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A Network Perspective on
Lead Users in Nascent Industrial Fields

In recent years, scholars have devoted considegdtastion to the study of patterns of
innovation by users (e.g. Franke and von Hipped32@Q.ithje, 2003). A growing body of
literature aims to understand and explain the pimemon of user innovation. One
promising explanation comes from the lead userrthpooposed by von Hippel (1986).
Following this seminal work, a number of subsequstntlies address lead user theory
quantitatively and provide strong empirical suppdtiead userness” is significantly
related to the likelihood of commercially attraetiuser innovation (e.gEranke, von
Hippel and Schreier, 2006; Lilien et al., 2002).

Lead user theory however encompasses several amedptlimensions, which lately

have attracted increasing research interests. dboryi Roberts and Midgley (2004)

propose and evaluate a continuous analog to thee usar construct, which is called

leading edge status (LES). Franke, Hippel and $shr@006) give some counter

argument to LES and further test the relationstefwken the commercial attractiveness
of innovations developed by users and the intensftythe lead-user characteristics
embodied in those users. Specifically they findt thdding measures of users’ local
resources can improve the ability of the lead-us®rstruct to identify commercially

attractive innovations under some conditions. Tioeeeit implies that community based

resources of lead users merit further study.

This issue of community seems severe under toddy@h-velocity environments”
(Eisenhardt 1988, p. 816)here the complexity of problems often requirglsitsons that
combine the knowledge, efforts and abilities of gleawith diverse perspectives (Brown
and Eisenhardt, 1998). To this end, however, the leser theory has generated only
limited advice up to now. We only know the defiaital characteristics of lead users
(being ahead of trend and expecting high benefits innovation), which in turn explain
the likelihood of attractive user innovation. Belwas and contexts to support the
innovation have been largely ignored. In this patherefore, we aim to extend lead user
theory by exploring the embedded network charasttesi of lead users. An investigation
of these issues is important because creativityimmalvation is not only the genius work
of loners, but also the consequence of a sociasysf actors that amplify or stifle one
another’s creativity (Uzzi and Spiro, 2005). Furthere, previous empirical research has
focused primarily on individual characteristics ‘traits” of lead users, very little
research has been done on their social networkenakhus, in this research, we intend to
extend the lead user theory by examining the ndtwabraracteristics of lead user
community and how they are related to innovatiottaune.

Moreover, this research also intends to extendethe user theory to a new context: the
user toolkit for innovation in life science resdar@hese research toolkits started to
emerge and develop since the 1990s. They assetists to conduct more efficient

laboratory tests, screen compounds, and test @ tangnber of molecules and substances.



With the growing importance of research toolkitstire biotechnology industry, the
above-mentioned under-researched issues meritorigoinvestigations in this new
context. Yet limited empirical evidence exists abloow research toolkits are developed
and whether they are the same as the toolkits etkfiby von Hippel (2001).
Consequently, this study is an endeavour to exphase issues on toolkits.

In order to understand these issues and procesgsds|low the IMP network approach
(Hakansson an@/aluszewski, 2002) and its assumption thiasiness is not an isolated
activity, but that it consists of interaction betmenterdependent partiesd. Axelsson
and Easton, 1992; Hakansson and Snehota, 1993).a8Buapproach is especially salient in
the dynamic context in this study.

The rests of the article is organized as followsstFwe discuss the theoretical basis for
the study. Next, we first present a multiple casely and then a subsequent historical
study on lead user communities. Next, we highlight discuss key findings of the
research, with implications of the findings foreasch and practice. Finally, we present
the conclusions.

Conceptual background
Lead user and community perspective for innovation

Users have often been found to be the initial dgwls of what later became
commercially important products and processes (@g. Hippel, 1976, 1977; Shaw,

1985). This phenomenon has given rise to a growiody of literature which aims to

explain and understand user innovation. Furtherpmgnee not all users innovate to the
same extent, the “lead user” concept is used toritbesa particular type of customer who
perceives key economic benefits from an innovatora solution to a problem and
experiences needs ahead of the market (von HipP86; Morrison et al., 2004).

