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ABSTRACT

This thesis describes the conditions that influence technology acquisition when an
industry partner is involved. The objective of this thesis is to contribute to the
knowledge regarding the conditions that affect effective acquisition of technology by
collaboration by identifying and describing the relationship between the following
variables: key activities and influential factors.

The results are drawn from the analysis of eleven case studies involving experiences
from different industries including chemicals, oil and gas and biofuels. The research
adopts the perspective of an acquiring firm, which is interested in incorporating a new
technology into its operations in order to meet a particular business need. Such a
business need can be, for example, entering into a new market, meeting key customer
requirements or improving operational efficiency.

The results indicate that technology acquisition involving an industry partner can be
described as a six-stage process where the acquiring firm may or may not get involved
in the development of the technology concept. During the process a number of factors
can influence the acquisition and implementation of the technology in the acquiring
firm’s operations. These factors can be divided into six categories: business alignment,
structural match, development management, technology uncertainty, implementation
opportunity and contextual factors.

The results also suggest that effective acquisition of technology by means of
collaboration is achieved by the combination of three conditions: effective partnership
management, effective execution of the co-development project and effective
transference of the technology to the recipient system in the acquiring firm.

The research provides relevant implications for theory and practice. On the one hand,
technology acquisition by means of collaboration has been marginally addressed in
technology management literature; extant literature has given more attention to
organisational modes to acquire technology by collaboration rather than increasing our
understanding of the dynamics of technology partnerships. On the other hand, the
outcomes offer practitioners an account of the key factors and activities in technology
acquisition projects involving an industry partner. These insights are key to
systematically managing collaborative projects aimed at acquiring new technologies.
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1.1 Focus of the research

Technology acquisition (TA) is one of the core processes in technology management
(Gregory 1995). TA concerns how firms obtain the technology' that is needed to
accomplish their business objectives (Cetindamar et al. 2010). TA covers the decisions
and activities that firms carry out to incorporate selected technologies effectively into

their operations (Gregory 1995).

There are different ways through which firms can obtain technology, for example
internal development, collaborative development, licensing and acquiring the company
that holds the technology (Chiesa and Manzini 1998). These mechanisms have been
explored in technology management (TM) literature. However some ambiguity remains
on particular aspects of the acquisition process, for example how the acquisition process

changes when an external party is involved.

Sourcing technology from an industry partner usually implies a certain level of
interdependence between the acquiring firm and its partner (Chiesa and Manzini 1998).
These relationships are commonly referred to as technology collaborations, technology
alliances (Hoffmann 1997), or strategic technology alliances (Van Haverbeke et al.
2002). It is widely known that companies collaborate with suppliers, customers,
competitors, R&D centres and universities on a frequent basis to get access to the
technology required to develop products, processes and services (Lhuillery and Pfister

2009, Paixao-Garcez et al. 2010).

This research addresses TA featuring a particular type of technology collaboration:
collaborative development (also referred to in this document as co-development). In this
kind of technology collaboration, participant organisations become intimately involved
in a development project where they combine their expertise. Often, the acquiring firm
(or customer) provides the expertise in the application of the technology and the

providing firm (or technology partner) provides the core technology expertise (Neale

' The working definition of technology adopted in this research is “any form, material or social, into which
knowledge has been embodied. This includes hardware, software, products, rules, procedures, organizational
structure, and know-how or technical expertise.” (Rebentish and Ferretti, 1995). There are a number of definitions
proposed by different authors (e.g. Bunge 1976, Steele 1989, Roussel et al. 1991, Twisss 1992, Floyd 1997, Betz
1998, Arthur 2009), however the researcher considers this definition as appropriate for the purposes of this research
because it denotes that technology is something that contains an accumulated set of experience, knowledge and
expertise that is used for practical purposes.
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and Corkindale 1998). The outcome of this kind of collaboration is usually a new
technical capability, typically a new product, process or service (Chesbrough and

Schwartz 2007).

1.2 Research context

Getting access to technology by involving an industry partner brings advantages in
relation to internal development or purchasing from external developers. Among the
benefits are development of technologies/products tailored to firm’s needs, reducing
development time, as well as sharing development costs and risks (Littler et al. 1995,
Bhaskaran and Krishnan 2009). In addition, industry partners may provide support to
identify and select the right technology, to estimate development costs and even to
manage the development process. However, getting access to technology through an
industry partner is risky, particularly when the firm works with the partner for the first
time (Fraser et al. 2003) or possesses limited prior experience in alliances (McCutchen
Jr et al. 2008). Indeed, McGee and Dowling (1994) reports that prior managerial
experience in R&D cooperative activities helps to identify the risks and benefits of
engaging in such cooperative activities. Ireland et al. (2002) stress that the ability to
effectively manage collaborations is fundamental for those firms that need to access key

resources possessed by other companies.

In a series of interviews with practitioners, the researcher found that one of the biggest
concerns in TA regards partner selection. Interviewees often attribute the failure of
technology collaborations to the involvement of the wrong partner, which is an
observation supported also by extant literature (e.g. Emden et al. 2006, Lee et al. 2010).
Scholars have pointed out partner selection as a key success factor in inter-firm
collaborations (Littler et al. 1995). Nevertheless, one of the interviewees made a
comment that defined the final focus of this research. Based on his experience in the
chemical sector, he pointed out:
“...even when you think you have selected the best partner, you find that a change in their
organisation destroys the relationship”. Expert 05
This comment highlights the fact that firms are dynamic entities; therefore the failure
(or success) of collaborations seems to depend on several factors and not only on how

effectively firms chose their partners. Extant literature has addressed different topics
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related to technology collaborations, for example, choice of governance mode (Chiesa
and Manzini 1998, Van de Vrande et al. 2009, Bhaskaran and Krishnan 2009, Van de
Vrande et al. 2011), critical success factors (Campione 2003, Buse and Armonaitis
2011), technology uncertainty (Steensma and Corley 2000, Stock and Tatikonda 2008,
Cui et al. 2012) and type of partners (Miotti and Sachwald 2003, Belderbos et al. 2004,
Faria et al. 2010) amongst others. However, only a few authors have attempted to
provide a comprehensive framework to understand the different factors that affect the
outcomes of technology collaborations (e.g. Mora-Valentin et al. 2004, Emden et al.

2006, Barnes et al. 2006) and to manage the collaborative process (e.g. Duysters et al.

1999).

1.3 Research question and objectives

Although extant literature has explored how firms acquire technology and the factors
that affect the outcomes of technology collaborations, there is no comprehensive
evidence indicating how the technology acquisition process may change when an
industry partner is involved and what the specific factors that affect technology
acquisition by collaboration are. In addition, a practice review indicates that firms find
particular situations in technology acquisition projects involving an industry partner

problematic. Therefore, this context leads to the following research question:

How can the conditions that affect the effective acquisition of technology by

collaboration be described?
Specifically,

How may the technology acquisition process be depicted when an industry

partner is involved?
and

What are the factors that affect effective collaborative development and

integration of technologies into the operations of the acquiring firm?

The objective of this research is to contribute to knowledge regarding the conditions
that affect the effective acquisition of technology through collaboration by identifying

and describing the relationship between the following variables:
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a) Key activities. Sequence of tasks carried out to incorporate a given technology
into the operations of the acquiring firm.
b) Influential factors. Circumstances that either enable or impede the effective

incorporation of technologies into the operations of the acquiring firm.

1.4 Research approach

In order to answer the research question, a qualitative approach was chosen because of
two reasons: 1) there is a limited amount of previous research addressing TA by
collaboration, and 2) the need for a deep understanding of the TA process when a firm

collaborates with an industry partner.

The case method was the main research approach in this research. Candidate cases were
collaborative development projects, where the driver to collaborate for one of the
partners was to acquire a new technology. Data was collected primarily through semi-
structured interviews. The results were drawn from a combination of three analytical

methods: grounded analysis, narrative analysis and cross case analysis.

This research was carried out in four phases: practice review, framework development,
framework refinement and framework verification. The first phase aimed to inform the
research design by validating the relevance of the topic from the practitioners’
perspective. The second phase aimed to explore the technology acquisition process by
identifying key activities and influential factors. Then, the following phase aimed at
verifying whether the factors and activities found in the previous phase would also be
present in a new set of case studies. Finally, the objectives of the last phase were
verifying the terminology utilised in the resulting framework, identifying limitations

and exploring further practical implications of the research outcomes.

1.5 Structure of the thesis

The content of this thesis is divided in four parts (Figure 1.1): research foundations and
methodological approach (Chapters 2 to 4), framework evolution (Chapters 5 to 7),

discussion and conclusion (Chapters 8 and 9), and addenda (references and appendices).

Chapter 2 presents an overview of relevant literature and theories that provide insights

to understand the key activities and factors that affect technology acquisition by means
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of collaboration. Chapter 3 presents a discussion of knowledge gaps between extant
literature and practice. The results of this discussion support the practical relevance of
the research question and provide elements to inform the design of the methodological
approach. Chapter 4 describes the methodological approach and key considerations

undertaken in this research.

Chapters 5 to 7 show the evolution of the framework resulting from this research.
Chapter 5 presents a framework built upon the empirical evidence obtained through the
analysis of seven collaborative projects. A refined version of the framework is presented
in Chapter 6. This refined version of the framework was the result of a deep analysis of
four additional cases. Chapter 7 presents the results of a focus group session where the
refined framework was presented to a forum of practitioners in order to obtain feedback

and identify limitations of the results.

Chapters 8 and 9 present the results discussion and conclusions respectively. Chapter 8
comprises a detailed description of the final version of the framework as well as a
discussion of the theoretical and practical implications of the outcomes. Chapter 9, on
the other hand, presents the contributions to theory, evaluation of the research approach,
limitations and further work on the basis of the results achieved. Table 1.1 presents a

summary of the purpose and main arguments of each chapter.

Part1 i i

X Literature review R Practice review | Methodological
Research foundations and | » and knowledge >

b logical h (v0.0) gaps (v1.0) approach
methodological approac n
v v v

Part 2 Framework Framework Framework

X development > refinement > P
Framework evolution verification

(v2.0) (v3.0)
(5 | A ——
v
Part 3 Results
> discussion > Conclusions

Discussion and conclusion

(v3.1)
[ 5 | o |

Part 4

References Appendices
Addenda

Figure 1-1 Thesis layout. Arrows indicate the links between chapters.



INTRODUCTION

8

Table 1-1 Thesis layout

"SISATRUE 9SBD SSOIO pue

SISAJeuR dANjB1IRU ‘SISA[RUE PAPUNOIS PIPN[OUl SPOYIAW [BONATRUY -
*dnoi3 snooj auo pue

SMIIAIUI PAINJONNS-TWAS YSNOIY) pjod[[0d sem eyep [eomndwy -
“UOIIBOLLIOA

JI0MOUIRI] PUB JUSWIAULJI YI0MIwel) ‘Juowdo[oAap JIomourely
‘maraar donoeld :saseyd anoy pastdwos josfoid yoreasar oy, -
'sanbruyo9) [eonAJeue pue UonII[[0d BIEP JO

JIoquunu € JO UOIIBUIqUIOD B JOJ SMO[[E Jey} POy J[qIX[} & SI 3T Jey)
1o.] o) UOAIS yoroidde [oIeosal Urew se uasoyd sem Apns ase) -
‘uouswouayd renonted e pueisiopun 03 SI

NI - - - wre asoym saunbuo 1oy areudordde asow st yoeosdde saneyenby -

‘soyoeordde

[eonATeUe SE [[oM SB ‘SPOTIou UOT)OR[0D

BJep ‘A30[0POYIOW [OIBISAI AY) 9qQLIOSdJ -
(soLrepunOq [B132109Y} PUB SAAN[QO YoIeasar)
103fo1d yoreasar ayp Jo 2doos ayy Sutuipny -

yoeoadde [ed130[0poyIdN -

“QInJeIoN|
JUEB)XD UI Pa}10dal S10)08) PUB SAIANIR Y Y)IM JU)SISUOI A[IUD JOU
9q 03 swos s1ouonnoeId Aq POUOHUIW SI0)OB] PUE SONIANOE Y], -
*S10)0BJ [eIUSNIJUI JUSIQJJIP
9A10010d 03 swoes Jouned yoes ‘suoneroqe[jod A3o[ouyoa) uy -
“19Jsuey A3o0[ouyod) pue Juawdo[oAdp ‘uoneno3au
‘soniiqedes A3o0j0uyod} Jo uonensuowdp ‘uoneindar ssoursnq
Suipymgq quowdoroasp 1daouoo A30[0uyod) :9q UBd SUONEBIOGE[[0D
A3ojouto9) ur sanAnoe oy ‘vanoadsiod siouyred A3ojouyos) woi -

-oonoe1d pue dInyeIoN|
JuBIXd Udam1dq sded oFpajmouy Surssnosiqg -

sded
ISPI[MOUY PUB MIIA NIRBIJ -€

SISATeue POpUNOID) (0°10) ‘uoneyo[dxa pue juowdo[oAdp ‘UoNenRosAU ‘UONII[IS ‘s1ouonnoeld Jo aanosadsiad
/ SMIIAIIUL SJIlomawel 1oured ‘uonen[ead A3o[ouyod} ‘Funnods A30j0uyo9) ‘syuswarinbax 9U) WOIJ UoIeIOqe[[0d JO suedw Aq uonisinboe
pammonns paseq A3o[out]99) JO UOIIUIJAP :SANIANIL SUIMO[[0F Y} dsLIdwod K3o[out]d9) 109JJ® Jey) SI01JBJ [eRUAN[JUL
-Twes €] - -oonoeld - Aew ssaoo1d uonisiboe oy ‘oanoadsiod wury Sulmboe oy wos - pUE SAIIANJR Y} JO MIIAIIAO UR SUIPIAOL] -
"SONSSI [BNIXIUOD PUB AJurelrooun A3010uydd) ‘Ajjiqeded uoneuIpIood
‘yorewt [eIMONIS ‘JuowuSife o1391eI)s :SALI05JeI JAT) 0JUI POPIAIP
9q ued uoneIoqe[[0d Aq suonismboe A3ojoutoe) Sunosye si0yoe,] - o
JuowoSeuew -
diysuone[a1 pue Jipne pappe anjeA se [[om se uonejudwd[dur g
‘uoner03au ‘90Inos A} JO UONII[IS PUL uolen[eAd A30[0utd9) “2InJeII| M
‘A3010u99} [qE[TRAR JO UOTIBOIIIIUSPI ‘SjudwaInbal A3o10uyod) JUEB)XS UI PISSAIPPE UIIq ABY JBY) SI0)OR] =
Jo uonuyap :soeys xis asdwos Aew uonisiboe Aojouyos], -  pue SANIANOE JUBAJ[AI JO ATewwuns © SuIpiaold - m
“Ky1oedeo oandiosqe pue Mo1A POSEQ 90INOSII “0IN)ND [EUOT)ESIULRSIO "uo1eIOqR[[09 JO =
(0°0A) ‘soouel|[e d1393ens Jo juowaeuew ‘Juowdo[orap jonpoid mou suesw £q uonisinboe A3o[0uto9) 109]e Jey) S10308] &
ylomowel] ‘19ysuer) A3o[ouyod) pue 93papmouy| ‘yusweeurw K30[0uyo9) Ajoweu pue SanIAIOR ) pueisiopun 03 syy3isul apraoid
amjeron] - [emdoouo) - ‘StIBaNS 2INJRIAI] JUIPIP ul paysijqnd uoq sey JI0oMm JUBAI[DY - JeU[) SOLIOY) PUB SINJRIAN] JUBAJ[I SUNI) -

ypou [eInieuy UOISIIA

sgurpurj/sjudwngae ure
MIoMIWEA fpuyy/ TN

/ $32.1N0S vle(q

J13ydeyd ay) jo asodang addey)



9

CHAPTER 1

-0191dwos pue djeudordde 3 M
91e YI0MaWelJ Y} JO suoIsuawip ay) jey) paaide syuedonred - N 3
‘s1ouonnoeld Jo wnioj € 03 M m
"YoIB9s2I A} JO S)Nsal  pajudsaid sem (' gA) JIOMIWEL] PAULIRT oY) AIAYM m. m
‘dnoig snoog - - - oy pauoddns syuedronred £q papraoid oeqpad) pue SJUSWIWOD YT, -  UOISSAs dnoid snooj e Jo s)nsa1 oy} Sunuasald - =~
“WR)SAS JuaIdIoar
9} 03 SOWOINO A} JO SIUAIYSULI) PUB UONNIIXI Judwdo[oAdD
-00 ‘Aypiqess diyszoured :joedwi Jo surewop 991y OJul PIPIAIP 9q UBD
s309lo1d uonrsmboe A3010ur09) 103fJ€ JeY) SI0J0BJ AU} JO 1O YL, -
*$10J0BJ [enixajuod pue Ajruniroddo o
uonejudwedur ‘Kjurelrooun A3ojoutod) yuowodeuewt juowrdo[oAdp _ﬂ
‘gojyewt [exmonys quowudife 91391ens :SoLI039)Bd XIS 0JUl POPIAIP s
9q ued uoneIOqe[[0d Aq uonisiboe AJojouyos) Junodyje siojoe, - m
‘uoneudwedur pue juowrdoAdp m
jonpouid ‘3unsay adK10301d ‘wonosfessuswdororap 3daouoo A3oj0uyo9) ml
‘Funnoos A3o0[0uyod} ‘syuswraarnbar A0[0uyoa) Jo uonIuIzIp Iomowej oy} Jo &
:S91A1}OR SULMO[[O] dU} APN[JUI UBD SANIANOR PAJR[oI UONISINDOY - UOISIOA PAULJdl AU} JO SJUSWR[S Ay} SulquIIse - 2
"S9IPNIS SO JO 39S JOYMNJ B Ul PIAIISQO SI0)I8] m
"UONESI[RULIOY JUSWAITE pue PUEB SONIAIIR O} SAQLIOSIP (()'gA) JTOMIWERL) 2
‘SIsA[eue JUSWISSISSE UONLIOqE[[0d dsLIdwod soniAloe pajefar diysioued - SurSiowd ay) A[9AOdYJS Moy Sulunuexy -
9SBD SS0I0 pue (0°¢€A) 'saIprys ases yydap-ur oy
SISA[eUR OATIBLIBN SJIoMmouer, 'sanIAnoe pojejal uonismboe pue sonianoe pajelar diysioupred  Jo sisA[eue ay) uo paseq A3o[ouyo9) Jo uonisinboe
/ SOIpMIS Ased 4 - pouljoy - :SANIANOE JO SpUn] oM} asudwos 03 swods ssaoo1d uonismboe oy, - 3uroojje s10308J puk SANIANIEL A SuIssnosiq -
"QIN)BIA|
21D ULy sAI30[0Uyd2) [BUIAIXI JO uonIsinboe 9A109J0 d} N
J00JJ€ Je} SUOHIPUOd J} Jnoqe Surpueisiapun 10139q e apiaoid sarpnys =
osed Jo sisAJeue ay) YSNoIy) PaFIUP! SI0}O] PUL SONIANIE Y], - m
*S10J0BJ [BN)XJU0D PUB AJUIRIIddUN g
K3o10uyo9) ‘Ayrunyzoddo uonejusworduwr ‘quawoeuewr Juswdo[oAdp W
‘yojew [eImons uawausdife o139ens :sdnoid XIs ojulr papIAIp SJIomawrely a
9q ued UoNEBIOqR[[0d Aq uonIsmboe A3o[0uyo9) Junodye s1030e,] - SurdIowa oy} Jo SUSWIA oy} JUIqLIOSdT - m
‘sisATeue ‘uorjejuowd[dwl pue uorNI9Xa JUdWAO[9AIP-09 ‘UONEBSI[BULIO] ..W
9SBJ $SOI0 pue (0°zA) Juowdaige ‘dn jos diysioupred ‘uorjenyeas ysu A30j0uyoo) "SOIPNIS ASBI UJAJS g
SISAJeue papunoin) SI0MOWeT | ‘3unnodss A3ojouyo9) ‘syuswaiinbar Aojouyod) Jo uonuIgap  Jo SIsATeue ay) uo paseq A3ojouro9) Jo uonismboe M
/ SoIpnYs 9sed /- SuiSrowy - :san1An)0e Koy Surmorjoy oyp asudwos ueo uonisiboe oy, -  193JJe Jey) SI0)oB] PUE SAIANOER KoY SuIsSnosI(q -

poyjau [BInA[euy UOISIIA
/ $321n0s eye(q NI0MIWRL ]

s3urpury/syuswing.ie ureA J13ydeyd ay) jo asodang 193dey)




INTRODUCTION

10

>
S
‘sainpaoold [eonAeue jo s
sodwrexs pue s[000j01d U01302[[05 BIEp JuIrpnjour m.
- - - - - - ‘sojejdwoy pue sjuownoop Sunoddns Fuipiaorg - 2
z
o
- - - - - - “JUSWNOOP SIY}) Ul Pasn S99UI9Jal Ay Sunr) - &
“UOLIOILID
juowaInsedw pue djduwes oy Jo uonodas ‘yoreoidde [esr3ojopoyrow
0} 9Np YoIBISI Ay} JO suoneII] [qissod Jo Joquinu € oIe 910y, -
‘uoIjeIOqR[[09 Aq A30[0UYd2) o
Jo uonismboe oyj Surpregar ornjeId) Judwddeuew A30[0uyo9) a_u
oy ur de3 [eona1oay) oy [[1J 03 3dwene 3s11y € opiaoid synsaray], - [21BaSaI JOUINJ 10J Seale Jno Sunuiod - 5]
“1X21u09 $31 uo puadap Aew 309(o1d repnoned W
B OSLIO)ORIRYD JBY} SI0JOR) PUR SySe} o1j10ads oy [, "UOT)eIOqR[[0d 2
Aq uonisimboe A30[0uy03] J09]Je 1B} SI10J0BJ PUB SANIALOR *S)NSAI A} JO SUOHBIIWI] 2
jueA9[al oy} damydes yromowely Junnsal oy} Jo SUOISUIWIP Y], - pue yoeoxdde A3ojopoyowr o3 Sunenjeay -
'S9A199[q0 "S9AT399(qO 91} JooW pue UONSINb Yoreasax
- - - - ewduo 9y 22w pue uonsanb YoILISII AY) JIOMSUR SOWOIINO Y], - JU} JoMSUE S)NSI Y} JOYIOYM SUIMIIAYY -
‘s309(o1d
uonisinboe Jo jusweSeuew pue uonoods ouled ‘JuowuSie ssoursng
s1oued 9osfod 1yS11 oy} JO UONJOI[S :SAWAY) JNOJ Ul SUIIOUOD ¥
s1ouonnioeld puejsiopun pue ure[dxd o3 sjury opraoxd synsarayy - W
"woysAs Juordroar E
a1y 01 A3010Uyd3) Ay} SUILIU0I Jey) 1onpoid Ay} JO 9oUIYSuR) -oonoeid 10y suonesrydur o
pue uonnooxa judwdojoaap-o0o Ayiqers drysioured :seare PUE SUOTINQLIUOD [BOT}IOA]} :JO SULIY) z
Qo1 ur uonuaye saxnbar A3ojouyse) Jo uonisinboe oAndeYy - Ul 309(01d YoIeasaI Y JO SINSAI Ay SuIsSNISI(J - m
(1°¢A) '$10)0€J [enuan[jul pue m.
JIomowel,]  SONIANOE paje[dI-uonismboe ‘sanianoe pejefal-diysioured sjuowoo “SI0MOWELJ :
[eur{ - 921y} AQ PoqLIOSIP 2q UBD UONBIOQR[[09 Aq uonisinboe A3ojouydy, - 9U) JO UOISIOA [Bulj o} [Iejop ul Sulquoseg -

poyjou [eInA[euy UOISIIA
/ $92an0s Bjeq YI0MdWeT

sgurpulj/sjudwing.ae urejA 13ydeyd ayy jo asodang 19ydey)




2.1
2.2
2.3
2.4
2.5
2.6

2 LITERATURE REVIEW

Contents

TECHNOLOGY ACQUISITION

KNOWLEDGE AND TECHNOLOGY TRANSFER
MANAGERIAL AND ORGANISATIONAL BARRIERS
STRATEGIC MANAGEMENT PERSPECTIVE
FRAMEWORK V0.0

CONCLUDING REMARKS

13
22
37
46
52
56

This chapter provides a conceptual overview of the circumstances that influence the

effective acquisition of technology by collaboration. The core literature is presented

from four perspectives: technology acquisition, knowledge and technology transfer,

management and organisational barriers, as well as strategic management. These

perspectives are combined into a conceptual framework, which was used as a base to

design and carry out this research.
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2.1 Technology acquisition

Firms are motivated to acquire technology for a variety of reasons. Ford and Probert
(2010) argue that there are four main reasons: developing technological capabilities,
developing strategic options, gaining efficiency improvements and as a response to their
competitive environment. Firms may have the internal capabilities and resources to
develop the technology knowledge required to support strategic or tactical business
strategies, but eventually they may opt to acquire it from an external source (Stock and

Tatikonda 2008).

Technology can be acquired in different ways, for example by recruiting experts,
carrying out collaborative development with other organisations or by purchasing the
business that holds the exploitation rights of the technology (Gregory 1995, Jones et al.
2001, Ranf and Lord 2002, Van Haverbeke 2002, Cetindamar et al. 2010). Common
sources of technology include customers, providers, competitors, universities and public
research centres (Arranz and Fernadez de Arroyabe 2008). In addition, the acquisition
of externally developed technology can be governed by different mechanisms such as
corporate venture capital investments, non-equity technology alliances, joint ventures,
minority holdings, and mergers and acquisitions (van de Vrande et al. 2009). Figure 2.1

presents an overview of the sources and organisational modes to acquire technology.

~ N
Internal External
Sources of technolo . Technology collaboration
8Y development 8Y development
\,
i . .
i Level of integration High Purchasing
>
At Networkin Acquisitions Licensing
Organisational modes | Internal R&D | outsourcing e e
Alliances Mergers .
R&D contracts Minority equity Educational
Joint R&D acquisition

Source: the author with data from Chiesa and Manzini 1998

Figure 2-1 Sources and organisational modes to acquire technology
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Acquiring technology implies a series of activities and decisions that range from the
definition of the technology needs to the implementation of the acquired technology
knowledge into current operations or into a new product (Durrani et al. 1999, Baines
2004, Daim and Kocaoglu 2008). In order to achieve effective TA, firms not only have
to succeed in identifying and assimilating it, but also applying it to practical ends

(Jiménez-Barrionuevo et al. 2011).
The process to acquire technology can be broadly summarised as a six-stage process:

1. Definition of technology requirements.

2. Identification of available technology.

3. Technology evaluation and selection of the source.
4. Negotiation.

5. Implementation.

6.

Value added audit and relationship management.

These stages are based on a review of published approaches depicted in Figure 2.2 for

comparison. The activities associated to each stage are described below.
1. Definition of technology requirements

This stage comprises the initial activities to define the technology needs of the firm.
Activities in this stage aim to analyse the current situation of the firm and to identify the
technologies that are important to build its competitive position (Durrani el al. 1999).
An important outcome of this stage is the identification of the core competencies of the
firm that will support the current and future business objectives. This is an essential

input in deciding which technologies must be acquired (Cetindamar et al. 2010).
2. ldentification of available technology

The next group of activities aims to explore different technology alternatives that can
support the firm to sustain its current core competences and to build new ones. These
activities include identification and classification of existing technologies, as well as
potential technology suppliers. The result of such activities is an important input to

outline a business case (Baines 2004).
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Figure 2-2 Comparison of the stages of the technology acquisition process proposed by

different authors. Source Ortiz-Gallardo et al. 2013, p.146
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3. Technology evaluation and selection of the source

This set of activities intends to evaluate the different technology alternatives from two
perspectives: capability of the technology to meet the needs of the firm and reliability of
the supplier (Cetindamar et al. 2010). This group of activities includes tests to verify
that the technology is able to perform a particular application (Baines 2004), assessment
of the potential suppliers and the selection of the acquisition method (Cetindamar et al.

2010).
4. Negotiation

The negotiation phase includes activities that are related to the definition of the terms of
the acquisition and agreement formalization. These activities include confirmation of
the business case (Baines 2004), preparation of the contractual agreement and

negotiation of the scope of the transaction with the supplier (Cetindamar et al. 2010).
5. Implementation

The acquisition process is completed with the implementation of the technology into a
final product. The activities considered in this group are associated with transferring the
technology (Cetindamar et al. 2010) and solving operative issues to achieve the

expected performance (Baines 2004).
6. Value added audit and relationship management

After the technology has been implemented, the acquiring firm may carry out an
assessment of both, the value added by the acquisition and whether it is possible or not
to keep a long-term collaboration with the provider (Baines 2004, Cetindamar et al.

2010).

2.1.1 Influential factors

There are several factors that can affect TA success reported in TM literature.
Seventeen papers published between 1990 and 2011 report a large number of factors
that may influence the outcomes of TA processes. Those factors can be broadly divided
into two types (Table 2.1): project execution and contextual factors. A general notion

from those categories is that TA is influenced by both internal and external factors.
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Table 2-1 Factors affecting technology acquisition reported in technology management literature

Type of factor

Project
execution

Category Factor References
(type of influence) See note at end.
Technology Access to technology intelligence reports 7
selection Additional costs of utilizing the technology 7
(Internal) Availability of technical data to evaluate the 7
technology
Decision making autonomy 6
Evaluators of the technology 11
Lack of information 1
Technology assessment methods 4,7
Means to identify Ability to identify emerging technologies 6
technology options Access to patents and literature information 7,9
(Internal) Business ties with supplier and customer 9
firms
Contact with technology brokers 7
Corporate venture capital investments 15
Portfolio planning 9
Participation in consortia 7
Networking of R&D personnel with other 6
firms and Research institutions
Project management  Ability to control project expenses 6
(Internal) Ability to protect codified/tacit knowledge 6
and skills
Communication 6,9
Financial forecast of costs of the project 6
Management experience 6
Coordination 5,6
Speed of incorporation into new 6
products/processes
Trust 16
Resources Availability of financial resources 6
(Internal) Design/ manufacturing capacity 6
Hiring individuals who know the technology 7
In-house R&D capabilities 1,6
Internal resources needed to assimilate 7
external technologies
Professional skills and education level of the 9
R&D personnel
Contractual terms Collaboration method 7
(External) Bargaining power of the supplier 1
Agreement terms 2,10,12,13,17
Technology Further development to adapt the technology 7
characteristics Tacitness 8
(External) Technical complexity 1,2
Technology attributes 10, 12, 14
Technology maturity 3,11
Technology newness 13
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Table 2-1 Factors affecting technology acquisition reported in technology management literature (cont.)

Type of factor

Category

References

Contextual
factors

(type of influence)
Business drivers

Business strategy

See note at end.

