaching-learning combinations. We administered semi-open
questions with twenty-six different respondents from the four companies. Each interview section,
which took place in Mandarin, lasted from two to five hours. We verified the case write-upswith
the respondents and asked clarifications by telephone. Each of the four companies had conducted
multiple R& D capatiility trandfer events involving collective and non-collective knowledge, and
applied dl four combinations. Among these four companies, two are OEM joint ventures
(Shanghai-V olkswagen and Beijing Jeep), oneis aset of auto component joint ventures (Delphi-
Ching), and the other isan R&D joint venture (PATAC). Table 2a summarizes the companies.

xxkkxx Tople 28 here******xk*

All respondents in the second stage of this study work for Chinese recipients of the R&D
cgpability trandfer. Respondents from the recipient community had a degp understanding of their
firms learning needs and results. In addition, the recipient respondents had substantia knowledge
of the source firms because they typicaly had received training a source facilities. Thus, they
could provide credible information about teaching and learning because they were observers of
teaching aswell aslearners. Moreover, our earlier discussons with members of the source
communities provided information about both teaching and learning, finding subgtantia
convergence with the recipients views.

Each interview in the second stage of this study followed the same four-part protocol to
ensure rdiability. Firs, the interviewer explained the purpose of the research, to ensure that the
respondents understood the key concepts. Second, the respondent provided persona background
and her/his perception of the development and status of R& D capabilities of the company. Third,
the respondent provided detailed chronologies of particular R& D project(s) he/she participated in
that involved trandferring R& D capahiilities from the source community to the recipient
community. Fourth, the interviewer asked more specific and probing questions to acquire the
respondent’ s persona opinions about knowledge transfer Srategies with regard to the
effectiveness of trandferring the collective knowledge involved in R&D capabilities The
interviewer took notes during the conversations and then transcribed the notes within 24 hours.

The R&D projects emphasized intermediate- and find-stage R&D (Buckley & Casson,
1976). Mog of the projects involved modifying styling to meet loca tastes or modifying
peripheral component design based on the vehicle platform designed by the source partner, in
order to adapt local road conditions, safety, and environment regulations. The projectsincluded a



range of knowledge characterigtics. Some projects focused on individua and/or explicit skills,
such as use of CAE workstations and design software. Other projects encompassed collective
knowledge, such as architectura knowledge, group-embedded R& D procedura knowledge, and
product- pecific design language. Although most loca R& D does not involve full-scale auto
platform design (a platform usually takes billions of dollars to develop and requires avolume of
over one million vehicdles ayear to offset the research cost), the work involves many stages of
R& D from market research to concept design to prototyping and vaidation. Thus, many of the
R& D capabilities that firms want to transfer to the local operations contain collective knowledge.
A Chinese senior product development manager in Shanghai-V olkswagen described what
R& D capabilities mean from the perspective of Chinese R& D managers.

“R&D capabilities from my perspective include how to trandate initid design ideas from
marketing research into a systemic product design proposa, which guides the various
tasks, timelines, budgeting and specifications for different function groups and

coordination among these groups. R& D capabiilities dso imply how effectively we
implement the product design proposd at various stages of the design process. A large part
of these capabilities liesin the experience of managers and engineers.”

We used multiple data collection methods, including face-to-face interviews, fied
observations, telephone interviews, and secondary sources of information about the company and
their R&D projects. At each Ste, we interviewed multiple respondents ranging from engineersto
senior managers to alow multiple perspectives on the same cases of R& D capability transfer
(Table 2b provides details). The respondents have extensive experience with multiple R&D
capability trandfer events and dl four knowledge transfer srategies. This experience is especidly
vauable because it permits the respondents to compare various strategies their firms used to
transfer R& D capatilities.

xxkxx% Table 2b here *****xtr*

Data andyss conssted of multiple readings of the interview transcripts and related
documentation, and coding and identifying activities and subjective evauations pertaining to
different knowledge transfer strategies and teaching-learning configurations (Strauss & Corbin,
1990) . We pay particular atention to the following aspects of the interviews: (1) how respondents
described details of knowledge transfer activities they engaged in, (2) what knowledge transfer
Srategies they perceived as effective or ingffective, (3) what particular benefits of transfer
srategies the respondents deemed effective, (4) how respondents compared various knowledge
trandfer practices, and (5) the sequence of knowledge transfer activities involved in the
chronologies that the respondents described, along with the rationale behind the sequence. The



anadysis generated a set of recurring themes. We developed three sets of propositions based on
these inductive findings

In order to serve our research purpose of understanding various teaching-learning
drategies, we take the individua knowledge transfer practices that involve the use of one
teaching-learning strategy as the unit of analysis. For two reasons, we rey primarily on subjective
evaudtion when comparing teaching-learning srategies. Firg, an initid finding of our field sudy
isthat dl firmswe studied used multiple teeching-learning strategies to achieve their knowledge
transfer objectives. Therefore, it isingppropriate to use the overdl success or failure of the
knowledge trandfer initiatives to evaluate the effectiveness of individua knowledge transfer
Srategies or teaching-learning combinations. Second, factors other than the sdlection of
knowledge trandfer Srategies, such asthe firms marketing strategies and financid positions, dso
influenced the outcome of the knowledge transfer initiatives. Using subjective comparisons of
various transfer rategies by individua interviewees helps control factors that do not relate
directly to teaching and learning strategies. To help ground the discussions, Table 2areports
severd aspects of available objective data.

FINDINGS AND PROPOSITIONS
Teaching Strategies

The respondents in our study found that the distinction between individua and group
teaching was meaningful. They aso provided an additiond dimension of group teaching. The
teachers must provide their students with access to the source community’ s working environment,
with opportunities to engage in applied projects. As we note below in greeter detail, such
involvement helps learners understand the context and nuances of ideas that their teachers are
explaning. The discussons led usto refine the definition of group teaching, as a processin which
multiple teachers work together to teach trainees in the source' s working environment.

An example from D phi-China helps demondrate why usng multiple teechersis only the
beginning of group teaching. The joint venture assigned severa U.S. engineers to teach Chinese
engineers who traveled to Delphi’s home base in the U.S. for three-months of in-class training.
During the training, athough many Ddphi experts provided the Chinese trainees with indructions,
the sessions often did not provide access to the day-to-day working environment of the source
community, which limited the information that the teechers were able to provide.

All of the four firms we studied have used group teaching by sending Chinese traineesto
ether the home ste of their foreign partners or the Site of foreign partner’s affiliates for on-the-job
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training with teams of foreign engineers, with the intent of acquiring design capabilities. Two
firms aso used aless common form of group teaching that involved teams of expatriates traveling
from the foreign partner’ s home site to manage and train locd saff, while replicating e ements of
the source working environment at the partner’ s ste. All four firms had dso used various forms of
individud teaching.

