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ABSTRACT

In this paper, we explore knowledge exchanges hetveeademic laboratories and their industrial gastras
the R&D activities in their joint project vary beten prospect, exploration and exploitation. We psepa
qualitative, longitudinal approach to investigatawthe nature of a joint R&D project influences wiedge
transfer between partners. First of all, we contelto a dynamic perspective on inter-organizati@nawledge
transfer. We show that exploitation, exploratiod @nospect R&D contribute in different ways to argational
strategies and inter-organizational complemenéaitSecondly, we underline the alignment betweem#iure
of the project (exploitative, explorative or prosfiee) and the expected flows of knowledge as apontant
stake for the conduct of University-Industry R&Dojects. If such an alignment should ideally bettfodm the
design phase, we show that a lack of alignment lmrcorrected as the collaborative research expergen
iterations. Those iterations can be experiencedhighly emotional events, influencing the rest ok th

collaborative work, which we call the “boomerangrgiex”.
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INTRODUCTION

Since 2006, the Walloon government has been fingneniversity-industry R&D projects within the framork
of the competitiveness clusters of Wallonia (Frepaht of Belgium). This policy complements the sgER&D

instruments already deployed in Wallonia to sustanovation through the linkage of companies arstaech
institutions. While the support of university-indrysrelationships is a stable component of inn@ratpolicies
(Behrens and Gray 2001) not only in Wallonia butldimide, their actual effects are still opened tecdssion
and the public debate about the role of univerisitstill topical (Audretsch et al. 2002). In padiiar, one may
guestion the role of academic laboratories as kedgd suppliers in joint R&D projects that focusdifferent

phases of the R&D process.

R&D projects that focus on the exploration of a neshnological trajectory rather than its explaitathave
specific stakes, objectives, deliverables and messu(Utterback 1994). Likewise, the specific rolgartners in
joint R&D project should depend on the nature &f diliance (Faems et al. 2005), allowing a largecspm of
learning opportunities. And yet, this phenomenomaims largely unknown (Faems et al. 2005; Faend. et
2007), specifically when universities and otheesgsh actors are involved. In this paper, we expkmowledge
exchanges between academic laboratories and thhirstrial partners as the R&D activities vary betae
prospect, exploration andexploitation. We propose a qualitative, longitudinal approacinvestigate how the
nature of an R&D project influences knowledge tfansbetween partners. This approach has several
advantages. Firstly, it takes into consideratianlthateral nature of knowledge flows between padr{(Meyer-
Krahmer and Schmoch 1998). Secondly, it distingegsbetween four forms of knowledge: Know who, Know
what, Know how and Know why (Lundvall and Johns@&®94; Johnson et al. 2002), therefore acknowledging
that collaborators share more than only scienkifiowledge (Davenport et al. 1999; Autio et al. 200irdly,

it allows following potential iterations betweenoppect, exploration and exploitation as the prsjaoket
blocking points, go back to fundamental understag@nd sometimes even give up their commercial tonbi

In fact, this paper aims to contribute to the emplrmicro studies of what is learnt, how, and byom (Johnson

et al. 2002) in University-Industry collaborativesearch of different natures.

By considering that R&D projects can take varioaerfs and even evolve along time, we contributeht® t
development of a dynamic view of inter-organizasibknowledge transfer (Faems et al. 2005) as veetbahe
burgeoning research on exploratory and exploitative@vations (Jansen et al. 2006). Findings shdgdof
interest for various strategic actors involvedrinavation networks: public authorities in chargdha policies,
industrial and academic partners directly involirethe projects as well as the administrators efriatwork as
this study may provide clues to better manage ritgepts’ portfolio. In section 1, we focus on teological
maturity as a contingency factor of University-lsthy collaborations. In section 2, we develop thaceptual
framework used to study the impact of the naturthefproject on knowledge transfer between partrgastion
3 presents the methodological approach to answeresearch question: the multiple case studieseduig the
dual approach of Leonard-Barton (1990). Specificalle combine insights from an in-depth longitudioase
study — Axis-1 — with replicated cases (SP7; SE&®. Each project is part of a common mega-prajanted