(Internal) Company's strategic priorities 6
Fit with corporative objectives 6
Gaining access to new markets 6
Importance of the project 12
Technology required to improve current 7
products
Technology strategy 1
Organisational Competency development 2
readiness Lack of understanding of the technology 7
(Internal) Organizational learning 2
Technology familiarity 13
Competitive Current products' performance in relation to 7
environment competitors
(External) Environmental turbulence 13
Industry competition basis 8
Market place requirements 6
Protection scope of intellectual property 9
rights
Technological level of competitors and other 9
firms
Risks Market risks 6
(External) Opportunity cost 6
Reliance on highly specialized skills and 8
expertise
Technical risks 6
Technology dynamism of industry 2,3,8
Other external Characteristics of the acquiring firm 12,14, 16
influences Business alignment with supplier 5
(External) Characteristics of the providing firm 11
Organisational compatibility with supplier 16
Previous relationship with supplier 13
Supplier support 16
Urgency 2

References: [1] Sen and Rubenstein 1990; [2] Steensma 1996; [3] Lambe and Speckman 1997; [4] De
Piante 1997; [5] Monczka et al. 1998; [6] Durrani et al. 1999; [7] Slowinski et al. 2000; [8] Ranf and
Lord 2002; [9] Hemmert 2004; [10] Stock and Tatikonda 2004; [11] Galbraith et al. 2006; [12] Stock and
Tatikonda 2008; [13] van der Vrande et al. 2009; [14] Karlsson et al. 2010; [15] van de Vrande et al.
2011; [16] Park and Ghauri 2011; [17] Cantarello et al. 2011.
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2.1.2 Technology acquisition by collaborative development

Collaborative development (or co-development) is an option to acquire technology, in
particular when firms have a strong familiarity with a particular market or product but
are unfamiliar with the technologies embedded into the product (Roberts and Berry
1985). Co-development is also an option when firms do not have all the resources and
knowledge required to develop a product or process by their own, or when no
commercial solution addresses a particular business problem or requirement (Steensma

and Corley 2000).

In a co-development process partners work together to apply and embed the technology
into a product concept. Over this process it is possible to distinguish two main roles: the
provider of technology and the receiver (Neale and Corkindale 1998, Cummings and
Teng 2003). The technology provider is responsible for delivering key technical
knowledge and skills required for developing and embedding the technology into a final
product concept. The technology receiver, on the other hand, usually defines the
specifications of the final product based upon the ultimate application of the technology

(Neale and Corkindale 1998). Figure 2.3 shows an example of these two roles.

Providing organisation

o

(0]
Collaborative @ The product concept performs as
>

Product  Product

maturity ~ maturity
X X+Y

Business problem or requirement

Technology knowledge

Technology knowledge embodied
within a product concept

8

> 1

development required by the receiver

<>\_V_ vV V V. Technology
acquisition

Receiving organisation

The product concept is transferred to
the receiving organisation

Information and knowledge flow

Product concept transference

Source: the author

Figure 2-3 Main roles in collaborative developments
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Figure 2.3 represents the case where the development process is led and performed by
the providing organisation. Throughout the co-development process participating
organisations became intimately involved by exchanging information and expertise
(Neale and Corkindale 1998). The co-development process finishes when the
performance of the product concept is demonstrated under real operation conditions

(Steele 1989).

There are a number of factors that may influence the acquisition of technology when
independent organisations work in collaboration. Over the last decade scholars have
proposed frameworks that capture influential factors that affect the performance of
technology collaborations. The factors considered in the frameworks are presented in

Table 2.2. Each framework covers a different set of factors.

The frameworks suggested by Kim and Lee (2003), Barnes et al. (2006) and Paixao-
Garcez et al. (2010) broadly cover three groups of factors: project-related factors,
partner-related factors and contextual factors. The frameworks proposed by Mora-
Valentin et al. (2004) and Emden et al. (2006) on the other hand, make more emphasis
on factors related to the relationship between the partnering organisations. It is
important to note that none of these frameworks make a distinction of the moment in

the partnership where these factors are critical.

Table 2-2 Frameworks describing the factors that affect the performance of technology collaborations

Reference Type of factor Factor
- Framework focus
Kim and Lee (2003) Project characteristics * Demand certainty
- Key success factors in *  Cost of share of government
technology *  Technological complexity
collaborations e Strategic importance
Partner characteristics *  Trust in relationship
* Compatible strategic goals to the
project
Collaboration management *  Specificity of process and outcome
practices *  Commitment of focal firm to project
planning

* Information-sharing
*  Type of partner and role
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Table 2-2 Frameworks describing the factors that affect the performance of technology collaborations (cont.)

Reference
- Framework focus

Mora-Valentin et al.
(2004)

- Key success factors in

R&D collaboration
agreements

Type of factor

Contextual factors

Factor

Previous cooperative experiences
Partners’ reputation

Definition of objectives
Institutionalization

Geographic proximity

Organisational factors

Commitment
Communication

Trust

Level of conflict
Dependence among partners

Emden et al. (2006)
- Partner selection

Technological alignment

Technical ability

Technical resource and market
knowledge complementarity
Overlapping knowledge base

Strategic alignment

Motivation correspondence
Goal correspondence

Relational alignment

Compatible cultures
Propensity to change
Long-term orientation

Barnes et al. (2006)

- Managing
collaborative R&D
projects

Partner-related issues

Partner evaluation
Project manager

Project set up and execution

Project management
Ensuring equality
External influences

Other influences

Cultural “gap issues”
Universal success factors

Paixao-Garcez et al.
(2010)
- Partner selection

Task-related factors / project factors

Complementarities between the
partners

Financial demands for the project
Project risk

Development time

Partner-related factors

Previous experience in alliances
Trust between partners

Partners convergent expectations for
continuity of the project
Organisational culture similarity
degree

Contextual factors

Company size
Nationality of the partners
R&D project type
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2.1.3 Summary

This subsection has provided a brief overview of the current progress on the
understanding of TA by collaboration. So far, TM literature suggests that acquiring
technology follows a linear process and that there are a number of factors that may
affect the outcomes. However, despite the fact that collaboration is being acknowledged
as a means to obtain technology, it seems that scholars have not provided evidence yet
that indicates how the acquisition process changes when technology is sourced by
means of collaborative development. Further, there is not clear evidence that specifies
the relevance of certain factors over the stages of the TA process. Scholars have
reported a large number of factors that may affect technology collaborations, but so far
there is no evidence indicating the relevance of these factors on the key activities of the
TA process. Therefore, in order to understand the acquisition process by means of

collaboration better, these two knowledge gaps needs to be addressed.

2.2 Knowledge and technology transfer

This section presents a review of literature related to technology collaborations from the
knowledge and technology transfer standpoint. The factors that enable the movement of
technology knowledge, and associated hardware, from one organization to another or
within an organisation are explored in this section. Section 2.2.1 presents three
knowledge and technology transfer models that provide an overview of the factors that
either enable or impede the effective movement of knowledge and technology between
developers and users. Section 2.2.2 presents two models that explore the factors that
affect the transfer of knowledge within an organisation, and section 2.2.3 presents an
overview of the particular factors that affect the integration of external technology
knowledge in the new product development process. Overall, the knowledge and
technology transfer frameworks presented in this section offer a large number of factors
that help to understand the conditions that contribute to effective acquisition of

technology by collaboration.
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2.2.1 Knowledge and technology transfer models

There are many knowledge and technology transfer models proposed in the literature.
The initial models, developed prior to the nineties, looked at the technology transfer
processes mostly concerning the interaction between developer and user. They include

(Sung and Gibson 2000, Wahab et al. 2009):

1. Appropriability model'.

2. Dissemination model’.

3. Knowledge utilization model’.
4

. . 4
Communication model”.

Three relevant models developed in the 1990s offer relevant insights to understand the
performance of technology collaborations are those proposed by Gibson and
collaborators (Gibson and Smilor 1991, Sung and Gibson 2000), by Rebentisch and
Ferretti (1995) and by Cummings and Teng (2003). These three models are described

below.

Gibson and collaborators’ model

The model developed by Gibson and collaborators (Gibson and Smilor 1991, Sung and
Gibson 2000) comprises four levels of technology transfer (Figure 2.4): knowledge and
technology creation (Level I), sharing (Level II), implementation (Level III), and
commercialization (Level IV). At Level I individuals produce knowledge and announce
their results through a variety of channels such as journal articles, videotapes and
teleconferences. At this level, the transference of technology knowledge is largely
passive and requires limited interaction between developers and users. At Level 11, the
interaction between developer and user becomes more active. Success occurs when

technology knowledge is transferred across personal or organizational borders and it is

! The underlying proposition of the appropiability model is that the technology transfer occurs either when there is a
user for the technology or the technology has been announced in the market (Wahab et al. 2009)..

% The dissemination model suggests that experts are the means by which the specialized knowledge is transferred to
the willing user (Wahab et al. 2009).

3 The knowledge utilization model represents an evolution of the previous two models. In this model, two elements
are emphasized: (1) the role of communication between the technology developers and the users; and (2) the
existence of organizational barriers and facilitators in the transfer process (Wahab et al. 2009).P

* The communication model adds an additional perspective to the previous three models. This model stresses that the
interaction between developer and user is characterized by a two-way communication (Wahab et al. 2009).
Technology transfer is recognised as a complex process that is magnified when crossing organisational limits (Gibson
and Smilor 1991).
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accepted and understood by a particular group of users. At Level 111, success is achieved
by the timely and efficient implementation of the transferred knowledge within the user
organization in terms of manufacturing or other processes, services or best practices. At

Level 1V, the target of the transfer process is commercialisation.

Key factors in the
technology transfer
process

Level IV -

. e Communication
Commercialisation

¢ Distance
Level Il - ¢ Equivocality
Implementation ¢ Motivation
/ Level Il - Sharing \
/ Level | - Creation \

Source: the author. Adapted from Sung and Gibson 2000

Figure 2-4 Gibson and collaborators’ model

This model recognises four key factors in the technology transfer process: 1)

communication, 2) distance, 3) equivocality, and 4) motivation.

Communication refers to “the degree to which a medium is able to efficiently and
accurately convey task-relevant information and media richness” (Sung and Gibson
2000). Passive communications are media-based while interactive communications are
basically person-to-person based. Passive communications target many receptors, but
frequently the sender is unaware of whether the receptors receive and use the
information. In contrast, interactive communications involve intensive communication

between senders and receptors (Sung and Gibson 2000).

Distance comprises both cultural and geographical proximity (Gibson and Smilor
1991), however Sung and Gibson (2000) suggest that cultural differences are more

important than geographical separation. Cultural proximity is a relevant predictor of
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whether communications between technology developers and users will be facilitated or
discouraged. They point out “the more developers and users understand the values,
attitudes, and ways of doing things each other, the greater the chance of successful

transfer of knowledge and technology” (Sung and Gibson 2000).

Equivocality indicates “the degree of concreteness of knowledge and technology to be
transferred” (Sung and Gibson 2000). Sung and Gibson (2000) argue that “highly
equivocal knowledge is harder to understand, more difficult to demonstrate, and more

ambiguous in its potential applications” (Sung and Gibson 2000).

Motivation, on the other hand, concerns individuals’ motivations to participate and
supporting knowledge and technology transfer processes. This factor comprises the
incentives that organizations give to their members who engage in transfer activities.
Sung and Gibson (2000) indicate that motivations become critical when the target of the

transfer process is closer to commercialisation.

Rebentisch and Ferretti’s model
Rebentish and Ferretti (1995) propose a technology transfer framework that features

four dimensions (Figure 2.5):

1. Transfer scope.

2. Transfer method.

3. Knowledge architecture.
4

Organisational adaptive ability.

Transfer scope describes the level of embodiment of the technology that is going to be
transferred. Two sub-dimensions are covered in this dimension: how much information
is embodied in the technology and the type of technology. These two sub-dimensions
are combined to form four categories: (1) general knowledge, (2) specific knowledge,

(3) hardware and (4) behaviours.

General knowledge is the simplest form of knowledge transferred between
organisations. This kind of knowledge, although easy to transfer, does not allow the
recipient to reproduce the capabilities of its partner. Specific knowledge, on the contrary,
provides the recipient firm with enough information to reproduce its partner’s
capabilities. Hardware embodies knowledge or experience into a physical device, and

the last category, behaviours, comprises knowledge that is embodied in people’s actions
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and interactions. This last category of knowledge is commonly referred to as tacit
knowledge and comprises a greater amount and richer type of embodied knowledge

than the previous three (Rebentish and Ferretti 1995).

Knowledge Organisational
Transfer scope Transfer method . 8 gan. "
architecture adaptative ability
General | | Impersonal Ll Hardware | | Staffing
knowledge communication flexibility
| Specific n Personal L Experience base | | Production
knowledge communication p flexibility
= Hardware = Group — Procedures
interaction
. Physical
Behaviors e Power structure

Source: the author. Adapted from Rebentish and Ferretti 1995

Figure 2-5 Rebentisch and Ferretti’s model

Transfer method refers to the way or mechanism to transfer the technology. This
dimension of the framework includes four methods: (1) impersonal communication, (2)

personal communication, (3) group interaction, and (4) physical relocation.

The first method, impersonal communication, takes place through documents, graphic
representations or material objects. This method is able to transfer relatively more
information, but provides no immediate feedback to determine whether the receiver
understands what is being communicated. Personal communication is performed by
verbal communication, and it may include telephonic conversations or
videoconferences. It occurs in real time between distant individuals and allows for
immediate feedback. Group interaction, on the other hand, is also performed in real
time by verbal communication, but it occurs through face-to-face meetings or
organisational structures intended to facilitate the flow of information between

individuals. Physical relocation comprises multiple forms of communication; it
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includes combinations of face-to-face interactions with documents and field
observations. This method brings the people involved in the transference to the site
where they can observe the technology in the context in which it operates (Rebentish

and Ferretti 1995).

Knowledge architecture indicates the structure and interdependencies of the knowledge
assets of the firm. This dimension specifies the way by which an organisation stores and
process information. Rebentish and Ferretti (1995) argue that technologies are part of an
organisation’s overall knowledge architecture, and therefore they may have
interdependent relationships with other elements in that architecture. This argument
implies that it is critical to understand the interdependence of such knowledge with
other assets in the providing organisation that could impede the transference of

technology.

Knowledge architecture considers four components: (1) technology hardware, (2)
experience base, (3) procedures, and (4) organisational power structure. The first
component, technology hardware, comprises the physical and operational systems that
allow the technology to provide a specific service. Thus, technology is easily transferred
between sites if the technology hardware systems at the receiver site are relatively

similar to the providing site.

The second component, experience base, refers to the technical, operational and
product-related knowledge that the members of an organisation possess. Rebentish and
Ferretti (1995) stress that technology transfer may not be successful if the receiving
organisation does not have prior experience or knowledge about the technology. Indeed,

the receiver organisation may not be aware of the existence of such technology.

The third component, procedures, comprises the formal and informal operational rules
that coordinate the activities and responsibilities of the members of an organisation.
Procedures are dynamic and grow around an organisation’s technologies, experience
base, and power structure; therefore procedures are an integral part of the knowledge

architecture.

Finally, the last component is the power structure of the organisation. This component
determines what knowledge is valued and who will use it and how it will be used.

Changes in the technology base of an organisation can raise shifts in the relative power



28 LITERATURE REVIEW

of internal groups. Consequently, technology transfer initiatives may be interfered with,
or facilitated, by a person, group or power coalition within the receiver organisation

(Rebentish and Ferretti 1995).

The last dimension of the model, organisational adaptive ability, refers to the ability of
an organisation to modify its knowledge architecture over time to assimilate a new
technology. This element of the framework denotes two characteristics of organisations:
staffing flexibility and production flexibility. The former refers to an organisations’
ability to use their members to fulfil the gap between its existing knowledge architecture
and the architecture demanded by the new technology. The second characteristic,
production flexibility, expresses the availability of additional resources or productive
capacity to respond to non-routine events such as engineering-problem solving,

modifications to existing equipment, or pilot trials (Rebentish and Ferretti 1995).

Cummings and Teng’s model
Cummings and Teng (2003) explore the factors affecting the transfer of R&D
knowledge. They argue that knowledge transfer occurs across four contextual domains:

knowledge context, relational context, recipient context and activity context (Figure

2.6).

Knowledge Relational Recipient
context context context
Source Distances Recipient

* Organisational
*  Articulability * Physical * Learning culture
* Embeddedness * Knowledge *  Priority
¢ Norm
Knowledge to be Knowledge needed
transferred Activity

context

* Transfer activities

Source: Cummings and Teng 2003

Figure 2-6 Cummings and Teng’s model
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Knowledge context comprises two key factors: (1) knowledge’s embeddedness and (2)
articulability. Embeddedness refers to the extent to which the knowledge resides in
individuals, in physical products, organizational routines or sub-networks. Cummings
and Teng (2003) argue that transferring knowledge is more difficult when the
knowledge resides in multiple knowledge reservoirs and sub-networks. Knowledge
articulability is the extent to which knowledge can be verbalised, written, drawn or
otherwise articulated. They point out that tacit knowledge is hard to communicate
because it is non-verbalized, intuitive and unarticulated; and the only way to
communicate it is through actions, involvement and commitment within a specific
context. In contrast, product-based knowledge is codifiable, therefore, more articulable
than tacit knowledge. They argue that poorly articulated knowledge is difficult to

transfer within the members of an organisation (Cummings and Teng 2003).

Relational context comprises four variables: (1) organisational distance, (2) physical
distance, (3) knowledge distance and (4) norm distance. Organisational distance refers
to the degree of organisational integration between the participant units in the transfer
initiative. Physical distance makes communication between developers and users more
difficult, increases expenses and requires more time. Face-to-face interactions have
been found superior to other communication formats in knowledge transfer. Knowledge
distance refers to the degree to which the developer and user possess similar
knowledge. Finally, norm distance refers to the degree to which participating
organisations share the same organisational culture and value systems (Cummings and

Teng 2003).

Recipient context comprises project priority and predisposition for learning. It is
proposed that a greater motivation to support the transference occurs when the recipient
organisation sees the knowledge transfer project as highly important (Cummings and
Teng 2003). In addition, a culture of learning in an organisation facilitates knowledge
transfer. Cummings and Teng (2003) point out that a willing recipient is not enough;

knowledge must be retained to achieve effective technology transfer.

Activity context includes three interdependent types of knowledge transfer activities: (1)
assessment of the form and embeddedness of the knowledge, (2) management of the
administrative structure to solve any issue between participating organisations, and (3)

those activities focused on transferring the knowledge (Cummings and Teng 2003).
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2.2.2 Knowledge-based view of the firm

The knowledge-based view (KBV) of the firm offers another perspective of factors that
affect the performance of technology collaborations. This theoretical perspective
considers knowledge as a key resource to build competitive advantage (Grant 1996,
Szulanski 1996). The main focus of KBV is the transfer (Szulanski 1996) and
application (Grant 1996) of knowledge within an organisation. The models proposed by
Gabriel Szulanski and by Robert Grant propose internal barriers to transfer and apply
knowledge. Their models offer concepts needed to identify the inter-organisational
factors that may limit the internalisation of new knowledge. The core elements in their

models are described below.

Szulanski’s model

Szulanski (1996) argues that a critical component in a firm’s ability to build competitive
advantage is the ability to transfer practices internally. He explores a series of factors
that could become barriers to transfer knowledge within the firm. He distinguishes four
stages in the transfer process: (1) initiation, (2) implementation, (3) ramp-up, and (4)

integration.

The first stage, initiation, comprises activities and events that lead to the decision to
transfer. A necessary condition in this stage is that both the need and the knowledge to

meet that need coexist within the organization.

The next stage, implementation, begins with the decision to proceed and finishes when
knowledge has been transferred to the recipient or potential user. In this stage the

knowledge flow is enabled by transfer-specific social ties.

The ramp-up stage starts as soon as the recipient applies the knowledge. This stage is
characterized by the emergence of unexpected problems to apply the knowledge and by

the gradual improvement in the use of the knowledge.

The last phase, integration, starts when the recipient achieves a satisfactory command
of the transferred knowledge. In this phase, the knowledge use is gradually routinized
and subsequently incorporated in the meanings and behaviours of the members of the

organisation that participate in its application.



CHAPTER 2 31

Szulanski (1996) also observes that four factors can affect the difficulty of transferring

knowledge within an organisation:

1. Characteristics of the knowledge transferred.
2. Characteristics of the source.

3. Characteristics of the recipient.
4

Context of the knowledge transfer.
Characteristics of the knowledge transferred

Szulanski (1996) stresses two characteristics of the knowledge that influence the
difficulty of its transfer: causal ambiguity and unproveness. Causal ambiguity is present
when the precise reasons for failure or success to replicate a capability in a new setting
cannot be determined. Knowledge tacitness and idiosyncratic features of the new
context contribute to causal ambiguity. Unproveness indicates whether or not the
knowledge has been proven to be useful in the past. Knowledge without a proven record

of past usefulness is more difficult to transfer (Szulanski 1996).
Characteristics of the source of knowledge

Lack of motivation and reliability of the source are two features of the source of the
knowledge highlighted in Szulanski’s model. On the one hand, knowledge transfer is
more difficult when the source is unwilling to share it. The source may not be interested
in sharing critical knowledge for several reasons, including fear of losing ownership,
inadequate rewards or unwillingness to dedicate time and resources to support the
transfer. On the other hand, knowledge recipients may resist accepting information and
advice from a source that is not perceived as reliable. A trustworthy and knowledgeable

source is more likely to influence the behaviour of a recipient (Szulanski 1996).
Characteristics of the recipient

Szulanski’s model states three features of the recipient that affect the transfer process:
(1) lack of motivation, (2) lack of absorptive capacity, and (3) lack of retentive capacity.
The lack of motivation results in a rejection in the implementation and use of new
knowledge; lack of absorptive capacity results in the inability to value, assimilate and
apply new knowledge, and; lack of retentive capacity reflects the ability of the recipient

to internalize (Cumming and Teng 2003) the use of new knowledge (Szulanski 1996).
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Characteristics of the context

Two characteristics of the context are pointed out in Szulanski’s model: barren
organisational context and arduous relationship. The organisational context includes for
example systems, formal structures and behaviour-framing attributes. The
organisational context affects the number of attempts and outcomes of knowledge
transfer initiatives. The second characteristic, arduous relationship, regards to the
relationships between individuals. These relationships are particularly important to
enable communication and transfer the tacit components of the knowledge (Szulanski

1996).

Figure 2.7 shows the stages of the transfer process and the factors that affect the

difficulty of transferring the knowledge within an organisation.

Stages of the transfer
process

Barren
context

Factors that can affect the difficulty of transferring knowledge

,
J
~
J
~
J

Casual Lack of | | Lackof
ambiguity motivation motivation

Implementation

,
J

Lack of Lack of Arduous
B Unproven perceived absorptive . .
It reliability capacity EEEIED
Lack of
. —| retentive
Integration capacity

Source: the author. Adapted from Szulanski 1996

Figure 2-7 Szulanski’s model

Grant’s model

There are two main distinctive propositions in Grant’s model (Grant 1996). First,
knowledge creation is an individual activity, therefore each person possesses different
knowledge. The assumption is based upon the principle of “bounded rationality” which

proposes that the human brain has limited capacity to acquire, store and process
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knowledge. Consequently, individuals tend to specialize in particular areas of
knowledge. Second, the primary function of firms is the integration and application of
existing knowledge to the production of goods and services. The underlying assumption
is that knowledge is a critical input in production and a primary source of value (Grant
1996). Grant (1996) stresses that firms achieve efficiency through effective knowledge

integration and not by effective technology transfer.

Grant’s knowledge-based theory points out that firms are able to offer products and
services because they provide the conditions under which multiple individuals integrate
their specialist knowledge. Efficient value creation results through systemic application
of individuals’ knowledge, but it is often problematic to achieve cooperation and
effective coordination (Grant 1996). Grant (1996) suggests that the mechanisms that
facilitate the systemic integration of knowledge across different ‘specialized

organizational units’ are divided in four categories (Figure 2.8):

1. Rules and directives.
2. Sequencing.
3. Routines.
4

Group problem solving.

The rules and directives category involves plans, schedules, forecasts, rules, policies,
and procedures among others. Sequencing considers organization of production
activities in time-patterned progression. Routines may be simple sequences;
nevertheless their distinctive feature is their ability to support complex patterns of
interactions between individuals in the absence of rules, directives, or even significant
verbal communication. Group problem solving is the more personal and

communication-intensive form of knowledge integration (Grant 1996).

The effective operation of mechanisms described above depends on the existence of
common knowledge, which includes the elements of knowledge that are common to all
the members of the organisation (Grant 1996). The elements of the common knowledge
include language, symbolic communications, commonality of specialized knowledge,
shared meaning, and recognition of individual knowledge domains (Grant 1996). Grant
(1996) argues that a more efficient integration is achieved when it is higher the level of

common knowledge between the members of an organisation.
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Source: the author based on Grant 1996.

Figure 2-8 The knowledge-based view of the firm

2.2.3 External technology integration in the development of new products

To close Section 2.2, the perspective of the external technology integration (ETI) in the
context of the new product development process is described. Tatikonda and Stock are
the main supporters of this perspective, having explored the conditions that enable the
integration of external technologies into a new product (Tatikonda and Stock 2003,
Stock and Tatikonda 2004). They built a conceptual framework upon the combination
of two theoretical approaches: information processing theory and the interdependence
theory. Their framework combines two key elements: technology uncertainty and inter-
organisational interaction (Figure 2.9). They suggest that technology transfer
effectiveness 1s greatest when participant companies match the type of technology with
the appropriate design, implementation and management of the inter-organisational

interaction between supplier and recipient (Tatikonda and Stock 2003).

Technology uncertainty is characterised by three dimensions: technology novelty,
complexity and tacitness. Technology novelty refers to both the degree of experience of
the recipient company with the technology and the degree of change of the technology
in relation to prior technologies. Technology complexity refers to the interdependence
level among the elements of the technology within a system and its operating

environment, as well as the scope of the technology’. Tacitness refers to the degree to

> The scope of the technology comprises the number of people working on and the functional areas represented in the
development effort (Tatikonda and Stock 2003).
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which the technology is embodied in a physical device, textually or graphically codified

and complete’.

The second element of the model, inter-organisational interaction, is described by
three dimensions: communication, coordination and cooperation between the developer
and recipient organisations. Tatikonda and Stock (2003) point out that despite these
dimensions being conceptually different, in practice they can overlap somewhat. They
observe that the higher levels of communication, coordination and cooperation, the
higher interaction between technology developer and recipient. Under such a context of
higher levels of interaction, both developer and recipient practically become a single

temporary organisation (Tatikonda and Stock 2003).

Communication Cooperation

Coordination

Inter-organisational
interaction
(between the source

and the recipient)

Information
processing
capabilities
Functional
Novely operation
~ Technology Information ETI
. uncertainty > H
c et " Cost
omplexity =3 (of the technology to pro.cessmg effectiveness
Tacitness 7 be integrated) requirements Time

Source: Stock and Tatikonda 2004.

Figure 2-9 Tatikonda and Stock’s analytical framework

Tatikonda and Stock (2003) stress that the main focus of their framework is to highlight
the technical dimensions that are related to the challenges associated with transferring
product technology in the context of new product development. They argue that an
accurate assessment of the technology uncertainty of the product technology that is
transferred would lead to a better design, implementation and management of the inter-
organisational interaction between the developer and recipient. They observe that the

performance of a new product development project depends also on other project

6 Technology completeness indicates the level of predictability of its functional performance or, in other words, the
maturity of the technology (Tatikonda and Stock 2003).
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management factors, but the identification of these factors was out of the scope of their

research.

Recently, Cui et al. (2012) published a paper that explores the factors that influence the
effective integration of external technologies in the new product development process.
Based on the analysis of 31 projects, they identified success drivers in development
collaborations that are related to the maturity of the technology. They observe that
successful integration of embryonic technologies is characterised by trust and
communication, organisational stability of the supplier and defined goals. In the case of
mature technologies, they found that project success also depends on compatibility of
the technology with existing systems architecture and flexibility of the supplier to adjust

components to accommodate broader systems requirements.

2.2.4 Summary

The three theoretical approaches presented in this section emphasize that technology
characteristics, ease of communication and the transfer context influence how
effectively a technology is moved from the provider to the recipient. Nevertheless, this
perspective does not explain the motivations that drive the provider and receiver to
engage in a technology transfer project, which seems to be important to understand the

factors that affect TA by collaboration.

In addition, it is worth mentioning that the knowledge and technology transfer
perspective suggests that there are two levels of internalization of technology from the
perspective of the recipient. The first level is more superficial and it is achieved when
the recipient understands how to integrate the technology to their daily operations. The
models proposed by Grant, Gibson and collaborators, as well as Tatikonda and Stock
support this level of transference’. The second, and deepest, level of internalisation is
achieved when the recipient absorbs all the technology knowledge that is behind a
particular technology and it is able to replicate it. The models proposed by Rebentish

and Ferretti, Szulanski, and Cummings and Teng seem to support this level of

" Grant’s model suggests that firms get value through the effective integration of technology and specialised
knowledge. Gibson’s model identifies four levels of transference, which span from passive communications between
provider and receiver to intensive interactions aimed at applying the technology for commercial purposes. Tatikonda
and Stock, likewise, argue that providers help receivers to incorporate the technology into their operations. These
three models do not indicate that the receivers should be able to replicate the technology but rather understand the
technology and how it adds value to their operations.
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transference. Their models provide a series of conditions that affect how effectively a
particular technology or knowledge is moved from the provider to the receiver. Figure
2.10 shows a representation of the levels of internalisation of technology suggested by
the knowledge and technology transfer models discussed in this subsection. This
research concerns the level where the technology is integrated into the operations of the

recipient to generate value (level 1).

Level 1 The recipient integrates

Supporting models: . the technology into its

Grant (1996), Gibson and Integratlon SRS e EE T
collaborators (1991, 2000), and p g

Tatikonda and Stock (2003) value
Level 2
Supporting models: o The recipient replicates
Rebentish and Ferretti (1995), Replication the technology of the
Szulanski (1996), and Cummings provider
and Teng (2003)

Increase recipient’s
understanding of the
technology knowledge

Source: the author

Figure 2-10 Dimensions of internalisation of technology

2.3 Managerial and organisational barriers

This section explores the organizational and managerial barriers that affect
communication and coordination between independent organisations. The barriers are
explored from the perspective of the organisation that receives the technology. This
section comprises three subsections, each one describes organisational and managerial
barriers from different bodies of literature. Section 2.3.1 presents the factors that affect
the performance of collaborations reported in the new product development
management literature. Section 2.3.2 presents the conditions that allow for effective
collaboration described in the body of literature concerning collaboration and strategic
alliance management. Finally, section 2.3.3 provides an overview of the organisational
culture literature and the dimensions of culture that are relevant to explain

communication barriers between independent organisations.
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2.3.1 New product development management

New Product Development (NPD) is the part of the innovation process where activities
are typically known and structured. Traditional NPD begins with the selection of
business ideas and finishes with the launching of a new product®. NPD is a project
screening process. Business ideas are matured and their success viability is defined by
technical and economic evaluations. Figure 2.11 shows a generic NPD process, which is
linked to a technology development process. This model indicates that the outcomes of
technology development projects can go into a NP process at gate 1, 2 or 3 (Cooper
2006). Before each stage there is a decision point where the progress of the project is
evaluated. Gates are predefined and described by a set of deliverables, a list of criteria
for assessment and an output (Cooper 2001). Those projects that do not meet the

evaluation criteria are discarded.

The 3-stage TD process

Applications
path gate
Discovery
Stage Stage Stage
@ ; : :
Poject scopin Technical Detailed
! ping assessment investigation

Project enters the NPD process at Gate 2 (sometimes Gates 1 or 3)

ﬁ Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
@ Scoping @ Business Case @ Development @ Testing @ Launch

The standard 5-Stage, 5-Gate Stage-Gate ® New Product Process

Source: Cooper 2006.

Figure 2-11 Generic stage-gate new product process

8 Cooper (2001) defines newness in two senses: 1) New to the technology receiver, in the sense that the firm has
never made or sold this type before, but other firms might have; 2) New to the market, when there is not any similar
product available in the market.
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Fraser et al. (2003) argue that product development is inherently a collaborative activity
because it involves both internal groups and external partners. External partners can be
broadly divided in two types: (1) suppliers, which comprise for instance technology or
material/component providers; and (2) customers, which include for example final users
and manufacturers. External partners may join the development process at different
stages (Handfield et al. 1999). In radical and complex development projects, partners
are frequently involved at early stages of the development process (Rothwell 1994,

Ragatz et al. 2002, Petersen, et al. 2005).