When asked to compare the effectiveness of group and individua teaching for transferring
R&D capabilities that involves high levels of tacit group-embedded knowledge, respondents from
different companies converged on the superiority of group teaching. We used an open coding
process (Strauss et d., 1990) to identify Sx advantages of group teaching over individua teaching.
(1) Members of the recipient community can understand the shared mindset of the source
community, where shared mindsets are common ways of making sense of information. (2)
Members of the recipient community can observe organizing principles and organizationa
structures that the source community uses to perform certain tasks. (3) Members of the recipient
community can observe how members of the source community carry out un-codified routines
within functiond aress. (4) Members of the recipient community can observe how members of the
source community carry out un-codified routines across functiona aress. (5) Members of the
recipient community can identify which parts of the collective knowledge are idiosyncratic to the
source community’s context before they attempted to transfer that knowledge back to the recipient
community. (6) Members of the recipient community can develop atrust-based network with
multiple members of the source community and knowledge of who does what the best among
them. We refer to this cross-community network as a bridge network. Table 3 provides examples.

kxxkxk Taple 3 here*****rktx

A benefit of group teaching isthat a group of people from the source community can work
together to demondtrate to people from the recipient community key dements of R& D capabilities
that are both tacit and embedded in the interactions of the members of the source community.
Although knowledge recipients can understand the codifigble part of R& D capabilities through
individua teaching or written documentation, they will not gain the richness and depth that they
garner from being exposed to the source community’ s working environment. Many respondents
mentioned that, within R& D capabilities, the aspects of knowledge that individua teachers can
teach is only the tip of the iceberg.

A Chinese manager in the product development area of Shanghal-V olkswagen who
participated an overseas on-job-training program commented:
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“At the beginning, we did not know alot about Volksvagen's R&D process, we
encountered alot of difficultiesin the learning process. What were written in the training
materials and operation manuas are not detailed enough to cover dl possible Stuationsin
the design process. And even if the written procedures cover everything, each German
engineer seems to have his own persona way in interpreting these procedures. What we
redlly need to learn is not the procedures, but the way of interpreting and gpplying them.
Thistype of knowledge would be impossible to obtain had we not come to Volkswvagen
and worked with German engineers on a daily bass.”

In practice, firms sometimes use individua teaching rather than group teaching and
achieve alimited degree of collective knowledge cagpability transfer. Our argument is that group
teaching leads to more thorough and effective transfer, such that a recipient community can
accomplish atask that uses the transferred capabilities with greater speed, grester accuracy, and/or
lower cogt than individud teaching achieves. The following proposition highlights aspects of
collective knowledge transfer that group teaching facilitates.

Proposition 1a. Group teaching is more effective than individud teaching in helping
recipients understand multiple dimengions of asource' s collective knowledge, including
shared mindsets, organizing principles and organizationa structures, tacit within-function
and cross-function procedura knowledge, and context-specific aspects of collective
knowledge.

Aswe noted above, the fidldwork provided afurther implication concerning the long-term
impact of teaching processes. In addition to the immediate transfer of collective knowledge, the
interviews reveded that group teaching helps create an inter-communa bridge network between
the source and recipient communities during the teaching process. Bridge networks help facilitate
ongoing trandfer of both individua and collective knowledge.

A bridge network differs from an dternative communication mechanism, which reieson
inter-communa boundary-spanners. Boundary spanners are strongly linked to their colleagues and
have extensve links outsde their subunits (Tushman & Scanlan, 1981). They provide a person
whom members of the recipient community can contact in order to connect with relevant experts
of the source community. In the cross-border cases that we studied, a boundary spanner is usually
an expatriate from the source community who has broad relations with various expertsin the
source community and works in the recipient community either as amanager or asatraner. A
bridge network differs from aboundary- gpanning individud in its flatness and short path distance
between the person who holds the knowledge and the person who inquires about the knowledge.
With abridge network, members of the recipient community can form direct ties with experts of
the source community, rather than go through the boundary spanner.

12



A bridge network often is superior to boundary spanners for the ongoing transfer of
collective knowledge both because it is structurdly flatter and shorter in path distance, but aso
because its ties are supported by stronger inter-persona persona trust and optimized by know-
who deveoped during the group teaching process (Ahuja, 1996; Uzzi, 1996). Moreover, bridge
networks help recipients engage multiple contacts at the source, which helps transfer group-
embedded collective knowledge.

Organization scholars have long argued that key individuas are more cost effective than
widespread communication across organizationa boundaries (Arrow, 1974; March & Simon,
1958). With the help of information technology thet facilitates ongoing contact, though, a bridge
network may become even more cost effective than boundary spanners. Asthe net benefit of flat
communication over indirect communication becomes more sgnificant, organizations become
flatter internaly and so do inter-communa boundary spanning infrastructures.

Nonethe ess, boundary spanners play vauable roles in knowledge trandfer. In particular,
boundary spanners provide access to people who do not fal within arecipient’s bridge network.
Thus, there are bendfits to creating both ongoing communication mechanisms, which will tend to
happen at firms that use both cooperative and individud teaching mechanisms.

Propostion 1b. Group teaching is more effective than individud teaching in establishing
bridge networks, which provide direct communication channels between members of the
source and recipient communities. In contrast to group teaching, individua teaching fosters
individua boundary spanner infrastructures, which creste indirect communication

channds.

Learning Strategies

Learning strategies address how recipients share and assmilate the knowledge that they
have been taught with each other and, ultimatdly, with the recipient community. The respondents
recognized the distinction between integrated and individud learning. They aso brought up two
important aspects of group learning in practice: contemporaneous learning and intense interaction
among trainees during the training process.

Contemporaneous learning means that trainees learn together at the same time or in ashort
time interva, and thereby can observe and interpret smilar information and reduce knowledge
diffusion friction that arises from asynchronous learning. The interviews reveded that if trainees
went for overseas training at different times, there would be instances when people who had
received training needed to work with people in the recipient community who had not recelved
training. Although such cases might gppear to be opportunities to transmit new knowledge, many
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respondents complained about the difficulty of sharing knowledge when this happened. People
who had completed overseas training commonly found it difficult to diffuse their new ideasinto

the rest of the recipient community, in which people had not acquired the menta framework that

would help them understand the new knowledge. If severd engineers and managers undertake the

training at the same time and work together on the same projects, they are more likely to gain
group-level knowledge through their interaction with each other. This hel ps reduce knowledge
diffuson friction that arises from asynchronous individud learning.

A Chinese manager from one of the firms we studied noted: “ The reason that we haven’t

achieved the level of R&D capahility that we should have achieved after so many years of

effort isthat we didn’t cultivate the ‘team mindset’ about R& D among al engineers and

managers. When those who have been trained overseas came back, they usually found that

it was difficult to diffuse whet they learned to their Chinese colleagues who had not gone
overseas. Some aspects of R& D management cannot be communicated and promoted
unless everyone understands the logic behind them.”

Intense interactions among members of a recipient community, meanwhile, cregte a shared

understanding of what they are learning. In particular, learning as a group of individuas does not
necessarily mean group learning. All the companies we studied sent groups of their employees for
in-classtraning or seminars for engineering or manageria courses, but training as a group did not
result in group learning Smply because severa students sat together in the same classroom.
Instead, the interviews suggested that the students must interact with each other during the
learning processin order to develop a shared understanding of what they were learning in the
classroom. The discussions led usto refine the definition of group learning, as a processin which
trainees learn together as an interactive group.