Mirage (see Figure 1). Section 4 presents thetre$this work and we conclude in section 5.
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FIGURE 1 MIRAGE ASA PORTFOL 10 OF PROJECTS, ADAPTED FROM KUTY (2008)

1. TECHNOLOGICAL MATURITY AS A RELEVANT CONTINGENCY FACTOR

Since the work of Rogers on the diffusion of agtioal innovations (Rogers 1962), the research canity has
dedicated important resources to understand thevation process and the evolution of innovativeréf that
the firm has to undertake for its survival. Fortamee, authors such as Jansen and his colleagd@8)(Xoza
and Lewin (1998), Rothaermel and Deeds (2004) awhfoni et al. (2005) build on March (1991) toidgtish
between R&D activities of exploration and expladat depending on the targeted stage of the innowati
process. In the context of strategic alliances @Kamd Lewin 1998; Rothaermel and Deeds 2004) anB R&
activities (Cesaroni et al. 2005; Chanal and M&B885), the exploration is associated to the prdspeoew
horizons with the desire to discover new opportesi{Koza and Lewin 1998). On the contrary, exploie
R&D will focus on the “D” of the process (Koza ahéwin 1998; Rothaermel and Deeds 2004; Chanal and
Mothe 2005). It has regards with standardizatigmscaling and finally commercialization (Rothaernagid
Deeds 2004) by building on the existing competenéde firm (Chanal and Mothe 2005; Jansen e2@06) or

by pooling assets from complementary partners (KomhLewin 1998; Cesaroni et al. 2005).

Carayol (2003) studied the various forms of sciendestry collaborations and found the novelty,unatand
risk of the research to be the most significanialde to typify University-Industry collaboration8s the nature
of the collaboration evolves, the role of partneheuld also vary, allowing for a wide-ranging spect of
knowledge transfers (Faems et al. 2005). Howeuse, way R&D alliances of different nature impacts
knowledge transfers is still a puzzled and undedisd phenomenon (Faems et al. 2005; Faems eD@r)2
especially when an academic partner is involved. istance, Freeman (1992) pointed to a higher rieed
users-firms linkage rather than Science and Tecdlyyohetworks in the case of incremental innovatidrle
Monjon and Waelbroeck (2003) found that knowledg#a/er from local universities provided the mbsnefit

to firms pursuing imitative and incremental inndeat In fact, academic laboratories are presensauiaileged



knowledge suppliers all along the technologicalrj@y (Lee 2000). As University is usually assoalatgth
exploration (Rothaermel and Deeds 2004; Bercovitk Reldman 2007) rather than exploitation R&D atits,
it should be useful to understand the role of acadéaboratories as privileged research partneianovation
networks.

2. CONCEPTUAL FRAMEWORK

2.1 TYPOLOGY OF JOINT R&D PROJECTS

We propose a typology of joint R&D project whictkés into account two main criteria: on the one hahe
pursuit of a concrete realization in industrial romment and, on the other hand, the need for foneoeal
understanding (see figure 2). In line with therlitere on dynamic industrial R&D, both exploratiand
exploitation R&D projects lead to a realization viiit the firm (March 1991; Koza and Lewin 1998; Rathmel
and Deeds 2004) but are distinguished on the lidiseir quest for a fundamental understandinghendne
hand, and for the right design in the other har&DRctivities that lead to concrete deliverableslimed outside
the firm, in other words in the academic laboratorythe research centre, are called prospective R&Dact,
this typology combines the motives that traditibngluide the scientific work in universities andlirstries (see

Godin 2006): the quest for fundamental understapitinhe former, practical profitable results ie tatter.

Realization in industrial
environment
Yes No

Yes | Exploration | Prospect

Quest for
fundamental
understanding

No Exploitation

FIGURE 2 TYPOLOGY OF JOINT R&D PROJECTS

In this typology, projects that neglect the questfindamental understanding are exploitation R&Djgct: as
the technology mature, scientific and technologigalertainties diminish and the central quest oDR&vitches
from fundamental understanding to the search ferripht design. Those projects can generate newlkedge
but are not considering fundamental understandm@ aentral objective (Stokes 1997). On the coptrifre
main goal is to develop a new product or procest thie right design and that will quickly enter timarket or
the production process of the factory. Deliveralm&exploitation R&D projects will include new prodts and
processes, sometimes still as an industrial prpggtgometimes as an enhanced version of existodupts, and

the members of the project will not encourage matbion activities.