Based on lead user theory, it has been suggesieth#se lead users should be integrated
into corporate NPD efforts using the “lead userhuodt (Urban and von Hippel, 1988;
von Hippel, 1986). With such method, companiestdryearn from lead users about the
needs and solutions they encounter at the leadigg ef the market. The ultimate goal of
companies is to derive promising new product cotxeenerated in the course of
workshops in which lead users collaborate with canyppersonnel. Several case studies
highlight the commercial promise of lead user in&ign (e.g. Lilien et al., 2002).

So far, the lead-user theory has yet merely sanatpecific variables about lead users
(Franke, Hippel and Schreier, 2006). However, orggtand innovation is often not
solely the result of solitary individuals actingigolation. Therefore, von Hippel (2002)
calls for more studies on the beginning and evoitutf user networks, and the roles for
manufacturers within them.

In many respective, lead users exist as part afefacollectives.In their critique of
neoclassical economics and subsequent efforts bgoetists to relax assumptions of
rationality and perfect information (North, 1998pciologists argue that organizational



routines, processes, and structures are embeddibe ioroader social context (Smelser
and Swedberg, 1994hnovations and inventions follow the pattern ongeembedded
in a network of artists or scientists who sharexhgland acted as both critics and fans for
each other (e.g. Padgett and Ansell, 1993). Comrsety the image of atomistic actors
competing for research innovations in an impersomarketplace is increasingly
inadequate in a world in which individuals and friere embedded in networks of social,
professional, and exchange relationships with otwors (Granovetter, 1985; Gulati,
1998). In addition, ecent studies also explain that users support ettodr in their
innovations (Franke and Shah, 2003; Jeppesen, 20@bxuggesthe free revealing of
innovations in user-manufacturer situation (e.gnkét and von Hippel, 2002) and user-user
population (e.g. Franke and Shah, 2003; LakhanvandHippel, 2003).

Furthermore, biotechnology is frequently cited asiradustry where network plays an
essential role. It is no secret that in biotechgglthe research world is shrinking. Life
scientists no longer do research in isolation.dladt each researcher has a number of
links which suffice to involve him/her deeply inl@cal network of collaboration, and a
few researchers have as many links with memberstloér research groups as it is
necessary to connect most, if not all, the episteoommunity. Consequently, the
community dynamics has had a profound impact an difience toolkits development.
Often, developers work on multiple toolkit develagm projects, and thus belong to
multiple teams. The importance of teams in new peodevelopment is well established
and research has demonstrated the critical roleash leaders, the importance of team
composition, and the criticality of team chemistoy project success (e.g., Sarin and
Mahajan, 2001). The structure of toolkit developtrteams and communities should also
be important in the life science toolkit context.

Technology and knowledge brokering

Technology brokering is rooted in the theory otistural holes (Burt, 1992). Technology
brokers are actors who improve innovation by transpg ideas between unconnected
industries, blending old technologies with new oimesrder to stimulate innovation, and
transferring these new combined technologies to caawexts.

Recently, technology brokers have been associattd the more general concept of
knowledge brokering (Hargadon and Sutton, 2000; gbldon, 2003). Therefore

technology brokering has been extended to meaerfirgdiaries ... between otherwise
disconnected pools of ideas’ (Hargadon and Suttdd02 p.158). Further empirical

evidence highlights the presence of a brokeringecyonsisting of network access,
knowledge absorption, integration and implementatiwhose objective is not just

technological knowledge but any kind of organizasioknowledge that can support a
specific invention (Hargadon, 2003). Knowledge lam@ge enhances the dynamic
capabilities of a firm in markets characterizedragid and abrupt technological change.
In these dynamic market contexts, knowledge creatigegration and reconfiguration is
vital to sustaining competitive advantage (Teecd.e1997). Knowledge brokers support
innovation by connecting, recombining, and trangfgr to new contexts otherwise
disconnected pools of ideas. Consequently, knowlebigkers are likely to have a
significant impact on the innovation outcome.



Inspired by the community perspective and theorkmowledge brokering, our research
first explores the collective innovation behaviofdead users under the new context of
life science research toolkits. We then identifg tlature of knowledge brokerage in the
lead user community and its possible relatednessetdiffusion outcome of toolkits.