Shanghai- Volkswagen’ s overseas training project provides a clear example of group
learning. In this project, Chinese trainees not only worked in the unit of their specidty in
Volkswagen with the teams of German experts (group teaching), but aso communicated
frequently with the other Chinese trainees (group learning). The group learning activities included
coordinating problems from adjacent functionsin the R& D process, aswell asworking on
sysemic R& D issues such as vehicle design data structures and body/exterior parameters that
affect the dimensions and mounting locations of sub-assemblies and components. Besides the
formal job-related interactions during the work time, the Chinese trainees in the Shanghai-
Volkswagen program interacted with each other informally to share their learning and discuss
problems after work hours. Living in the same gpartment building, coming from the same culturd

background, and spesking the same mother tongue promoted the informal interaction among
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Chinese trainees. To enhance the group learning during the overseas training, the Chinese trainees
as0 organized weekly meetings, to review what each one had learned in that week.

One Chinese trainee explained the Stuation as follows, while noting that the interaction
and practices continued long after the formal training program ended.

“We share knowledge learned and help each other to understand things from different
perspectives. We discuss especidly how German engineersinterpret Situations and solve
problems, in other words, the things that are not written in manuas. The discusson among
usrealy helped me to understand my part of the business and what my Chinese colleagues
are doing in their parts of busness”

All firmsin our sudy used individud and group learning. The discussionsidentified
severa benefits of group learning over individud learning for trandferring collective knowledge.
We categorized these benefitsinto the following five areas. (1) Members of the recipient
community develop a shared mindset. (2) Members of the recipient community understand the
divison of Iabor, coordination, and dignment of individud tasks. (3) Members of the recipient
community understand who does what within the community. (4) Members of the recipient
community develop coordination routines, thus creating a collective memory. (5) Members of the
recipient community re-embed individud learning with their loca context. Table 4 provides
examples.

xxkkkx Tabled here ***+rxktx

We conclude this section with the following proposition, which highlights aspects of

collective knowledge transfer that group learning facilitates.

Propostion 2. Group learning is more effective than individud learning for helping
trainees develop a shared mindset, understand divison of labor, identify who does what
within acommunity, develop coordination routines, and re-embed individud learning in
the recipient community.

Teaching-L ear ning Combinations

From the findings that group teaching and group learning are superior to individua
teaching and individud learning in trangferring collective knowledge, it is naturd to project that
the group teaching-group learning combination is superior to dl other teaching-learning
combinations, and therefore should be the dominant teaching-learning configuration firms use to
transfer collective knowledge. However, to our surprise, we found that firmsin our sudy used dl
four teaching-learning combinations to acquire and develop R& D capahilities.

Take Beijing Jeep, for example. During the 17 years prior to the interviews, the company
used many types of teaching and learning to train vehicle design engineersfor the joint venture.
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The fird type is overseas on-job training of teams of design managers and engineers with specific
design projects, which can gpply ether for entire vehicle design or component design. The number
of Chinese engineersin each training team ranged from 3 to 10 persons, with the length of each
training section spanning from 3 months to over ayear depending on the Sze of the project. This
gpproach fdlsinto the group teaching-group learning category. The second type of training is
overseas forma engineering educetion. In Beijing Jeep’ s history, two batches of eight Chinese
engineers received a one-year college-leve enginearing training from General Motors Indtitute
(now, Kettering Univerdty). Thisisan individud teaching-individud learning combination. The
third type of training involved sending individua engineers or managers to work full time as
resdent-engineers in the home base of the American partner for aslong asayear. Eight Chinese
employees recaived this type of assgnment. Thisis a group teaching-individua learning
combination. In recent years, oversess training has fdlen rapidly. Instead, Beijing Jeep design
engineers worked as ateam under the supervison of individud foreign and loca R&D managers
to design severd off-road vehicles that suit the Chinese market. Thisfits the category of individud
teaching-group learning. Through al these approaches to training, the knowledge recipients
obtained some degree of individua and collective knowledge of vehicle desgn and then re-
embedded the knowledge in the Beijing Jeep R& D department. However, the interviews
suggested that the group-group combination provided the most effective means of transferring
collective knowledge.

In the following section, we will discuss the practica gpplications and subjective
evauaions of different teaching-learning combinations that arose in the study. We dso atempt to
answer to two questions: (1) Why do firms use combinations other than group-group to transfer
collective knowledge? (2) Can firms transfer any collective knowledge when group teaching-
group learning is not the dominant mode?

Individual teaching-individual learning

Among the four teaching-learning combinations, individua teaching-individud learning is
the base option, which dl firms use routindly. Our casesindicated two generd categories of
individud teaching-individud learning; in-class training and one- on-one gpprenticeship.

Thefirmsusad in-dass training in various locations, such asin-house training centers,
oversess training facilities, and independent training indtitutions. For example, Shangha-
Volkswagen developed an in-house training center soon after its establishment with German
invesment of 1.63 million Marks and Chinese investment of 2 million RMB. The training center
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sent 10 Chinese ingructors to Volkswagen' s training department. By 1998, 1,060 Chinese
personnd from Shanghal-V olkswagen had received technica training from the training center.

One-on-one apprenticeships arose in both the source and recipient communities. In source
communities, knowledge recipients often underwent one-on-one overseas training with a
designated mentor. In recipient communities, expatriates from the source community often
ingructed and worked with knowledge recipients on an individua-to-individua basis.

Although various forms of individud teaching-individua learning arosein dl caseswe
studied, the discussions found that individua teaching-individua learning aone does not achieve
the same extent of collective knowledge transfer as combinations that involve group teaching.

A design engineer from Delphi’ s joint venture noted: “We went to Saginaw for intense
three-month in-dass training. During that time, we learned awide variety of courses from
quality systems, marketing, and purchasing to manufacturing, design, and project
management. These courses are important but we could not build our engineering
capability based only on that after we came back to China. So, we went back to the U.S.
for on-the-job training. Thistime, we not only worked in areal working environment, but
also worked on ared project — aproject related to our joint venture. | cannot begin to tell
you how much more we have learned from our second training [than the first one).”

Although individua teaching-individud learning aone cannot fully trandfer collective
knowledge, it does not mean individua teaching-individud learning is not ussful. In fact,
individud teaching-individua learning is cgpable of trandferring codified individua knowledge
through in-class teaching, and tacit individua knowledge through apprenticeship. Acquiring
individua-leve knowledge helps build basic engineering concepts, communication ability and
absorptive capacity for further learning of group-level knowledge. Therefore, individua teaching-
individud learning helps prime other teeching-learning strategies.

A manager of PATAC straining department noted: “ Before we send the trainees to abroad
to gain engineering knowledge, they have to involve/participate lots of basic training
activities not only locd but dso in-class, such as cross-cultura issues (in-house). Function
departments and training depart tailored out alist firstly to make sure the specific courses
and sequence for each different post.”

Thetraining director of Delphi-Chinaaso noted: “The best sequence for learning complex
procedura knowledgeislisten, look, and do. By ‘listen’, | mean taking classes. By ‘look’ |
mean vigt the foreign partner’ s working environment and look at how they conduct their
daily tasks. By ‘do’, I mean we should work on some projects to apply what we have
learned and find out what we il need to learn. Without listening to ingtructions of some
basic principlesin the classroom setting, vist or training overseas would not be as

fruitful.”

We conclude this section with the following proposition.
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Proposition 3a. Individua teaching-individua learning transfers collective knowledge
poorly, but can lay afoundation for more complex teaching-learning combinations by
transferring individual and codified knowledge.