When the search for additional information leads tblocking point or, more generally, when moreestfic
knowledge is required to develop the product orcess targeted by the industrial partner(s), thestgfer
fundamental understanding takes the lead and defihe project as an exploration R&D project. Like
exploitation R&D projects, exploration projects alieected towards the development of practical iapfibn of
knowledge but exploration project specifically actutedge the need for more understanding of the nlyidg
phenomenon. This distinction is particularly imgort in the framework of University-Industry linkStpkes
1997) as it should shape the role of the acadearingrs: from recipients of existing knowledge toducers of
new understanding. As a result, deliverables aetistallization of the newly-created knowledgearporated
into prototypes that are integrated to the indaktanvironment, as well as materialized into sdiient

publications.

To distinguish between explorative and prospectikgects, we use the criterion of “realization mdustrial
environment” (see figure 2). Behind this criteriays the capacity and/or will of the partnersrtegrate the
newly-created knowledge into existing industriafiaties. Indeed, each project led by a quest tordamental
understanding generates new scientific knowledgeis crystallized into a prototype, a proof-ofrcept or a
scientific article. But it is important to distingth on one side the deliverables that will be iraged into
industrial environment and on the other side dedilikes that stay in the laboratory (Auerswald ananBcomb
2003). While this concern mainly comes from secush as aeronautics and the Defense, it is ofcpaat
importance in University-Industry joint R&D project— whatever the targeted sector — as both kinds of
environments co-exist: the laboratory and the itrialsfactory. As a result, prospective R&D progdtad to
the development of new competences according tcshlaeed vision of the partners who actively encoera
scientific publication. Those competences are apea within the academic laboratory and will needhier

development before being integrated into induséralironment.

2.2 KNOWLEDGE TRANSFER

The nature of knowledge is usually explored throwithotomies (Jensen et al. 2007): tacit and eitplic
knowledge (Polanyi 1967; Nonaka and Takeuchi 198f)ividual and social (or organizational) knowledg
(Kogut and Zander 1996; Spender 1996; NahapietGmaoshal 1998), public and private knowledge (Maskus
and Reichman 2004). To explore the nature of kndgdeflows within the joint R&D projects, we tookstince

of those dichotomies and used the four forms oflkedge developed by Lundvall and Johnson (1994nska

et al. 2002) for the study of innovation network¥®(la Mothe and Foray 2001) : Know-What, Know-Why,

Know-How, Know-Who (see table 1).

Following Jensen and his colleagues (Jensen €204l7), those four forms of knowledge require specif
learning paths: the Know-What and Know-Why are Ugwssociated to codified and public instrumentshsas
patents, scientific journals, conference proceesjidgta bases; on the contrary, Know-How and Knohe\&re
shared through practice and interactive learnirige jbint R&D projects are thus a privileged instanhfor the
development of that kind of knowledge, which becomere and more important in a context of increasing
cross-disciplinarity in the academic world (Katzdaartin 1997) and of increasing complexity in isthal
sectors (Johnson et al. 2002). Following the nabfithe project, one can expect that some fornieofviedge

will be more desirable than others. For instancespective projects should favor the sharing of WiWwhy and
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Know-What (state of the art, research agenda, nhdrkads). Exploration projects might create iterad

between Know-Why from the laboratory and privateorHow from the industrial partner in order to

incorporate scientific knowledge into an industpabtotype. Finally, exploitation projects mightcts on the

exchange of Know-How in order to reach standardinadnd cost reduction. By focusing on those faunfs,

this study acknowledges that learning in joint R@idjects is not confined to the scientific domddayenport

et al. 1999; Autio et al. 2008). Informed by theusturation theory (Giddens 1984), even Know-whynig

always about scientific results as it participatesense making within the project.