Because of the complexity of the research problemead user community on a new
type of user toolkit, we preformed a two-stage gtlthe first stage focused on three lead
user communities on which we applied a multipleecstsidy approach, subscribed to the
process of case study research as suggested byh&ide (1989). The second stage
involved collection and analysis of the historidata on one of the toolkits in the case
study.

First stage - case study: user toolkits for innovabn in life science research

Case research was used in the first stage for eéasons. First, the review of extant
literature highlighted the thin understanding ajlkits in the life science research setting,
confirming the need for more theories in the armad case studies address theory
building rather than theory testing (Wilson and 3Kp, 1997). In the early stages of
theory development, quantitative research methodyg lead to inconclusive findings
(Parkhe, 1993). Second, qualitative methods sutheasase method of research facilitate
in-depth analysis of the complex and ill-researchetivities and phenomena, such as
research toolkit (Yin, 1994). However, case stuglyearch can be carried out rigorously
(Adams, Day and Dougherty, 1998). Thus, the rebeaystematically followed a
multiple case study approach, a purposive samppracedure, and multiple data
collection methods (Eisenhardt, 1989; Yin, 1994).

Research context

As a leading trend in the biotech industry, genprapose research toolkits started to
emerge and develop since the 1990s. These totjkitsally exploit scientific advances
in combinatorial chemistry, genetics and informattechnology. Moreover, the trend is
clearly toward higher generality of purpose of thasols.

Overall, the rapid advancement in knowledge andstzo innovations has been
considered as key drivers of research toolkits gerere and development. As the general
purpose technology in biotechnology, the emergentept of service-oriented research
toolkits has been the result of the convergencevdmt life sciences and other
technologies, which had been spurred by severaldpments: computer-based tools and
software, the Human Genome Project, and the coediegtowth of knowledge about
human genes, the structure of proteins and th&aeships between genes, proteins and
disease. Moreover, genomics and related fieldsi@ating new opportunities for using
molecular biology, genetics and proteomics as tfwlgeveloping new drugs.

The emerging area of bioinformatics, for examplewgalong with the whole-genome
sequencing efforts because of the need to stdresve, and annotate the DNA sequences



being generated by sequencing facilities throughioeitworld. Bioinformaticslescribes
the work of biologists, computational biologistgngputer scientists, mathematicians,
statisticians, information scientists, and othewsho worked together to solve
nontraditional issues within the biological resaoommunity. Bioinformatics toolkits
enable biomedical investigators to exploit existiagd emerging computational
technologies to seamlessly store, mine, retriemd, @alyze data from genomics and
proteomics technologies. This is achieved by ongatinified data models, standardizing
data interfaces, developing structured vocabulaged capturing detailed metadata that
describes various aspects of the experimental nlesig analysis methods. All these have
made high throughput screening of new drug tangessible.

Sample

Under this dynamic context of growing research kivg| following the systematic
replication logic advocated by Yin (1994) and thi#ecia and procedure described by
Franke and Shah (2003) and Franke, Hippel and Bci{#906), we chose three research
toolkit lead user communities from three differeegearch domains to reflect a range of
relevant characteristics, which are summarizedaibld 1.

Data sources

We used several data sources: (1) quantitativegaatitative data from conferences and
symposiums organized or well-attended by these lessmil communities, (2) data from
semistructured interviews with firms and commumtgmbers. Each interview lasted for
about 45 to 65 minutes,(3) e-mails and phone dallfollow up interviews, and (4)
archival data, including company web sites, usetinen communities, business
publications, and materials provided by informake attended over 15 conferences and
symposiums on relevant research toolkits, tracke@nBne user communities and
conducted more than 40 interviews over 16 months.

TABLE 1
Description of cases
Commurl;i.ta;Jl gr?as;zrc;teristics A B C
Research Domain Bioinformatics Mutagenesis Protein Identification
Location Europe Worldwide Europe

User Interaction Level High High High

Sample Community Size 35 98 61
User Developed Toolkit Yes Yes Yes.
Toolkit Improvement by User Yes Yes Yes
User Innovative Applications Yes Yes Yes

Data analysis and results

The case histories were used for two analyses:imwtidise and cross-case. The
within-case analysis focused on developing contdrand relationships to describe the



process experienced by a single focal communitgthEumore, using standard cross-case
analysis techniques (Eisenhardt, 1989), we lookedimilar constructs and relationships
across multiple cases. We developed and refinedrgimge relationships through
replication logic, revisiting the data often to seeach separate case demonstrated the
same pattern. The analysis process was iterativéeated for months.