Group teaching-group learning

The polar opposite of individud teaching-individud learning is group teaching-group
learning, in which agroup of teachers from the source community work together to demondtrate
their common and inter-persond knowledge, while the members of the recipient community share,
integrate, and synthesize their learning among themsdves. Among the firms we studied, the fidd
data identified two types of overlgp between group teaching and group learning.

Thefirg type is the group teaching-group learning that happens at the source community’s
location. Shangha —V olkswagen' s overseas training program provides a good example. The god
of this project was to develop Sate-of-the-art R& D capabilities that span adl stages and aspects of
the vehicle development process. The program involved a team of forty-one managers and
engineers, selected by Shanghai-V olkswagen’ s human resource department. They were located in
Volkswagen's vehicle development department to receive training from ateam of Volkswagen
personnd. As part of the training, the teechers involved them in R&D projects including
development of complete vehicles, styling, chassis, engine, and body, as well as computer-rel ated
projects. Many of these capabilities required for these projects involved extensive tacit and group-
embedded information, making them prime examples of collective knowledge. This on-the-job
training in Germany lasted for one year. Then the trainees returned to Shanghai-V olkswagen and
worked on local projectsfor ayear. After that, they returned to Volkswagen in Germany to finish
the last haf year of the three-year training program, again working with teams of Volkswagen
teachers. In total, the program cost 1.8 million German Marks (about 1 million euros).

A Chinese participant of this program described this type of group teaching-group learning
using a metaphor of “the coupling of two pyramids’, saying that:

“ Suppose that the R& D team of Volkswagen is like a pyramid, each building block
representing a particular function and each layer of blocks representing a particular
managerid leve, we [the two teams of trainees] have trainees from each building block at
esch layer work in the corresponding block and layer of Volkswagen during our oversess
traning. It isasif our pyramid is coupled with theirs.”

Among the firms we studied, Shanghai-V olkswagen adopted a group teaching-group
learning strategy most extensively astheir primary vehicle for trandferring R& D capabilities.
The Chinese R& D manager said: “Now as we looked back, sending abig R&D team to get
on-the-job training in Germany is definitely worthwhile. | cannot imagine having alocd
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R& D force that can carry out most of work for modifying Santana and Passat in a short
time frame without this type of training.”

The second type of group teaching-group learning happens at the Site of the recipient
community. Examples arose in two representative cases— PATAC and D phi-Parker. In
PATAC' s case, teams of foreign managers went to the JV in Chinato manage dl mgor functiona
aress. In turn, the Chinese employees worked as a community of recipients, learning and
integrating the knowledge they gained from working with the foregn managers. Ddphi-Parker’s
JV in Shanghai, a producer of dectric harness, adopted an al-American manageria team & the
initid stage of the JV. Every functiona unit had an American manager as head, who was o
respongble for mentoring his’her Chinese successor. In about six months, half of the American
managers completed their jobs and transferred their leadership to their Chinese successors. At the
time of the interviews, Chinese nationasfilled dmogt dl mid- and low-level managerid jobs.

A Chinese manager of this V viewed this arrangement as the fastest way of transferring
manageria capabilities

“Bringing the team of American managers here dlowsfor effective transformation of our

ways of management. This approach is amilar to sending the Chinese managers for

overseas on-the-job training, and is more effective than sending individua American
managers to work here in a separated way.”

Clearly, trandferring cgpabilitiesis a highly complex process when the content of collective
knowledge is high. Smultaneous gpplication of group teaching and group learning facilitates
trandfer of collective knowledge. The following proposition is congstent with our initia orienting
argument.

Proposition 3b. Among four teaching-learning configurations, group teaching-group
learning is the most effective transfer Srategy for transferring collective knowledge.

Group teaching-individual learning

Group teaching-individua learning arose in two ways in the cases we sudied. Thefirg
type involves sending individuad members of the recipient community to the source community
for on-the-job training without individua students exchanging knowledge or integrating during the
training period. Most overseas on-the-job trainings in our study except the 41-person project of
Shanghai-V olkswagen used this approach. The second type involves sending individual members
of the recipient community to the source community for short-term vists Typicdly, with thistype
of training, there was not enough time for the knowledge recipients to exchange and integrate what
they have learned during visit, even though individua knowledge recipients obtained some degree

of collective knowledge from the source community.
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Respondents commented on the necessity of on-the-job training and ontSte vists, but aso
mentioned that such training without knowledge integration within the recipient community is not
enough to cultivate their own capabilities. In some cases, though, group teaching-individud
learning led in sequence to individud teaching-group learning, as we discuss in the next section.

Delphi-China straining director talked about atraining project for acquiring lean
manufacturing capabilities.

“To help new joint ventures to acquire lean manufacturing capabilities, we first gave
trainees an introductory class, and then sent them to amodel plant for a4-day on-dte vist,
during which the ingructor will show and teach them every step of the lean manufacturing
process and solutions to al possible problems. But thisis only the beginning. The trainees
went back to their own location and tried to use what they have learned to improve the
productivity of their own manufacturing process with the help one or two fadilitators. This
isthe mgor part of thetraining.”

The discussons led to the following proposition.

Proposition 3c. Group teaching-individud learning is superior to individud teaching-
individua learning in alowing individud learners to acquire collective knowledge from
the source community.

Individual teaching-group learning

All the firms we studied adopted individua teaching-group learning combination by
engaging in activities requiring group efforts under the guidance of foreign expatriates, well-
trained Chinese managers, or outside consultants/trainers. Some firms used individud teaching-
group learning as the sole method, others used it in combination with group teaching-individua
learning, or group teaching-group learning.

As an example of thefirst case, one of the firmswe studied in the firgt sage of this
research was an old state-owned automotive supplier. It had invested 2 million RMB over the past
two yearsto hire an internationaly renowned consulting firm to help them to transform its existing
R&D department into a modern R& D organization.

The R&D department head noted: “We were very optimistic about what the consulting
firm can do for us at the beginning. Our god was to acquire advanced R& D procedures
and develop amodern R& D organization. Now, | have to admit that the return on our
investment [in hiring the consulting firm] is not satisfactory. A few consultants cannot
handle such a complex task. We are looking into the possibility of establishing ajoint
venture with a good foreign company, which would dlow usto learn from them.”

Mo firmsin our sudy used individua teaching-group learning as a sequenced
continuation of group teaching-group learning or group teeching-individud learning. For example,
PATAC undertook the individua teaching-group learning stage after the group teaching of its
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foreign partner tapered off. Its independent design of anew passenger car, the Qilin moded,
demondtrated the full range of its design and testing cgpahilities. The Qilin project helped bring
the skills that individua engineers had learned from their foreign partner into the perspective of
designing anew car for the Chinese market under locd conditions.

Group teaching-individua learning followed by individud teaching-group learning isin
fact a sequentid version of group teaching-group learning. Instead of having concurrent group
teaching and learning, group teaching-individud learning followed by individua teaching-group
learning implies that individua knowledge recipients first receive group teaching in ardaively
independent manner, and then gradualy integrate and synthesize individud learning and re-embed
it into the recipient community through group projects. Compared with concurrent group-group
education, a sequentia gpproach takes longer to achieve collective knowledge transfer. Moreover,
since not al knowledge recipients receive training a the same time in a sequenced gpproach, the
trainees who received training earlier will encounter more problems in atempting to diffuse ther
knowledge to the rest of the community who have not received such training. Therefore, the
sequenceisless effective than group teaching-group learning.