Supplier involvement

The benefits of involving suppliers in product development projects are often associated
with cost reductions, shorter concept-to-customer development time, quality
improvements and incorporation of new technologies (Cuthill et al. 1997, Handfield et
al. 1999, Petersen et al. 2005). Suppliers can join the development process at different
points depending on, for instance, the complexity of the project (Wagner and Hoegl

2006). Figure 2.12 shows possible supplier integration points (Handfield et al. 1999).

Authors have pointed out a number of issues in supplier integration, such as timing to
involve suppliers in the process, inter-firm communication, intellectual property
agreements and alignment of organisational objectives (Handfield et al. 1999). Some of
the factors that seem to facilitate collaborative working with suppliers are a favourable

past experience, business compatibility, probability of success of the new product, and

Idea Business/ Product/ Product/ Prototype
; : process/ process/ : Full scale
\5;2?3? tohne azsggsnr:::Lt service service b:il||gt’ :s;’:_ir;d production/
customer (preliminary) de\sglrz)cpergtent z':]gér:jeeiri;ng for operations operations

Possible supplier integration points

Source: Handfield et al 1999.

Figure 2-12 Possible supplier integration points in the new product development process
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demonstrable financial stability (Cuthill et al. 1997). In addition, Monczka et al. (1998)
observe that the following attributes of supplier collaborations are related to success:
trust and coordination, interdependence, information sharing, joint problem solving as

well as avoiding the use of severe tactics to solve conflicts.

However, involving suppliers in the development process may have some
disadvantages. For example: selecting one supplier may limit the access to other
technologies; having one single source may not be the cheapest option to cut production
costs; and, technical capabilities may be lost in activities allocated to the supplier
(Cuthill et al. 1997, Handfield et al. 1999). These circumstances make supplier selection
a critical issue (Handfield 1999).

Customer involvement

Several authors have explored customers’ involvement in development projects, in
particular because they are considered a key source of innovation (Gales and Mansour-
Cole 1995, Von Hippel 2005, Goffin et al. 2010). Customer involvement is frequently
addressed in innovation literature (e.g. Goffin and Mitchell 2005, Ettlie and Pavlou
2006), where changes in the customer or user preferences are a key trigger to develop
new products. In innovation projects, the customer is generally seen as the primary

source of ideas to achieve commercial success.

There is a series of potential benefits of involving customers and users in the
development of new products. These benefits include reducing time to market of new
products, sharing development costs, reducing risks of new product failure and enabling
the implementation of new technologies (Gales and Mansour-Cole 1995, Cuthill et al.
1997). Goffin et al. (2010) distinguish four points of customer involvement in the NPD

process:

1. Ideation.
Design and development.

2
3. Market launch.
4

Modification and novel use.
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In the ideation phase the customer or user generate ideas for new products and services.
In the design and development phase, the product is co-developed in close cooperation
with the sponsoring firm’. Just before launching a new product, customers can be
involved in tests to define the final features of the product and marketing strategy.
Finally, when a product is already in the market, customers can provide insights on new

uses of the product or modifications to add functionality (Goffin et al. 2010).

However, despite the potential benefits of customer involvement, firms may face
particular challenges to determine the appropriate level of involvement of the user
(Gales and Mansour-Cole 1995). For example, in co-development projects that are
initiated by a firm willing to explore new technologies for new products (Neale and
Corkindale 199, Kim and Lee 2003), the relationship with the customer may depend
greatly upon the success/failure of the new product (Cuthill et al. 1997). The firm may
also become too dependent on one customer and it is possible that proprietary
technology may be divulged (Cuthill et al. 1997). Some of the factors that allow for
sustainable relationships with customers are positive impact on sales and profit,

development of trust, risk sharing and financial support (Cuthill et al. 1997).

Influential factors

Literature on NPD has discussed a number of factors that can affect the outcomes of
collaborative developments. Table 2.3 presents the factors that have been reported as
relevant. For simplicity, these factors have been divided into four categories: partners
alignment, partnership management, project execution and contextual factors. From
Table 2.3 it can be observed that a significant proportion of factors are related to project

execution.

? Goffin et al. (2010) point out that the involvement of customer or user at this phase of the development process
result in user-led innovations.
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Table 2-3 Factors affecting the outcomes of collaborative developments explored in NPD literature

Type of factor Reference
See note at end.
Partners alignment Commitment 2
Development cost sharing 18
Motivations 2
Mutual benefits 2
Trust 2
Partnership management Buyer-supplier relationship 13
Collaboration management 6,11, 14
Partner selection 10, 13, 19
Type of agreement 19
Project execution Coordination 12
Development team 3,10, 13
Development work sharing 18
Project management 2,9,16
Establishment of clear goals 10
Knowledge base overlap 15
Product champion 1
Product performance 7
Supplier involvement 4,12, 13
Contextual factors Characteristics of the acquiring firm 17
Product novelty 18
Project characteristics 5,8
Technology novelty 5
Technology uncertainty 7
Type of partner 15,19

References: [1] Chakrabarti 1974; [2] Littler et al. 1995; [3] Jassawalla and Sashittal 1998; [4]
Handfield et al. 1999; [5] Tatikonda and Rosenthal 2000; [6] Deck and Strom 2002; [7] Ragatz 2002; [8]
Tidd and Bodley 2002; [9] Fraser et al. 2003; [10] Petersen et al. 2005; [11] Emden et al. 2006; [12]
Fliess and Becker 2006; [13] Wagner and Hoegl 2006; [14] Cooper 2006; [15] Knudsen 2007; [16] Caiiez
et al. 2007; [17] Barczak et al. 2009; [18] Bhaskaran and Krishnan 2009; [19] Faria et al. 2010.

2.3.2 Collaboration and strategic alliance management

Managing collaborations is a challenging activity (Ireland et al. 2002, Hacklin et al.
2006). Scholars and managers have reported that collaborations do not always meet the
original expectations; for instance, some studies have found that more than half of
collaborations fail (Duysters et al. 1999). Literature on management of strategic

alliances has explored inter-organizational factors that ultimately influence the
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Table 2-4 Factors explored in literature concerning collaborations and strategic alliance management.

Category Factor References
See note at end.
Partners alignment Alliance strategy 32,48
Importance of the project 9
Managing of IPR 30
Motivations 33,39, 44, 55
Problem definition 7
Skills and resources in exchange 20, 39, 41
Trust 7,39
Partnership management  Type of agreement 1,8,24,27,37,41,47, 48, 50
Collaboration management 5,11,13,17,25,28
Incentive alignment 7
Involvement level 19, 22, 39
Partner selection 3,12, 16, 54
Success factors 14, 18, 40
Project execution Communication 7,39
Compeatibility of operations 39,43
Coordination 35, 39, 56
Cultural distance 43
Knowledge and technology transfer 6, 42, 44
Knowledge spill overs 49
Organisational learning 42
Performance of the project 58
Contextual factors Characteristics of the acquiring firm 1, 7, 26, 29, 39, 44, 50
Competitive environment 1,24, 31, 33, 38, 46, 50, 57
Experience in collaborative projects 10, 34, 43, 50
Availability of financial resources 39
Previous relationship 10
Project characteristics 1,4,10,17,21, 43,59
Characteristics of the providing firm 1, 7, 10, 17, 29, 39, 43, 44, 48, 53
Technology characteristics 2,22,43, 44
Technology dynamism of industry 31
Technology policy 45, 51
Type of partner 2,4, 15,23, 36, 50, 52, 60

References: [1] Buse and Armonaitis 2011; [2] Cui et al. 2012; [3] Lee et al. 2010; [4] Paixao-Garcez et al. 2010; [5]
Slowinski et al 2009; [6] Spivey et al. 2009; [7] Cui et al. 2009; [8] Baloh et al. 2008; [9] Lunnan and Haugland 2008;
[10] McCutchen Jr et al. 2008; [11] Chesbrough and Schwartz 2007; [12] Hacklin et al. 2006; [13] Piachaud 2005;
[14] Campione 2003; [15] Miotti and Sachwald 2003; [16] Das and Teng 2003; [17] Kim and Lee 2003; [18] Marxt
and Link 2002; [19] McCutcheon and Stuart 2000; [20] Das and Teng 2000; [21] Cagliano et al. 2000; [22] Steensma
and Corley 2000; [23] Kaufman et al 2000; [24] Narula and Hagedorn 1999; [25] Duysters et al. 1999; [26] Robertson
and Gatignon 1998; [27] Chiesa and Manzini 1998; [28] Bronder and Pritzl 1992; [29] Minshall et al. 2010; [30]
Mehlman et al. 2010; [31] Ang 2008; [32] Yasuad and lijima 2005; [33] Yasuda 2005; [34] Reurer and Zollo 2005;
[35] Gerwin 2004; [36] Belderbos et al. 2004; [37] Colombo 2003; [38] Vilkamo and Keil 2003; [39] Williams and
Lilley 1993; [40] Barnes et al. 2006; [41] Lin et al. 2009; [42] Inkpen 1998; [43] Simonin 1999; [44] Simonin 2004;
[45] Hagedoorn et al. 2000; [46] Hagedoorn 1995; [47] Hagedoorn 1996; [48] Hipkin and Naude 2006; [49] Jordan
and Lowe 2004; [50] Lhuillery and Pfister 2009; [51] MacKinnon 1989; [52] Thuriaux-aleman et al. 2010; [53] Varis
et al. 2004; [54] Caetano and Amaral 2011; [55] Hagedoorn 1993; [56] Enberg 2012; [57] Wu 2012; [58] Lin et al.
2012; [59] Lager and Frishammar 2010; [60] Un et al. 2010.
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performance of alliances. A detailed list of factors addressed in this literature is shown
in Table 2.4. The factors have been also divided into four categories: partners

alignment, partnership management, project execution and contractual factors.

This body of literature points out factors such as acquiring firm characteristics (e.g. Cui
et al. 2009, Buse and Armonaitis, 2011), providing firm characteristics (e.g. Kim and
Lee 2003, McCutchen Jr et al. 2008), type of partner (e.g. Miotti and Sachwald 2003,
Cui et al. 2012), type of agreement (e.g.Colombo 2003, Baloh et al. 2008), and
competitive environment (e.g.Yasuda 2005, Ang 2008) amongst others as influential in

the outcomes of strategic alliances.

2.3.3 Organisational culture

Culture can influence the quality of the communication between independent
organisations. Culture is often referred to as “the collective programming of the mind
which distinguishes the members of one group or category of people from another”
(Hofstede G. 1991, p.5). However, many scholars agree that culture is something
difficult to define. It comprises a pattern of beliefs and values that are manifested in
practices, behaviours, and various artefacts shared by members of an organisation or a

nation (Hofstede 1980).

Differences in culture are manifested in several ways. Hofstede (1991) considers that
culture can be described by four elements: symbols, heroes, rituals and values. The first
three are visible to an outside observer and they can be summarised as practices. In
contrast, values are unconscious feelings therefore they cannot be observed and they are
only manifested through peoples’ behaviour. Figure 2.13 shows that “symbols represent
the most superficial and values the deepest manifestations of culture, with heroes and

rituals in between” (Hofstede 1991, p.7).

Scholars suggest that there are many ways to compare cultural differences between
organisations. Table 2.5 shows some of the dimensions that have been proposed by
different authors. Each of these dimensions comprises a number of practices and
organisation characteristics. These dimensions are useful to examine the critical

differences between independent organisations.
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Source: Hofstede 1991.

Figure 2-13 Manifestations of culture at different levels of depth

Table 2-5 Dimensions of organizational culture suggested by different authors

Author
O'Reilly et al. 1991

Dimensions of organisational culture

Innovation.
Outcome orientation.
Respect for people.
Team orientation.
Stability.
Aggressiveness.
Attention to detail.

Denison and Mishre 1995

Adaptability of the organisation.
Mission/goal orientation.
Employee involvement and participation.

Cunha and Cooper 2002

Organisational orientation.
Performance orientation.
People orientation.
Market orientation.

Khan et al. 2010

Support orientation.
Innovation orientation.
Co-ordination.

Rules orientation.

Waisfisz and Hofstede §

Means oriented vs goal oriented.
Internally driven vs externally driven.

Easy going work discipline vs strict work discipline.

Local vs professional.

Open system vs closed system.

Employee oriented vs work oriented.

Degree of acceptance of leadership style.
Degree of identification with the organisation.

Swww.geert-hofstede.com
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In short, firms’ culture is expressed by means of their practices and values. Thus,
differences in practices between partnering firms may lead to communication and
coordination problems, while differences in values may lead to disagreements in

negotiations and decision making during joint projects.

2.3.4 Summary

This section has presented an overview of influential factors on inter-firm collaborations
that have been reported in three strands of literature: new product development,
management of strategic alliances and organisational culture. On the one hand,
literatures on NPD and strategic alliances have reported a very large number of factors
that affect the outcome of inter-firm relationships. Those factors were broadly divided
into four categories: partners alignment, partnership management, project execution and
contextual factors. On the other hand, literature on organisational culture suggests that
the differences in practices and values between partnering firms may become a barrier

for communication and decision-making in collaborative projects.

2.4 Strategic management perspective

This section presents two theoretical concepts that address how firms build competitive
advantage by exploiting external technologies. One of the main drivers to enter into
collaborative agreements is to obtain access to resources required to build and sustain
competitive advantages (Bruce et al. 1995). According to Michael Porter (1980) there
are three main generic strategies that firms can follow to outperform other firms in their
industry: overall cost leadership, differentiation and focus. Quite frequently, firms
follow more than one of these strategies (Porter 1980). However, none of these generic
strategies is effective if a firm’s competitors can replicate it; thus, the sustainability of a
generic strategy requires that a firm develops barriers to prevent their competitors from
imitating it (Porter 1985). These competitive barriers are explained by well-known
theoretical approaches such as the resource-based view, transaction cost economics
(TCE), absorptive capacity, agency theory and transaction value theory. In this section

the resource based view and absorptive capacity are described because they offer



CHAPTER2 47

relevant elements to understand how firm develop new competences by means of

technology collaborations'®.

2.4.1 Resource based view

The Resource Based View (RBV) contends that firms are collection of tangible and
intangible resources (Das and Teng 2000). When these resources are valuable, rare,
inimitable and nonsubstitutable they lead to unique capabilities (Barney 1991) and,

therefore, to creating competitive advantages.

The RBV has been used within the last decade to explain the formation, structure and
performance of strategic alliances (Das and Teng 2000, Tsang 1998). It is appropriate
for explaining the formation of strategic alliances because firms enter into collaborative
ventures with the purpose of gaining access to external resources to achieve or sustain a

competitive advantage.

The basic proposition of the RBV is that firms are a set of tangible and intangible
resources that in combination yield productive services (or capabilities). A productive
service is the result of the way in which such resources are used in the firm and defines
its capability of achieving a specific job function or activity. Thus, firms’ capabilities

are embedded in their organizational resources rather than in individuals (Tsang 1998).

There are different ways to classify the resources of a firm. For example, Barney (1991)
suggests three categories, namely physical resources, human resources and

organizational resources.

* Physical resources include tangible assets such as land, plant, equipment,
finished and semi-finished goods, as well as intangible resources such as brand
name, copyrights and patents.

*  Human resources include training, experience, relationships, skills and

intelligence of the firm’s staff.

10 Despite TCE, agency theory and transaction value theory offer a very good basis to explain inter-firm
collaborations and contractual modes for governing the relationship, they are not described in the literature review
because their contribution to our understanding of building competitive advantage from technology collaborations is
marginal compared to RBV and absorptive capacity. However, the relevant elements of these theories will be referred
to when useful in this document.



48 LITERATURE REVIEW

* Organizational resources refer to corporate culture, organizational structure,
rules, procedures, management and information systems, as well as a firm’s

relationships with external institutions (Barney 1991).

On the other hand, Das and Teng (2000) propose that the resources of a firm may also
be classified into two wide categories: property-based resources and knowledge-based
resources. The former are resources legally owned by firms, including financial capital,
physical resources and human resources. The latter refers to firm’s intangible know-

how, skills, as well as technical and managerial systems.

In the case of property-based resources, owners enjoy clear property rights of these
resources, or rights to use the resources, so that others cannot take them away without
the owners’ consent. Thus, property-based resources may be imitable but they cannot
be easily obtained, because they are legally protected through property rights in such
forms as patents or contracts. In contrast, knowledge-based resources are not easily
imitable because of knowledge and information barriers and, in consequence, are much

more difficult to transfer (Das and Teng 2000).

RBYV suggests that valuable firm’s resources are scarce, imperfectly imitable or mobile,
and lacking in direct substitutes (Barney 1991). Therefore, certain resources are not
perfectly tradable, as they are either mixed with other resources or embedded in
organizational structures (Das and Teng 2000). In addition, some resources can yield
only one productive service at a time and the amount of service given by a resource in a
predetermined period of time is generally limited. Other resources are able to offer one
or more productive services simultaneously in virtually unlimited amounts. Technology
and brands are two examples of this type of resources (Tsang 1998). This attribute of a

resource is referred to as flexibility.

Table 2.6 summarizes the types of resources and their attributes suggested by the RBV.
As mentioned above, combination of resources yields productive services. Due their
attributes, productive services can be imperfectly imitable, imperfectly mobile, without
substitutes and limited, either because of availability or flexibility of the associated
resources. These characteristics are relevant to understand why firms enter into a

collaboration agreement.
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Table 2-6 Types of resources and their attributes suggested in the RBV

Types of resources

Barney (1991) Das and Teng (2000)
*  Physical resources *  Property-based resources

*  Human resources * Knowledge-based resources
*  Organizational resources

Resources attributes

*  Availability

¢ Imitability

*  Mobility

¢ Substitutability
*  Flexibility

2.4.2 Absorptive capacity

Absorptive capacity (ACAP) is a theoretical concept that has evolved over the last 20
years. Originally Cohen and Levinthal (1990) defined ACAP as “the ability of a firm to
recognize the value of new, external information, assimilate it, and apply it to

2

commercial ends...”. Later Zahra and George (2002) reviewed the concept and
proposed a new definition. They defined ACAP as a “set of organizational routines and
processes by which firms acquire, assimilate, transform, and exploit knowledge to
produce a dynamic organizational capability” (Zahra and George 2002). Recently
Jiménez-Barrionuevo et al. (2011) pointed out that ACAP is “the organisation’s relative
ability to develop a set of organisational routines and strategic processes through which
it acquires, assimilates, transforms and exploits knowledge acquired from outside the

organisation to create value”.

The last two definitions stress that ACAP is dynamic and they indicate that it is not only
about acquiring and using knowledge generated outside. ACAP is about the ability to
continuously improve routines and processes to exploit external knowledge. Indeed,
ACAP has been found to be a strong predictor of innovation output (Hurmelinna-
Laukkanen et al. 2012) and it is considered an ability that firms develop in order to
build and sustain competitive advantage (Zahra and George 2002, Jiménez-Barrionuevo

etal. 2011).
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The definition proposed by Jiménez-Barrionuevo et al. (2011) distinguishes four
dimensions in ACAP: (1) acquisition, (2) assimilation, (3) transformation and (4)

exploitation of external knowledge.

The first dimension refers to a firm’s ability to locate, identify, evaluate and acquire
externally generated knowledge that is critical to its operations. The second dimension
is the ability to comprehend external knowledge. This ability includes the capacity to
analyse, classify, process, interpret and ultimately understand the knowledge brought
from outside the organisation. The third dimension refers to the ability to facilitate the
transfer and combination of prior knowledge with newly assimilated knowledge. This
ability comprises the capacity to combine new and existing knowledge in a different
way. The last dimension is the ability to incorporate the external knowledge into the
operations and routines of the focal firm. This is the ability through which a firm
improves and creates new goods, systems, processes, organisational forms and also

competences (Jiménez-Barrionuevo et al. 2011).

ACAP is described by two independent and complementary components: (1) potential
and (2) realized absorptive capacity (Zahra and George 2002, Jiménez-Barrionuevo et
al. 2011). The difference between these two components is the ability of a firm to

generate value from the newly acquired knowledge.

Potential absorptive capacity reflects the ability of a firm to acquire and assimilate
external knowledge. Such knowledge can be internalized and disseminated within the
firm, but the firm might not have the technical capacities required to transform and

exploit the knowledge that has been absorbed (Zahra and George 2002).

Realized absorptive capacity denotes a firm’s ability to transform and exploit external
knowledge. This ability largely depends on the firm’s technical capacities (Jiménez-
Barrionuevo et al. 2011). Realized absorptive capacity is therefore the ability to

incorporate new knowledge into firm’s operations.

Therefore, potential and realised absorptive capacities indicate that this theoretical
concept goes beyond merely the ability to understand external knowledge. ACAP is
fully developed when firms apply the knowledge that is brought in from outside
(George et al. 2001). Figure 2.14 graphically shows the relationship between the

dimensions and components of ACAP.
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Potential absorptive capacity Realised absorptive capacity

‘ Acquisition \E> Assimilation [ Transformation |:> Exploitation

Source: the author.

Figure 2-14 Dimensions and components of absorptive capacity

It is argued that ACAP is enabled by two elements: accumulated knowledge and
possession of related knowledge (Cohen and Levinthal 1990). Thus, ACAP seems to be
related with the intensity of investment on research or other capability-building
activities (Fabrizio 2009). Indeed, several publications have explored different
dimensions to measure ACAP. Typically, R&D spending (Cohen and Levinthal 1990,
George et al. 2001, de Faria et al. 2010) and investment on personnel training
(Escribano et al. 2009, de Faria et al. 2010) are two of the most common variables to
measure the ACAP of a firm. However, scholars have suggested that ACAP is still an
ambiguous concept since there is not a set of measures to determine the ACAP of a
firm. Jiménez-Barrionuevo et al. (2011) recognise that there is a flow of knowledge
from the organisation that creates the knowledge to the acquiring organisation.
Consequently, ACAP also can be affected by inter-organisational factors such as trust,
reciprocity, compatibility of cultures and management styles between the providing and

acquiring organisations (Jimenez-Barrionuevo et al. 2011).

2.4.3 Summary

The two theoretical concepts discussed in this section provide a context to explain why
firms are motivated to work in collaboration with industry partners. The resource-based
view suggests that firms are likely to join a collaborative effort when another firm
possesses resources or capabilities that, in combination with its resources and
capabilities, can yield a new capability. Given the unique combination of the resources
and capabilities of the partnering firms, the outcome potentially can lead to a new
source of competitive advantage for the participating firms. Thus, if the competitive

advantage is equally attractive for the partnering firms, the RBV seems to explain why
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firms are willing to enter into a collaborative agreement. Indeed, from this particular
point of view, the value that a firm sees in a collaborative agreement seems to be
narrowly linked to the extent to which the outcome of the collaboration can yield a new

source of competitive advantage.

ACAP, on the other hand, suggests that firms achieve competitive advantage by the
continuous and systematic assimilation and exploitation of externally generated
knowledge. This theoretical approach points out that successful use of external
knowledge requires the focal firm to possess a certain level of awareness about the
characteristics and technical requirements of the knowledge to be assimilated and
exploited. However, when firms do not have an appropriate level of ACAP to acquire a
particular technology knowledge they may opt for starting an alliance with a partner in

order to get access to its expertise to accelerate its acquisition.

In some sense, ACAP is closely connected to TA. Both concepts refer to incorporating
and using new technology knowledge within a firm. Nevertheless, these two concepts
seem to have a difference. ACAP concerns the conditions that define how fast a given
company can exploit new knowledge while TA is interested in exploring the processes
that allow companies to obtain the technology that they need. Thus, these two concepts

seem to be complementary rather than equivalent.

2.5 Framework v0.0

The four perspectives explored in the previous sections provide complementary insights
to understand the motivations to acquire technology by collaboration and the conditions
that may affect the effective acquisition of technology. Literature on TA describes the
key activities and factors that affect the incorporation and use of technology that is new
to a firm. Literature on knowledge and technology transfer suggests that there are two
levels of internalisation of technology from the viewpoint of the receiving partner,
namely integration and replication. Literature addressing inter-firm collaborations offers
insights on factors that may affect the outcomes of inter-firm relationships. Finally,
RBV and ACAP provide two different perspectives to understand how firms’ build

competitive advantage by exploiting externally developed technologies.
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Combining the activities in the TA process summarised in Section 2.1.1 and the factors

that affect the process, it is possible to depict a conceptual framework (Figure 2.15).

22?;:]2?2 of Identification Telchn.ology d VaIu; addgd
re uiregy of available evla u%\tlonfar;\ Negotiation Implementation alu it anh.

q technology selection of the relationship

ments source management

4

Strategic alighment

Structural match

Coordination capability

Technology uncertainty

Contextual issues

Source: the author.

Figure 2-15 Technology acquisition by collaboration — Conceptual framework (v0.0)

The framework comprises two dimensions: activities and factors. The framework
indicates that technologies are incorporated and exploited through a process that covers
the following activities: definition of technology requirements, identification of
available technology, technology evaluation and selection of the source, negotiation,
implementation and value added audit and relationship management. Literature also
provides a large number of factors that potentially can affect the outcomes of inter-
organisational interactions. In a general approach, factors can be allocated into five
groups: strategic alignment, structural match, coordination capability, technology
uncertainty, and contextual issues. Table 2.7 shows a consolidated list of the factors that
may affect the effective acquisition of technology by collaboration found in the core
literature. This table also indicates the body of literature where each factor comes from.

Each group is described below.
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Strategic alignment comprises factors that allow partners to set up a collaboration
agreement. Academic literature points out that strategic alignment is crucial to set up a
collaborative agreement (Bronder and Pritzl 1992, Emden et al. 2006, Hacklin et al.
2006). Strategic alignment comprises factors that influence the establishment of a
common vision and understanding of the benefits to each participant. Incentive
alignment, motivations, importance of the project and management of resulting
intellectual property amongst others seem to be influential factors to set up

collaborations.

Structural match is reported as a condition for any collaborative project (Marxt and
Link 2002, Kim and Lee 2003, Hacklin et al. 2006). Structural match comprises factors
that define the quality and availability of resources and skills required to develop an
intended product. It seems to be a driver for establishing collaborative efforts and
selecting a partner to work with. According to RBV, organisations are likely to enter
into a collaborative agreement when another entity possesses complementary resources.
This group of factors includes for instance availability of financial resources, partner

selection, skills and resources in exchange, as well as knowledge base overlap.

Table 2-7 Factors that may affect effective acquisition of technology by means of collaboration

Strategic alignment Type of agreement X X

Trust X X
Motivations X X

Agreement terms

Bargaining power of the source of technology

Business strategy

Fit with corporative objectives

Providing firm support

S Bl Bl Rl o H ol ol Bl B

Importance of the project

Alliance strategy

Incentive alignment

<l Bl Il el

Managing of IPR

Development cost sharing

Mutual benefits
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Table 2-7 Factors that may affect effective acquisition of technology by means of collaboration (cont.)

Literature Category Factor NPD TA

Structural match Availability of financial resources X X

Partner selection X X

Ability to identify emerging technologies

Access to patents and literature information

Access to technology intelligence reports

Design/ manufacturing capacity

Hiring individuals who know the technology

Sl ol Bl Bl ol B

In-house R&D capabilities

Skills and resources in exchange X

Development team X

Knowledge base overlap

Coordination Coordination
capability Communication

Experience in collaborative projects

Ability to control project expenses

Sl ol Bl Bl RS

Decision making autonomy

Collaboration management X

Cultural distance

Performance of the project

Development work sharing

Product champion

Establishment of clear goals

Project management

SRR EE Bl e

Technology Technology characteristics
uncertainty Evaluators of the technology

Further development to adapt the technology

Lack of information

Lack of understanding of the technology

Reliance on highly specialized skills and expertise

Technical risks

S Bl Bl Rl Rl Bl Bl Ko

Technology familiarity

Product novelty X

Contextual issues Characteristics of the acquiring firm X

Characteristics of the providing firm

Compeatibility of operations

Previous relationship with provider

Technology dynamism of industry

Sl ol ol Bl Bl B

Competitive environment

Type of partner

ol Kol ol Bl ol ol Kol B

Project characteristics

Industry competition basis
Market risks
Opportunity cost

2 Bl ol Kel

Protection scope of intellectual property rights

Key: NPD: New product development literature; C&SAM: Collaboration and strategic alliances
management literature; TA: Technology acquisition literature.
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Coordination capability includes factors that influence the quality of the inter-
organisational interaction across the co-development project. Factors included in this
group are communication, project management, experience in collaborative projects,

collaboration management, cultural distance, and establishment of clear goals.

Technology uncertainty comprises the characteristics of the technology and the
availability of technical information. Technology characteristics such as novelty,
maturity and complexity have been recognized as important aspects to consider in the
effective implementation of technologies. Other factors such as lack of information,
technical risks and technology familiarity seem to contribute to technology uncertainty
in acquisition projects. These factors seem to be related to the time, resources and
amount of development work required to bring the technology to the point where it can

be implemented into a product or process.

Finally Contextual issues comprise external circumstances that may influence the
interaction between partners. Those external events or settings eventually are not under
the control of the partnering firms. This group of factors includes characteristics of
acquiring firm, project characteristics, competitive environment and type of partner.
These factors may have direct influence on the stability of the relationship and

ultimately on the effective implementation of the technology.

2.6 Concluding remarks

1. TM literature suggests that acquisition of technology is characterised by a sequential
series of activities.

2. As pointed out in section 2.1.4, literature on technology management has not yet
provided a comprehensive description of how the acquisition process changes when
technology is sourced by means of collaborative development and the relevance of
certain factors over the TA process.

3. Literature on technology and knowledge transfer suggests two levels of
internalisation of technology, which have been identified in this research as

integration and replication.
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4. Different bodies of literature offer relevant insights about the factors that may affect
TA when a third party is involved; however none of the bodies of literature explored
in this chapter seems to be sufficient by itself to explain the conditions that affect
technology acquisition by collaboration in its entirety.

5. From a theoretical perspective, technology acquisition by collaboration may be
influenced by a number of factors that can be divided in five groups: strategic
alignment, structural match, coordination capability, technology uncertainty and
contextual issues.

6. The conceptual framework presented in this chapter provides a starting point to

understand the conditions that affect TA by collaboration.
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In addition to literature review, the research included a review of practice to understand

TA by collaboration better. This chapter presents an account for the key activities and

influential factors from a practical perspective. This chapter also highlights knowledge

gaps, which result from the comparison of literature and practice.
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3.1 Information sources and analysis

A practice review was conducted through discussions with practitioners that have been
involved in collaborations either as technology receivers or providers, or both. These
interviews provided a practical perspective of the activities and factors that affect
technology transactions. In these interviews the perspectives of the acquiring and

providing firms were captured.

The main source of contact data was the members’ directory of the Society of
Petroleum Engineers (SPE)'. Access to this directory was possible because the
researcher is member of this community. Other sources of contact data comprised
personal contacts of the researcher and electronic publications. Participants were
principally selected on the basis of their role in their company. Thus people in the role
of Director or Manager were initially invited to participate’. Potential interviewees were

contacted via e-mail.

Through an introductory email, the researcher explained the purpose of the research and
requested a telephonic discussion. The e-mail was sent to 36 persons of which 13
accepted the invitation to share their experience. Table 3.1 contains the roles of
participants as well as the industry they work for and their position in technology

collaborations.

Semi-structured interviews were undertaken aiming to capture the general experience of
the practitioner in technology collaborations, success factors and examples of
acquisition projects that had involved the participation of an external partner. The

interviews protocol was built on the insights obtained through the literature review.