Know-What Know-Why Know-How Know-Who
Individual | Fact, Causality principles| Practical competences,Information about who tg
level ingredients, | scientific explanation intuition, based orn reach and how to reag
state of the art experience them
Systemic | Shared data | Cognitive  dimension | Relational dimension | Structural dimension :
level shared interpretive routines, shared norms oflinks and configuration

schemes (script and role

Ybehavior

of the relevant network

TABLE 1 THE FOUR FORMS OF KNOWL EDGE, BASED ON JOHNSON ET AL . (2002), NAHAPIET & GHOSHAL (1998) AND
GIDDENS (1984)

3. METHODOLOGY

This paper is organized around a principal cadedcaxis-1, which was chosen because of its riglsria terms

of iteration and hybridization: while some typiaases stay prospective, explorative or exploitatieen the

beginning to the end of the project, Axis-1 expacid an important iteration from exploitation tglexation;

besides, subparts of Axis-1 were identified as ¢p@iha different nature than the main part of thbaborative

research, providing prospective sub-cases. Fowsoasre explicitly taken into account (see Figytg B Axis-

1 as an exploitation R&D project before the itarafi (2) Axis-1 as an exploration R&D project aftbe

iteration as well as (3) Peri_UMH and (4) Peri_Ca4l prospective cases through peripheral researchiré\

prospective case was partially taken into constaerain the analysis: (5) Peri_thesis. Indeed, ofighe

researchers was supposed to conduct a thesis whildng on Axis-1. Unfortunately, the thesis keptoging

direction and did not materialize.

=y
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FIGURE 3 AXIS- 1 AND ITSPERIPHERAL RESEARCH

Ultimately, we enhanced the research design wighdihal methodology proposed by Leonard-Barton (1990
With this methodology, insights from a single Iamiginal case (Axis-1) are compared to retrospectydicated
cases (Leonard-Barton 1990; Yin 1994), in this aatber subprojects from the same collaboration éaork,
Mirage, that allow for literal replication. Indeddjrage provides a field for quasi-experiment: sutppcts were
designed by the same persons, are financed bastt same rules, are conducted by the same (oejamial
and sometimes individual) actors who are subjetiettie same consortium agreements. This time, tbeises

were selected for their typicality based on thecdptson of Mirage, interviews with the R&D coorditors and

peer debriefing.
Principles Data collection Data Sour ces
methods
Enquiring Semi-structured Axis- SP7 SP9 SP10
interviews 1
Front line researchers 9 1 1 2
Academics 2 0 0 0
Managers 2 3 0 2
Total 13 4 1 4
Experiencing Observation of Observation and informal
collaborative conversation during 15 3 3 3
interactions plenary meetings

Other: team building events & conferences

Examining Examination of Documents prepared to attest formal interactiogsearch contract,
prepared & convention, minutes of plenary meetings
unprepared Organizational documents: internet website of theb@&l Clusters
documents policy, publications towards stakeholders, etc.

Unprepared documents: mails from the project’s imgilist, mails
from the cluster’'s mailing list, memo, letter, fiehotes.

TABLE 2 DATA COLLECTION METHODS



Data were collected through three main paths: straétured interviews, observation and the exananabf
documents. Interviews were tape-recorded and aatierkiranscript of each interview was producedsdme
cases, the respondent asked not to be recorded.résult, we prepared a report based on writteasniatken

during the interview.

In order to complement the thematic analysis cotetliwith the qualitative data analysis software fEDA”,

results were synthesized in Words table in ordegrtbance cross-case analysis and iterations fropirieai

evidence to theoretical statements. Those tablegd®e chains of evidence (Yin 1981; Yin 1994) asants of
interviews, observation notes or documents arectadth to it. Another analysis tool (and chain ofdevice)
related to the longitudinal nature of the case thasconstruction of timelines with the main evesftshe project
and associated extracts. Finally, extracts anderfes to the various data sources are includedeinmesults
section. When we cite or refer to industrial respents, we use (INDx), while we use (ACAXx) for acaite

respondents.