According to the respondents, though, the advantages of group teaching-group learning
over the sequenced approach must be baanced againgt the cost of transfer. Sending asizeble
group of aloca work force to another location for training as ateam not only incurs training and
travel rdlated codts, but also the loss of loca productivity.

As a Chinese manager from PATAC explained: “We know that it would be idedl to get all

of our engineerstrained at the same time, but we cannot afford it. We have to take a second

best option, which isto take a more incrementa and long-term gpproach in training our

locd employees.”

Group teaching-group learning is the mogt cogtly combination; it requires high financia
and human resource commitments from both communities. Group teaching-individua learning
followed by individud teaching-group learning may be a poor firm's verson of group teaching-
group learning. However, the sequentid approach is more effective than either strategy adone. We
conclude this section with the following proposition.

Proposition 3d. Compared to group teaching-group learning, the sequence of group

teaching-individud learning followed by individud teaching-group learning isaless costly
but lengthier and less effective process of transferring collective knowledge.
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Overall assessment of group-group education impact on R& D capability levels

We will dso attempt to summarize how the firms' collective knowledge transfer srategies
affected the overal success of their efforts to develop loca R& D capatiilities. Thisis asubjective
exercise. Aswe noted earlier, dl four firms used multiple forms of teaching and learning strategies
in their knowledge transfer efforts. Moreover, the development of the loca partners R&D
cgpabilities has involved a series of inter-reated multi-year activities, rather than distinct projects.
Asareallt, it isimpossible to identify the pecific impact of different Srategies.

Therefore, our primary assessment of transferring collective knowledge derives from the
respondents experience, in which they discussed which elements of their education Strategies had
helped mogt in transferring R& D capabilities with high degrees of collective knowledge. The
discussions produced a strong consensus, which led to the propositionsin this paper.

Nonetheless, it is possible to rank order the extent to which the four aliances used group
teaching-group learning knowledge transfer, on the one hand, and their successin developing loca
R& D capabiilities, on the other. As Table 2a notes, Shanghai V olkswagen use group-group
education most extensvely, followed by PATAC and Dé phi- Chinawith roughly smilar usage.
Beijing Jeep hed relatively little use of group-group methods, either concurrently or sequentidly.

We asked two industry analystsin China (oneis a senior professor specidizing in the
automotive sector and the other is amanager of an auto industry research center) to assessthe
gatus of thefirms loca R&D capabilities in mid 2003. According to the andysts, dl four locd
partnersincreased their local R&D capahiilities during the life of the aliances. In turn, the rank
order of R&D capability levels that the andysts suggested closdly aigns with the use of group-
group knowledge transfer. Shangha VVolkswagen has developed the most extensive local vehicle
engineering capability; the company is aso the market sdes leader, with 2001 annua sdes of $4.7
billion (Table 28). PATAC and Delphi- China aso have developed substantid locd R&D
cgpability, especidly in the area of locdization design and component engineering, which they use
to supply design services and components to Shanghai GM (Shanghai GM had $1.5 hillion sdles
in 2001, about one-third the level of Shanghai V olkswagen). Beijing Jeep, dthough an early
entrant to China, has reached a more restricted level of local R& D capability and has achieved
much less loca sdes success (about $94 million in 2001).

Clearly, attempting to link education srategies with the firms overdl R&D capability
development involves many contingencies. Perhaps most notably, investment and time effects
arise. As Table 2a shows, Shangha Volkswagen has created alarger locd technicd staff than the
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other firms and invests substantialy more in loca R&D activities. Shangha Volkswagen aso
entered China much earlier than PATAC and Delphi- China. Nonetheless, the willingnessto
undertake expensive group-group education activitiesis part of the investment level. Moreover,
PATAC and Delphi China have been able to develop local R& D capabiilities much more quickly
than Beljing Jeep, which entered more than a decade before them. We believe that the use of
group-based education has had at least a partiad causa impact on the successful transfer of
collective R&D knowledge.

DISCUSSION

Traditiondly, western epistemology has focused on individud-level knowing entities and
learning practices (Cook et d., 1999). It is only recently that scholars have begun to attend to the
idea of collective knowledge and group-levd learning (Tiemessen et d., 1997). This study focuses
on the inter-commund transfer of collective knowledge. We examine the issues of group learning
and group teaching. The notion of group teaching, in particular, islargdy missng inthe
management literature and presents a chalenge to assumptions that teaching is primarily an
individua-based practice.

The cases indicated that group teaching means requires more than smply having ateam of
teachers. The discussons led us to define group teaching as a process in which multiple teachers
work together to teach trainees in the source community’ s working environment.

The cases identified severd dimensionsin which group teaching is superior to individua
teaching in transferring collective knowledge, which propostions 1aand 1b highlight. When
transferring complex capabilities such as R& D capabilities, in which collective knowledge is
common, group teaching alows members of the recipient community to understand the shared
mindset of the source community, as well asrdevant organizing principles and organizationd
sructures. Group teaching aso provides members of the recipient community opportunities to
observe and learn how members of the source community carry out uncodified within-function
and cross-function routines. Moreover, group teaching helps the members of the recipient
community to identify which parts of the collective knowledge are idiosyncratic to the source
community’s context before they attempted to transfer that knowledge back to the recipient
community. In addition, group teaching fogters inter-communa bridge networks, which provide
direct communication channdls between members of the two communities and dlow the
knowledge recipients to have extended exposure of group teaching even when they are physicaly
gpart from the source community.
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At the same time, the respondents aso noted that students must have sufficient language
and technica communication ability to interact with the teachers in the classroom and in the
working environment. A Chinese manager from De phi- China who went through on-the-job
training in the U.S. had the following observation.

“Some Chinese engineers did not learn much during the overseas on+the-job training
because of their language problems or lack of inter-cultura communication skills. Wheress
otherslearned alot by asking questions of their American colleagues and observing how
they handle variousissues.. . Although | came to the US to learn manufacturing technology,
| was driven by curiosity and the demands of work to ask many nonmanufacturing
questions. And | was surprised by their willingness and capabilities for answering my
questions. | dso learned agreat ded about how people from different areas interact and
coordinate with each other by observing the project team meetings. | would not have
learned these important things, had | not worked in the US with so many American
colleagues.”

In turn, the interviews highlighted two aspects of group learning, beyond gaining collective
exposure to same problems and solutions. These include the need for contemporaneous learning
and intense interaction among learners. Thus, we now define group learning as a processin which
trainees learn together as an interactive group.

The cases identified severd dimensions on which group learning offers benefits for
transferring collective knowledge (proposition 2). Group learning helps members of the recipient
community to develop a shared mindset and vaue system. Group learning helps recipients
understand division of labor and coordination practices. Group learning helps recipients
understand who does what within a community, as well as develop a collective memory. Group
learning helps recipients devel op coordination routines. Group learning aso helps re-embed
individud learning with recipients loca context.