Interviews were conducted by telephone, lasting on average 40 minutes. Interviews
aimed at discussing the general experience of participants in technology collaborations
(in some cases participants provided specific examples of projects carried out by their

companies).

! This online directory contains a brief profile of professionals in the oil and gas industry and their contact details.
The search engine allows the user to find people based on multiple criteria.

2 Some of the people contacted redirected the researcher to the person in their company that had been involved in
technology collaborations.
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Table 3-1 Profile of participants

Perspective
TAF  TPF

Identifier Industry

Expert 01 Chemical products Director, Research and Technology X X
Centre

Expert 02 Oil & Gas Industry Director, Petroleum and Geothermal X
Research

Expert 03 Oil & Gas Industry Field development-Subsea systems X

Expert 04 Oil & Gas Industry VP and Managing Executive X

Expert 05 Chemical products Business Research Associate X X

Expert 06 Consumer products Technology and Product Development X

Expert 07 Oil & Gas Industry Vice Manager - Regional Planning X

Expert 08 Oil & Gas Industry Vice Manager - Field development X

Expert 09 Oil & Gas Industry Research Fellow X X

Expert 10 Industry processes Group leader X

Expert 11 Chemical products Technology and Operations Director X

Expert 12 Industry processes Product Technology and Innovation X X
Manager

Expert 13 Oil & Gas Industry Facilities Team Leader X

Key: TAF- Technology acquiring firm; TPF- Technology providing firm.

The interviews covered topics such as’:

* Motivations
* Inter-organisational challenges
* Recurrent issues in collaborations and examples

* Key success factors in managing technology collaborations and examples

The interviews were recorded to complement the notes that the researcher took during
the interviews. Thereafter, data collected from interviews were analysed following a

grounded approach to identify key activities and factors"”.

3 See Appendix A for details of the interview protocol.

* See Section 4.9.1 for details of the data analysis process.
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3.2 Key activities

This section presents the key activities that firms perform when acquiring technologies
by collaboration. Managing technology collaborations seems to be a complex task from
both perspectives. The practice review suggests that acquiring and providing firms
perceive different activities in technology collaborations, despite the fact that they work
together to achieve a common goal. The relevant activities from each perspective are

presented below.

3.2.1 Acquiring firm perspective
The analysis of the interviews led to the identification of 25 tasks that may become

problematic in TA by collaboration. The tasks were allocated into seven activities’:

1. Technology requirements

2. Technology scouting
3. Technology evaluation
4. Partner selection

5. Negotiation

6. Development

7. Exploitation

Table 3.2 presents the tasks identified through the interviews with practitioners and
corresponding activities. The activities are presented in terms of their links to the stages
of the TA process in the conceptual framework (v0.0). As it can be noticed, some stages
embraces two activities. Firstly, the stage technology evaluation and selection of the
source comprise two key activities: technology evaluation and partner selection; and
secondly, the stage implementation comprises two activities: development and
exploitation. None of the tasks mentioned by interviewees fell in the stage value added

audit and relationship management.

> Appendix D shows the activities highlighted by each interviewee from the acquiring firm’s perspective.
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Table 3-2 Relevant activities in acquisition of technologies by collaboration — Acquiring firm’s perspective

TA stages in the
conceptual
framework (v0.0)

Definition of
technology
requirements

1. Technology
requirements

Foresee industry's future requirements

Foresee client's future needs

Estimate resources required to accomplish the
business objectives

Identify alternatives to address an operational issue

Identification of
available technology

2. Technology
scouting

Identify new technologies and potential applications

Understand the new technology

Technology
evaluation and
selection of the
source

3. Technology
evaluation

Estimate the cost of the technology

Decide whether to make, buy or collaborate

Estimate potential economic benefits

Estimate the feasibility of use of the new technology
for a particular application

4. Partner selection

Identify potential partners

Evaluate capabilities of potential partners

Keep confidentiality of development intentions

Select a partner to work with

Keep confidentiality of
samples/prototypes/information

Negotiation

5. Negotiation

Manage emerging intellectual property

Define the project's scope and outcomes

Build trust between partners

Make decisions timely

Implementation

6. Development

Keep track of the project and evaluation of partial
outcomes

Make decisions about resources allocation

Scale up the production process

Develop the technology

7. Exploitation

Implement the technology across the whole company

Manage manufacturing cost

Value added audit
and relationship
management
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3.2.2 Providing firm perspective
From the providing firm perspective, analysis of conversations led to the identification

of 19 tasks® (Table 3.3). The tasks can be divided into six activities:

1. Technology concept development.

2. Building business reputation.

3. Demonstration of technology capabilities.
4. Negotiation.

5. Development.

6.

Technology transfer.

The three last activities (negotiation, development and technology transfer) are
equivalent to the last three activities identified from the perspective of the acquiring
firm (negotiation, development and exploitation). It is relevant to note that the activities
labelled as technology transfer and exploitation are equivalent. Their name is different

to due to the direction of the flow of the technology.

Table 3-3 Activities in acquisition of technologies by collaboration — Providing firm’s perspective

Activity Task

1. Technology concept Identify technologies that meets clients' future needs
development Identify technology that meets future industry needs
2. Building business Advertise technologies and technical capabilities
reputation Build technology/Market reputation

Publicize the technology concept
3. Demonstration of Keep confidentiality of samples/prototypes/information
technology capabilities Demonstrate the technology

Estimate the cost of development of the technology

4. Negotiation Manage emerging intellectual property

Build trust between partners

Share value of the technology

Understand the needs of the partner

5. Development Keep the schedule running on time

Keep track of the project and evaluation of partial outcomes

Scale up the production process

Share decision making

Estimation of technology risks

6. Technology transfer Manage expectations

Manage manufacturing cost

% Appendix E shows the activities highlighted by each interviewee from the providing firm’s perspective.
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3.2.3 Activities perceived as problematic by each partner

The results suggest that acquiring and providing firms perceive different key activities
in collaborations. Table 3.4 shows the activities that both acquiring and providing firms
perceive problematic in negotiations, development and technology transfer/exploitation,

which are the activities that emerge during the collaborative work.

Firstly, during negotiations, providing firms seem to struggle with understanding the
needs of the partner and sharing the value of technology, while acquiring firms seems to
find it difficult to define the project’s scope, outcomes, and make timely decisions.
Secondly, during the development stage, the providing firm seems to be more
concerned with estimating technology risks, sharing decision making, and keeping the
schedule running on time. In contrast, the acquiring firm seems to struggle to make
decisions about resource allocation and making the product perform as required.
Finally, in technology transfer/exploitation, managing expectations become a
challenging activity from the perspective of the providing partner, while the acquiring
firm sometimes seems to find difficult implementing the technology across the whole
company.

Table 3-4 Comparison of the problematic activities perceived by each partner in technology collaborations

Perspective

Group name
TAF TPF

Negotiation Define project’s scope and outcomes

Make decisions timely

Manage emerging intellectual property

IR IRl Re

Build trust between partners

Share value of the technology

IR IR R

Understand the needs of the partner

Development Make decisions about resources allocation

Develop the technology

Keep track of the project and evaluation of partial outcomes

IR IRl Re

Scale up the production process

Keep the schedule running on time

Share decision making

R R R R

Estimation of technology risks

=

Exploitation/
Technology X X
transfer

Implement the technology across the whole company

Manage manufacturing cost

X Manage expectations

Key: TAF- Technology acquiring firm; TPF- Technology providing firm.
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To sum up, the results of the analysis of activities perceived by the partnering firms

suggest the following two points:

1. The process to acquire external technologies reported in the conceptual framework
(v0.0) may not reflect the relevant activities in technology acquisitions by means of
collaboration. Practice review suggests that the TA process may require an explicit
recognition of certain activities. For example, it should indicate that a development
process takes place.

2. The providing and acquiring firms perceive different critical activities in technology
collaborations. There is some agreement on problematic activities, such as building
trust and management of IPR, but there are other problematic activities contingent

on the role of each partner.

3.3 Influential factors

The analysis of influential factors also suggests that partnering firms perceive different
issues depending on their role. Table 3.5 presents a list of the factors identified through
the interviews. Those factors are distributed within the groups comprised in the

conceptual framework (v0.0).

Trust and effective communication are factors seen from both perspectives as
paramount. Regarding other influential factors, acquiring firms perceive factors such as
availability of testing facilities, capital availability to acquire the technology and final
cost of the product as influential. Technology providers, on the other hand, point out
factors such as requirement of additional technologies to meet customer requirements,
and mismatch of the way in which both partners evaluate the outcomes of the project as

relevant factors in the outcomes of technology collaborations.

The analysis of influential factors provides additional elements to support the
observation that both acquiring and providing firms perceive technology acquisitions

differently.
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Table 3-5 Comparison of influential factors perceived by each partner in technology acquisitions

Type of factor Related factor in ‘ Perspective
Influential factor literature review
SA |SM CC TU CF | TAF  TPF
Trust X Trust X X
Availability of testing In-house R&D
e X L X
facilities capabilities
Capital availability to acquire Availability of
X . X
the technology financial resources
Availability of resources
. . In-house R&D
(materials, infrastructure, X s X
capabilities
experts)
Mismatch of the way in which
both partners evaluate the X Pfgfgcr:nance of the X
outcomes of the project pro)
Effective communication X Communication X X
Customers do not understand Technology
the technology familiarity
. Performance of the
Final cost of the product X . X
project
Governme;ntal regul‘atlong X | None X
about business relationships
Opportumty. to implement the X | None X
technology in the value chain
Risk of implementing the new X | None X
technology
Requlremgnt of additional X | None X
technologies

Key: SA- Strategic alignment; SM- Structural match; CC- Coordination capability; TU- Technology

uncertainty; CF- Contextual factors. Key: TAF- Technology acquiring firm; TPF- Technology providing
firm.
As mentioned above, the only common factor from both perspectives is ‘effective
communication’, which is widely reported in extant literature. Some of the other factors
were not identified in the core literature. Particularly, ‘opportunity to implement the
technology’ is a factor that is not reported explicitly in technology acquisition literature.
Although some scholars may consider this factor as obvious, it might be a determinant
factor in TA projects. Let’s consider the words of one of the interviewees:
“The results look good in terms of technology performance, but the problems are in the final
cost of the product, chances to implement it and continuity of the project, as sometimes an
equipment is developed and later it is forgotten {...} if there is a technology that applies for
particular products, a development is carried out in parallel to what it is already in the market

and then some trials are performed but we wait until the end of useful life of extant equipment

to implement the new technology.” [Expert 12]
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As noted by Expert 12, the implementation of a new technology may not take place
immediately after the end of the development work. This suggests that the final decision
regarding when a technology should be implemented may depend on other

circumstances not reported yet in extant literature.

Other factors that were not found in the core literature were: governmental regulations
about business relationships, risk of implementing the new technology and requirement
of additional technologies. The rest of the influential factors mentioned by the
interviewees seem to be related to factors already reported in literature. However, these
factors appear to be generic and often scholars do not give details about their coverage.
For example, from the interviews two factors were identified: availability of testing
facilities and availability of resources. These two factors can be linked to the factor ‘in-
house R&D capabilities’ already reported in literature. Nevertheless, factors reported in
literature can be interpreted in different ways when they are not properly described.
Thus, the factors reported in literature could be ambiguous and do not provide an
appropriate description of the conditions that affect the effective acquisition of

technology by collaboration, which is the focus of this research.

To sum up, the analysis of the factors that affect the technology acquisition process

suggest the following points:

1. Effective communication and trust seems to be relevant factors for the partnering
firms.

2. Each partner seems to perceive different influential factors in technology
collaborations.

3. Some factors identified through practice review seems that have not been explored
in the core literature, particularly the factor named ‘opportunity to implement the

technology’.
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3.4 Framework v1.0
The combination of the activities and factors drawn from the interviews led to some
modifications to the conceptual framework. Figure 3.1 shows the new version of the

framework, which includes insights from practice.

Def. of Technology | |Technology Partner

technology scouting evaluation selection
req.

Negotiation Development Exploitation

4

Strategic alignment

Structural match

Coordination capability

Contextual issues

Technology uncertainty

Source: the author.

Figure 3-1 Initial framework (v1.0)

The key difference between this framework (v1.0) and the conceptual framework (v0.0)
concerns the activities in the acquisition process (discussed in section 3.2.1). The key
activities in this framework include definition of technology requirements, technology
scouting, technology evaluation, partner selection, negotiation, development and
exploitation. The factors drawn from the interviews, on the other hand, seems to fit
within the groups considered in the conceptual framework, therefore there is not a

substantial change in this regard.

So far this practice-based version of the framework does not reflect a relationship
between the activities in he acquisition process and the influential factors, however it
indicates the need for further research to understand the conditions that affect effective

technology acquisition by means of collaboration.
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3.5 Knowledge gaps
From the comparison of what is argued in literature and what was drawn from

interviews with practitioners, a number of points can be mentioned.

Regarding the technology acquisition process, it seems that scholars have
oversimplified the stages of the acquisition process. TA is a challenging activity, in
particular when acquisition requires interaction between the providing and acquiring
firm, and this is not explicitly reflected in extant literature. Practice review, therefore,
suggests that describing the acquisition of technology by collaboration is a potential

area for research.

The practice review provided evidence to infer that providing and receiving firms
perceive different activities and factors that affect the outcomes of TA. Although this
observation may seem obvious, it challenges the factors currently reported in literature.
The majority of relevant factors that may affect the outcomes of technology acquisition
by collaboration are reported in technology transfer literature and in literature related to

management of collaborations and strategic alliances.

On the one hand, technology transfer literature has explored technology transactions but
mainly from the perspective of the providing firm (e.g Cummings and Teng 2003) and
at team level (e.g. Rebentish and Ferretti 1995). Therefore the strategic drivers of the
acquiring partner, for example, are frequently ignored in this body of literature. On the
other hand, literature on management of collaborations and strategic alliances reports a
series of factors that affect technology collaborations mostly from the acquiring firm
perspective; nevertheless, this literature does not put emphasis on how effective the
transference of technology between partners is (e.g. Fliess and Becker 2006), as the
main focus of this literature is describing the inter-organisational activities that may
affect the stability of the relationship. Therefore, exploring technology collaborations
from the acquiring firm perspective, with particular emphasis on technology acquisition,

is a potential research opportunity.

Concerning factors affecting technology collaborations there are two key points. Firstly,
the practice review suggests that there is an apparent mismatch with the factors reported
in literature. Some of the influential factors mentioned by practitioners do not match

with those factors reported in literature. This observation suggests that there is an
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opportunity to carry out research to identify further relevant factors that affect the

acquisition of technology by means of collaboration.

Secondly, it seems that some of the factors reported in the literature emerge as result of
the interaction between firms or performance of the project. For example, it is widely
argued by scholars that trust is a factor that has an important influence on the outcomes
of collaborations (e. g. Littler et al. 1995, Kim and Lee 2003, Wagner and Hoegl 2006).
But, trust seems to be a result of the combination of effective communication and other
context factors. Indeed, interviewees consider that building trust is important in

technology collaborations.

To sum up, practice review provides a complementary perspective to select the
methodological approach for the research project. There are three research opportunities

based on the comparison between literature and practice:

1. Describing the TA by means of collaboration.
2. Exploring the activities and factors that affect technology collaborations from the
perspective of the firm acquiring the technology.

3. Exploring the particular factors that affect TA by collaboration.

The gaps between theory and practice suggest that further research should aim to
increase understanding of TA by collaboration by identifying the specific activities and

factors that are relevant from the acquiring firm perspective.

3.6 Concluding remarks

1. A series of interviews led to the identification of relevant activities and factors from
the practitioners’ perspective.

2. The activities covered by the conceptual framework (v0.0) do not match with the
key activities identified through the practice review.

3. Practice review included experiences about collaborations from both perspectives:
technology receivers and providers. The results suggest that both partners perceive
different activities and influential factors in technology collaborations.

4. Practice review suggests that some specific factors affecting technology acquisition

by collaboration have not been explored yet in the core literature.
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5. The activities and factors identified through practice review were compared with the
conceptual framework. The observations emerged from this comparison suggest that
exploring the specific activities and factors that affect TA by collaboration is a

potential research opportunity.
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The previous two chapters have provided a review of core literature and practice and
discussed knowledge gaps. This chapter describes the elements of the research approach

that was adopted to answer the research question.
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4.1 Research purpose

This research was driven by the following question:

How can the conditions that affect the effective acquisition of technology by collaboration be

described?
Section 3.5 indicates that there is a gap between theory and practice regarding the
specific activities and factors that affect TA by collaboration. Thus the purpose of this
research is to build a theory that describes the specific circumstances that characterise
TA when an industry partner is involved. Specifically, this research aims to contribute
to knowledge regarding the conditions that affect the effective acquisition of technology
by means of collaboration by identifying and describing the following variables and

their relationship:

a) Key activities.

b) Influential factors.

4.2 Philosophical approach

As discussed in Chapter 2, there are a number of publications that report key success
factors and common reasons for failure in technology collaborations. These publications
seem to provide a broad perspective on the circumstances that may affect the outcomes
and performance of technology collaborations. However, despite the vast quantity of
research in this field, so far it seems that literature has not reported the specific activities
and factors that affect TA by means of collaboration. There is no theoretical or
empirical evidence in the core literature explored in this research indicating that the
activities and factors already reported are applicable for explaining the effective

acquisition of technology.

Scholars suggest that a qualitative approach is appropriate when the purpose of the
inquiry is to understand “real-world” events (McCutcheon and Meredith 1993). Thus, in
order to increase our understanding of technology acquisitions by collaboration, a
qualitative research approach was adopted in this inquiry. The research has been built
on the basis of the social constructivism as the researcher recognises that the business
world 1s dominated by people interactions. In social constructivism, phenomena are

analysed in their natural settings, so that this epistemological perspective is appropriate
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for understanding meanings, processes and it is good for theory generation (Easterby-
Smith et al. 2008). Table 4.1 shows some common differences between positivism and

social constructivism.

Table 4-1 Contrasting implications of positivism and social constructivism

Positivism Social constructionism

The observer must be independent is part of what it is being observed
Human interests should be irrelevant are the main drivers of science

. . i i neral
Explanations must demonstrate causality aim fo Increase genera

understanding of the situation

gathering rich data from which

Research progress through hypotheses and deductions ideas are induced

need to be defined so that they can  should incorporate stakeholder

Concepts be measured perspectives
. . houl impl incl h lexity of
Units of analysis should be reduced to simplest fnay inc pde t e c,omp exity o
terms whole situations
Generalization through statistical probability theoretical abstraction

small number of cases chosen for

Sampling requires large numbers selected randomly specific reasons

Source: Easterby-Smith et al 2008 p. 59

4.3 Research approach
Literature on research methods indicates that there are six approaches that can apply to

constructionist research (Easterby-Smith et al. 2008):

1. Action research

2. Cooperative inquiry
3. Ethnography

4. Narrative methods
5. Case study

6. Grounded theory

Each approach has it own characteristics, and therefore they are appropriate under
different contexts. Table 4.2 presents a summary of the main characteristics of

constructionist research approaches.
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Table 4-2 Constructionist research designs

\ Method

Action research

Main characteristic

The researcher learns about and
organization or social system by
attempting to change it.

Additional features

The people most likely to be affected
by the project take part in the research.
The results may not explain why the
changes took place.

Cooperative inquiry The researcher and the object of
study become partners in the
research process.

The researcher gains access to
understand how individuals decide.
This method aims to understand
behaviours at individual level rather
than at organisational level.

The researcher ‘immerses’ himself
in a setting and become part of the
group under study.

Ethnography

Good for understanding meanings and
significances that people give to their
behaviour.

Data collection is likely to be
prolonged over time.

The researcher collects
organizational stories. The
researcher constructs and transmits
stories.

Narrative methods

Stories are useful to examine
relationships between individuals and
the wider organisation.

Case studies Looks in depth at one, or small
number of, organisations, events, or

individuals over time.

Allows the combination of a number
of data collection sources and
analytical approaches.

Case studies are not necessarily
studies of individuals.

Grounded theory The researcher develops theory by
looking at the same event or
process in different settings or

situations.

Highly dependant on the judgement of
the researcher.

Particularly useful in unexplored areas
of research where the theoretical
approach is not clear or non-existent.

Source: The author with information from Easterby-Smith et al. 2008, Gill and Johnson 2010 and Robson

2011.

The main purpose of three of the methods shown in Table 4.2 (cooperative inquiry,

ethnography and narrative methods) is to understand individuals. Thus, since the

objective of this research concerns organisations, these three methods are less

appropriate. Also, action research is not appropriate since its main focus is to

understand organisations through attempting to change it. In this particular research

project, time is a limitation for applying this method since most of the collaborative

developments may take more than three years, from the conceptualisation to

completion. Such a time exceeds the time available to complete the research project.

Thus, only case studies and grounded theory are the methods that seem to be suitable to

meet the purpose of this research project.
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The case method was chosen as a main research approach in this project. In comparison
to grounded theory, the case method offers more flexibility in the ways to collect and
analyse data. Indeed, case method is acknowledged as a research approach that
“involves an in-depth examination of a single instance” (Gill and Johnson 2010:225).
Case method permits the use and combination of different data collection methods and
analytical approaches to understand as fully as possible the phenomenon under study
(Meredith 1998). The combination of methods increases the reliability and validity of
the results as allows for methodological triangulation (Gill and Johnson 2010). This
research combines different methods to collect and analyse data. These methods are

described later in this chapter.

It 1s also important to mention that the case research method adopted in this research
follows a relativist position. Easterby-Smith et al. (2008) distinguish three ontological
positions in case method: realist, relativist and constructionist (Table 4.3). Compared to
the other two positions, the relativist position, developed by Eisenhardt (1989), is
concerned with building theory from case studies (Easterby-Smith et al. 2008).

Table 4-3 Key features of case method informed by different ontologies

Constructionism

Realist (Yinl) Relativist (Eisenhardz) B take3)
Design Prior Flexible Emergent
Sample Up to 30 4-10 1 or more
Analysis Across Both Within case
Theory Testing Generation Action

" TYin (2002); ? Eisenhardt (1989); 3 Stake (2006). Source: Easterby-Smith 2008 p. 99.

4.4 Candidate cases

Candidate cases for this research were co-development projects between industry
partners, where the driver to collaborate for one of the partners was to acquire new
technology. The outcomes of co-development projects usually are product concepts that
meet the functional performance expected by the acquiring firm. Thus, effective
acquisition is achieved when the technology is embedded into a product or process and

implemented in the value chain of the acquiring firm.

Some of the collaborations studied were on going at the time when data was collected.
This decision has advantages and disadvantages for the research. One positive point is

that the interviewees were able to provide much more detail of the activities and
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influential factors in the project. Co-development projects can take at least two years to
be completed and at the end of the project, participants may remember only few key
activities and problematic situations. However, one of the disadvantages of including
on-going projects is that interviewees may evaluate the project on the basis of the

current state of the project and not on the implementation of the technology.

4.5 Measurement

It is important to clarify what effective technology acquisition means in this research. As
literally suggested, effective technology acquisition refers to the successful
incorporation of a new technology into the portfolio of products or operations of the
acquiring firm. However, measuring success of TA is not a trivial task. Extant literature

suggests that success can be evaluated through five indicators (Table 4.4):

1. Internalisation of the technology.
2. Performance of the project.

3. Satisfaction with the project.

4. Financial performance.
5

Partnership recurrence.

Each of the five indicators described above presents different evaluation focuses and
implications for its measurement. Between the five alternatives to measure success, only
two seem to be appropriate for the purposes of this research: internalisation of
technology knowledge and satisfaction with the project. The other three alternatives

only provide an indirect measurement of the acquisition of technology.

In this research, satisfaction with the project has been chosen as indicator of effective
acquisition of technology. This indicator denotes the perception of satisfaction of
acquiring firms’ managers with the knowledge acquired and other particular aspects of
the relationship with the provider (Mora-Valentin et al. 2004, Lunnan and Haugland,
2008, Cui et al. 2012). These particular aspects include satisfaction with the relationship
and performance of the partner, satisfaction with the project results and accomplishment
of the initial expectations (Mora-Valentin et al. 2004). Some authors have argued that
this indicator is capable of coping with projects whose original objectives may change
during its course, which is a frequent situation in R&D projects (Marxt and Link 2002,
Mora-Valentin et al. 2004).
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Table 4-4 Success indicators in collaborative projects

Indicator
(Reference)

Evaluation focus

Implications

Internalisation of the
technology

(Rebentish and Ferretti 1995,
Szulanski 1996, Cummings
and Teng 2003)

Level of internalisation of the new
technology into the acquiring firm.

Ideally the best alternative to
measure success. This
measurement is valid for
completed projects.

Performance of the project
(Szulanski 1996, Cummings
and Teng 2003, Mora-
Valentin et al. 2004, Stock
and Tatikonda 2008)

Degree to which the costs, time
and quality of the acquisition
project approximate to the initial
estimations.

The objectives of development
projects cannot be always defined
from the beginning. Quite
frequently development projects
are evaluated in terms of the
benefits of the outcomes, therefore
the performance of the project
become contextual.

Satisfaction with the project
(Szulanski 1996, Steensma
and Corley 2000, Mora-
Valentin et al. 2004, Lunnan
and Haugland 2008, Cui et
al. 2012)

Level of satisfaction of the
managers in the acquiring firm
with the outcomes of the
collaborative development and
implementation of the technology.

This measurement is capable of
coping with projects whose
original objectives change during
its course but it lacks of
objectivity.

Financial performance
(Sivadas and Dwyer 2000,
Steensma and Corley 2000,
Sung and Gibson 2000,
Marxt and Link 2002)

Benefits obtained trough the
incorporation of the technology
into the operations of the acquiring
firm.

The economic benefits emerging
from the acquisition of a new
technology can be difficult to
measure, since the economic
success can be consequence of
other factors such as
commercialisation skills, which are
out of the scope of this research.

Partnership recurrence
(Cummings and Teng 2003,
Mora-Valentin et al. 2004)

Signature of an additional co-
development agreement between
the partnering firms.

The signature of additional co-
development agreements does not
necessarily mean that that previous
relationship succeeded.
Conversely, eventually a
collaboration agreement could be
successful, but the partners are not
obligated to sign a new one.

Source: the author based on the sources indicated in the table.
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4.6 Data collection methods

Most of the information relevant in this research is contained in the mind of the people
that have been involved in collaborative projects. Therefore, the most appropriate
methods to collect information in this research are those that allow the researcher to get
natural language data from organizational members (Easterby-Smith 2008). These
methods include interviews, critical incident technique and focus groups. In this

research, interviews and focus groups were the methods employed to collect data.

The major volume of data was collected through semi-structured interviews. Prior to
start collecting data, the researcher prepared a set of questions that would be used to
guide the conversation. Compared to other interview styles, semi-structured interviews
combine structure and flexibility during the conversation with the interviewee (Robson
2011). Interviews were carried out through teleconferences and face-to-face. Interviews

were recorded and subsequently transcribed for analysis.

4.7 Case selection

The researcher followed three routes to identify potential case studies.
Route A

The process began with the identification of companies operating in the UK. Once a
large number of firms were identified, only those showing commitment or activities in
the development of new product or innovations were considered as potential
participants. This evaluation was performed with the information provided through

company’s websites.

Contact details of Directors or Technology managers at candidate firms were collected
through on-line directories or websites. In those cases where contact details of relevant
persons were not available, an email was sent to the public relations office to request

them.

Once a group of potential participants was identified, the next step was to send a formal
invitation in order to know whether they were interested in participating in the research.
The invitations included a brief overview of the research project and an electronic file

where the motivations, scope and expected outcomes of the project were described.
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Route B

The second route took advantage of the personal relationships and professional
networks of the researcher. In order to identify potential participants, the researcher
asked his colleagues for contact details of persons working in industry that may be
involved in co-development activities. In addition, a request for contact details of

potential participants was posted in electronic research and development forums.

The profiles of the people whose contact details were gathered were analysed to define
whether he/she would provide good access to further case studies. In most of the cases
the main criterion when deciding whether to make contact was their position in their

company.

An introductory e-mail was sent to those people whose profile seemed to be related to

R&D or NPD activities in order to invite them to participate in the research project.
Route C

A third route explored the possibility of contacting people involved in co-development
projects reported in industry news, conference proceedings, and press releases. Factiva,

and other industry databases were the main sources of information.

In these sources, a scan for cases where two industry partners had collaborated was
performed. The selection criterion for these cases was basically the exchanging of
technology as main focus of the collaborative agreement. For relevant projects, the
contact details of people involved were sought in electronic directories and on the
Internet. Once the details of the potential participants were collected, an introductory

email was sent to ask for a telephonic conversation.
Results

Route B was relatively more effective than the other routes, therefore most of the cases
were selected on the basis of ease of access, which Easterby-Smith et al. (2008) refers to

as convenience sampling.

4.8 Access
One of the biggest challenges during this research was getting access to the sources of

information. The reason for this situation was that co-development projects frequently
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are carried out under non-disclosure agreements, therefore members of companies are
not allowed to share information related to the collaborative project. Some participants
were prepared to share the experiences of their companies, however they provided very
limited information about the technology involved and their partner. In addition, they
were not keen on providing the researcher with contact details of other people involved
in the project. Therefore, in order to get full access to relevant cases, the researcher
made use of his personal network to contact people at senior levels that could give
authorization to interview participants in the projects. In this way, the researcher got

access to the major number of case studies reported in this research.

4.9 Analytical approaches

Through the different phases of the research project, data was analysed by different

methods, namely grounded analysis, narrative analysis and cross case analysis.

4.9.1 Grounded analysis

Grounded analysis is closely linked to grounded theory (Easterby-Smith 2008). This
method produces themes, patterns and categories from texts, which can be either
interviews transcriptions or reports. Grounded analysis is an inductive analytical
approach that forms abstract concepts from observations and reflections. Therefore, this
approach is useful when there is limited previous theory about the phenomena under

study (Easterby-Smith 2008).

In this research, the analytical process suggested by Easterby-Smith et al. (2008) was
taken. The process consists of seven steps: familiarization, conceptualization,
cataloguing concepts, re-coding, linking and re-evaluation. This process resulted in the
identification of activities and factors in each case. Figure 4.1 shows a diagram of the

analytical process and the key tasks performed at each stage.

Data extracted from interviews were transferred into a spreadsheet to facilitate the
analytical work. After classification categories, activities and factors were evaluated
with practitioners. The purpose was to verify that the names of the categories were

appropriate and representative of the factors and issues identified. Appendixes F and G
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show an example of the conceptualisation stage and an extract of the database generated

in this analysis respectively.

Familiarisation

Reading transcriptions and notes taken during the interview.

Reflection

Evaluation of the content of the interview against extant literature.

Conceptualisation

Identification and grouping of key activities and factors.

Cataloguing concepts

Building a database of activities and factors as well as supporting quotations.

Re-coding

Review the activities and factors found in all cases and merge similar ones.

Linking

Producing a framework integrating activities and factors.

Re-evaluation

Discussion of the framework and its elements (activities and factors) with peers.

Figure 4-1 Stages of grounded analysis. Source: the author.

4.9.2 Narrative analysis

Narrative analysis is an approach to describe the sequence of events in a case study by
building a story based on the temporal ordering of events and key participants (or
actors). This method is an analytical approach to make sense of natural language data
(Easterby-Smith et al. 2008). This method analyses how people describe events in order
to create a story. It is useful to analyse transcriptions and text based media. It employs

elements of storytelling to build the story.
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The elements of storytelling comprised by this method are characters, conflicts, goal

and struggles (Haven and Ducey 2007).

The character is the central element of any story (Haven 2000). In this research, the
character in each case study is the organisation whose aim is acquiring the technology.