4. RESULTS

4.1 THE CONTEXT

Mirage is best described as a portfolio of submtsjg(SP) that were characterized by various lewéls
innovativeness: some subprojects explored techiredand products that were new for the partneesven for
the industry while other subprojects, like Axisfd¢cused their efforts on the enhancement of exjsiroducts
or production processes. In Axis-1, Arcelor-Mittednted to improve its easy-cleaning steel and dgvalnew
product with antibacterial properties while AGC tHialass Europe already had an antibacterial proouictvas
missing a self-cleaning product produced througtuuan surface treatment. To summarize, the goal‘eitiger
to sell something at a higher price (with addedusplor to produce at lower costs”. On the basighef
experiences of the crystallizers and the existigrgific knowledge about photocatalytic coatinggjs-1 was
designed as an exploitative R&D project. In otherds, it was built with a focus on realizationsindustrial

settings and on quest for the right design ratthen bn a quest for fundamental understanding.

Arcelor-Mittal Cross- AGC Flat Glass Europe

Self-cleaning Enhancement of existing selfertilizatjon | Development of a self-cleaning surface
cleaning  surface  throug with photocatalytic effects induced by

plasma surface treatment plasma surface treatment

Antibacterial Development of an antibacter Enhancement of the existing

product through plasma surfa antibacterial product through plasma

treatment surface treatment

TABLE 3INITIAL INDUSTRIAL TARGETSOF AXIS-1

The academic partners involved in the projects wiee University of Liége, the University of Namur

(Laboratories CMI and LARN), the University of Mgremd the Laboratory MateriaNova.



4.2 SYNTHESIS OF THE RESULTS

EXPLOITATIVE R&D PROJECT
In the exploitative R&D projects, knowledge exchesgvere revolving around an industrial challengh e
quest for the right design given a set of well-dedi specifications. In Mirage, academic laborasoviere not

automatically integrated in this kind of projeds. expressed by one respondent:

“We are really close to a final product, so to $pead | have the impression that the developnteait t
academics could bring is more upstream, well befdnat we are doing now. Here, we are assemblingréay

that already exist, | must say that... academicsnltcknow what they could do” (IND20).

We nevertheless observed exploitative R&D projétas involved academic laboratories. In SP9, thewas in
charge of “a small contribution... if the lab hascafribution, it is really in terms of characteripat we have to
determine the optical properties of materials, themt the samples, we measure and give back thpenies
(...) we send the results and they treat it withrteftware” (ACA14). As such, the role of the labtmry was
the one of technical service provider with restiicexperimentation. Exchanges were limited to Kivohat

transfer between partners: specifications agaiesults (ACA14). This situation was also witnessédha

beginning of Axis-1 when it was acknowledged thiue“industrial partners know more than asaflemics)”:

industrial partners were in charge of the directibtthe project (ACA8) and were providing requirarhéor the
next batches based on the characterization rg\@A7). In such cases, academics were involvedhénproject
to accelerate the processes of sampling depositidrcharacterization: by sharing the work with &ecaids, the
industrials partners did not have to do every eérpee by themselves and therefore were expectisgye time
(IND7). Another reason was the access to charaetish methods that the industrials did not mastefes a
matter of fact, both SP9 and Axis-1 faced situatiamere they needed some kind of characterizatidrhad to
look outside the collaborative research to findlaoratory that was able to measure what they wakRiedlly,

the academics in Axis-1 also wanted to contribatéhe project by explaining the evolution of resuiased on
their existing expertise (IND7): “otherwise, théseno need to come fetch us”. On the contrary,neastin SP9

were comfortable with the arm’s length arrangemspécification against results”.

In Axis-1, we observed that the definition of regmients could lead to the transfer of Know-How frtira
industry to the academic laboratories in order doilitate the realization of the services and emstre
comparability of results. In informing and guidittie academic laboratory, the industrial partnetsaane the
relevance of the generated Know-What (charactéoizatesults for instance), while enhancing the treta
absorption capacity (Lane and Lubatkin 1998) ofdblaboration: the academic partners are betteippgd to
face future demands. A lack of access to this Kiow — in particular a lack of access to the persbashave
this Know-How inside the company — can be an inmgrdrsource of frustration. Likewise, the industpattners
need access to the Know-Why behind the methodsateersure that the academic labs are actually megsur
what needs to be measured.