Combining teaching and learning Strategies as two aspects of one knowledge transfer
mode, we developed atypology of teaching-learning configurations. Based on the discussions
concerning teaching and learning strategies, we find that a group teaching-group learning
combination facilitates effective transfer of collective knowledge (propositions 3ato 3d).

Oneimplication of this concluson might be that firms that need to transfer capabilities
with high collective knowledge content should rely only on group teaching-group learning
education strategies. However, each firm in our study adopted al four teaching-learning
combinations in attempting to transfer collective knowledge.

Our obsarvations yidded severd insghts regarding these seemingly-wrong choices. First,
group teaching-group learning may be the most effective and fastest method (propostion 3b), but
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it is aso the most costly combination. Second, group teaching-individud learning followed by
individud teaching-group learning is a sequential and often alower-cost version of group
teaching-group learning (proposition 3d). Third, individua teaching-individua learning before
other modes can be hdpful as a priming mechanism (proposition 3a).

How do group teaching and group learning affect the transfer of individua-level
knowledge or codified group-level knowledge? Group teaching and group learning involve more
interpersona interactions among a group of people and therefore incur greater cost than individua
teaching and individud learning. Using group teaching to teach individud skills that can be taught
by individud teachers will not only incur unnecessary higher cost, but may also cause loss of
focus and information overload to the knowledge recipients. For instance, few firms have sent
computer-aided design (CAD) operators to overseas on-the-job training, because their jobs are
focused and individudly- based.

Two Ddphi-Chinajoint ventures provide contrasting examples of different yet successful
knowledge transfer dtrategies. One venture in China produces e ectric wiring harnesses, which
have low group-embeddness and tacitness because the products are smple, using single-function
design and manufacturing processes. Individud teachers from Delphi train Chinese engineers for
the wiring harness venture entirely in China. In contrast, another joint venture of Delphi-China
produces steering systems, which are more technically sophisticated and demand cross-functiond
coordination in their complex development processes. In this case, the R& D capabilitiesinvolve
high group-embeddedness. Delphi undertook group teaching in the steering system case, sending
Chinese employeesto Delphi’ s U.S. home base for on-the-job training with multiple teachers.

In generd, though, when the content of collective knowledge is high, firms benefit if they
include group teaching and group learning in their teaching-learning configurations. The collective
knowledge tends to transfer more accurately and quickly when compared to other education
configurations.

We found three main causes among firms that did not follow this basic principle. First,
some poor choices arise from time pressure.

Second, firms sometimes lack resources needed for time-consuming and expensive group
teaching and group learning. Perhgps most often, the missing resources are human resources, in
which the firms lack teachers and trainees with the skills needed for group teaching and group
learning succeed.
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Third, poor choices aso arise because of limited understanding of the critica role that
collective knowledge plays in successful transfer of many capabilities. Firms may under-estimate
the need for group teaching and/or group learning in transferring capabilities between firms. Firms
often over-emphadize the “technica” aspects of transferring capabilities, emphasizing teaching
how to use specific equipment or conduct specific tasks. While this approach is appropriate for
cgpabilities that rely on explicit information and individud skills, much of the activity of modern
business relies on tacit understandings and group-wide routines. Although many managers may
recognize thisissue as a generd factor, time pressure and lack of andyss often lead them to
ignore collective knowledge in detalled practice, ultimately resulting in failed trandfer. By
contragt, technology transfer is most likely to succeed when firms incorporate an understanding of
collective knowledge into their detalled activities.

The empiricad setting of this sudy has sgnificance in its own right. The auto industry isa
pillar industry of China and the Chinese auto market is one of the fastest growing marketsin the
world. With China sWTO entry, one of the urgent items for multinationa firms' operationsin
Chinaisto develop locad R&D capahilitiesin order to compete in agrowing loca market.
Previous empirical studies have shown that personne from less devel oped countries need not only
specific knowledge of various stages and aspects of project preparation, implementation, and
operation, but aso need higher level understanding of why things are managed in certain ways
(Marton, 1986). One specid character of trandferring R& D capabilitiesin China s context is that
historical mindsets and routines that developed around centra- planned economy over many
decades often burden recipient communities. Many respondents mentioned that changing such
organizational mindsets and cultures is more important, and yet more difficult, than learning
technical skills. Group teaching-group learning is particularly helpful for recipient communities
with heavy historical baggage, because group teaching-group learning can reduce the difficulty of
knowledge diffusion due to group inertia

This study a0 provides practitioners with arich description of capability transfer
practices and aframework that can help them to formulate their own dtrategies for transferring
cagpabilities. It aso helps explain the success or failure of past capability transfers, and provides
guidelines for practitioners to formulate Strategies to transfer the key eement of capabilities—
collective knowledge. Sending expatriates, developing training classes, or offering overseas
training typically does not produce effective knowledge transfer of collective knowledge.
Commitment without appropriate mechanismsis often a bad investmen.
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The study indicates two types of mistakes due to mismatch between knowledge type and
teaching-learning modes. Thefirg typeis overkill, which isto transfer individua-level or codified
knowledge with group teaching or group learning strategies. Thiswill not only incur unnecessary
high transfer cogt, but may aso cause loss of focus or information overflow. The second type of
migtake is under-use, in which firms use individua teaching or learning rategies to attempt to
transfer complex group-wide capabilities.

The interviews suggest that under-use was more common than over-kill. Firms often did
not adopt group teaching when designing training programs involving extengive sats of collective
knowledge, instead relying on single trainers in attempts to teach organization-embedded
cgpabilities. In pardld, many firms did not recognize the need for group learning, instead relying
on short-term training programs, in which trainees did not have opportunity to share and integrate
ther learning.

Thus, the study offers severd practicd implications. First, combining group teaching and
group learning provides a superior mechanism for transferring capabilities with high collective
knowledge content. Second, using individua teaching-individud learning to prime group
teaching-group learning or group teaching-individua learning may be effective. Third, if firms
cannot afford group teaching-group learning, due to the lack of financia or human resources, a
sequence of individua teaching-individud learning, group teaching-individud learning, and then
individud teaching-group learning sequence offers adower but potentiadly viable subdtitute.

Clearly, there isroom for future work. Future research can sharpen measures of transfer cost,

group teaching and learning, and the level of group-embeddedness or tacitness of knowledge.
Research can invedigate Situations in which tacitness and group-embeddedness change after
crossing organizationa boundaries. It would be valuable to examine how variation in socio-
culturd distance might moderate the teaching and learning strategies. It would be hel pful to
examine the joint effects of different configurations of teaching Sirategies and learning Srategies.
It would be valuable to examine how differences in proprietary protection and expansion goas
influence source firm’ s incentives to transfer capatiilities. It would be useful to examine recipient
variation in absorptive capacity and incentives. In addition, it would be useful to extend the study
to include issues related to opportunism and property rights. Findly, research with larger samples
and quantifiable data would refine the conclusions. We believe that this study provides a useful
bass for undertaking such extensions.
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Table 1. Configurations Of Teaching And Learning Strategies

Learning
Strategies

Teaching Strategies

Group Teaching

I ndividual Teaching

A group of teachers from the source
community work together to demondrate
their common and inter-personal

Individua teachers from the source community
independently teach a group of membersfrom