The main features of characters are (Haven 2000):

1. Core — Core character information, values and particular motivations in the
story.

2. Personality — How the character relates to, and acts within, the world.

3. History — What has happened to the character and what the character has done in
the past.

4. Activity — What the character does.

5. Sensory image — Information available to the senses.

Conflicts are the situations or obstacles that block characters from their goals (Haven
and Ducey 2007). Conflicts result from the combination of problems and flaws.
Problems are external circumstances that the character cannot modify while flaws
originate inside the character. Flaws are internal drives, feelings or motives that
prevents a character from obtaining the goal. In this research, flaws are the values or
internal forces that define how decisions are made inside the focal organisation.
Basically, conflicts emerge each time that the focal organisation faces an unforeseen

situation that affects the success of the acquisition project.

Goals tell the reader what the story is about and consequently indicate where the story
ends (Haven 2000). In this research, the goal of the focal organisation is to achieve

effective acquisition of technology.

Struggles describe how the characters react to conflicts and the risks that are involved.
In story telling, characters must do something (Haven and Ducey 2007). It is during
these struggles that risks and dangers are confronted. Thus, it is important to tell the
reader what the character is willing to do and the risks to reach a goal. In this research
struggles are equivalent to the actions that acquiring firms undertook to carry on

forward the project.

The information for each case were analysed in order to identify the elements of the

story. The elements were identified and ordered into a sequential order, and thereafter
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the researcher built the story. After building the story of each case study, the narrative
was sent to the main contact in the participant company for feedback. Such a feedback
allowed the researcher to amend possible misinterpretations of the project. Appendix H

shows a story built from the information collected in one case study.

4.9.3 Cross case analysis

Cross case analysis is a technique that allows the researcher to find similar or distinctive
features across case studies. The attributes of each case study are compared in order to
find the recurrence of patterns or relationships. Cross case analysis can be used when
the research involves two or more cases. Yin (2009) reports six methods to analyse data

acCross cases:

1. Putting information into different arrays.
Placing data into matrices.

Creating data displays.

Tabulating frequency of events.

Calculating means and variances.

AN O

Ordering events into chronological order.

Placing data into matrices, creating data displays and ordering events in chronological

order are the three techniques utilised to analyse data across cases in this research.

4.10 Research phases

The research was carried out through four phases (Figure 4.2): practice review,

framework development, framework refinement, and framework verification.
First phase — Practice review

In the first step, a series of semi-structured interviews with 13 managers and CEOs (see
Table 3.1 for details) provided an initial perspective of the relevance of the topic and the
problematic issues that companies face when acquiring technologies by collaboration.
In this initial set of interviews', the perspectives of firms that have either acquired or
provided technology or both were included. Discussions aimed to capture the general

experience of the interviewee about recurrent issues in  technology

! See Appendix A for details of the interview protocol.
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Figure 4-2 Phases of the research

collaborations, key success factors and examples of the projects carried out by their
companies. The content of the interviews was analysed following a grounded approach.
Chapter 3 presents the results of this phase and discusses gaps found between theory
and practice. The outcomes of this phase were key to refining the focus and research
design. As a result of this phase the conceptual framework was modified to reflect the

insights gained through practice review.
Second phase — Framework development

The second phase aimed to explore deeper the acquisition process and to identify the
particular factors that may be influential. In order to achieve these purposes, a set of
seven co-development projects were analysed following an inductive approach. The
units of analysis were co-development projects from different industries where the
driver to collaborate of one of the partners was to acquire a new technology. Data was
collected through telephone and face-to-face semi-structured interviews . The
interviews were transcribed and subsequently analysed through two methods: grounded
analysis and cross-case analysis. Chapter 5 describes how this phase was carried out and

presents the framework (v2.0) that emerged as a result of this phase.
Third phase — Framework refinement

The objective in the third phase was to verify whether the activities and factors

comprised by the framework drawn in the previous phase would also be present in a

% See Appendix B for details of the interview protocol.
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new set of case studies. In this phase four in-depth case studies were carried out. Case
studies were selected following an ease of access approach, and the fundamental criteria
was that more than one person involved in the co-development project from each
partner could be interviewed. Data was collected through face-to-face semi structured
interviews’. In this stage of the project, a deductive approach was taken. In this phase,
data was analysed through two methods: narrative analysis and cross-case analysis. At
the end of this phase, a more detailed version of the framework emerged (v3.0). Chapter

6 provides a detailed description of data collection and analysis carried out at this phase.
Fourth phase — Framework verification

In the fourth phase, a focus group session with practitioners was performed in order to
validate the elements of the refined version of the framework. The focus group aimed to
achieve the following objectives: (1) identifying possible limitations to the research
outcomes, (2) verifying the terminology utilised to describe the dimensions of the
framework; and (3) confirming practical implications of the outcomes. The six
participants at the session were practitioners with experience in industries such as
electronics, printing and chemicals. As result of feedback received during the workshop,
minor modifications to the refined framework were required. Therefore, the session led
to the last version of the framework (v3.1). Chapter 7 presents the details of the session

and chapter 8 describes the final version of the framework.

4.11 Ethical considerations

The nature of the data collected required the researcher to ensure that the outcomes of
the inquiry do not interfere with the business of the companies and people that
contributed with information. Thus, all the communications that the researcher held
with informants were treated with strict confidentiality. Therefore, all the real names of
companies and persons were substituted to ensure their anonymity. In addition, any data

that could reveal the identity of participants were intentionally omitted in this document.

3 See Appendix C for details of the interview protocol.
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4.12 Concluding remarks

1. This chapter presented the key features of the research design.

2. Case study was chosen as main research approach given the fact that it is a flexible
method that allows for a combination of different methods to collect and analyse
data to explore a particular instance in depth.

3. The research project comprised four phases: practice review, framework
development, framework refinement and framework verification.

4. This research considers the use of interviewees as the main method to collect data
and combination of grounded analysis, narrative analysis and cross case analysis to
make sense of the information gathered through the four phases of the project.

5. The details of the data collection and analytical processes utilised at each phase are

described in chapters 3, 5, 6 and 7.
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This chapter presents a more detailed description of TA by collaboration, which is
represented through an enriched version of the framework presented in Chapter 3. The
results are based on the empirical evidence obtained through the analysis of seven

collaborative projects.
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5.1 Case studies overview

Case studies comprised joint development projects in industries such as biofuels, oil and

gas, chemicals, and petrochemicals. Cases included experiences of projects carried out

between companies of different sizes (Cases 1, 3, 4, 5 and 6). In all cases, the project

involved two key partners: an acquiring firm and a technology partner. Table 5.1

provides a brief summary of the case studies carried out.

Table 5-1 Summary of case studies carried out

Case No.

Industry
Technology domain

Organizational
form

Previous
relationship
between the

partners

Interviewees
perspective

Project objective
(Project status at data
collection)

Case 1 Technology joint ~ None Acquiring firm /  Developing a commercial
Biofuels venture Providing firm process to produce cellulosic
Manufacturing ethanol.
technology (Scaling up)
Case 2 Technology joint  Joint research Acquiring firm Developing a commercial
Biofuels venture programme process to produce biofuels.
Manufacturing (Scaling up)
technology
Case 3 Joint development None Acquiring firm Developing a tool for
Oil & Gas production ~ agreement downhole monitoring.
Information processing (Completed)
technology
Case 4 Joint development Technology Acquiring firm /  Developing a system for
Gas transportation agreement supplier Providing firm monitoring the integrity of
Information processing gas pipelines.
technology (Completed)
Case 5 Strategic Technology Providing firm Increasing the range of
Petrochemicals partnership supplier polyethylene grades of an
Manufacturing existing commercial
technology process.

(Completed)
Case 6 Minor investment  None Acquiring firm Scaling up the production of
Construction industry an insulating material.
Manufacturing (Scaling up)
technology
Case 7 Joint development None Acquiring firm Developing a new resin
Paint & Coatings agreement system for high performance
Product technology coatings applications.

(Cancelled)




96 FRAMEWORK DEVELOPMENT

Cases also comprise different technology domains such as process, materials and

product technologies at different stages of maturity. In five cases the partners

collaborated for the first time (Cases 1, 2, 3, 6 and 7). In addition, cases comprise

projects at different completion stage: three cases were successfully completed (Cases

3, 4 and 5); three cases were at scaling up stage (Cases 1, 2 and 6); and one was

cancelled before reaching the intended outcome (Case 7). Such heterogeneity of project

characteristics was allowed in order to capture a broader number of factors and

activities. Table 5.2 offers an overview of the case studies and participating companies.

Table 5-2 Case studies analysed to develop the emerging framework

Participant
companies
Industry

Size

Case 1l

Alpha [TAF]
Transport fuels
Large company

Theta [TPF]

Case description

As part of its corporate strategy to get into the biofuels sector, Alpha, a large
transport fuel producer, looked for potential technologies to enter in the biofuels
market. Alpha found Theta, a small biotechnology firm, as a potential source of the
technology. They signed a 50/50 technology joint venture to incorporate Theta’s
technology into a commercial-scale plant. Alpha would provide engineering
expertise in building full-scale plants and commercialisation of transport fuels. At

Biotechnology the middle of the development programme Theta sold their stake in the joint

Small venture to Alpha because of a lack of financial resources to pay its part in the
agreement. As a result, Theta’s research staff and facilities were absorbed by
Alpha. At the moment of collecting the data, Alpha was working on constructing
the production facilities and scaling up the production process.

Case 2 As part of its corporate strategy to get into the biofuels sector, Alpha, a large

Alpha [TAF] transport fuel producer, looked for potential technologies to enter in the biofuels

Transport fuels market. Alpha approached to Iota, a large chemical company, to explore the

Large company

Iota [TPF]
Chemicals
Large company

potential application of Iota’s biotechnology capabilities and technologies to
produce biobutanol, a biofuel that presents better characteristics than bioethanol.
Both firms signed a 50/50 technology joint venture to develop the technology, build
production plants and commercialise the technology. They achieved successful
results in the research phase so that they started the construction of the production
facilities. At the moment of the interview, the development team was already
working on some parts of the technology package to reduce the unitary cost of the
biofuel.

Case 3

Beta [TAF]
Oil and Gas
Large company

Kappa [TPF]
Defence
Start up company

Beta, a large oil and gas producer, began an R&D programme to explore the
potential use of fibre optic technology for improving gas production operative
processes. They approached Kappa in order to test the possible application of its
technology for monitoring the movement of fluids inside oil and gas wells. Kappa
was a start up company holding a promising technology to detect ground
movement. At that time Kappa’s technology had been applied only for security and
defence purposes. The results of the tests were positive and both firms decided to
sign a joint development agreement to develop a range of products for applications
in the oil and gas industry. At the moment of data collection, the firms had achieved
the development of the first product prototypes and they were about to move to the
commercialisation phase.
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Table 5-2 Case studies analysed to develop the emerging framework (cont.)

Participant
companies

Industry

Size

Case 4
Gamma [TAF]
Oil and gas
Large company

Lambda [TPF]
Oil and gas
Small company

Case description

Gamma, a subsidiary of a large oil and gas company, was running an R&D
programme aimed at developing new solutions that may increase the safety and
integrity of its gas pipelines. Thus, Gamma was looking for new technologies. At that
time, the latest progress on fibre optic technology enabled this technology for a new
range of applications. Gamma asked Lambda, a firm specialised with fibre optic
technology, to carry out a state of the art and technical feasibility study to use fibre
optics to monitoring the integrity of gas pipelines. The results of the study pointed
out that additional research work was needed to determine the technical and
economic feasibility of the technology. Therefore, Gamma and Lambda pushed the
formation of a consortium to develop new technical knowledge on the technology.
After some months the consortium provided such positive results that both firms
became interested in developing prototypes. The prototypes worked so well that both
companies signed a joint development agreement to develop products based on this
technology for monitoring the integrity of gas pipelines.

Case S

Delta [TAF]
Petrochemicals
Large company

Omega [TPF]
Petrochemicals
Large company

Delta, a large producer of polyethylene, wanted to enter into the South America
polyethylene market, however the technology that was used in its current plants did
not meet the specifications of the customers of that region. Thus, Delta asked Omega,
the provider of the process technology currently used in its plants, to develop the
necessary changes to the technology to meet the requirements of the prospective
market. Omega accepted the deal since it represented an opportunity to improve the
technology and update its portfolio of products. Thus, Delta would advise Omega on
the final specifications of the production process and Omega would keep the
intellectual property rights of the process technology.

Case 6
Epsilon [TAF]
Construction
Large company

Epsilon, a large supplier of materials to the construction industry, decided to
incorporate a new line of products based on a new insulating technology. Epsilon
considered that acquiring this technology was an opportunity to gain a ‘significant
competitive advantage’ as one key trend in the industry was to introduce materials
with better characteristics. Epsilon found a couple of potential providers of new

Omicron materials. After approaching these two companies, Omicron, a small start up
[TPF] company, was chosen because of the large range of potential applications of its
Materials insulating technology and terms of the relationship. Epsilon bought a stake in this
Start up small company to support its growth. The laboratory trials demonstrated that the
company material exceeded the expected performance, so Epsilon decided to incorporate this
material into its portfolio of products. At the moment of the interview, Omicron had
built a large-scale production facility and Epsilon was making the necessary changes
to its manufacturing facilities to incorporate the new material into its production line.
Case 7 Eta is a large player in the paint and coatings industry. One of the key trends in this
Eta [TAF] industry is the introduction of high performance coatings. Thus, in order to develop
Paint and new and better products based on high performance coatings Eta looked around the
coatings globe for potential partners. Eta used to complement its internal R&D skills and

Large company

Sigma [TPF]
Chemicals
Large company

infrastructure with external technology providers. From the list of possible partners,
Eta picked Sigma, which showed good technical capabilities and was geographically
close to its research facilities. Eta signed a joint development agreement with Sigma.
The relationship and progress of the agreement between both companies ran well for
the first half of the project, but after an internal restructuring programme, Sigma
changed the development team and as a consequence the progress that Eta and Sigma
had achieved was almost lost. Indeed, the new development staff did not show the
same enthusiasm as the previous team. At the end Eta decided to cancel the
agreement because it did not provide the expected results.
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5.2 Data collection and analysis

Data was collected through semi-structured face-to-face and telephonic interviews with
managers and project leaders that were involved in the acquisition project. This ensured
that information in each case came from people with deep knowledge of the technology,
as well as the managerial and organizational implications of the project for their
company. In two cases (Cases 1 and 4), participants from both partners were
interviewed. In the rest of the cases, the information came only from one informant.
Conversations lasted about 40 to 50 minutes given the busy agenda of the interviewees.
Participants were encouraged to describe the project covering the following aspects,

which were based on the literature':

* Specific motivations/objectives of the collaboration.

* Partnership set up.

* Resources allocated by each partner to the collaboration.
* Management of the development project.

* Management of emerging intellectual property rights.

* Problematic situations during the project.

e Results achieved.

Conversations were recorded and transcribed to facilitate further analysis. Data were
analysed through two methods: grounded analysis and cross-case analysis. The
combination of these methods led to the identification of key activities and influential

factors in TA.

Grounded analysis was utilised to identify key activities and relevant factors that
affected the acquisition process in each case. The grounded analysis followed the

analytical process suggested by Easterby-Smith et al. (2008) (see section 4.9.1).

Cross-case analysis allowed the researcher to find similarities and differences between
the cases. Through this method the most recurrent factors and two acquisitions patterns
were identified. In addition, this method allowed the researcher to check whether the

grounded analysis was carried out with the same level of detail in each case.

! The protocols followed to conduct the interviews are in Appendix B.



CHAPTER 5

99

In order to reduce the bias that the researcher could have introduced into the results,

practitioners and academic peers were asked to give feedback on the emerging

categories for each dimension. Their comments were considered to provide a better

description of the activities, factors and categories of factors comprised in the new

version of the framework.

5.3 Key activities

The analysis of the seven case studies indicates that acquisition of technology by

collaboration involves seven key activities (Figure 5.1): definition of technology

requirements, technology scouting, technology risk evaluation, agreement formalisation,

co-development and implementation.

Partnership set up

Def. of
technology
req.

Technology Technology risk

scouting

evaluation

Agreement
formalisation

Implementation

Co-development

Figure 5-1 Key activities in the acquisition of technology through collaboration

5.3.1 Definition of technology requirements

Definition of:
technology
require-
ments

Figure 5-2 Definition of technology requirements
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Definition of technology requirements (Figure 5.2) comprises a group of tasks that drive
a firm to acquire a new technology. Identification of an emerging market, existing
customer requirements, and company-wide R&D programmes were identified as the

main triggers to start the acquisition process, as it is described below.

In cases 1, 2 and 6, the acquisition process began as a response to an emerging market
as can be observed from interviewees’ words:
“We decided to invest in biofuels primarily for two reasons. Firstly we see it as a growing
market, so it is a substantial market for transportation fuels; and secondly because it is part of

our company core business, which is the transportation fuels value chain.” Informant

Company Alpha, Case 1 and 2.

“By acquiring this technology we could immediately identify a great market opportunity”

Informant Company Epsilon, Case 6.
In cases 5 and 7 the main driver was improving the product portfolio to meet the
requirement of existing customers. On the one hand, in Case 5 the acquiring firm
needed the technology to meet a new market driven by a new application of
polyethylene. On the other hand, in Case 7 the acquiring firm wanted to improve their
capabilities to produce high performance coatings to increase its portfolio of products.
The words of one of the informants provide support for this trigger.

“It turns out that our customer in South America wanted to target certain polyethylene grades

for certain applications.” Informant Company Omega, Case 5.
In cases 3 and 4 the acquisition process was triggered by company-wide R&D
programmes aimed at improving the operational performance of the company or
developing new sources of competitive advantage. In Case 3 the acquisition project was
part of a wider programme to evaluate and incorporate the use of fibre optics to make
more efficient operations in Oil and Gas exploration and production. Similarly, in Case
4 the acquisition project was part of a wider R&D programme whose main aim was to
increase the efficiency and safety of operations in the Oil and Gas industry, from
production of crude oil to delivery of refined fuels:

“We had a very structured R&D programme which has addressed everything from what to do

down holes in reservoirs and all the way through to delivery...” Informant Company Gamma,

Case 4.
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5.3.2 Technology scouting

Technology
scouting

/
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Figure 5-3 Technology scouting

Another key activity performed in all cases aimed at exploring the level of maturity and
sources of alternative technologies to meet the application required by the acquiring
firm (Figure 5.3). This activity particularly was stressed in the cases where the firms
were looking for technologies that were mature enough to be acquired (Cases 1 and 6).
For example, in case 1, Alpha, the acquiring firm, found that Theta possessed a
technology that was at a higher level of development in relation to other technology
options, as noted by the interviewee:

“...we also found that they had the pilot plant facility, so they were beyond just laboratory

demonstrations and started to demonstrate it at commercial scale...” Informant Company

Alpha, Case 1.
In another case (Case 4), the partnering firms carried out a feasibility study in order to
identify the latest progress in optoelectronics towards the use of optical fiber to
monitoring the physical condition of gas pipelines. They found that there was some
work done, but it was necessary to carry out additional research to verify whether
optical fiber could be used for that purpose.

“At the time the only measure that was really available commercially was temperature, so I

spent three months working with one or two of guys here, I ran a feasibility study that looked

at everything that was available in commercial, academic, blue skies, conceptual in terms of

what was available for fibre sensing. And the conclusion of the report was that the majority of

pipeline events and conditions of interest could or would most likely be possible to be

monitored by two fibre sensing technologies which at that stage I would say were largely at

the academic stage and we made a proposal to progress that work and to do some R&D work

and start looking at prototypes.” Informant Company Lambda, Case 4.
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5.3.3 Technology risk evaluation
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Figure 5-4 Technology risk evaluation

Case studies indicate that firms performed a technical and economic evaluation of the
technology in order to determine whether it could provide the expected performance in
a particular application and to evaluate whether it might add value to the business
(Figure 5.4). This was observed in the cases where the technology had not been proven
yet for the particular application required by the user firm (cases 2, 3, 4, 5 and 7). These
evaluations included lab tests and field trials. These tests provided evidence to define
whether the technology was suitable for the particular application:

“The results from that were very encouraging but also showed that the existing gas

technology, which you are probably aware came out of defence and intelligence application,

was not yet mature for gas applications, so that we started a research collaboration and a

product development agreement.” Informant Company Beta, Case 3.

5.3.4 Partnership set up

Partnership set up
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Figure 5-5 Partnership set up
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Case studies also suggest that there is a period before formalising a collaborative
agreement where the acquiring and providing partners interact and define whether they
can work together. The acquiring and providing firms may start to interact at various
times during the early stages of the acquisition project (Figure 5.5). In some cases,
interaction between firms started during the evaluation of potential technologies (Cases
4 and 7). Indeed, before formalising a collaborative agreement, firms started to build a
business relationship, for example by signing a research contract. In the cases where the
technology had not been tested for a given application, the acquiring firm hired its
partner to perform a technical assessment to determine whether the technology can be
used for a particular application (Case 4). In this situation, the relationship was
governed by a unilateral contract and the acquiring firm took all the risks:

“At the early stages, particularly at this stage which we funded entirely, we signed a contract

that said we own all the intellectual property.” Informant Company Gamma, Case 4
Also, during their earliest interactions, firms may develop a common vision and
willingness to participate in a collaborative project. It is the time when companies learn
about each other’s business objectives, capabilities and culture. For example, in Case 2,
the informant explains that both companies complemented each other very well, that
was why they decided to invest in the development of a process to produce biobutanol:

“The reasons for going with Iota were that they are a great chemical company, and now

biochemical innovators, they are very good technologists, so they brought that to the party and

what we brought was the experience of transportation and fuel value chains” Informant

Company Alpha, Case 2.

5.3.5 Agreement formalisation
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Figure 5-6 Agreement formalisation
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Case studies also point out that there is a point when the acquiring firm formalises a
collaborative agreement with its partner (Figure 5.6). This happens usually when the
acquiring firm is convinced that the technology will provide the expected value and

performance in a particular application.

The cases also showed that the outcomes of the project offer value in some way also to
the providing partner, so that the acquisition project, which initially may have been a
unilateral contract, becomes a bilateral contract. In this new agreement the partners
negotiate the terms and conditions of the collaboration work. The partnering firms
specify the scope of the collaborative work and who is doing what, who is responsible
for what, who is paying for what, who will manage the emerging IPR, and set up a

series of criteria to evaluate the overall performance of the development process.

Thus, the formalization of the collaboration is reached through the signature of a
technology joint venture (Cases 1 and 2), joint development agreement (Cases 3, 4 and
7), strategic partnership (Case 5) or whatever other mechanism is chosen by the
partnering firms. The following quote is an example of the agreement reached in one
case:
“We had Biofuels Co that was the entity that Alpha and Theta established and that would
represent the overall technology-licensing package for the production of cellulosic ethanol. So
Theta would contribute its intellectual property around cellulosic ethanol, and Alpha would
contribute its engineering know-how to create an overall licensing package that we could use

to license and build cellulosic ethanol facilities both for Alpha as well as licensing the

technology to other companies.” Informant Company Theta, Case 1.

5.3.6 Collaborative development

Co-development
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Figure 5-7 Collaborative development
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Case studies also point out that the project, which began as an acquisition initiative
driven by the acquiring firm, goes through a phase where the technology is further
developed and integrated into a commercial product (Cases 3, 4, 6 and 7) or process
(Cases 1, 2 and 5). Such a product or process must meet a particular set of specifications
defined by the acquiring firm so that it can be implemented later into its operations or
product portfolio. At this point the acquisition project turns into a collaborative new
product development project (Figure 5.7). Thus, this phase of the acquisition project
becomes intensive in activities related to development management such as project and
resources management, pilot tests, and further field trials. The following quotes

illustrate some of the situations during the execution of the development project:

“...we have a series of very clear technology milestones which ultimately aim to get down to
the cost of production of the new product. Ultimately the cost of production would allows us
to determine whether things were successful in the project, so it is a crystal clear what

represents success.” Informant Company Alpha, Case 1.

“We do have incurred in quite significant delays with the delivery. I would say Kappa staff
was too optimistic because they were the only ones who could estimate the time of delivery,
not us {...}. They had been optimistic on their side so we incurred about half a year’s delay,

and there is a cost to that of course.” Informant Company Beta, Case 3.

“...we are in the pilot phase and we are still confident that we will be ready to launch this

technology next year.” Informant Company Epsilon, Case 6.

5.3.7 Implementation

Implementation
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Figure 5-8 Implementation
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The last key activity regards the implementation of the resulting product of the
development project into the value chain of the user firm (Figure 5.8). Thus, the
technology is incorporated into the value chain of the acquiring firm in the form of a
product or process. Such a product or process is expected to be a means by which the
acquiring firm will capture the value provided by the new technology.

“We have 17 different application areas. We don’t have detailed implementation plans for all

of these, but for the one that we call technology package number 4 which is an application to

hydraulic fracturing {...} The initial business implementation should start around the end of

this year.” Informant Company Beta, Case 3.

“...what you now have to do is to transfer that into a manufacturing process, so we had the
final stage which is commercialisation. That actually finished last year in 2009.” Informant

Company Lambda, Case 4.

“We’ve developed with them the knowledge of how to make a particular grade of product that
they want for their market place and what we have is an additional grade that we can now sell

as part of our licencing package.” Informant Company Omega, Case 5.

Sometimes the implementation activities can run in parallel to the development project
(Cases 1 and 2). In particular this may happen when the technology is part of a broader
investment plan. For example, firms may start looking at raw material suppliers:

“...by and large you have to start with agricultural issues two or three years in advance to start

constructing the plant so that you can be sure that agricultural stuff has been solved”

Informant Company Alpha, Case 1.

5.4 Evaluation — key activities

Case studies suggest that TA comprises seven key activities: definition of technology
requirements, technology scouting, technology risk evaluation, partnership set up,
agreement formalization, co-development and implementation. These activities may not
be sequential, for instance, technology scouting and technology risk evaluation seem to
be very closely interrelated, depending on the existence of the technology in the market,

its maturity for a particular application and the number of potential suppliers.

Partnership set up, on the other hand, covers the activities that allow the supplying and
acquiring firms to realize whether they could collaborate and get a benefit out of the

relationship. Such an interaction between firms may happen at any moment between the
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point when the acquiring firm defines the requirements of new technology to the point
where both companies decide to initiate a co-development agreement. In large and
complex acquisition projects where new infrastructure and developing the supplier
chain is required, the implementation of the technology may run in parallel to co-

development execution.

Compared to the activities in the acquisition process drawn from the literature and
practice reviews, it is possible to see that by far the major difference in the sequence of
activities in the emerging framework is located at the middle of the acquisition process,

between the definition of technology requirements and implementation.
Literature review vs activities in the emerging framework

The sequence of activities in the emerging framework considers a number of distinctive
elements in relation to the sequence of activities identified in the conceptual framework
(v0.0). Figure 5.9 shows a graphic representation of the correspondence between the
activities comprised in the conceptual framework (v0.0) and the activities comprised by

the emerging framework (v2.0).

niti Activities in the
22?;::;?; of Identification Telchn'ologyd Value added conceptual
re uire?y of available evla u_atlonfar;] Negotiation Implementation relationship framework
q technology selection of the management
ments source (v0.0)
Partnership set up
Definition of| Implementation L
technology Technology Technology risk Agreement Activities in the
require- scouting evaluation formalisation emerging
ments Co-development framework
(v2.0)

Figure 5-9 Correspondence of between activities in the conceptual framework and the emerging framework

The sequence of activities in the emerging framework highlights that there is a phase
where the acquiring and providing firm know each other and demonstrate their interest
to collaborate. This phase is labelled in the emerging framework as partnership set up
and comprises from the point where the acquiring firm realises the value of the

technology until the terms and conditions of the collaboration are agreed.
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The sequence of activities in the emerging framework considers the presence of two
independent activities after the formalisation of the collaboration agreement: co-
development execution and implementation. In contrast, literature review suggests only
one activity: implementation. Thus, literature review seems to miss the relevance of the
partnership set up phase and do not provide a clear distinction of key activities at the

implementation phase.

Literature review raises the presence of an additional activity in the process: value
added relationship management. However, this activity it is out of the scope of this
research. The reason for the exclusion of this activity is because the research focuses

only on single TA projects and not on long-term relationships.
Practice review vs activities in the emerging framework.

The activities comprised in the emerging framework are relatively similar to the
activities depicted in the practice-based framework (framework v1.0), the main
difference lies on the sequence of the activities, particularly in the stage labelled as
‘partner selection’ in the framework v1.0. Figure 5.10 shows a graphic representation of

the correspondence between activities in the initial framework and emerging

framework.
Definition of| Activities in the
Technology | |Technology Partner L el

technglogy scouting evaluation selection Negotiation| | Development| | Exploitation practice-based
require- framework (v1.0)
ments

Partnership set up

Definition of Agreement Implementation Activities in the

technology Technology Technology risk %ormali- emerging
rrfnq:r:;(:- scouting evaluation sation framework

Co-development (v2.0)

Figure 5-10 Correspondence of between activities in the initial framework and the emerging framework
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Partner selection is included in the emerging framework within the phase partnership
set up, which comprises from the identification of potential partners to the development
of a common vision with the selected partner. The emerging framework suggests that
the selection of a partner may occur even before the acquiring firm evaluates the
technology alternatives and their risks. In particular, this situation may happen when the
technology is not mature yet for the application required by the acquiring firm. For
example, in Case 4 Company Gamma selected its partner before defining the
technology that would be acquired. Due to the lack of expertise in fibre optics, Gamma
hired Lambda, a company with expertise in optoelectronics, to carry out a feasibility
analysis in order to know whether the fibre optics technology could be used to
monitoring the physical conditions of gas pipelines. In this case, the selection of the
partner was driven by the technical expertise of the company rather than by possessing a
technology concept, and the companies began their relationship before any kind of
evaluation of the performance of the technology. The rest of the differences between the
activities in the practice-based framework and the emerging framework basically are

changes in the names given to the activities.

5.5 Influential factors

The analysis of cases suggests that the factors that influence the outcomes of TA by
means of collaboration can be divided into six categories: strategic alignment, structural
match, development management, implementation opportunity, technology uncertainty

and contextual factors (Figure 5.11).

Strategic alignment

Structural match

Development management

Implementation opportunity

Technology uncertainty

Contextual factors

Figure 5-11 Categories of factors affecting the acquisition process
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5.5.1 Strategic alignment

Strategic alignment comprises a number of factors that define the stability of the
business relationship between the partnering firms. In the majority of the cases (Cases
1, 2, 3,4, 5 and 6), a stable business relationship between partners was observed. The
stability of the business relationship seems to be a condition to collaborate throughout
the project. Except for Case 7, which failed as a result of an organisational change
inside the technology partner, the partners in each case seemed to be committed to
collaborate because of the benefits that the outcomes of the project would provide to
both firms. Strategic alignment seems to be influenced by the following factors:
business motivations, project relevance, risks and rewards, management of emerging
IPR, vision alignment, wording of the contract and trust. Table 5.3 presents the cases

where these factors were relevant.