Another source of frustration lays in the absentexploration. Indeed, the “raison d'étre” of anademic
laboratory is research excellence and the quesufatamental understanding. When designing an é@afile

University-Industry joint project, partners shoudthsure that this quest is negotiated in parallgh wihe

9



exploitative work, not only for the laboratory kalso for the individual researcher who is actudtiyng the job

and might grow “bored” of repeating the same taskdle he was hired as a doctoral candidate. In SP9,

researchers were involved in multiple projects amde able to develop new characterization methaodista

publish this progress. In Axis-1, the laboratory IGQMniversity of Namur) and the University of Mo(idMH)

negotiated the quest by developing peripheral rebewith alternatives processing methods, the latooy

LARN (University of Namur) took opportunity of theroject to break in its new equipment, MateriaNova

(Mons) was developing a new PVD (Physical Vapor @#mon) technique and the University of Lieége

negotiated the conduct of a thesis.

Nature and direction

Role of laboratories

Points of interests

rt

Exploitative Know-What U <=> | Service provider, Construction of an effective suppo
R&D project restricted in the for Know-What exchanges
Know-How | =>U . .
experimentation (platforms)
Know-Why P <=> P .
Negotiation of the quest for
Creation of new Know- understanding
How |
Transfer of Know-How and Know-
who within the project to develop
relative absorption capacity
Explorative Know-What U <=> | Service provider , open | Alignment between the exploratory
R&D project to experimentation nature of the project and the
Know-How | =>U and — . o
objective of industrialization
Know-Why | =>U
y Transfer of Know-Why between
Creation of new Know- companies and academic
Why U => | laboratories for an enhanced
relevance of new scientific
Creation of new Know- knowledge and its integration into
How | industrial settings
Prospective Creation of new Know- | Creator of new scientific| Transfer of Know-Why from the
R&D project How U knowledge and new industrial partners to academics fo
technologies that are the orientation of fundamental
Associated Know-What : .
relevant for the industrial research
and Know-Why U => |
base
Support of hierarchy : heads of
Know-Why | => U . : .
laboratories and R&D industrial
coordinators

TABLE 4 ALIGNMENT BETWEEN SPECIFIC FLOWSAND THE NATURE OF PROJECTS
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EXPLORATIVE R&D PROJECT

Per definition, exploratory R&D projects includegaest for fundamental understanding and the exjboraf
one or multiple phenomena within the collaboratigsearch. As such, exploratory activities are aasat to
other stakes and potential frustrations. In HernantsHeck (2010), we identified the lack of aligmmnbetween
the exploratory nature of a project and the flovkodwledge developed between partners as an imypdheeat
for the collaboration. In this example, the coestise of the industrialization objective and the sfjuier
understanding was a consensual agreement: the o@spéinal users, were asking for an operatioraker —
whatever its origin — while the academics wanteéxplore a promising technology that should hadettean
innovative sensor. This arrangement created a loeifiveen parties in terms of timing and flow regmient:
while the industrial partners were waiting for “setmng that works” according to their well-defined
specifications, academics were only beginning tplae the concept and needed Know-Why from their
industrial partners to select the appropriated ane$e paths. Such lack of focus was experienced lasasy

weight by the academic laboratory.

On the contrary, the quest for fundamental undedite was clearly recognized by industrial partnerslirage
(at least after the iteration of Axis-1) which piaed partners with plenty of opportunities to tf@nd<now-Why
from the industrial partners to the academic latoois. In SP7, the exploratory activities werengethanneled
by the industrial partners: “they are deciding abshat need to be done” (ACA12) but they also erpibeeir
vision about the future usage of the product beiengeloped, choose the materials to be exploredegpidin the
reasons behind their decision as asked by therdspartners (ACA12). In Axis-1, academic partngese also
waiting for their industrial partners to “get outtbe fog” (ACA8): criteria about the right directi and focus
were provided during the first plenary meetingslimy industrial partners and stayed unchallenged efter the

iteration from exploitation to exploration.