Lgarr%ui ﬁ g knowledge, while the members of the the recipient community. The members of the
recipient community share, integrate, and recipient community share, integrate, and
synthesize their learning among gynthesize thair learning among themsalves,
themsdves
A group of teachers from the source -

. Individud teacher(s) from the source
communtty \wark together (0 demonsirete | communiy teach indivicial members from the
routines to individua members from the recipient community. The teacherswork

I ndividual . ) independently in their teaching activities. The

Learning recipient community. The members of the members of the recipient community do not

recipient community do not engagein
sgnificant knowledge sharing,
integration, and synthesis during the
teaching process.

engage in sgnificant knowledge sharing,
integration and synthesiswhile receiving
traning.
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Table 2a. Companies Studied

Shanghai -V olkswagen (SVW)

Pan Asia Technical Automotive
Center (PATAC)

Delphi-China

Beijing-Jeep Co. (BJC)

Chinese Partner

SAIC, Bank of China, and CAIC

SAIC

9 different Chinese auto
suppliers

Beijing Auto Work (BAW)

Foreign Firm VW AG, Germany General Motors, USA Delphi Auto Systems, US Daimler-Chryder (D-C), Germany

Initial Registered 19 million US$ 50 million US$ N/A 147 million US$

Capital

Total Initial $119 million $50 million Total investment by Delphi: $411 million

I nvestment over $400 million by 2000.

Equity Share SAIC: 25% SAIC: 50% Delphi: Varies from 40% to BAW: 58%
Bank of China: 15% GM: 50% 100%. Delphi has 9 joint D-C. 42%
CAIC: 10% ventures and 3 wholly owned
VW AG:. 50% operationsin China

Y ear Established 1985 1997 Variesfrom 1995 to 1998 1983

JV Contract 25 years 30 years Variesfrom 30 to 50 years 20 years

L ocation Shanghai Shanghai Variouslocationsin China Beijing

Main Product VW brand compact vehiclesand ~ Automotive R&D services, including  Automotive components, such ~ Cherokee SUV & Chinese brand
auto components. localization of foreign vehicledesign,  as steering systems & electric SUvV

market research, design, & styling. harnesses.

Capacity 300,000 vehicles DoesR&D for Shanghai GM Sellsto Shanghai GM. 80,000 vehicles

Automotive Sales  2001: $4.7 hillion Shanghai GM, 200L: $1.5 hillion 2000: $400 million 200L: $94 million

R& D Capability SVW launched a10-year planto  PATAC offersacomprehensive The main task of the Delphi BJC has alocal R&D division that
develop concurrent and range of design, analysis, and testing  technical center in Chinaisto handlesthe R& D process from
multiple-generation local R&D services, including computer-aided localize the design and concept design to prototyping and
capabilities. It hasinvested 0.8 five-axis exterior model making, production of auto components  testing based on modern R&D
billion RMB ($100 million) to simulated road testing, and engine designedinthe U.S. procedures, concurrent engineering
add prototyping and testing emission testing. and platform team approach. Most
facilitiesto itstechnical center. managers are trained overseas.

R& D Activities Localized the design of the Designed the Qilin compact car L ocalized component designs, Since 1985, BJC has competed

Passat and Santana compact
cars. The projects required major
exterior and body extension,
involving full-scale product
development. Chinese engineers
identified styling and
performance requirements. Most
design and testing/validation
took place in Germany. Chinese
engineers undertook
modifications such as retuning
engines for high altitude
applications.

model in 1999 and localized Opel
Corsaand GM Venturein 2000.
Jointly designed avan with Porsche.
The R&D localization involves tasks
such as redesigning heating and air
conditioning systems, modifying
engine control system to fit the local
road and fuel conditions, and meeting
local regulations.

manufacturing processes,
material sourcing, and testing
methods for products such as
half shafts, steering columns,
and brakes for local auto OEMs
including Shanghai-GM,
Shanghai-V olkswagen, and
Guangzhou-Honda.

concept design of three SUV
platforms and modified the Jeep
Cherokee to multiple localized

versions. In the concept design for
BJ2 platform, BJC went through the
R& D process from market research

to prototype testing indigenously.
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Technical Staff 2001: 950 staff ($28 million) 2001: 160 engineers, designers, 2001: 30 local engineers 2001: 370 staff ($1.3 million)

(Expense) * scientists, & technicians.
Main Knowledge 1. Sending 41 engineersfor 1. Having foreign expatriates take 1. Sending individual & groups 1. Sending Chinese engineersfor
Transfer overseasin-class and on-the-job  management positions for each of Chineseengineersfor USin-  overseasin-class and on-the-job
Methods training for 3 years. functional area. class and on-the-job training. training, asindividuals or in small
2. Developing atraining center 2. Sending individual & groups of 2. Developing atraining center groups.
in Shanghai to offer classesto Chinese engineersfor USin-class in Beijing to offer classesto 2. Working on design projects
local engineersand managersin  and on-the-job training. local engineersin Chinese. jointly with foreign design firms.
Chinese. 3.In-class training. 3. Working on engineering 3. Working on design projects
3. Working onreal R&D 4. Working on R&D projects under projects under the supervision under the supervision of
projects under the guidance of the guidance of foreign experts and of experienced Chinese experienced Chinese managers
foreign experts and experienced  experienced Chinese managers. managers and foreign expats. » Least use of group teaching-
Chinese managers. » Substantial use of group » Substantial use of group group learning.
» Most extensive use of group teaching-group learning. teaching-group learning.
teaching-group learning.
Successin Strong local vehicle engineering  Strong localization design capability.  Strong local component Success in developing more
developing local capability. engineering capability. focused development capabilities.
R& D capabilities

Sources: In addition to interviews, we obtained data from annual reports, trade press publications, the “ Summary & Guide of Foreign Enterprises in China Automotive |ndustry”
published in 1998, and from the China Automotive Technology Research Center in Tienjin.

* The technical figures are only roughly comparable across firms, because the companies use somewhat different criteriato report investment (“Annual expenses on science,
technology, and R& D activities”) and staffing (“ Engineering and technical employees”) levels.

Table 2b. Respondent Backgrounds

Company Shanghai- PATAC Del phi- Beljing Total

Position Volkswagen China Jeep

HR-Training 2 1 3 6
Project Engineer 1 1 5 7
Project Manager 1 1 2 1 5
R&D Manager 1 1 1 1 4
Top Management 1 1 2 4
Total 5 5 12 4 26




Table 3. Examples of the Advantages of Group Teaching for Transferring Collective Knowledge

Group Teaching Advantages

Example Quotes

1. Members of the recipient
community can understand the
shared mindset of the source
community.

“Overseas training allowed me to interact with my American counterparts, gained deeper understanding of the national,
company and departmental cultures. It teaches how to better communicate with my American colleagues.” (A project
engineer from Delphi-China)

“The main knowledge we learned from overseas training is not individual skills such as CAD usage, but the mindset that
guides the product development process.” (The director of Beijing Jeep’s R& D department)

2. Members of the recipient
community can observe
organizing principles and
organizational structures that
the source community uses to
perform certain tasks.