Table 5-3 Strategic alignment

Caseno.|1 |2 |3 |4 |5|6 |7
Business alignment

Business motivations vlviiv]v]v|v]|v
Wording of the contract v
Management of emerging IPR vlvi|v |V
Project relevance v v
Risks and rewards v |V
Trust v v
Vision alignment vlv]|v v v

Business motivations

Empirical evidence suggests that firms are motivated to participate in a joint project if
they perceive value in the project and the benefits they can take out of the collaboration
are compatible. For example, in Case 1, Theta considered that a partnership with a large
company would be a means to grow. The collaborative agreement with Alpha would
allow Theta to access additional capital, market, and business recognition. On the other
hand, Alpha was very keen on the collaborative agreement because it was a means to
acquire a new technology to get into the growing biofuels market.
“They were aligned with us because they thought Alpha would bring a financial muscle and

ability to take the product to the market and they would bring the technology.” Informant

Company Alpha, Case 1.
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Wording of the contract

Another factor that arises when companies work together for the first time is wording of
the contract, which may become a barrier to achieving a collaboration agreement. This
would be a particular issue when a large company works with a small one and there is a
possible overlap in their business scope. As example, consider the following quotation
from one of the interviewees:
“[What was written in the contract] could be interpreted differently by one party and then the
other; but, it’s mostly about other uses, other applications of inventions that were not foreseen
at contract signing. That is particularly important for the smaller party here because they were
afraid that some of the inventions that we could claim might push them out of certain

businesses that they are already thinking about. For instance underground bunker detection is

something that [our company] is not at all interested in.” Informant Company Beta, Case 3.
Management of emerging IPR

One factor that appeared to be relevant to keep the strategic alignment between partners
was agreement on how to manage the intellectual property rights emerging from the
joint work. In Case 5 for example, the technology partner asked for the ownership of the
resulting intellectual property rights, as pointed out by the interviewee:

“...we asked for all the IP rights so that we can keep our whole platform under our IP control

because of we’re a licencing company.” Informant Company Omega, Case 5.
Project relevance

The relevance of the project for each partner is another important factor. Commitment
seems to be greater when the outcomes of the project fit the business strategy of the
partners. The words of one of the interviewees provide an example of this factor:

“The main advantage actually was that there was a very good fit to our strategy. Second point

was that this technology would allow us to leverage the capabilities we already had. So it was

a perfect fit, and last but not least, I would say upon acquiring this technology we could

immediately identify a great market opportunity.” Informant Company Epsilon, Case 6.
Risks and rewards

Risks and rewards refer to the commitments and benefits for each partner in the
development project. The following quotation provides an example of the agreement

between the firms:
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“So we said ‘we will do a collaboration with you. We will develop in our pilot plant the
grades that you need to meet this end use and what you will provide is the knowledge of a
good product that meets this end use. So you have all of the applications, people who are your
customers, so you can help us to find what grade you need and we can try to make it for you.
You can tell us whether we’ve made it to meet all of the specifications or not and we will keep
on doing that until we finally figure out the conditions on this polyethylene plant we licence to

you that will make the grade’.” Informant Company Omega, Case 5.

Trust

Trust was pointed out as an influential factor in achieving a strategic alignment between
the partners. Trust is necessary to make joint decisions throughout the collaborative
work. Honest discussions during the early stages of the partnership and avoiding
overreliance on lawyers to lead contract negotiations seemed to encourage trust building
between partners as noted by one of the interviewees:

“I’d say building trust between the two sides by clear and upfront communication is very

important as well, next to what the lawyers are putting down on paper in their language.”

Informant Company Beta, Case 3.
Vision alignment

Vision alignment seems to be another relevant factor contributing to the strategic
alignment between partners. When companies work for the first time, it is likely that
they do not know each other’s business and real motivations to join the project. These
circumstances may be a barrier to negotiate partnership terms and to manage the
intellectual property that may emerge from the project, so that both partners should
manifest their expectations from the collaboration. As one of the interviewees pointed
out:
“I mean it just worked out that Theta’s approach to cellulosic ethanol and the way we were
going to run the process and the feed stocks we were going to use was actually much more
aligned with the independent thinking that Alpha was already doing. So from that standpoint
there was very good alignment between Theta and Alpha about strategy and technology paths
forward, so I think that was one of the main reasons why the discussions progressed so

quickly and why we were able to set up the relationship with Alpha.” Informant Company

Theta, Case 1.
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5.5.2 Structural match

Structural match comprises the factors that affect the complementarity and stability of
the resources and skills required to develop the technology and incorporate it into a
useful product. The factors that seem to contribute to the structural match of the partners
are match of resources and expertise, access to relevant IP exploitation rights, access to
testing facilities, internal stability of the partners and access to funding. Table 5.4

presents the cases where these factors were relevant.

Table 5-4 Structural match

Caseno.|1 |2 |34 |5([6]|7

Structural match

Access to testing facilities v |v

Access to relevant IP exploitation rights | v [ v [ v | v v
Access to funding v v

Internal stability of partners v v v
Match of resources and expertise vlv|v

Access to testing facilities

Developing activities require not only specific technology knowledge, but also access to
testing and to other facilities. In cases 4 and 5 having access to testing and to
manufacturing facilities was key to verifying the specifications of the final product.

“In this case I selected the Alaska gas pipeline, which is 5,000 km of 52 inch pipe, it is a huge

project with permafrost and everything, and ground movement and leaks, interference, an so

on. All that is part of the project, so we use that as our base case. {...} the tests were done not

as a demonstration of the final product, but as a means to get field data to allow us to complete

the design of the product.” Informant Company Gamma, Case 4.

Access to relevant IP exploitation rights

Another relevant factor to achieve structural match is access to the IP exploitation rights
of the core or auxiliary technologies. In particular this seems to be a fundamental
criterion to chose a partner.

“Theta was going to contribute its IP around cellulosic ethanol, and Alpha was going to

contribute its engineering know-how to create an overall licensing package that we could use

to licence and build cellulosic ethanol facilities.” Informant Company Theta, Case 1.
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Access to funding

Access to funding seems to have influence on the structural match of the partners. In
particular it may be critical for the partners to get access to the funding required to carry
out the development activities. For example, in Case 1 the financial stability of Theta
depended on governmental funding:

“[Theta] had been looking at getting financial support from the Department of Energy in the

US, but that has been extremely slow. Although the DOE has said that they are going to offer

loan guarantees for the building of commercial facilities in the US, they have been extremely

slow to release that money and actually a lot of companies have suffered as a result of that.”

Informant Company Alpha, Case 1.

Internal stability of partners

Structural match is also influenced by the organisational and financial stability of the
partners. During the partnership, firms may experience internal reorganisations or may
be acquired by another company. The following quotation illustrates the effect of an
organisational change on the collaboration in Case 7.

“About half way through, this was a 3 year joint development agreement, a year or a year and

a half, this company changed their people involved on their side, and new people didn’t know

very much about what the project was about. Their enthusiasm for doing it was greatly

reduced compared to the previous team. There was no other change, just the people involved.

So there were different people on the team, there was a rapid drop in enthusiasm, partly

because of their lack of motivation, I think more than anything. The new guys didn’t have any

background in coating work.” Informant Company Eta, Case 7.

Match of resources and expertise

The match of partners’ resources and expertise is one of the influential factors. This
factor refers to the possession of the key resources and expertise that is required to
achieve the purposes of the collaboration agreement. Companies are encouraged to
enter into a collaborative project when they do not have all the resources and knowledge
required to develop a product or to solve a problem by their own. Firms are willing to
collaborate with partners that have complementary assets as well as the knowledge and
skills needed to develop and implement a given technology into a useful application.

Indeed, the most common trigger to look around for potential partners is the lack of
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certain resources and expertise. The following quotation provide an example of this
factor:
“The reason that we choose Iota {...} was because lota has real expertise in this kind of

research and development, particularly around chemicals and also moving increasingly to

biochemicals and biofuels.” Informant Company Alpha, Case 2.

5.5.3 Development management

Another category of factors includes those factors that affect the ability of the partners
to manage the development project effectively. The empirical evidence suggests that the
factors influencing the ability of the partnering firms to develop and implement the
technology into a commercial product or process also are relevant. Partners’ ability to
develop the new product in collaboration is influenced by factors such as existence of a
project manager, ease of decision-making, project management practices, ease of
communication, scope definition and development team. Table 5.5 presents the cases

where these factors were relevant.

Table 5-5 Development management

Caseno.|1 |2 |34 |56 |7

Development management
Ease of communication
Ease of decision-making vilv]|v
Enthusiasm of the development team
Project management practices
Project manager
Scope definition v v

AN N N N Y
AN NN
A SN NS

Ease of communication

In cases 1, 4 and 7, ease of communication was an influential factor in the outcomes of
the collaboration. Particularly, in cases 1 and 4, communication between the people
involved was relevant to achieve the desired outcome as noted by the informant from

Lambda:

“...if there was bad news, he (Gamma’s project leader) knew all about it {...} open
communication worked very well. It was a partnership actually rather than a kind of standard

client customer relationship.” Informant Company Lambda, Case 4.
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Ease of decision-making

Ease of decision-making seems to be an influential factor affecting the ability of the
partnering firms to manage the development process. In some cases (1, 3 and 7) a
steering committee, made up of members from both partners, met periodically to
discuss the progress of the project. As noted by one of the interviewees:

“We had a research committee, so there were members from Alpha, and members from Theta

that met on a quarterly basis to discuss how things were progressing and how resources were.”

Informant from Company Alpha, Case 1.

Enthusiasm of the development team

Another relevant factor influencing the effectiveness of collaboration projects is the
enthusiasm of the people involved in the project. Informant in Case 4, for example,
indicated that the enthusiasm of the people is key to success:

“...you need identifying the right contact, the discipline expert who’s excited, and one of the

things that Norman brought personally was the foresight and also, one thing he is very good at

is getting funding and bringing funded projects to success. That’s his reputation at Gamma. So

it’s putting together the right people and the right companies with common, shared goals.

That for me was key to success.” Informant Company Lambda, Case 4.

Project management practices

The way the project is managed is another relevant factor. In cases 4, 5 and 6 the project
was conducted through a stage-gate process. In this approach, the probabilities of
technical and commercial success of the product were assessed as the development team
moved through the technology maturity stages. In both situations, the time and ease to
make decisions were different.

“[we] established a stage gate process whereby either partner can say ‘stop, we’re not meeting

our targets, we want out.” we always make sure that either partner has the ability to stop if the

project is not having the required technical success.” Informant Company Omega, Case 5.

Project manager

In cases 4, 5, 6 and 7, each partner allocated a project manager to facilitate
communication between teams and to coordinate the development work. The project
manager was usually in charge of keeping the development team focused on the

outcome. When a technical problem emerged, the project manager assisted the
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development teams to make timely decisions. In addition, the project manager in Case 6
was also responsible for dealing with regulatory issues. The following quotation points
out the responsibilities of the project manager in Case 6:

“...on our side we implemented a dedicated project manager assigned to this activity full time

and who organised everything around the cooperation starting from the regulatory issues and

then of course organising work packages and organising regular meetings.” Informant from

firm Epsilon, Case 6.
Scope definition

The definition of the scope of the development work seems to be also a relevant factor.
In some cases, the partners defined a series of technology milestones that help them to
have a clear vision of the progress and scope of the development work. For example, in
Case 3 the technology would be used in a large number of applications, however the
acquiring firm decided to get concentrated into few applications at the initial phases of
the collaboration with its technology partner:

“We identified 17 application areas. We identified 4 of these as high priority items which is

high priority both in terms of fast implication and fast evaluation and also in terms of technical

success.” Informant Company Beta, Case 3.

5.5.4 Implementation opportunity

This category comprises those factors that affect the likelihood of implementing the
technology into the operations of the acquiring firm. The chances to implement the
technology are influenced by factors such as the overall performance of the project,
familiarity of the application of the technology to the acquiring firm, implementation
plan, participation of the end user, compatibility of the resulting product or process with
existing systems as well as market uncertainty. Table 5.6 presents the cases where these

factors were relevant.
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Table 5-6 Implementation opportunity

Caseno.|1 |2 |3 |[4|5|6]|7
Implementation opportunity
Implementation plan viiv]|v v
Participation of the end user v
Performance of the project v v|v|v
Compatibility with existing systems v v
Market uncertainty v v
Familiarity with the final product v v
Implementation plan

In order to achieve the acquisition of the technology, the company should have an
implementation plan. In the cases 1, 2, 3 and 5 the acquiring firm had an
implementation plan defined before formalising the relationship with their technology
partners.

“What we want to do is establish the new brand in the market which potentially, as we go

forward into the market, we’d market biobutanol under the Butabiofuel umbrella.” Informant

Company Alpha, Case 2.
On the contrary, in the rest of the cases, acquiring firms did not have an implementation
plan when they formalised the collaborative agreement. For example, in Case 4 Gamma
supported the development of a system to monitor the integrity of gas pipelines but at
the time they signed up the development agreement with Lambda, there was not a clear
plan to implement the product in the operations of the company:

“... the outcome is inevitably that although Gamma does benefit from this product, Gamma

isn’t necessarily their main customer. The main customer may be in a completely different

industry. So what we are investing in, is we are investing in a piece of work, and the product

that will benefit us and will benefit us not in selling the product because there may be some

risk in increasing safety of our operation for example, it may reduce costs in our operations.

But you appreciate at the start that we may not be their main customers.” Informant Company

Gamma, Case 4.
Participation of the end user

It seems that involving end users since the early stages of the development may help to
change their attitude towards adopting the new technology. In cases 4 and 6, which did

not have an implementation plan from the beginning, informants mentioned that it was
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difficult to convince other areas within the firm that the new product had advantages
over current products.
“...we were shooting for a very future oriented technology and we found within our company

a lot of conservatism. For many people said, hey you shouldn’t do this. This is wasted time,

effort and money...” Informant Company Epsilon, Case 6.
Performance of the project

The overall performance of the co-development project is one influential factor. The
cases analysed suggest that eventually firms may achieve success in developing a
technology prototype, whose performance would be proved in a simulated or real
operational environment. However, turning a prototype into a final product, or process,
and implementing it into current operations may encounter not only technology
challenges, but also business challenges. This situation is illustrated by one of the
interviewees:

“We would be making a very clear decision on go or not go next year. That would attempt to

be the decision to go the first commercial plant, or whether we say no it is too risky or go

ahead. So until that time we can put our hands up to say yes this may happen...” Informant

Company Alpha, Case 1.
Compatibility with existing systems

Another factor that contributes to increase the chances to implement the technology is
compatibility of the final product with existing systems. For example, new to the world
products seem to be more difficult to implement, not because of market uncertainties,
but because of the lack of standards or a value chain that may support mass production.
“Elsewhere in pipelines in particular, it’s early days. We’re still at very low volumes. There is
a lot of conservatism. There are no standards for example, {...} there aren’t many projects

around. There’s interest but people are not yet convinced. You’ve got an ageing population in

the pipeline world in particular, which will take a lot of convincing that this is a technology

EL)

that is worth specifying.” Informant Company Gamma Case 4

Market uncertainty
Market uncertainty is another factor influencing the opportunity to implement the

resulting product. At the end of a development project, changes in the market may

create barriers to implementing the technology. This factor is illustrated by one of the
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interviewees who pointed out that when they decided to begin the development project
they were expecting higher gas prices.
“...then you see gas prices now are much lower than they were a couple of years ago {...} so

the business volume that we had estimated may actually in the foreseeable future be smaller.”

Informant Company Beta, Case 3.
Familiarity with the final product to the acquiring firm

It seems that the chances to implement the technology are influenced by the extent to
which the acquiring firm is familiar with the final product or process that contains the
technology. This factor seems to affect the amount of effort and resources that the
acquiring company would require to successfully incorporate the technology into its
operations.
“We acquired {...} a new technology for a totally new kind of insulation material, so
something totally unfamiliar for someone in engineering. You know we are in construction
industry and in nowadays insulating is especially important in materials {...} the main
challenges were internal within our company. Because first of all we were shooting for a very

future oriented technology and you meet within your own company a lot of conservatism.”

Informant Company Epsilon, Case 6.

5.5.5 Technology uncertainty

The technology uncertainty category includes factors that define how challenging it may
be for the partnering firms to develop and implement the technology. Technology
uncertainty can be influenced by factors such as technology familiarity, technology
performance, ease of scaling up, application novelty and maturity of the final product.

Table 5.7 presents the cases where these factors were relevant.

Table 5-7 Technology uncertainty

Caseno.|1 |2 |34 |5([6]|7

Technology uncertainty
Technology maturity vlv]|v|v

Ease of scaling up v|v v
Product novelty v v
Technology performance v vi|v]|v
Technology familiarity vV v
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Technology maturity

In a broad approach, TA projects that involve immature technologies are more
uncertain. Immature technologies frequently are present in two circumstances: 1) when
a novel technology knowledge is combined with a novel application (Case 6); and 2)
when an existing technology knowledge is combined with a novel application (Case 2,
3, 4 and 5). In either case, the technical challenge of the acquisition project is stressed
by the degree of difficulty of maturing the technology. As an example the following
quotation:

“We modelled mathematically the performance of these products, but there is obviously a high

degree of uncertainty when you do that so, we didn’t know for example whether we would be

able to achieve the optical range, the measurement range required. We didn’t know even if we

had a perfect measurement whether some of the events that we wanted to monitor, like gas

leaks for example, would then generate enough temperature change or enough noise that we

could detect them.” Informant Company Gamma, Case 4.
Ease of scaling up

One of the factors that led to delays in the implementation of the final outcome was
scaling up the manufacturing process (Cases 1, 2 and 6). Despite the fact that the
technology worked well at small scale, scaling up of the manufacturing process was
challenging. The following quotation illustrates this issue:

“I think there was a technical challenge to make sure that the organisms were robust enough

and that they could be scaled up in to an industrial process. And that was one of the things that

we were really working on, making sure we had the right organisms.” Informant Company

Alpha, Case 1.

Product novelty

Product novelty refers to the level of existence of previous knowledge and availability
of auxiliary components to make the product or process containing the technology
perform as required. Technologies that are implemented into a well known product or
process may require less effort than technologies that are implemented in new-to-the-
world products. In Case 1 for example, the partnering firms had to sort out some issues
related to the auxiliary components required to scale up the process to produce

cellulosic ethanol:
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“The largest issue was associated with the early pre-treatment process. There is a large piece
of equipment that has been used in the pulp and paper industry for a while, it’s called a
hydrolyser, and the hydrolyser used in pulp and paper has a different set of performance
criteria than we need to have in cellulosic ethanol. And so getting that hydrolyser to operate
efficiently and robustly was quite a challenge and I think that was one of the main technical
issues we faced in that JV. And that’s where we actually pulled together a series of workshops
with Theta and Alpha’s experts to really figure out how we were going to make that
hydrolyser work more efficiently and effectively for our process.” Informant Company Alpha,

Case 1.
Technology performance

Technology performance generally is a key criterion to decide whether or not the
technology should be acquired. In Case 4 the partnering firms decided to carry out the
development project because they found that the technology could provide the
functionality and performance required. The words of one of the informants exemplifies
this situation:
“...very quickly made very good progress and by about half-way through the project, about 18
months, it was very clear by mid 2006, probably slightly earlier than that, when we had

prototypes working very nicely. We had demonstrated the extended range, we demonstrated

new measurements.” Informant Company Lambda, Case 4.
Technology familiarity

Technology familiarity refers to the level of novelty of the technology to the partnering
firms. The relevance of this factor becomes evident when the potential risks and pitfalls
of the development project have to be foreseen (e.g. Casel, 2, 6 and 7).

“We have technology expertise in house. That enable us to make a judgment on the quality of

this technology versus other cellulosic technologies, so I would say, it was not perfect, we are

still on our way to learning because is not Alpha’s core business, but we had enough

technology capability to know what is a good technology, from what is more challenging and

difficult to scale up.” Informant Company Alpha, Case 1.

5.5.6 Contextual factors

The contextual factors category comprises the circumstances that describe the external
context of each collaborative project. These factors seem to have influence on the other

five categories of factors. Contextual factors include partners’ characteristics, project’s
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characteristics, previous relationship and affinity between partners. Table 5.8 presents

the cases where these factors were relevant.

Table 5-8 Contextual factors

Caseno.|1 |2 |34 |56 |7

Contextual factors
Partners' affinity

Partners' characteristics v vl v|v

Previous relationship v v]|v

Project's characteristics v v
Partners’ affinity

This factor may affect communication at both technical and business levels. For
example, the compatibility of working and business cultures may affect how effective
the communication is between the people involved in the collaboration project and
ultimately how likely is that the partners achieve the desired outcome.

“Gamma is very open. We get on very well, I think actually culturally they fit very well with

Lambda.” Informant Company Lambda, Case 4.

Partner characteristics

Some companies may show particular characteristics such as openness to outsource
R&D activities (firms Alpha and Gamma) or possession of capital venture units to
explore new technologies (firms Alpha and Epsilon). The relative size of the partnering
firms is also an influential factor, as noted by one of the interviewees:
"When you are working with a very small start up company, which is just growing heavily
because it has an interest in technology for a whole range of different applications, the biggest
issue you have is that these companies are absolutely chaotic because they only have a very
small number of people. Everybody is doing everything basically. So, to structure the

relationship in a way that you can actually work towards a common goal in a structured way is

a challenge." Informant Company Epsilon, Case 6.
Previous relationship
A previous relationship between partners is also a relevant factor in co-development

projects. Indeed, this would be a determinant criterion to choose a partner, as it can be

perceived from the words of one of the interviewees:
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“...they are our customers, so we have interests in making them happy because they are

buying services from us on a regular basis.” Informant Company Omega, Case5.
Project’s characteristics

The characteristics of the project seem to be also relevant. For example while in the
electronics industry developing a product may take two years, in the chemistry industry
a product may take a decade. The following quotation illustrates this situation:

“So the problem with the paint industry, is that it can take many years for looking at a central

new technology route, it could take anywhere between 8 and 10 years for a product from the

start to actually getting a final product, because of all the testing that needs to be done.”

Informant Company Eta, Case 7.

5.6 Evaluation — influential factors

In short, case studies suggest that there are six categories of factors that affect
acquisition projects carried out in collaboration. These factors are strategic alignment,
structural match, development management, implementation opportunity, technology
uncertainty and contextual factors. These categories of factors are graphically

represented in Figure 5.12.
Based on the analysis of seven case studies the following observations can be drawn:

1. The types of influential factors found as relevant are six rather than five, as observed
in the previous versions of the framework. The sixth category covers those factors
that affect the implementation of the technology into the value chain of the
acquiring firm. This group of factors is not reported in the core literature while in
the practice review one of the interviewees stressed that the chance to implement the
technology was a key factor in TA projects.

2. The category labelled as development management is equivalent to the category
previously labelled as coordination capability in the previous frameworks. The
reason for this change is to highlight that the acquisition process by collaboration
implies the joint development of a product or process.

3. An analysis of the theoretical saturation reached through the grounded analysis
reveals that 22 out of the 33 factors (67%) were found in Case 1. Cases 2, 3 and 4
contributed 1, 5 and 5 distinct factors respectively. Cases 5, 6 and 7 did not

contribute new factors. This is an indicator that there is a high probability that most
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of the relevant factors had been identified in the analysis of these seven cases.
Figure 5.13 shows a graphic representation of the total number of distinct factors
identified in the analysis of the seven case studies.

4. Most of the factors found through the analysis of case studies have been already
reported in the core literature; however there are four particular factors that have not
been explored: wording of the contract, enthusiasm of the development team,

implementation plan and ease of scaling up.

Strategic alignment * Business motivations * Project relevance
* Vision alignment *  Wording of the contract
¢ Management of emerging IPR * Risks and rewards
e Trust
Structural match * Match of resources and expertise * Internal stability of partners
* Access to testing facilities * Access to funding

¢ Access to relevant IP exploitation rights

Development management . Ease of communication +  Scope definition
* Ease of decision-making * Enthusiasm of the dev. team
* Project management practices * Project manager

Implementation opportunity . pg formance of the project * Implementation plan
* Compatibility with existing systems * Participation of the end user
¢ Familiarity with the final product * Market uncertainty

Technol n in

echnology uncertainty Technology familiarity * Technology performance

*  Product novelty * Technology maturity

¢ Ease of scaling up

Contextual factors
* Partners’ affinity * Previous relationship

* Project’s characteristics * Partners’ characteristics

Figure 5-12 Factors affecting technology acquisition by means of collaboration

To sum up, the factors identified through the seven case studies seem to offer a
comprehensive picture of the specific factors that affect the acquisition of technology by

means of collaboration.
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Figure 5-13 Number of distinct factors identified in case studies

5.7 Framework v2.0

The key activities and relevant factors identified in the case studies have been described
above. This framework provides further details of the activities and factors that are

relevant in TA projects that involve an industry partner.

Figure 5.14 shows the activities and categories of factors observed through the
empirical analysis. At the top of the figure, the key activities are represented as a
sequence of events. The acquiring firm may start to interact with its technology partner
at any moment before starting the execution of the project. Partnership set up may run at
the same time as project value recognition, technology scouting and technology risks
evaluation. The early involvement of technology partners seems to increase their
commitment to participate in the development project and to build a common vision.
These two conditions are key to sorting out problems during the development work and
to achieve the results expected by all partners. The implementation of the product or

process may start before the development work has finished.
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At the bottom of Figure 5.14 the six categories of influential factors are represented.
These groups of factors may have influence over all the activities, but their relevance
may be different over each activity in the acquisition process. The information collected
for the set of case studies discussed in this chapter does not provide enough evidence to
propose a clear correlation between the relevance of each factor and key activities in the
acquisition project, yet some general thoughts can be drawn. In relation to the categories
of factors, strategic alignment, structural match, development management, and
technology uncertainty may be more relevant during the first activities of the acquisition
project. During these activities partners require higher levels of communication and
interaction in order to overcome technology challenges that are critical to ensure that the
technology will provide the expected benefits to the acquiring company. On the other
hand, the factors comprised in implementation opportunity may be more relevant during
the later activities of the acquisition project, when the emerging product or process is
implemented into the operations of the acquiring firm. As indicated in section 5.5.6,

contextual factors have influence over the entire acquisition project.

Partnership set up

Def of Implementation

technology
req.

Technology Technology risk Agreement
scouting evaluation formalisation

Co-development

| Strategic alignment |

| Structural match |

| Development management |

Implementation
opportunity

| Technology uncertainty |

Contextual factors

Figure 5-14 Emerging framework (v2.0)
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5.8 Concluding remarks

1. The level of detail obtained through the analysis of seven acquisition projects led to
a better understanding of the activities and influential factors in TA by
collaboration.

2. The framework (v2.0) presented in this chapter offers a better description of the
activities and specific factors that affect the technology acquisition process that
involves a technology partner.

3. The acquisition process by means of collaboration comprises the following key
activities: definition of technology requirements, technology scouting, technology
risk evaluation, partnership set up, agreement formalisation, co-development and
implementation.

4. The factors that affect TA by collaboration can be divided into six groups: strategic
alignment, structural match, developed management, implementation opportunity,
technology uncertainty and contextual factors.

5. Each group of factors seems to have different impact over the acquisition project.
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This chapter presents the results of the next stage in the research project, which aimed at
evaluating whether the framework was able to describe the conditions that affect
effective acquisition of technology by collaboration. The results are based on empirical

evidence obtained from four case studies.



130 FRAMEWORK REFINEMENT




CHAPTER6 131

6.1 Case studies overview

This phase of the research project comprised the analysis of a set of four case studies.
Case studies included experiences of companies that acquired a new technology
supported by an industry partner, which either provided the technology concept or the
relevant technology knowledge. Table 6.1 shows a summary of the case studies

analysed.

Table 6-1 Summary of case studies carried out to refine the emerging framework

Case No.
Part involved Pre'vious' Project objective
ariners ol Government of the relationship relationship ! !
Industry between the (Project status)
partners
Technology domain
Case 8 Three different agreements were None To develop a process
Power Co/ Vegetal Oil Co. | signed: to produce
Chemical industry 1) Intellectual property agreement. biodegradable oil.
Manufacturing technology | 2) Brand management agreement. (Finished)
3) Commercialisation agreement.
Case 9 Three different contracts were None To develop a flexible
MyASA/CNDT signed: steel cutting machine.
Tooling manufacturing 1) Feasibility analysis and concept (Product concept has
Product technology development. been developed,
2) Conceptual model and implementation
specifications of the thermal cutting expected in 2014)
module.
3) Prototype building and testing.
Case 10 One contract was signed: Technology To test and refine a
PGSA/ CIP Service contract for wells supplier downhole tool to
Oil and Gas production intervention. boost gas production.
Product technology (Finished)
Case 11 One contract was signed: Technology To design and build
PGSA/OT Engineering and equipment supplier an offshore crude oil
Oil and gas production supplying contract. dehydration and
Manufacturing technology desalination plant.
(Plant construction)
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6.1.1 Case8
Participating organisations
Acquiring firm — Power Co.

Main business — Manufacturing of electrical transformers to the power generation,

transmission and distribution industry.
Industry partner —  Vegetal Oil Inc.
Main business — Manufacturing of vegetable oil for the food industry.
Case overview

This is a co-development project carried out by two large independent firms. The
purpose of this collaboration was to develop a manufacturing process to produce
biodegradable dielectric oil for electric transformers. This project was important to
Power Co. since through this project production costs of environmentally friendly
electric transformers might be cut down. Power Co. persuaded Vegetal Oil Inc. — a
large vegetable oil manufacturer — to join this project. Vegetal Oil Inc. was unfamiliar
with the application of vegetable oil in electric transformers but if the project
succeeded, Vegetal Oil Inc. would have access to a new market. There were many other
potential customers for biodegradable oil in the industry, and Power Co. would be the
channel to bring it into the market. Power Co., as consumer of the oil, defined the
chemical specifications of the product and tested the performance of oil samples into
electric transformers. Vegetal Oil Inc. provided the infrastructure and production

expertise to scale up the process.
Data sources

The data in this case came from face-to face and telephonic interviews with key people
involved in the project, including people from the partnering firm. The roles of the

people interviewed were:

* R&D engineer, Power Co.
* Implementation coordinator, Power Co.
* Technology manager, Power Co.

* Strategic Technology Planning Manager, Power Co.
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* QOperations engineer, Vegetal Oil Inc.
Relevance of the project to the acquiring firm

This project aimed at acquiring the process technology to produce biodegradable
dielectric oil for insulating applications in power transformers. The acquiring firm was

interested in this technology because of the following drivers:

* A growing demand in the power generation, transmission and distribution industry
for environmentally friendly and safer products.
* Power Co. wanted to increase participation and profits margins in the segment of

environmentally friendly products.
Focus of the collaborative work

The R&D team at Power Co. had formulated a range of options to produce vegetable oil
with dielectric properties at laboratory scale, but they needed further advice and support
to scale up the processes. Vegetal Oil contributed with the facilities and expertise

needed to meet Power Co.’s requirements.
Outcomes

Power Co. achieved success in developing a proprietary production process for
biodegradable oil with dielectric capabilities. Without Vegetal Oil Inc.’s experience in

manufacturing, Power Co. probably has never met this objective.

As a result of this project a patent request to protect the production process developed
by both companies was submitted. At the time when data was collected, the partners
were waiting for the approval of such a patent. They were optimistic that the patent
would be granted because an external patent advisor had certified that no intellectual
property was infringed. Such a report allowed Power Co. to start commercialising

electrical transformers with proprietary biodegradable oil in some markets.

Both companies considered this project as a success. At the end of this joint research
and development project, Power Co. obtained a proprietary process to produce its own
biodegradable oil. Indeed, the technical properties of the resulting oil made it to perform
better than existing commercial products without invading any intellectual property
right. What is more, the resulting oil proved to be compatible with other electrical

equipment within Power Co’s portfolio of products. Vegetal Oil Inc., on the other hand,
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achieved the development of a new production process and a new product, which
opened a new business window. Power Co.’s vision and perseverance was fundamental

to encourage Vegetal Oil Inc. to join this venture and take the risks.

6.1.2 Case9

Participating organisations

Acquiring firm - Metales y Aceros SA (MyASA).