User toolkit for innovation in life science

Satisfying heterogeneous needs of useng. emerging life science toolkits are similar to
von Hippel's (2001) “ user toolkits for innovatidng the sense that both are tools
satisfying the heterogeneous needs of users(Frmkgon Hippel, 2003) for innovations,
because it is a very costly matter for firms to enstand users’ needs deeply and well.
Need information is very complex. In our interviewgh researchers, they emphasized
that every gene and protein are different. Furtloeenthe research targets of users,
protein molecules, have enormously complex strestulherefore, the development of
toolkit is a solution to help to meet users’ heteneeous needs in their scientific
explorations.

Life science toolkits are first developed by userd co-shaped by manufacturefdl the
toolkits in our cases are first developed by us&ww.adapting and adjusting users’
inventions under specific contexts, manufactureela developers then create a
first-generation commercial toolkit in-house sottitabecomes more general purpose
toolkit suitable for different usage situations. &husers apply the commercial toolkit to
their individual projects, some of them demand twldal capabilities they need to
implement their novel applications. Manufacturetsent improve the toolkit by
responding to these explicit requests for improva@m®ften they wait until impatient
lead users create and test and use the toolkibweprents they need (von Hippel, 2001).
Toolkit improvements that prove to be of generdugathen are incorporated into the
new generation of toolkit and distributed to thengmal toolkit-using community (von
Hippel, 2001). Such interaction cycles repeat mémes until the eventual toolkit
transforms a radical innovation in life scienceeash into a routine laboratory
procedure.

Life science toolkits somehow fundamentally diffefeom von Hippel’s toolkitThough
life science toolkits have certain characteristtommon with those defined by von
Hippel (2001), they are fundamentally different. dmr case, manufacturers do not
actually abandon their efforts to understand usezeds accurately and in detail. Instead,
they first outsource key need-related innovati@kgao their users, after equipping them
with first generation of “user toolkits for innovan.” Manufacturers then try to learn the
novel applications of and improvements on the tt®Ikrom users and gradually
generalize the toolkits. And the trend is that nfaawrers try to make the toolkit more
and more general to serve “markets of one” (vonpkElp2001). Indeed, these firms
exploit scientific advances in combinatorial chenyis genetics and information
technology to make higher generality of purposé¢heke toolkits. Essentially, advances
in fundamental knowledge about natural phenomemathe tremendous increases in
computational resources have greatly enhanceddsslplity for effective research task



partitioning (von Hippel, 1990), for enabling kneallge to be embodied in toolkits which
make the knowledge available to others cheaplyimmduseful form, and therefore for a
division of innovative labor in the biotechnologgcsor. In this way, toolkit firms benefit

from a large market size and economies of scopewher toolkits cut across different
research target categories. Consequently, thediatsobave wider applications, as they
are not only tools for designing new products, ddgb tools to for life science innovation
explorations.

Patterns of interactionsin thelead user communities

Scientific journal as a central support resourde.the very frontier of life science

research, scientific papers are one of the fewlaai sources of information for research
toolkits lead users. Substantial amount of scientifformation is codified in standard

languages, and toolkits related research findimgs diffused through journal articles

which serve as the support media that facilita@w®munication and exchange among
lead users.

Although referrals by colleagues are often mentioas the first important source for

information and advice, these referrals often l@apgburnal papers for legitimization and

validation of such recommendations. Furthermorégnsific journals also serve as an

important institution for helping to establish thiability of shared meanings on toolkits

among different market actors and thus shape tlogptiaxh behaviors. The reciprocal

interaction in scientific media between users givese to an entailed process of

institutionalization at the macro level of collely shared cognitive frames. Eventually,

new toolkits are made and improved through suckgs® as social constructions whose
meanings emerge from user agreement via scienididia.