Like in exploitative R&D projects, the exploratoagtivities required the exchanges of Know-What urttie
form “requirement against results”. But contraryttie exploitative projects, the industrial partneese calling

for the development of scientific Know-Why aroungose results. In SP7, the team work was therefore
organized around specific technical points to bsolred through “the science behind” (IND18), the
bibliographic work of the academic partners wasiseea source of new ideas for the project (ACAHR) the
presentations of Know-What such as the charactaizaesults were opportunities to highlights neaths. In
this case, the lack of involvement of the partivein® stick to a restricted exchange of Know-Whathhigreate
frictions in the project: this phenomenon was wésed in Axis-1 when the R&D managers needed to
rechanneled the exploratory effort from the peripheesearch to the main collaborative work while a
academic partner stuck to its strict role of servicovider. A side effect of this “refocus” and thgbsequent
inertia of the academic partner was the lack oftttawards academic sidetracks which neverthelesstitute

the richness of academic work.

The new scientific Know-Why was subsequently intégd to the development of industrial Know-How sash
new production lines or the elaboration of new male (IND18). While this work was undertaken byeth
industrial partners alone in the exploitative potge the exploratory nature of SP7 required a clos®lvement

of academic partners. For instance, one researtber Namur was finally invited to contribute to the
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elaboration of new components with the industriattper in complement to his characterization warkha

laboratory.

PROSPECTIVE R&D PROJECT

Like exploratory projects, prospective R&D actiegi are characterized by a quest for fundamental
understanding but this time without a clear objertof industrialization. As a matter of fact, neiththe
peripheral research of Axis-1 nor SP10 were tangeindustrialization in the context of the projetn.
Peri_UMH and Peri_CMI, the laboratories developed rKknow-How about sol-gel processing and shared the
associated Know-What (bibliography) and Know-Whythahe partners of Axis-1, even if it did not alvgay
contributed to the main collaborative researchSR10, research partners were performing technol@dgh as
well as developing new Know-How in order to comeatproof of concept at the level of the laboratpD21).

As the targeted technology was evolving, some imdlipartners took opportunity of the existing dipment

to integrate it into their own equipment. As a teseven if the underlying technology is still “faway from
industrialization” (IND21), it nevertheless conutied to the enhancement of industrial competenaoestlae
creation of new markets for the industrial partnéfrBis project also generated various prototypet the
partners in SP10 quickly realized that they werekiteg information about what kind of market could b
interested, and in which direction should thosetqiypes be further developed. As a result, an Bofdit
industrial partner was brought in during the corichfcSP10 in order to assess the relevance of thi®types

and to provide the required Know-Why (IND19).

As a result, the development of the absorptive dapgakes a twofold path in prospective projebe direct
access to scientific knowledge for the industriaitpers on the one hand; the orientation of funddaate
research within the academic laboratory on therdibad. Like in the other R&D projects, the tramsfeKnow-
Why from Industry to University is central as itaals academics to understand the — scientific, mizgdional,
commercial — problems that the industry faces,rtbauses and consequences. As such, it should ighntime
institutional frictions that impede inter-organimetal learning (Lane and Lubatkin 1998) as welttss journey

in the valley of death (Auerswald and Branscomb32®brd et al. 2007). In order to ensure the dlitglof
exchanges, the prospective project needs the iemmwnt of the hierarchy from both worlds, even if
industrialization might seem far away. It shoulscasupport the development of technological platithat are

of interests for both the industry and the scientarch for excellence (IND2).

ITERATIONS AS EMOTIONAL SHOCKS: THE BOOMERANG COMPLEX

The previous section provided a check list of eig@dlows as the R&D project focus on exploitation,
exploration and prospect. While the alignment betwexpected flows and the nature of the projecinis
important stake of the collaboration, partners #haallow for flexibility as the project might expgence

iteration.