“Coming to the USto learn is amust. Otherwise we will never truly understand the process of product devel opment, and
how to set up the product development organization.” (A project manager of Del phi-China)

“Training overseas is absolutely necessary for Chinese employees. Had we not gone to US for on-the-job training, we
would never get to know organizational structures and the way things work in Delphi. Training overseasis not only
important for managers but also for mid-level and lower-level engineers.” (A project engineer from Delphi-China)

3. Members of the recipient
community can observe how
members of the source
community carry out un-
codified routines within
functional areas.

“The most important thing | learned in the US that | cannot learn from any other sourcesis the detailed way of solving
various problems.” (A project engineer from Del phi-China)

“At the beginning, we did not know alot about VW AG's R& D process, we encountered alot of difficultiesin the
learning process. What were written in the training materials and operation manuals are not detailed enough to cover all
possible situationsin the design process. And even if the written procedures cover everything, each German engineer
seems to have his own personal way in interpreting these procedures. What we really need to learn is not the procedures,
but the way of interpreting and applying them. Thistype of knowledge would be impossible to obtain had we not cometo
VW AG and work with German engineerson adaily basis.” (A Chinese manager in the product development area of
Shanghai-V olkswagen who participated the training program)

“1f we did not send Chinese engineers for overseas training, we may learn from US expatriates herein PATAC, but the
learning would be much limited because individual teaching cannot cover various contingencies and situations.” (A
Chinese project manager at PATAC)
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4. Members of the recipient
community can observe how
members of the source
community carry out un-
codified routines across
functional areas.

“The framework of R& D routines that we have learned in Saginaw cannot be learned through reading the product
development procedure. Only after we completed the overseas training, can we start to understand the procedure.” (A
project engineer from Delphi-China)

“Without overseas on-the-job training, it isimpossible to understand the concrete detailsof how to coordinate across many
functional areasin the product development process, even with the full understanding of the written procedure. Of course,
we can develop our own product design procedure from the scratch, but it will take avery long time. It'simportant to learn
our American partner’ s procedure and work with American colleaguesto fully understand it.” (The R& D director of

Beijing Jeep)

“Through doing many R& D projects, we have grasped the essence of Chrysler’s Product Approval Process (PA P), which
clearly specifies al the jobs, coordination among different functional areas, and usage of various resources. Based on PAP,
we gradually comes up with amore effective R& D procedure, which better suits Beijing Jeep’ s operation. The

development of BJ2 was greatly benefited from utilization of this modified R& D procedure.” (The R&D director of

Beijing Jeep)

“It isvery useful to receivein-classtraining to understand the basics of product development process. But that isfar from
enough. We learned much more about the product development procedure when we worked on some joint projects with
American colleagues in Del phi-Saginaw’ s engineering department. For instance, | learned how to coordinate with testing
and manufacturing engineers through solving real problems.” (A project manager from Del phi-China)

5. Members of the recipient
community can identify which
parts of the collective
knowledge are idiosyncratic to
the source community’s context
before they attempted to
transfer that knowledge back to
the recipient community.

“A lot of product development practices are not based on pure science. There are alot of contextual and situational
elementsthat are idiosyncratic to our foreign partner and are not suitable to our environment back in China. For example,
some steps of a product development procedure were developed in the U.S. based on the capacity limits of a particular
plant. Through interacting with many American engineers who understand the original intention of this procedure, we
were ableto identify these steps and remove them before the procedure was transferred to China.” (A Chinese project
manager from Del phi-China)

6. Members of the recipient
community can develop atrust-
based network with multiple
members of the source
community and a knowledge of
who does what the best among
them (bridge network).

“In order to continuously acquire R& D knowledge, knowing who knows what and who has the authority to answer various
guestionsisvery important. If everyone from the team of 41 persons knows 10 different VW experts, we would develop a
network involving about 400 German experts at the end of the 3-year training. Asthe training came to the end and most
trainees returned to Shanghai-VW, the benefit of this network started to show. Trainees, working in relevant positions now
in Shanghai-VW, communicate frequently through this network viae-mail and telephone with their German colleagues.”

(A Chinese manager of Shanghai-V olkswagen)

“Human beings are emational creatures. Knowing each other through face-to-face contact, even in avery brief manner,

can qualitatively change the nature of information exchange. Overseas training only helped usto start. In our everyday
work here, new products, new customers and new processes keep coming up. We have to keep a close contact with
American engineersto operate properly. If | don’t have this network, my work would be much tougher.” (A Chinese
engineer of Delphi-Ching)

“Overseas training gives us awindfall — anetwork connecting us and foreign experts. You just cannot imagine how much
easier itisfor usto get information we need from American personnel when we have personal relationship with them. It’s
interesting that in the US, people also go about their work based onguanxi. A good guanxi between a Chinese and an
American personnel means ainformal and high quality information channel between them” (A Chinese manager at
PATAC)




Table 4. Examples of the Advantages of Group L earning for Transferring Collective Knowledge

Group Learning Advantages

Example Quotes

1. Members of the recipient community
develop a shared mindset and value system.

“Over the past five years, through several rounds of vehicle development projects, we have devel oped
aculture that is neither Chinese nor American, but PATAC-specific.” (The Chinese top manager of
PATAC)

“If the trainees went overseas at the same time but participated in different R& D projects, the
coordination and development of a shared understanding among the trainees was not as strong as when
they went for same project.” ( A project engineer from Delphi-China)

2. Members of the recipient community
understand the division of |abor,
coordination, and alignment of individual
tasks.

“We share knowledge learned and help each other to understand things from different perspectives.
We discuss especially how German engineers interpret situations and solve problems, in other words,
the things that are not written in manuals. The discussion among us really helped me to understand my
part of the business and what my Chinese colleagues are doing in their parts of business.” (A project
engineer from Shanghai-V olkswagen).

3. Members of the recipient community
understand who does what within the
community

“The classes we took cannot teach us whom atest engineer should talk to when he finds out a design
defect in histest. We need projects to work on. Only when there is a project, can we form ateam. And
only when the team work on this project day after day, month after month, can they understand whom
they should talk to when a particul ar issue arises.” (A project engineer of Beijing Jeep)

4. Members of the recipient community
devel op coordination routines, thus creating a
collective memory.

“We have all received in-class and overseas training on product development process. However, it was
only after we worked together asteam on several projects, that we really started to learn how to solve
problems, make compromises and share resources among many aspects of design work at various
stages.” (The R&D manager of Shanghai-Volkswagen)

“At the very beginning of BJ2 devel opment project, we formed a cross-function management team,
which involves personnel from product design, manufacturing, purchasing, finance, and marketing
departments. After 3 years of practices on this project (BJ2), we have devel oped a matured and
scientific product development procedure. Each functional department has gained better understanding
of concurrent engineering, and can coordinate with other departments more effectively.” (A project
engineer of Beijing Jeep)

5. Members of the recipient community re-
embed individual learning with their local
context.

“Thetechnological levels of our Chinese suppliers are very different from those of the American
suppliers. So, we have to make adjustment to some procedures to make thingswork in China.” (A
project manager of Delphi-China)

“Thetesting of R1 prototype of BJ2 revealed about 500 design defects, each of which needsto be
dealt with by multiple departments. To solve this complex network of issues, we rely onthe guidance
of arelevant procedure developed by Chrysler. We modified this procedure to better suit our
condition, and then formalized it in written form to guide future projects.” (A project engineer of

Beijing Jeep)
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