Star scientists as coordinators, leaders and caisd8ome “star” scientists (Zucker et al.,
2002) have a particularly important role in conmegtdifferent lead users. They are
either “mobile” researchers, that is researchersimgoacross firms or organizations, or
chief researchers in large R&D departments, or ewwéc researchers whose ties with
universities and industry are not limited to jusearganization. A star scientist plays the
key role of coordinating overall research developimectivity. Star scientists work on
different projects, serve as a conduit for inforimatexchange among different research
groups, and participate in important projects. Thedging connections can dramatically
reduce social distance. Therefore these individwals bridge individual researchers and
groups are knowledge brokers who are more likelgegat the crossroads of individual
relationships and knowledge exchanges, especralbpitant in facilitating new research
toolkits development and adoptions.

User communities are mediated by manufacturddanufacturers sponsor various
conferences and symposia on toolkit technologyyTdigo have their own magazines for
users to publish their improvements and novel appbns of toolkits. Furthermore,

toolkit companies have established online databBsessers regarding new references,
reviews and applications of toolkits. In such waysanufacturers establish fluid,

networked conversations and multi-level relatiopsiwith lead user communities.



Second stage — historical study

Following the case study, one further research topredollows: how is knowledge
brokerage related to the subsequent diffusion ofkiis? We suspect that the social
capital created by knowledge brokers varies acdifésrent toolkits and that they are
connected to the diffusion of toolkits. We view sdcapital as the relations among lead
user community. The analysis of social capital f@suon what is referred to as the
network effect (e.g., Ruef et al., 2003) or embeld@ss (e.g., Granovetter. 1985). The
emphasis in this line of investigation is to exaenthe importance of brokers’ location:
how central that location is (e.g., Portes, 1928)] how strong the ties are that the
location provides (e.g., Granovetter, 1973). Cént@ations with stronger ties increase
social capital and network embeddedness. In shb#, network embeddedness is
connected to innovation behaviors and outcomes.

To explore the question, the second stage of tydbcuses on one particular type of
research toolkits: the mutagenesis toolkit categblytagenesis is a molecular biology
technique in which mutations are created in a gaha protein and therefore to the
functions of the protein that it encodes.

Several researchers have advocated using histomjgptoaches to study marketing
phenomena (e.g. Tellis and Golder, 1996). Furthezmao our case study, we established
the significance of published scientific and tedbgaal papers as the most important
source of information in the industry. Therefore method is historical and draws from
published scientific and technical articles to iifgnpatterns of toolkit lead user
community of life scientists.

The major database used is US National Library etlidine, the largest database for life
sciences in the world. A search was conducted lteatscientific and technical papers on
mutagenesis from 1975 to 1998, from which two bigplaphic datasets were created,
consisting of 879 articles which have first citbé novel applications and adjustments of
new mutagenesis kits in their researches, and 84@ea which have first described
toolkit improvement. These authors fit the critesfdead users (vorlippel, 1986) The
following hypothetical example illustrates the madea of how to construct the network
of lead user communities (see Fig. 1).

FIGURE 1
Bipartite Graph of Papers and Authors (adapted from Balconi et al., 2004)

Top the two mode network of five scientific papers dnirteen authors.

Bottom the one-mode projection of the same networks psoauthors. Teammates of a paper are
members of a fully linked clique (e.g., ABDEC, BFGihd FHI). Connections form between agents
on separate author teams when links like DF corthecABDEC, BFGD, and FHI teams.



Knowledge brokersin the lead user community

In today’s fast changing environments, in nascewlustrial fields in particularthe
complexity of problems requires solutions combinihg knowledge, efforts and abilities
of people with diverse perspectives (Brown and rmhsedt, 1998). To this end,
knowledge brokers support innovation by connectiegombining, and transferring to
new contexts otherwise disconnected pools of ideas.

Brokering fills the gap in the flow of technologgtiveen lead users between different
organizations and firms by occupying a ‘bridgingsgiion between subgroups of a more
extended network that do not interact with eachemwttBrokering helps to absorb

knowledge about a specific technology through isitem inter-industrial exposure and

in-depth experimentation activity; brokering hetpsmemorize the solutions by way of

people, artifacts, and concepts in the organizatad brokering helps to apply the stored
and old technological solutions to create new smhst by using analogical thinking and

brainstorming procedures.