After the iteration of Axis-1, the academic partshifted from a role of producers of Know-whatr(ditions of
deposition, characterizations, etc.) and recipigexisting scientific Know-Why to a role of proders of
Know-why to explain unclear results, explore newhpaand “close the doors”. This shift came alonthvei
reduction of Know-how creation at the level of thboratory and a reduction of peripheral explomtin other

words parallel research that could have been uakkmt by the academic researchers independentiieof t
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project. Several difficulties were associated Wftis shift. For instance, the design of the collalive research

became obsolete and the respect of a win-win gituatas less clear for some academic partners

We uncovered a second impact that should not berestimated: what we called the boomerang compex.
complex is a set of mental representations andlestions which have a high affective value, aratcadictory,
are partially or totally unconscious, and whichluefice the behavior of an individual (Alhadeff-Jer008;
Institut National de la Langue Francaise 2010) setof individuals when this set of mental repnésons is
shared within the group. In Axis-1, the iteratiomsmexperienced as an emotional event. It contribtdethe
construction of shared interpretive schemes, itiqdar the necessity to “fall back on our feetNP8). Partners
redefined the research work as getting “somethhrag tvorks” in the laboratory even with unsatisfagto
industrial conditions, and working towards industrrequirements only in a second step (ACA10). Such
collective understanding can be very efficient hamnel collaborative actors towards a common goaltkalso
creates a blueprint which impedes alternative ihipkIn this project, it was an obstacle not onty the
emergence of alternative paths but also for thegeition of alternative solutions, as crystallizsdthe work of
the CMI researcher who proposed a product with @tatde properties but which was not immediately
recognized as such by the partners (ACA10; ACA11).

5. CONCLUSION

In this work, we conducted an empirically groundeglysis of knowledge transfers in joint R&D prdgEirst
of all, we contributed to a dynamic perspectiveio@r-organizational knowledge transfer. We showleat
exploitation, exploration and prospect R&D conttidin different ways to organizational strategies anter-
organizational complementarities. Exploitation R&Poject targets outcomes that are integrated tasimil
settings, urging for the transfer of Know-how frahe industry to the academic laboratory. They adldar the
strengthening of the collaborative links on theibad complementarities refinement, for instancetigh the
refinement of methods according to the industretter’'s requirement. In this case, the acadenfiorktory
creates mainly Know-what concerning the samples pravides access to existing scientific knowledge.
Exploration R&D also targets concrete results idustrial environment but acknowledges blocking pothat
are explored in the framework of the project, allgvthe creation of relevant Know-why by the acaiem
partners. Prospect projects acknowledge the qoe$ufidamental understanding while transferring Wrehy
about the industrial settings. In this case, thadfer of Know-how from the Industry to the Univgrsvas less

important than the transfer of Know-why about mérgecriteria and industrial production methods.

Secondly, we presented the alignment between theenaf the project and the expected flows of kremlge as
an important stake for the conduct of Universitgidatry R&D projects: for instance, if a prospectiR&D
project does not require the transfer of Know-howant the industrial partner to its own laboratorylaek of
such flows will be deteriorating in an exploitatiét&D project. We agreed with Carayol (2003) abcha t
importance of this alignment during the design phaisthe project but we also showed that a lacalighment
can occurred during its conduct as the collaboeatdsearch experiences iteration. Such iteratiariropact the
role of partners, jeopardizing the negotiated teohghe project and therefore leading to frustragicand
misunderstandings. In particular, we showed thatitlration of Axis-1 impacted the quest of fundatak

understanding that was implicitly negotiated atltleginning of the project and restricted them igirthesearch
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work. We also showed that iterations can be expeei@ as highly emotional events, influencing tret of the

collaborative work.

When designing this research, we decided to focusne longitudinal cases and a number of replicaseses
from the same environment. We acknowledge thahisrgortant limit of this work which could benefiom
the conduct of additional cases. In particulars ttisearch area might benefit from the study oicalpcases.
Another important limit lays in the fact that wectsed on knowledge transfer within the projecteatihan
through the project (Jiang and Li 2009). An alténea level of analysis — the organization (laborgtor

company) — should allow tackling this limit.

In conclusion, this work studied the nature of kiexlge flows that are at stake in University-IndydR&D
project at different levels of the innovation prsgseWe showed that iteration in the nature of thajept
impacted the equilibrium that was attained durimg designing phase of the project, urging for #regotiation

of the R&D problem and ways to solve it.
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