Main business - Supplier of structural components to the automotive industry.
Industry partner- Centro Nacional de Desarrollo Tecnoldgico (CNDT).

Main business - National laboratory specialised in manufacturing.

Case overview

This is a co-development project carried out by a large firm and a national research
centre. The purpose of this collaboration was to develop an adaptable machine to cut
steel bars. This project was important to MyASA because the resulting process would
reduce dependence on external equipment providers. Initially MyASA had considered
leading the project and outsourcing only particular activities. Nevertheless, CNDT
proposed to MyASA to work from the beginning by developing a conceptual model in
collaboration. Developing the conceptual model in collaboration ensured that the final
product would include the most appropriate technology. MyASA accepted CNDT’s
proposal. MyASA and CNDT shared their expertise and resources to develop the
cutting machine from scratch. MyASA provided the specifications of the final product
and CNDT provided technology development skills and infrastructure to develop the

machine.
Data sources

The major sources of data in this case were face-to face and telephonic interviews. The
researcher had also access to other documents such as business presentations and
technology intelligence reports as well as to the physical prototype of the manufacturing

equipment. The roles of the people interviewed were:

* R&D engineer, MyA SA.
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* Product Technology and Innovation Manager, MyA SA.
* Project leader, CNDT.

Relevance of the project to the acquiring firm

The purpose of this project was to acquire a flexible manufacturing technology required
to cut steel bars for the production of customised components. The acquiring firm was

interested in this technology because of the following reasons:

* A growing trend in the structural components industry towards the use of small
scale and flexible manufacturing processes.
* MyASA wanted to decrease investments and increase flexibility of manufacturing

process for future plants.
Focus of the collaborative work

MyASA had a group of skilled people with technical experience in repairing
manufacturing equipment, but they had never before developed equipment on their own.
At the very beginning of the project, the staff had only a broad idea about what they
wanted to obtain. CNDT contributed with facilities, technical expertise and

management practices to develop the manufacturing process required by MyASA.
Outcomes

MyASA and CNDT achieved success in developing an adaptable machine to cut steel
bars. The machine proved to work as expected. In particular, it was validated that the
different components were able to communicate effectively. Nevertheless, due to
inappropriate foundations of the place where tests were performed, the clamping system
did not work correctly. However, the development teams considered this situation as
irrelevant, since reinforcing the foundations could solve this problem. Beyond this
issue, the cutting machine worked as expected. The machine incorporates an optical
scanning technology, which is a technology that is being incorporated into the most
advanced manufacturing systems in the tooling manufacturing industry. Thus, as a
result of the collaboration, MyASA not only achieved the development of a proprietary
cutting machine as expected, but also the acquisition of an optical scanning technology

that can be applied in other manufacturing processes.
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At the moment of the interviews, the cutting machine had not been implemented yet in
any manufacturing facility, MyASA is planning to use it in a forthcoming plant in 2014.
The resulting equipment remains in CNDT’s laboratories. It has been converted into

experimental equipment where new concepts and possible improvements are tested.

6.1.3 Case 10

Participating organisations

Acquiring firm - Petroleo y Gas SA (PGSA).

Main business - Exploration and production of gas and crude oil.

Industry partner- Centro de Investigacion en Petréleo (CIP).

Main business - National laboratory specialised in services and technology for the

oil and gas industry.
Case overview

This is a co-development project accomplished by a large Oil and Gas company and a
national research centre. The purpose of this collaboration was to test and enhance a
downhole tool developed by CIP to boost gas production. Having identified a critical
problem to produce gas from wells with liquid loads, CIP developed a prototype tool to
boost gas production. PGSA had explored different options and commercial tools to
boost gas production from mature gas fields, but these tools were only contingent
solutions to stabilise gas production. These technologies did not solve the problem since
liquids persisted inside the well. CIP developed a prototype but it needed to be validated
in a real operative environment. Therefore, CIP contacted PGSA to request access to
some gas wells in order to test the prototype. The results of the field trials were very
encouraging so that PGSA contracted CIP to install the downhole tool into problematic
wells. This contract allowed CIP to refine the tool by getting feedback from the

customer and gaining expertise in well interventions.
Data sources

The major source of data in this case was semi-structured interviews. The researcher
also had access to other documents including business presentations, technical reports

and technology intelligence reports. The roles of the people interviewed were:
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* QOperations manager, PGSA.

* Manager - Hydrocarbons recovery R&D programme, CIP.
* Intellectual property manager, CIP.

* Project coordinator, CIP.

e R&D leader, CIP.

e R&D engineer, CIP.

Relevance of the project to the acquiring firm

The purpose of this project was to acquire technology to boost the productivity of gas
wells. PGSA was interested in acquiring this technology because of the following

reasons:

* The production rate of gas wells was declining due to the presence of gas
condensate at the bottom of the wells.

* A significant amount of gas still remained trapped into the reservoirs.
Focus of the collaborative work

The technology was fully developed by CIP but it needed to be tested into a real
operative environment in order to get a final product. PGSA provided the facilities to
carry out the field trials and technical advice on operational considerations to make

useful the final product.
Outcomes

The device was tested in different wells and the results were positive and encouraging.
The gas production rate in mature wells increased. Indeed, in some wells, the device
produced extraordinary increments on gas production. After several installations, the
partners defined the range of conditions under which the device produced the best
results. Gas production increased substantially as the partners learned more about the
technology. Participation of PGSA’s field engineers was key to achieving the

development of a reliable downhole tool.

As a result of the collaborative work, CIP developed an integral service to improve gas
well productivity. The service includes not only the device and installation, but also an
operative procedure to indicate whether a well is candidate to use the device or not.

What is more, each device is customised to the particular requirements of the well
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where it is going to be placed. CIP provides the device to PGSA on the basis of service

contracts limited in time and by producing area.

A patent application to protect the tool was filled in 2011 and the decision of going for a
PCT application was under consideration at the time of the interviews. In this patent,
people from both organisations were recognised as inventors, however CIP is the sole

owner of the intellectual property rights of the tool.

6.1.4 Casell

Participating organisations

Acquiring firm - Petroleo y Gas SA (PGSA).

Main business - Exploration and production of gas and crude oil.
Industry partner- Offshore technology (OT).

Main business - Technology supplier to the Oil and Gas industry.
Case overview

This case describes a project where two large independent companies collaborated to
design and build an offshore crude oil dehydration and desalination plant. PGSA
predicted that crude oil production from offshore would present important volumes of
water and high concentrations of salt within the following years. This situation required
PGSA to define a strategy to eliminate water and salt from produced crude. PGSA
explored different options and found that the best choice was to treat produced crude oil
into a dehydration and desalination plant near to the production site. The plant would be
located onto an offshore platform and it would require incorporation of an electrostatic
separation technology, which PGSA had never used before. This technology was
identified as the most suitable option to remove water and salt due to low space
requirements in offshore operations. OT’s separation technology performed better on
labs and field trials than other two potential alternatives. However, OT had no expertise
on designing and installing dehydration and desalination plants onto offshore platforms.
In fact, OT had been only supplier of equipment. Both companies agreed to work

together to design and build the plant.
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Data sources

The major source of data in this case was face-to-face interviews. Other sources of data
included documents such as business presentations, technical reports and technology

intelligence reports. The roles of the people interviewed were:

* Strategic project execution manager, PGSA.

* Project engineer, PGSA.

* Project coordinator, PGSA.

* Contract manager, PGSA.

* Project control and execution strategist, PGSA.
* Major Projects Manager, OT.

* Technical manager, OT.
Relevance of the project to the acquiring firm

The purpose of this project was to acquire technology capable of dehydrating and
desalinating large volumes of crude oil on a marine platform. The acquiring firm was

interested in acquiring this technology because of the following reasons:

* It has been estimated that the amount of saline water combined with crude oil
produced from offshore reservoirs will increase substantially over the next years.
* The space required for common technologies to process the volume of crude oil and

water 1s much more larger than the space available on the existing marine platforms.
Focus of the collaborative work

The technology offered by OT can deal with the volume of crude oil and water
expected, however the technology has been only used in on-land facilities. Both
partners collaborated to elaborate the engineering layouts and adjustments to the

technology to operate on an offshore platform.
Outcomes

The basic engineering has been completed and now OT is coordinating the
manufacturing and procuring of the equipment. The first equipment deliveries were
expected by mid 2012. The equipment would be manufactured at different countries.
For example, some equipment is being manufactured in Norway, US, and Mexico. This

project meant a challenge to OT, since they never before had been in charge of
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designing an entire dehydration and desalting plant in an offshore environment. In

previous projects, OT had only participated as supplier of equipment.

At the moment of the interviews, PGSA had started the preparation of the offshore
platform to install the plant. The plant had been planned to start by mid 2013, so that
individual equipment tests were scheduled by early 2013, and a pilot test by the second
quarter of 2013.

The major challenge in this project is to start up operations in 2013. This is a strategic
project for both companies. On the one hand, commercialization of a significant volume
of crude oil in the near future depends on the ability of PGSA to eliminate water and
salt from produced crude oil. On the other hand, the successful completion and
operation of the offshore plant would give OT international reputation on installing

offshore dehydration and desalting plants.

6.2 Key activities

This section analyses the effectiveness of the emerging framework (v2.0) in describing
the key activities in technology acquisition projects. The discussion of each case is
focused on the main conflicts between the activities found in the project and those

comprised by the framework.

6.2.1 Case 8

The upper part of Figure 6.1 shows the sequence of activities observed in Case 8. The
activities are divided into two types: acquisition-related activities and partnership-
related activities. Acquisition related activities comprise: definition of technology
requirements, technology scouting, product formulation, laboratory scale testing,
process scale-up and implementation. On the other hand, partnership-related activities

include collaboration assessment and agreement formalisation.
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Sequence of activities — Case 8

Agreement

Collaboration formalisation Partnership-related
assessment 1 activities
AL 1
Y i
I i
Def. of Implementation
. Technology Product Laboratory Process Acquisition-related
technology scouting formulation scale tests scale up activities
req.
H
VS.

Emerging framework

Partnership set up

Implementation

Def. of Technology Technology risk Agreement
technology scouting evaluation formalisation Project
req. execution

Figure 6-1 Sequence of activities observed in Case 8 vs emerging framework (v2.0)

Figure 6.1 graphically shows the relationship between the activities described in the
emerging framework and the activities observed in Case 8. As it can be observed, there
is a level of correspondence between them. However, there are activities in the
emerging framework that do not describe accurately the sequence of activities observed
in case 8. These activities are technology risk evaluation, agreement formalisation and

partnership set up. The reasons for these differences are explained below.
Technology risk evaluation

The emerging framework suggests that evaluation of technology risks is an activity
closely linked to technology scouting. Nevertheless, case 8 showed a different situation.
In this case, there are two key activities that are not explicitly described by the emerging

framework: product formulation and laboratory scale tests.

The acquiring firm knew the technology and who were the owners of patents that
covered biodegradable oil formulations and production process. The big challenge here
was to find an alternative formulation and production process that would not infringe
extant IPR. Therefore, Power Co. started to investigate new formulations. Power Co.’s

research team got some possible formulations, but these were either not clearly different
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from existing ones or very difficult to produce. This activity can be referred to as
product formulation since this effort aimed at exploring possible ways to make

technically and commercially viable the oil formulation and its production process.

When the technical staff of Vegetal Oil joined the project, they provided pilot test
facilities and expertise in processing vegetable oils. These two pieces were key to
finding a solution. Both teams worked to test the options developed by Power Co. At
the end, the partners came up with a formulation and production process that were
demonstrated to work at laboratory scale, and which did not infringe third party
intellectual property rights. This activity can be referred to as laboratory scale tests. The
outcomes confirmed that a new formulation was possible, so that developing the full-

scale process was the next step.

To sum up, this case suggests instead of technology risk evaluation there are two
activities between technology scouting and the project execution: product formulation

and laboratory scale tests.
Agreement formalisation

The emerging framework suggests that the formalisation of the collaboration agreement
starts after a definite evaluation of technical and economic risks, and that it is a
condition to move forward in the acquisition process. In practice, this seems to be
incorrect. The formalisation of the agreement may start as soon as the partners are
convinced that there is value in the project for them, and negotiations may conclude

even when the execution of the collaboration work has started.

In this case, the partners began to negotiate the terms and conditions of their
relationship before finishing the laboratory-scale tests. Negotiations went over a period
of almost two years, and the development teams did not wait to get the contract signed
to move on. The companies started to work without a formal agreement. Indeed, the
final agreement was signed when the partners were working on the development of the
full-scale process. The formalisation of the agreement did not stop the collaborative
work since this activity did not interfere with the technical process to develop the final

product.

In this case, the formalisation of the agreement ran in parallel to laboratory tests and

scaling up. The main participants in the formalisation process were managers and
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lawyers of both firms. Agreement formalisation, therefore, is a partnership-related
activity that should not be mixed with acquisition-related activities. Indeed, agreement
formalisation is an activity that could be considered as part of the activity labelled as

partnership set up in the emerging framework.
Partnership set up

As noted in the emerging framework, partnership set up includes activities related to the
evaluation of the value of the collaboration and development of a common vision
among partners (section 5.3.4). In Case 8, although these activities are also observed,
they can be divided in two overlapping phases: collaboration assessment and agreement
formalisation. They are called phases since they denote different level of commitment
between the partners. These phases run in parallel to acquisition-related activities.
Collaboration assessment denotes the period of time where the partners evaluate the
potential benefits of the joint project. In this case the assessment ran at the same time as
product formulation and laboratory scale tests. On the other hand, formalisation of the
agreement, as mentioned above, indicates the stage of the collaborative work where the
partners negotiate the terms and conditions of their business relationship. In this case,
the formalisation agreement phase started at the time when the production process was

being tested and finished when the scaling-up process was under development.

6.2.2 Case9

The upper part of Figure 6.2 shows the sequence of activities observed in Case 9. As in
case 8, the activities can be divided into two types: acquisition-related activities and
partnership-related activities. Acquisition related activities comprise: Definition of
technology requirements, feasibility analysis, concept model development, prototype
concept testing, equipment development and implementation. On the other hand,
partnership-related activities also include assessment of the collaboration and

contractual negotiations of the project.
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Sequence of activities — Case 9

Contractual negotiations

Partnership-related
Collabaration assegsment activities
A
1
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I======== 1
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req. development testing ' '
1 1
1 1
[ I

VS.
Emerging framework
Partnership set up
Implementation
Def. of Technology Technology risk Agreement
technology scouting evaluation formalisation Project
req. execution

Figure 6-2 Sequence of activities observed in Case 9 vs emerging framework (v2.0)

Figure 6.2 graphically shows the relationship between the activities described in the
emerging framework and the activities observed in Case 9. In this project, the key
activities roughly correspond to the activities defined in the emerging framework with
some variations in names. For example, feasibility analysis and equipment development
correspond to technology scouting and project execution. Again, the major differences
in the activities are observed between technology scouting and project execution. Like
in case 8, technology risk evaluation can be broken down into two key activities:
concept model development and prototype concept testing. In addition, partnership set
up is also broken down in two key phases: collaboration assessment and contractual

negotiations. The reasons for these differences are explained below.
Technology risk evaluation

In this case, MyASA decided to develop proprietary equipment so that the evaluation of
the technical risks went through two key activities. Firstly, MyASA and its partner
designed a conceptual prototype. As a result of this activity, the partners obtained the
drawings, designs of every component and manufacturing directions to build a physical

model. These outcomes provided confidence to MyASA that it would be possible to
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build the equipment. This activity is referred to as concept model development.
Secondly, the prototype concept was tested. Although the conceptual design reduced the
uncertainty of the development, the true technical challenges had not been addressed.
One key challenge was to demonstrate that the algorithm to communicate the different
components would make the prototype concept work as expected. This activity is
referred to as prototype concept testing in Figure 6.2. Once that the development team
demonstrated that it was possible to achieve an effective communication between the
different components, the project moved forward, towards building the physical

equipment (equipment development).

Thus, this case study suggests that technology risk evaluation can be divided into two

key activities: concept model development and prototype concept testing.
Agreement formalisation

This case illustrates the situation where the partnering firms sign a contractual
agreement before starting each key activity in the development process. The partners
signed three contracts, one to explore the feasibility of the development, a second one to
produce a conceptual model of the equipment, and a third one to test the conceptual
model and build a physical prototype. The emerging framework fails to cover this
situation. As the contractual negotiations do not interfere with acquisition activities,
they are better placed into partnership-related activities. Figure 6.2 shows a schematic
representation of the correlation in time between the contractual negotiations and the

key activities in the acquisition process.
Partnership set up

Similar to case 8, partnership set-up embraces two overlapping phases: negotiation of
the contractual agreement and evaluation of the collaboration. The contractual phase has
been already mentioned in the previous paragraph. On the other hand, collaboration
assessment comprises the points of the project where both partners evaluated the
progress of the project and decided on the possibility to go together forward. Figure 6.2
shows the periods in the acquisition project when collaboration assessment and

contractual negotiations took place.



146 FRAMEWORK REFINEMENT

6.2.3 Case 10

Figure 6.3 shows the sequence of activities observed in Case 10 and their correlation to
the activities comprised by the emerging framework. Like in the previous two cases, the
activities can be divided into two types: acquisition-related activities and partnership-
related activities. Acquisition related activities comprise: definition of technology
requirements, technology scouting, selection of technologies, field trials, product
adaptation and implementation. On the other hand, partnership-related activities include

collaboration assessment and formalisation of the agreement.

Sequence of activities — Case 10

Agreement
formalisation )
Collaboration [l Par'tr?e_rshm-related
assesiment activities
Def. of Implementation
. Technology Selection of Field trial Acquisition-related
technology R X ield trials uis
scouting technologies Product activities
req. .
adaptation
S |
VS.
Emerging framework
Partnership set up
. Impl tati
Def. of Technology Technology risk Agreement mplementation
technology scouting evaluation formalisation Project
req. execution

Figure 6-3 Sequence of activities observed in Case 10 vs emerging framework (v2.0)

As it can be noticed in Figure 6.3, there is a certain degree of correlation between the
activities observed in Case 10 and those comprised in the emerging framework. The
initial and latest activities of the acquisition process are quite similar; the terminology is
different although these activities comprise roughly the same tasks. The most evident
conflict of activities between case study 10 and the emerging framework is located right
at the middle. Again, technology risk evaluation seems to be broad and does not provide
a clear indication of the key activities in the acquisition process. In addition, partnership

set up and agreement formalisation do not match with the activities observed in case 10.
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Technology risk evaluation

In this case, after identifying a range of possible technologies, PGSA selected only the
technologies that could boost the production of gas according to the geophysical
characteristics of the wells and their operative conditions. Not all the available
technologies and commercial products were good candidates because of technical and
operative limitations. For example, some of these technologies had been proved to work
in crude oil wells, but not in gas wells. This activity is referred in Figure 6.3 to as
selection of technologies. After selecting the potential technologies, PGSA ran field
trials to test their performance in order to define which one would be the most
appropriate. PGSA proved a number of technologies offered by different suppliers but
the increments in productivity were insufficient. This activity is pointed out in Figure
6.3 as field trials. PGSA moved forward in the acquisition process when the technology

concept developed by CIP demonstrated to provide a superior performance.

Therefore, this case study suggests that technology risk evaluation can be divided into

selection of technologies and fields trials.
Agreement formalisation

In this case, the formalisation of the agreement began just after the technology concept
developed by CIP demonstrated such an outstanding performance during the field trials.
PGSA become convinced that the technology should be implemented as soon as
possible, so that they provide technical support to CIP to make the adaptations needed
to get a reliable tool. The technical teams at both companies did not wait to sign the
contractual agreement to start interacting. The final contract was approved by the time
CIP had started to implement the tool in several gas wells. As noted in the previous two
cases, the formalisation of the agreement has been separated from the acquisition-
related activities. Figure 6.3 shows the relationship between the activities in the
acquisition process and the period of time that the partners spent to formalise the

agreement.
Partnership set up

The emerging framework does not show explicitly the activities that partners performed
to reach an agreement. Like the previous two cases, this case suggests that the activities

are comprised by two key phases in the partnership: agreement formalisation and
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assessment of the collaboration. Agreement formalisation has been already discussed in
the previous paragraph. Assessment of the collaboration, on the other hand, took place
during field trials. Once that PGSA became confident about the functional performance

of the technology, the focus of the collaboration centred into technical issues.

6.2.4 Casell

A schematic correlation between the sequences of activities observed in Case 11 and the
activities comprised by the emerging framework are shown in Figure 6.4. Like in the
previous three cases, the activities are divided into two types: acquisition-related
activities and partnership-related activities. In this project, acquisition related activities
comprised: definition of technology requirements, technology scouting, evaluation of
existing technologies, pilot tests, plant engineering and plant construction. On the other
hand, partnership-related activities include assessment of the collaboration and

formalisation of the agreement.

Sequence of activities — Case 11
Agreement formalisation
A

Collaboration Partnership-related

assessment activities

A

Def. of Technology Evaluation of Plant : Acquisition-related

technology scouting existing Pilot tests Pl construction activities

req. technologies i ant.
engineering
VS.

Emerging framework

Partnership set up

Implementation

Def. of Technology Technology risk Agreement
technology scouting evaluation formalisation Project
req. execution

Figure 6-4 Sequence of activities observed in Case 11 vs emerging framework (v2.0)
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There is a certain degree of correlation between the acquisition related activities
observed in Case 11 and those comprised in the emerging framework. Like in the
previous three cases, the main conflict is located in the following activities: technology

risk evaluation, agreement formalisation and partnership set up.
Technology risk evaluation

In this case, the evaluation of the technology went through two stages. In the first stage
(referred in figure 6.4 to as evaluation of existing technologies) PGSA asked potential
suppliers of technology to perform laboratory tests to determine whether their
technology could meet the operational and functional characteristics required to
eliminate the water and salt content of the particular mix of crude oil that is produced in
the Gulf of Mexico. The results of these tests provided information to select the
technology that would be acquired. Thus, in a second stage (referred in figure 6.4 to as
pilot tests), before starting formalising the acquisition contract, PGSA performed a
second round of pilot test to determine the operative and functional boundaries of the
technology. Once that PGSA verified the performance of the technology, the acquisition

project moved forward to designing the plant.

To sum up, this case suggested also that technology risk evaluation could be broken

down into two activities: evaluation of existing technologies and pilot tests.
Formalisation agreement

In this case, the process to formalise the agreement ran in parallel to pilot tests,
however, the next activity (plant engineering) did not start until the contract was signed.
So, in that sense, this activity seems to match with the position of this activity in the
emerging framework. Nevertheless, like in the previous cases, this activity has been
separated from the acquisition-related activities, and has been relocated as a

partnership-related activity.
Partnership set up

This activity seems to comprise two key phases: collaboration assessment and
agreement formalisation. The evaluation of the collaboration in this case ran from the
evaluation of the technology to pilot tests. Over that period both partners were in close

communication to assess the suitability of the technology to be applied in an offshore
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plant. The other phase, agreement formalisation has been already addressed in the

previous paragraph.

6.3 Evaluation - key activities

A comparison between the four projects leads to the identification of two sorts of
acquisition projects, which depend on whether or not the acquiring partner participates
in the development of the technology concept. This distinction is relevant since it

affects one key step in the acquisition process.

In cases 8 and 9, the acquiring firms decided to develop their own technology. As a
consequence, they were involved in the design and development of the technology
concept that might provide solution to their business need. Later, this technology
concept was tested to verify whether it could meet the expected performance. Once the
technology concept demonstrated both good performance and economic advantages, the
acquiring firms decided to go forward and develop the product. In case 8 the final

product was a production process while in case 9 manufacturing equipment.

On the other hand, in cases 10 and 11 the firms acquired technology concepts that were
independently developed by a third party. In these cases, the acquiring firm evaluated
and selected one technology concept between different existing alternatives. Later, after
selecting a technology concept, the acquiring firm performed a set of field trials to
verify whether it may provide the estimated performance under real operative

environments.

The case studies also indicate that there are two kinds of activities: acquisition-related
activities and partnership-related activities. The first one refers to a group of tasks that
are the consequence of the negotiation between the acquiring firm and its industry
partner. The second one refers to technical activities that concern the acquisition of the

technology.

In short, the case studies provided evidence to refine the sequence of activities in TA by
collaboration described in the previous version of the framework. Figure 6.5 shows the
sequence of activities observed through the case studies in comparison with the
emerging framework. The key modifications to the previous framework fall in three

activities:
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1. Technology risk evaluation
2. Agreement formalisation

3. Partnership set up

The rest of the activities were modified only on their names since there is not a

substantial change in the tasks they cover.

Sequence of activities — Case studies

Agreement formalisation
A

Partnership-related

Collaboration assessment activities
A

Technology
£ of concept Implementation
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req. scouting Selection of testing Product activities
existing techno- development
logy concepts

VS.
Emerging framework
Partnership set up
Def. of Technology Technology risk Agreement Implementation
technology scouting evaluation formalisation Project
red- execution

Figure 6-5 Sequence of activities observed in case studies vs emerging framework (v2.0)

6.4 Influential factors

The most relevant factors observed in all cases fall within the factors described in the
previous framework (v.20). The analysis of case studies points out that the relevance of
those factors is observed through the impact on three broad domains: Partnership

stability, co-development execution and transference of the outcome.

Partnership stability. The factor impacts on the motivations of the partnering firms to

cooperate in the project and stability of the business relationship.

Co-development execution. The factor impacts on the performance of the collaboration

outcome.
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Transference. The factor impacts on the transfer of the resulting product to the

beneficiary system.

6.4.1 Case 8

The most significant factors observed in Case 8 are comprised within the six categories

considered in the emerging framework. Table 6.2 presents a summary of the most

relevant aspects of this acquisition project and their domains of impact.

Table 6-2 Case 8 — Relevant aspects

Category Key aspects Impact on...
Factor
Strategic
alignment
Business * There was only one worldwide provider of biodegradable oil Partnership
motivations with dielectric properties, thus reducing dependence on such a stability
provider was key to cut the unitary cost of environmentally
friendly and safer electric transformers.
* The project represented a business opportunity for Vegetal Oil
Co to get into a new market.
Management of ¢ The partners spend over eighteen months to achieve an Partnership
emerging IPR agreement on who would own the product, royalty fees, stability
commercialisation and production issues and intellectual
property rights.
Project ¢ Power Co launched in 2006 a new range of environmentally Transference
relevance friendly and safer transformers and cutting the cost of
biodegradable oil was a key issue to reach higher profitability
levels in this market.
Structural
match
Match of * Power Co knew the specifications of the final product and had Co-
resources and expertise in evaluating the dielectric characteristics of oils, while ~ development
expertise Vegetal Oil had expertise and infrastructure to scale up the execution
production process.
* An external technical advisor supported Vegetal Oil’s and Power
Co to perform laboratory tests and chemical characterisation.
Access to the IP. » A wide scope patent covered a wide range of formulations of Co-
exploitation biodegradable oil for applications in electric transformers. The development
rights owner of the patent was a direct competitor of Power Co in the execution
electrical equipment manufacturing industry.
Development
management
Ease of * Finding a date for technical meetings also was a challenge. Co-
decision-making Coordinating agendas between all the people involved in the development
development work was not an easy task. execution
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Table 6-2 Case 8 — Relevant aspects (cont.)

Category Key aspects Impact on...
Factor
Development
management
(coni) ¢ At the beginning of the collaborative work, a key challenge for Co-
Ease of the partners was to understand each other’s businesses and development
communication operations. execution
* The members of the development team of both companies found
challenging to coordinate joint activities due to differences in
working cultures and business operations.
Technology
uncertainty
Technology * Laboratory tests demonstrated that the oil formulation met the Co-
performance required specifications of the product and, most important, its development
characteristics were much better that the existing product. execution
* The technical properties of the resulting oil make it to perform
better than the existing commercial products.
Product novelty  » Vegetal Oil was not familiar with the use of vegetable oils in Co-
electric equipment. development
execution
Technology * Power Co was not familiar with the manufacturing process to Co-
familiarity produce vegetable oils. development
execution
Implementation
opportunity
Market * At the beginning of the R&D project, the market growth rate for ~ Transference
uncertainty environmentally friendly products was still very low.
* Regulations supporting the use of biodegradable fluids in the
electric power generation, transmission and distribution industry
in North America, the main market of Power Co, are still
insufficient.
Performance of  * The resulting oil does not infringe existing intellectual property Transference
the project rights of third parties.
Compatibility * Despite the fact that Power Co had already electric transformers ~ Transference
with existing using biodegradable oil, it was necessary to carry out tests to
systems prove the performance of the new oil.
* The development team at Power Co found that the new oil could
be incorporated in the electric transformers without major
changes in the current design of its products.
* Some changes in current operations and logistics were required
to handle and store the new biodegradable oil.
Contextual
factors
Project * External R&D advisors determined that the scope of extant [PR Co-
characteristics protecting commercial biodegradable oil with dielectric development
characteristics technically made it impossible to find a execution
distinctive feature that Power Co could use in its formulation
without infringing existing intellectual property rights.
Partners’ * The reasons behind choosing Vegetal Oil as a partner were Partnership
affinity twofold. Vegetal Oil was located in the same city as Power Co, stability

and Vegetal Oil’s owner had a very good business relationship
with Power Co’s owner.
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6.4.2 Case9

The most influential factors detected in Case 9 falls across the six categories considered
in the emerging framework. Table 6.3 presents a summary of the most relevant aspects

of this case study and their domain of impact.

Table 6-3 Case 9 — Relevant aspects

Category Key aspects

Factor

Strategic

alignment

Business * MyASA has been pushed to adopt a low-volume and flexible Partnership

motivations manufacturing approach to meet the requirements of their stability
customers.

¢ Initial investment to open new plants near to key customers was
very high due to the low number of equipment providers for
flexible machines.

* CNDT was interested in participating in this project because its
financial resources depend largely on supporting industry
customers to meet their technology needs.

Project * MyASA began an R&D project to explore possible capital Transference

relevance investment cuts by developing proprietary machinery.

* MyASA’s Directors fully supported the development project.

Vision alignment ¢ CNDT development team visited MyASA’s manufacturing site ~ Partnership
to understand operations better before giving MyASA a working  stability
proposal.

Contract * MyASA and CNDT signed three contracts: feasibility analysis Partnership
and concept development, conceptual model and specifications stability
of the thermal cutting module, and prototype building and
testing.

Structural

match

Match of * MyASA had skilled people and expertise to develop the Co-

resources and mechanical cutting process but not to develop the thermal cutting development

expertise module. execution

Access to * The project was granted with governmental funding to Co-

funding encourage technology collaboration between universities, development
national research centers and industry. execution

Development

management

Project * MyASA’s R&D team had worked only on incremental Co-

management modifications to equipment. development

practices * The development work was divided in three stages: feasibility execution
analysis, concept model development and prototype building.
* CNDT proposed to MyASA to follow a structured product
development process to deal with technical and economic risks.

Scope definition  * MyASA’s R&D team specified the characteristics of the final Co-
product. development

execution




CHAPTER 6

155

Table 6-3 Case 9 — Relevant aspects (cont)

Category Key aspects Impact on...

Factor

Technology

uncertainty

Technology * At the beginning of the R&D project, MyASA’s R&D team did ~ Co-

familiarity not have enough information to estimate the economic resources  development
required for this development. execution

* No one at CNDT had experience in steel cutting processes when
the project started.

Product novelty ~ * The concept challenged a paradigm of equipment manufacturers.  Co-
Commercial piercing equipment did not release the product until ~ development
all the cutting processes had finished; otherwise the process execution
might loose reference of previous cuttings.

¢ Transferring the steel bars from the mechanical cutting module
to the thermal cutting module required a solution to keep cutting
references.