In our case, some star scientists (Zucker et @02pare the brokers connecting different
lead users. Star scientists also facilitate theedisnation of word-of-mouth information
concerning the toolkits (e.g., Deroian, 2002). Remnore, considerable evidence from
previous research on social networks and diffusibmnovations illustrate that network
structures influence the rate of innovation diftusi(e.g., Abrahamson and Rosenkopf,
1997), suggesting that knowledge brokers help $saininate new product development
information, as well as enhance chances to engagesearch partnerships apt to allow
for knowledge exchanges.

In the case study, we learned that the large nurobgpotential applications is an
important determinant of the growth of biotech ersh toolkits in recent years. These
toolkits can achieve success only when they canacubss different sub-areas of
applications to achieve economies of scope. Howeéviasrthe users’ skills in developing
novel applications based on their existing andm@éeresearch problems that determine how
the toolkits will be used and what areas will belegul.

To achieve such cross-area applications and subsedgconomies of scope, some
scientists play a particularly important role. Thaye knowledge brokers bridging
multiple research domains, linking knowledge to nsMwations, and building new
networks around the innovations that emerge fragnptiocess. With such brokers cutting
across different research domains, a lead useronlet®& more likely to help new toolkits
to achieve economies of scope, or conversely,causar network with few or no brokers
connecting different research sub-areas is diffiarlan innovation to succeed. Thus, we
suspect that successful toolkits have better kndbgdebrokerage connecting lead users
across sub-areas of applications than less suctesss.

Figure 2 illustrates our arguments and gives catalg support. Fig. 2a presents a typical
example of the successful product, where the lsadsuare clearly characterized by three
distinct clusters connected by brokers. In compatisFigure 2b illustrates the less

successful kit, where the distribution of lead aserdisconnected without any brokers
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bridging different areas of applications.

FIGURE 2

Novel Applications in Three Sub-areas: (a) Successful Product (Connected by Brokers) and
(b) Less Successful Product (No Brokers Connecting Three Groups of Lead Users)

Discussions and Implications

Our community perspective does not deny the nowltributions of individuals.
However, as nowadays scientists have become inegbasnobile, the formerly isolated
research groups and clusters in the past have lie@gyregate into connected networks.
Scientists no longer do research in isolation asearch toolkits are no longer developed
by isolated researchers. Therefore toolkit lead assmmunities can be an integral part of
cocreation of value with manufacturers, indicatmgrketing is shifting toward more
customer-centric, and service-centered (Vargo arsth, 2004).

In lead-user studies, major research only gives deénitional characteristics of
individual lead user. In this researche extend the lead user theory by examining the
network characteristics of lead user communitied aow these are related to the
innovation outcome. Moreover, this research alderads the theory to a new context: the
user toolkit for innovation in life science resdar@hird, most previous research has
focused on successful products. Our studies on dassessful products help to shed
lights on the understanding on what aspects of thi#usion led to failure.

Our study has important implications for managEemnst, it suggests that management of
creativity should shift its emphasis from managimgative individual lead user only to
better understanding the social context of lead gsenmunity. Managers should be
aware of the potential benefits that can be gafnea the process of value co-creation
with a community of lead users. Second, it alsogssts that to manage innovation in a
nascent industrial field, managers should conneith wnowledge brokers to link
emerging lead users to support their innovationvidiels. These brokers exploit their
boundary-spanning positions to keep abreast ofentirdevelopments, problems, and
breakthroughs in research, and they translate ranatluice important research results for

11



their colleagues. Therefore they hold the keysrfoovations.
Conclusions

Traditionally, lead user has often been studiedrasolated event, focused on the actions
of individuals. The primary goal of this study Haeen to augment models of leas users
with a more social perspective. Toward this endfaeeised heavily on the IMP network
approach, the social system and knowledge brokepgspective. The history of
different toolkits strongly reinforces the valudgte IMP network approach and a social
system view. In particular, it points to the needmorking on a theory of lead user that
considers it as both an individual and collectivecess taking place within a larger
community context. The findings suggest that knolgie brokers are a critical aspect of
the social system driving innovation diffusion auabption in nascent industrial fields.
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