¢ Integration of an optical scanner with the cutting process.

Implementation

opportunity

Performance of ¢ The prototype proved to work as expected. Transference

the project * MyASA not only achieved the development of a proprietary
cutting process as expected, but also the acquisition of an optical
scanning technology that can be applied to different
manufacturing processes.

Implementation ¢ The thermal cutting module has not been implemented yet in any ~ Transference

plan manufacturing facility.

Contextual

factors

Partners’ ¢ The team concluded that CNDT could be a good partner to work  Partnership

affinity with for two reasons. Firstly, the team found that CNDT had stability

relevant skills and infrastructure to support them in achieving the
development of the piercing process; and secondly, CNDT was
about to open an R&D unit in a science park located few miles
away from MyASA’s main manufacturing site.
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6.4.3 Case 10

The analysis of factors in Case 10 suggests that the six categories considered in the

emerging framework cover the most relevant issues. Table 6.4 presents a summary of

the key aspects of this acquisition project and their domain of impact.

Table 6-4 Case 10 — Relevant aspects

Category Key aspects

Factor

Strategic

alignment

Business ¢ In the Burgos basin, the main problem that is leading to Partnership

motivations production decline in gas fields is the presence of liquids. stability

* Boosting wells production was a key concern in Burgos basin.

* One of PGSA’s strategic priorities is to raise oil and gas
production in fields whose production is declining.

* In 2007, CIP started a research project aimed at developing
solutions to increase productivity of marginal gas fields.

Project ¢ In 2002, a technical group of PGSA was assigned the mission of ~ Transference

relevance identifying the root of the decline of gas production and finding
the best technologies to boost natural gas production in the
Burgos basin.

Vision alignment * Back in 2005, one of the CIP’s teams was contracted by PGSA Partnership
to analyse the effect of downhole chokes on crude oil well stability
productivity. This experience was the trigger of a research and
development proposal.

Trust ¢ Field trials were performed without a formal contractual Partnership
agreement. stability

Structural

match

Access to testing  » Testing the product required stopping operations of producing Co-

facilities wells. development
execution

Internal stability  * The administrator that provided the CIP team with access to the ~ Co-

of partners well two years ago had been moved to another location. development

execution

Match of * PGSA provided all the equipment and support to perform field Co-

resources an trials while the CIP’s R&D team provided the technical development

expertise expertise. execution
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Table 6-4 Case 10 — Relevant aspects (cont.)

Category Key aspects Impact on...
Factor
Development
management
Ease of * The OCG and the CIP team worked as an integrated team during  Co-
decision-making the field trials. development
execution
Scope definition ¢ Both teams agreed that they would work together to refine the Co-
device and finding the characteristics of candidate wells to use development
this technology. execution
Ease of * CIP’s R&D team and PGSA kept an open communication on the ~ Co-
communication outcomes of fields trials and performance of the technology. development
execution
Development * CIP’s R&D team was enthusiastic about this project, they Co-
team wanted to turn the technology prototype into a final product. development
execution
Technology
uncertainty
Technology ¢ At the beginning of the acquisition project PGSA were Co-
Sfamiliarity unfamiliar with the phenomenon and very few wells used an development
artificial system to improve productivity. execution
Technology * Before installing the device, the well produced gas at a rate of Co-
performance 0.3 millions cubic feet; after installing the device the well development
reached a production rate of 3 millions cubic feet, and few hours ~ execution
later production stabilized at a rate above 1 million cubic feet.
* Results were corroborated later through trials in fifteen wells.
* The device was tested in different wells.
Product novelty ~ * None of the commercial devices use a technology similar to the Co-
tool developed by the CIP’s R&D team. The prototype had been ~ development
tested in the laboratory. However, to obtain a final product, such ~ execution
a prototype needed to be tested under a real operational
environment.
Implementation
opportunity
Performance of  * Based on the success of field trials and massive installation of Transference
the project the device in several wells, managers of other gas producing
areas requested the service.
Familiarity with  * Since the OCG was performing a research initiative at that time Transference
the final product using downhole chokes, they understood the operation principle
of the prototype.
Compatibility e Well operators were trained to understand the conditions that Transference
with existing were required to operate the technology. The operative
systems conditions were slightly different from traditional operations.
Contextual
factor
Previous ¢ Over more than 65 years, the CIP has provided PGSA with Partnership
relationship technology and technical services. stability
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6.4.4 Casell

In Case 11, the most relevant factors fall across the six categories considered in the
emerging framework. Table 6.5 presents a summary of the most relevant aspects of this

acquisition project and their domains of impact.

Table 6-5 Case 11 — Relevant aspects

Category Key aspects
Factor
Strategic
alignment
Business * The commercial value of crude oil produced from offshore Partnership
motivations fields, depends on the ability of PGSA to eliminate water and stability
salt content.
* The successful completion and operation of the offshore plant
would give OT international reputation in installation of offshore
dehydration and desalting plants.
Project * The major challenge in this project is to start up operations in Transference
relevance 2013 otherwise PGSA may lose money because the produced
crude oil may not meet commercial specifications.
Risks and ¢ PGSA and OT agreed that both companies would develop the Partnership
rewards conceptual engineering of the plant and OT would take full stability
responsibility for the manufacture and procurement of the
equipment.
Wording of the * PGSA asked OT to include some clauses in the contract to Partnership
contract guarantee that the process would perform as expected. stability
Structural
match
Internal stability  » At the earliest stages of the acquisition project, PGSA contacted ~ Co-
of partners and started laboratory trials with DTECH, a small firm that development
originally had developed the electrostatic technology. Some time  execution
after, OT acquired DTECH and became owner of DTECH’s
intellectual property and experimental facilities.
Match of * During the acquisition project, PGSA hired external technical Co-
resources and and engineering advisors to get support on the evaluation of the development
expertise performance of the technology and identify possible risks. execution
Development
management
Scope definition ~ * PGSA and OT estimated the dimensions and process Co-
requirements of all the equipment of the plant. development
execution
Ease of * Within the decision-making team there were concerns about the Co-
decision-making technology risks of using an electrostatic technology; they were development
cautious, they did not want to take any risks. execution
* The electrostatic technology was found as the best alternative but
PGSA had never before used that technology and the level of
investment and urgency gave no room for failures.
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Table 6-5 Case 11 — Relevant aspects (cont.)

Category

Factor

Key aspects

Impact on...

Development ¢ In this project PGSA has worked very closely with OT, in Co-
management particular during the basic engineering. PGSA and OT estimated ~ development
(cont.) the dimensions and process requirements of all the equipment of ~ execution
Communication the plant. Both companies spent about a year to accomplish the
basic engineering.
Technology
uncertainty
Technology * The most suitable strategy to deal with water and salt required Co-
Sfamiliarity acquisition of a dehydration technology that PGSA had never development
used before. execution
Ease of scaling * As aresult of pilot tests, an operational issue in the separation Co-
up technology raised. Oxygen content in the wash water would lead ~ development
to operative problems in the desalting system; therefore, oxygen  eXecution
must be eliminated from wash water.
Technology * The electrostatic separation technology has been used in onshore ~ Co-
maturity plants. This project would be the first one to bring this development
technology to an offshore environment. execution
Technology * OT’s separation technology showed the best performance. Co-
performance * The decision-making team organized a series of workshops to development
analyse pros and cons of the technology, as well as to find out execution
how technology risks could be minimized.
* PGSA asked to OT to carry out a further set of tests to verify
whether the technology would perform as expected.
Implementation
opportunity
Performance of  * The basic engineering has been completed and now OT is Transference
the project coordinating the manufacturing and procuring of all the
equipment.
Implementation ~ * PGSA established three strategies to deal with the presence of Transference
plans water and salt in the short and medium term. Firstly, as
immediate action, the wells that were producing crude oil out of
commercial specifications would be closed. Secondly, closed
wells would be treated to reduce both the volume of water lifted
to surface and salt content. Thirdly, in 2013 onwards, damp
crude oil would be sent to a D&D plant to eliminate water and
salt.
Contextual
factors
Project * The whole project to install an offshore dehydration and Co-
characteristics desalting plant comprises four sub-projects: conditioning of an development
existing platform to install the D&D plant, engineering and execution
equipment procurement, plant construction and start up, as well
as installation of a power system. PGSA is coordinating the
execution of the four projects and different service providers had
been hired to accomplish each project.
Previous * PGSA had worked in the past with both companies (DTECH and  Partnership
relationship OT). Indeed, some people originally working for DTECH moved stability

to OT.
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6.5 Evaluation — influential factors

The vast majority of the critical factors observed in the four case studies are described
by the categories in the emerging framework. There are only three factors in the
previous version of the framework that were not found influential in this set of case
studies: project manager, participation of the end user, and partner characteristics.
However, this does not mean that these factors should be removed from the emerging
framework. Indeed, in the four cases there was a project manager, the end user was
involved during the development work and the collaboration took place between
partners with different characteristics. The reason why these factors were not
highlighted is because their impact on the outcomes of the acquisition project was not
relevant in comparison to other factors that were either key enablers to overcome the
challenges of the project or barriers that increased the level of difficulty of the project.
The relevance of the factors was determined by the critical situations described by the
interviewees. Table 6.6 presents a summary of the influential factors observed in each

case.

In all the cases, there are five recurrent factors: business motivations, project relevance,
match of resources and expertise, technology familiarity and performance of the project.
Other influential factors that were present in almost all the cases comprise vision
alignment, ease of communication, ease of decision-making, scope definition and

technology performance.

As it can be also noticed from Table 6.6, every project was characterized by a different
set of relevant factors. Although the cases present some characteristics in common, due
to the low number of cases it is not possible to draw conclusions about the correlation of
a given factor and a particular characteristic of the project. Nevertheless, what can be
concluded is that the emerging framework seemed to be robust because it embraced the

key factors of the four case studies.

The analysis of case studies, however, suggests a couple of modifications in the
categorization of factors. Firstly, project relevance, originally allocated in the strategic
alignment category, can be reallocated into the implementation opportunity category.
Secondly, market uncertainty can be moved from implementation opportunity to

contextual factors. The reasons for these changes are explained below.
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Table 6-6 Critical factors observed in case studies

Caseno.| 8 [ 9 |10 11

Business alignment

Business motivations v|lv|v

Wording of the contract 4 4

Management of emerging IPR v

Project relevance vlv|v

Risks and rewards 4

Trust

Vision alignment vV
Structural match

Access to testing facilities v v

Access to relevant IP exploitation rights

Access to funding v

Internal stability of partners vl

Match of resources and expertise |

Development management
Ease of communication
Ease of decision-making
Enthusiasm of the development team

Project management practices v

Project manager

Scope definition vlv|v
Implementation opportunity

Implementation plan v %

Participation of the end user

Performance of the project 2 7 A

Compatibility with existing systems v

Familiarity with the final product

Technology uncertainty
Technology maturity %
Ease of scaling up v
Product novelty v
Technology performance
Technology familiarity vV

Contextual factors
Partners' affinity v |v
Partners' characteristics
Previous relationship vlv
Market uncertainty
Project's characteristics v v

Project relevance

The reason for moving project relevance from business alignment to implementation
opportunity is twofold. Firstly, all the factors were divided into three types according to
the domain of impact (see Section 6.4). Project relevance is the only factor in the

business alignment category that does not impact on the motivations of the participants
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to cooperate. Thus, this factor would be better allocated into the implementation
opportunity category, which comprises the factors that affect the transfer of the resulting
product to the beneficiary system. Secondly, there is a risk of confusing business
motivations and project relevance. These two factors are different. The former refers to
the drivers that encourage participating firms to begin a collaborative effort. The later
denotes the level of importance of the technology to the acquiring firm, and is a factor

that may change after a period of time.
Market uncertainty

This factor would be better allocated into the contextual factors category. The reason is
because market uncertainty fits the description of the content of this category better.
Market uncertainty is an external factor, it is not a factor that either emerges as

consequence of the interaction between partners or from technology-related issues.

6.6 Framework v3.0

The set of case studies discussed in this chapter suggests further refinement to the
previous version of the framework (v2.0), in particular the dimension representing the
sequence of activities over time. The set of case studies discussed in this chapter has
provided detailed information about the key activities and factors in technology
acquisitions. Figure 6.6 shows a graphical representation of the sequence of key

activities and their relationship with the influential factors.

The refined framework combines the key activities in the acquisition process and the
influential categories of factors. The activities are divided in two types: partnership-
related and acquisition-related activities. Influential factors, on the other hand are
divided into six categories: strategic alignment, structural match, development
management, technology uncertainty, implementation opportunity and contextual
factors. The influence of the categories of factors is distributed in three domains of
impact: partnership stability, co-development execution and transference. Figure 6.7
shows a summary of the influential factors in each category and their domain of impact.

Table 6.7 provides a description of each element of the refined framework (v3.0).
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Figure 6-7 Summary of influential factors in the refined framework (v3.0)
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Table 6-7 Description of the elements of the refined framework

\ Element of the framework  Description

Dimension 1 — Key activities

Partnership-related activities

Activities that drive the partnering organisations to work in collaboration
and define the scope of their business relationship.

Acquisition-related
activities

Sequence of key activities to achieve an effective acquisition of
technology.

Definition of technology
requirements

Series of tasks that triggers the decision to acquire a new technology.

Technology scouting

Series of tasks aimed at exploring the state of the art and sources of a
particular technology.

Technology concept
development

Series of tasks aimed at designing a technology concept that may provide
the service required by the acquiring firm.

Selection of existing
technology concepts

Series of tasks aimed at evaluating the existing technology concepts and
selecting the source.

Prototype testing

Series of tasks aimed at evaluating the performance of the technology
concept and suitability to meet the objectives of the acquisition project.

Product development

Series of tasks aimed at embedding the technology concept into a usable
product or process.

Implementation

Series of tasks aimed at transferring the resulting product or process to the
beneficiary system.

Agreement formalisation

Series of tasks that the partnering organisations perform in order to define
the terms and scope of their business relationship.

Collaboration assessment

Series of tasks that the partnering organisations perform in order to
estimate how likely it is to reach a collaboration agreement and the value
that they generate from the partnership.

Dimension 2 — Influential factors

Partnership stability

Denotes the domain of impact of the factors that may modify the
willingness of the partnering firms to collaborate.

Co-development execution

Denotes the domain of impact of the factors that may affect the ability of
the final product to meet the technical and economic specifications of the
acquisition project.

Transference

Denotes the domain of impact of the factors that may affect the effective
transference of the product developed in collaboration to the recipient
system or user.

Strategic alignment

Group of factors that influence the willingness of the partnering
organisations to collaborate.

Structural match

Group of factors that influence the quality and availability of resources
during the acquisition process.

Development management

Group of factors that influence the ability of the partnering organisations
to combine their resources and expertise to develop a product that meets
the technical and economic specifications of the acquisition project.

Technology uncertainty

Group of factors that determine the level of the technical challenge of the
acquisition project.

Implementation opportunity

Group of factors that affect the chances to transfer the product developed
in collaboration to the recipient system or user.

Contextual factors

Group of external factors that define the settings of the acquisition project.
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6.7 Concluding remarks

1.

Generally speaking, the core elements of the framework developed in the previous
stage remain the same in the refined version of the framework (3.0).

The refined version of the framework recognises two types of activities in TA by
collaboration: partnership-related activities and acquisition-related activities.
Partnership related activities comprise collaboration assessment and agreement
formalisation.

Acquisition-related activities comprise: definition of technology requirements,
technology scouting, technology concept development/selection, prototype testing,
product development and implementation.

In comparison to the framework presented in chapter 5, the new framework provides
a more detailed description of the sequence of activities in TA projects.

The refined framework indicates that the impact of the categories of influential
factors is divided in three domains: partnership stability, co-development execution

and transference.
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This chapter presents the results of a focus group session, whose main purpose was to
verify to which extent the framework (v3.0) covered the most relevant activities and

factors.
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7.1 Focus group overview

A half-day workshop with industry practitioners was performed in order to verify the
completeness of the refined framework (ver. 3.0). Specifically, this meeting aimed to

achieve four objectives:

1. Identify further concerns about technology collaborations.
2. Identify possible limitations of the framework.

3. Verify the terminology utilized in the framework.
4

Explore additional implications of the research outcomes.

7.1.1 Participant selection

Personal e-mail invitations were sent to 28 potential participants. Potential participants
were selected amongst practitioners within the researcher’s network who had been
involved in industry collaborations and that had expressed their interest in the outcomes
of the research project, but had not contributed to the previous stages of the research
project. At the end, six people confirmed attendance. The industry expertise of
participants included printing, electronics, information technologies, chemicals and

industry tooling (Table 7.1).

Two days prior to the workshop, participants received the agenda and a brief description
of the main outcomes of the research project. These materials were sent in advance with

the purpose of familiarising participants with the content of the workshop.

Table 7-1 Participants to the focus group

‘ Identifier Industry Role
Expert_14 Printing Strategic Product Director
Expert_15 Electronics Director
Expert_16 Information technologies Chief executive officer
Expert_17 Chemicals Project leader
Expert_18 Industry tooling Research director
Expert_19 Printing Industry visiting fellow




170 FRAMEWORK VERIFICATION

7.1.2 Focus group description

The focus group comprised a mix of group discussions and practical activities on three

key topics:
1. Challenges and enablers to implement new technologies acquired by collaboration.

As warming up activity participants were asked to answer the following question: What
would be the key challenges and enabling factors to implement technologies acquired
by collaboration? During this group discussion, participants raised and discussed

different issues. This discussion lasted about 20 minutes.

2. Influential factors affecting the effective acquisition of technology in projects

involving a technology partner.

The second discussion was conducted around the following question: What are the most
influential factors that affect the performance of technology acquisition projects that
involve a technology partner? Participants were encouraged to share their thoughts and
experiences on the topic. After hearing participants’ answers, the facilitator made a
presentation of the factors that emerged from case studies. Then, participants were
asked to discuss in pairs and raise any relevant factor not considered in the framework
and add this to a template placed on the wall. In the following exercise, the researcher
asked participants to vote on the most relevant factors within each category. This group

activity lasted about 70 minutes.
3. Key activities in technology acquisition projects involving a technology partner.

The third discussion was driven by the following question: What are the key activities
in technology acquisition projects that involve a technology partner? Like the previous
discussion, participants were encouraged to share their thoughts and experiences, before
presenting the key activities in technology acquisition by collaboration drawn from case
studies. Then, participants were also asked to discuss in pairs and vote on the most
relevant tasks within each activity. Participants voted on a template on the wall.
Participants were also asked to raise any relevant activity or task not considered in the

list before allocating their votes. This activity lasted about 70 minutes.

The focus group finished by summarising the topics discussed and asking participants to

fill a feedback form. The main purpose of the feedback form was to get the personal
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perception of participants about the capability of the framework to capture the key
activities and factors of technology acquisition by collaboration, as well as to raise

further practical implications.

7.2 Discussion 1 - Challenges and enablers in co-development projects

During the first group discussion, participants mentioned a series of challenges and
enablers (Table 7.2). Most of those issues were either similar or very closely related to
the factors that had been already identified in the framework, albeit through different
terminology. Table 7.2 presents the challenges and enabling factors mentioned by

participants and their correspondence with the factors in the refined framework (v3.0).

It is important to stress that the framework does not specify whether the factors are
barriers or enablers, since the particular effect of each factor will depend on the specific
circumstances of the project. The name of the factors in the framework has been

assigned trying to keep a neutral position.

In a broad sense, the issues pointed out by participants correlate with factors across the
six categories of factors in the framework. More than half of all the issues are related to
business alignment and development management. This may suggest that how to reach
a business alignment with the partner and how to manage a co-development project are

two key concerns in technology acquisitions by collaboration.

7.2.1 Implications for the framework

The outcomes of this discussion are relevant in two ways. On the one hand, the issues
raised by participants are important insights to improve the description of the factors
identified. Particularly, those issues that fit in two different factors are important to
define the scope of each factor in the final framework. On the other hand, the results of
the discussion allowed the researcher to identify further practical implications of the

framework.
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Table 7-2 Issues in technology acquisitions by collaboration highlighted by participants

Issues raised by participants

C - Challenge
E - Enabler

Related factor in the refined
framework (3.0)

Category of factor

C- Find a balance between partner’s
benefits

Agreement on risks and rewards

Business alignment

C- Alignment of business models

Vision alignment

Business alignment

C- Enabling a new competitor

Management of emerging IPR

Business alignment

C- Distrust

Trust

Business alignment

E- No competing goals/industries

Business motivations

Business alignment

E- Co-development expectations

Vision alignment

Business alignment

E- Benefits for partners

Agreement on risks and rewards

Business alignment

E- Understanding motivations

Vision alignment

Business alignment

C- Stability of the partner

Internal stability of the partners

Structural match

C- Assessing the quality of the
company

Match of resources and expertise

Structural match

C- Participation of key people

Participation of the end user

Development management

C- Time scales / Misalignment of
approaches

Ease of communication

Development management

C- Communication

Ease of communication

Development management

C- Recognise the scope and aim of
the project

Scope definition

Development management

E- Develop enthusiasm

Enthusiasm of the development
team

Development management

E- Phases/roadmap

Project management practices

Development management

C- Disruptive developments are
difficult to launch into the
company and into the market

Compatibility with existing systems

Implementation opportunity

C- Avoiding being dazzled by
technology

Partner’s familiarity with the
technology

Technology uncertainty

C- Technology is exciting

Partner’s familiarity with the
technology

Technology uncertainty

E- Perform a pilot project

Technology performance

Technology uncertainty

C- Understand the market need

Market uncertainty

Contextual factors
Implementation opportunity

C- Identify/Measure the culture
mismatch

Partners’ affinity

Contextual factors

C- Different culture / cultural fit

Partners’ affinity

Contextual factors

E- Managing cultural gap

Partners’ affinity

Contextual factors
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7.3 Discussion 2 - Influential factors

The second discussion explored the factors that affect the outcomes of technology
acquisitions by collaboration. In a broad sense, the categories and factors made sense to
participants. The most relevant result is, however, the appearance of an additional

factor.

After the group discussion and presentation of the factors considered in the framework,
participants were provided with a list of such factors, including a brief description for
each factor and category. Participants were asked to add any missing factor in each
category and then to vote on the most important factors'. Additionally, participants were
provided with an empty template where they could allocate any further factor not

covered by the six categories of factors of the framework.

The results of the voting session are presented in Table 7.3. Factors are ordered in
decreasing level of relative relevance. Those factors that are in the list but not numbered
did not receive votes. This activity ranked the relative importance of the factors covered
by the framework. However, it is important to note that voting aimed primarily to
identify the relevance of those factors proposed by participants in relation to the factors
included in the framework. In other words, voting would allow the researcher to identify
the level of agreement between participants about the relevance of factors mentioned
during the group discussion in comparison to those covered by the refined framework.
This activity was carried out under the premise that the factors raised by participants
having a significant number of votes would indicate the existence of additional relevant

factors.

As a result of this activity, participants suggested additional factors in each category,
but after a detailed revision it was concluded that the vast majority of them were
covered by the current factors. In some cases, their meaning was very close to an
existing factor. For example, in the category, structural match, one participant suggested
anticipate ownership changes; nevertheless this issue is already covered in the

framework in the factor referred to as internal stability of the partners.

! Each participant received one set of sticky notes and 24 sticky dots. Participants were asked to write on a sticky note
any additional factor and post it on the template provided. Then, participants who added a new factor explained to the
rest of the participants the relevance of such a factor. Thereafter, participants were asked to allocate dots on the
factors that would be more relevant in each category, including those added during the session.
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Table 7-3 Results of the voting session — relative importance of factors

Relative relevance of factors [total votes] Factors suggested by participants*

Strategic alignment

1.

2.
3.
4

Business motivations *""[5]
Trust °[5]

Risks and rewards ¢ ¢[2]

Project relevance [1]
Management of emerging IPR [0]
Wording of the contract [0]
Vision alignment °[0]

*«“Alignment of long term aspirations between partners”
® “Trust — not a given — Builds”

¢ “Similar needs doesn’t build trust”

4 “Needs to be a true win-win for supplier & acquirer”

€ “What is the value expectation for each side”
“Identify competition between partners”

€ “Incremental vs disruptive” {type of project}

" “Long term maintenance relationship”

1.

nkhwe

Development management

Ease of decision-making "’ [4]
Development team [3]

Project manager [3]

Ease of communication [1]
Project management practices *[1]
Scope definition [0]

f “Dealing with unexpected”

J “Process for adaptation of project” {agree on changes
over time/methods}

k «process fit for purpose (no more than necessary)”

1.

ke

Structural match

Internal stability of the partners "" [4]
Match of resources and expertise ™ [2]
Access to testing facilities [2]

Access to the IP exploitation rights [2]
Access to funding [2]

' “Care to maintain key people”
™ «Activities outsourcing”
" “Anticipate ownership changes”

1

2.
3.
4.

Technology uncertainty

Technology maturity [6]°
Technology performance [3]
Technology familiarity [2]
Ease of scaling up [1]
Product novelty [0]

° “Discovery phase to find what you don’t know”

1.
2.
3.

Implementation opportunity

Performance of the project [5]
Participation of the end user 4[5]
Implementation plan [2]

Familiarity with the final product ' [0]
Compatibility with existing systems [0]

P “Clarity on need: performance, price, etc.”
9 “Internal resistance in either company”

1.

2.
3.
4

Contextual factors

Partners’ affinity ' [6]
Project champion >* [3]
Project’s characteristics [2]
Previous relationship [1]
Partner characteristics [0]
Market uncertainty [0]

" “Culture”
* “Champion is often needed”
' “Identified contact person on each side”

Factors not covered in the other groups

No comments

*Note: The factors suggested by participants are verbatim reported, in some cases an explanatory note has
been added in curly brackets. Superscript letters are used as indicators of the link of the factors suggested
by participants and the factors in the framework.
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Participants mentioned one factor that did not fit within the list of factors. This factor,
labelled as project champion, received a significant number of votes. Participants
pointed out that a “project champion is often needed” in technology acquisition projects.

The framework did not cover this factor; therefore it was considered for inclusion.

7.3.1 Implications for the framework

As a result of this group discussion, it can be concluded that this dimension of the
framework is stable at both levels: categories and factors. Participants agreed that the
six categories cover the most relevant factors that affect the outcomes of technology
acquisition by collaboration. At the level of factors, the results of the focus group
suggested that it was necessary to carry out some minor changes in order to make clear
what it is included within each factor. Therefore some factors were renamed to clarify
what they cover. For example, the category business motivations was renamed to as
partners’ motivations compatibility in order to indicate that this factor includes the
compatibility of motivations between the partnering firms. Appendix I provides a

summary of the modifications to the labels of the refined framework (v3.0).

In addition, as briefly mentioned above, the emergence of project champion as a factor
not considered in the framework, led to the revision of the case studies analysed in the
previous two stages of the research in order to understand why this factor was not
identified before. The analysis of possible causes led to the conclusion that the
analytical methods followed in the previous two stages failed to identify this factor.
After reviewing the case studies, it was perceived that in two projects one person played
a fundamental role to implement the product. This factor did not come out earlier
because identification of factors was grounded on the analysis of conversations with
people that were involved in the project. In those conversations, interviewees did not
mention that one particular person was key in the acquisition project. Indeed, some
conversations were carried out with the “project champion of the project” (Case 4 and
10). Therefore, as a result of the focus group, project champion is considered as a factor
in the final version of the framework. However, given the fact that the relevance of the
project champion seems to be critical during the implementation of the resulting product
into the recipient system (Case 10), this factor has been allocated in the implementation

opportunity category.
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7.4 Discussion 3 - Key activities

In the third group discussion, participants commented on the relevance of the activities
in the framework. After the group discussion and presentation of activities, participants
were provided with a list of all the activities and tasks considered in the framework. A
brief description for each activity and task was also provided. Participants were asked to

add any missing task and then to vote on the most important tasks in each category.

This discussion was divided into two streams: technology acquisition-related activities

and partnership-related activities.

In relation to technology-acquisition activities, participants agreed that the framework
described the acquisition process. Nevertheless, from one project to another the
relevance of tasks within each activity may vary, depending mainly on the type of

project. Therefore, tasks were not ranked in this activity.

Regarding partnership-related activities, participants suggested additional tasks and
pointed out the most relevant tasks. Table 7.4 shows the results of the voting session. As
in the previous voting session, most of the comments of participants were actually

linked to the tasks provided by the researcher.

Table 7-4 Results of the voting session — relative importance of partnership related activities

Relative relevance of tasks [total votes] Tasks suggested by participants*

Collaboration assessment

1. Development of a common vision * [4] ?“Requirement clarity of purpose”

2. Understanding partner’s culture °[3] ® «“Respective cultural fit”

3. Evaluation of partner’s resources and ¢ “Understand each other”
capabilities °[1] 4 «Agree to collaborate”
Persuading partner to collaborate ¢ ¢ “Do with-not- Do to!” {provider’s willingness to
[0] collaborate}

Agreement formalisation

1. Definition of scope and partner’s f«Agreement on returns”
participation [2]

2. Evaluation of the scope of the agreement
[2]

3. Development milestones set up [2]

4. Agreement on IPR management [1]

5. Agreement on returns f [1]
Resources provided by each partner [0]

*Note: The factors suggested by participants are verbatim reported, in some cases an explanatory note has
been added in curly brackets. Superscript letters are used as indicators of the link of the factors suggested
by participants and the factors in the framework.
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Within collaboration assessment, participants pointed out development of a common
vision and understanding each other’s culture as the most relevant tasks. Persuading the
partner to collaborate was the task considered as less relevant by participants. In case
studies, this task became relevant in the situations where partners belonged to a
different industry and the benefits to one of the partners were not evident at first

Instance.

Concerning activities within agreement formalisation, there were three relevant tasks
that were equally scored: definition of scope and partner’s participation, evaluation of
the scope of the agreement and development milestones set up. Participants added one
additional task (agreement on returns), which initially had been considered in the
framework as part of agreement on IPR management; but participants pointed out that
there are projects where no IP rights may emerge. Agreement on returns refers to the
distribution of economic benefits that the partnering firms can get as result of the
product, or process, developed in collaboration. Therefore, this task is considered as a

new one in the final framework.

7.4.1 Implications for the framework

The outcomes of the group discussion indicate that the framework comprises the key
activities describing technology acquisition by collaboration. Participants’ comments
during the discussion allowed the researcher to understand the technology acquisition
process better and identify the extent to which the framework applies to other industry
sectors not represented in the set of case studies analysed. The main insights from this

discussion are summarised below.
Technology acquisition-related activities

As a result of this group discussion, it can be concluded that the key activities in the
framework are appropriate; however, the relevance of the tasks describing each activity
may not be generalised. It is necessary to define the type of project before ranking the
relative relevance of the tasks comprised in each activity. For instance it would be
necessary to specify whether the outcome is a product, process, service, and the level of

involvement of the acquiring firm in the development of the technology concept.
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Partnership-related activities

The result of this group discussion indicates that both collaboration assessment and
agreement formalisation made sense to participants. In addition, participants suggested
that an additional task to the agreement formalisation phase could be considered,
namely agreement on returns, which certainly fits with the evidences provided by some

case studies.

7.5 Framework evaluation

The results of the focus group (also referred through this chapter as workshop) indicate
that the framework seems to be substantially appropriate, complete and stable. The
framework comprises the key activities and factors that affect the effective acquisition
of technology by means of collaboration. The feedback and comments made by
participants suggested that some terminology utilised in the framework might be refined

to describe some of the factors better.

In addition, the focus group provided some additions to the framework, one activity
(agreement on returns) and one influential factor (project champion). However, there
were no changes to the elements of the framework. This suggests that the framework

seem to be appropriate to describe TA by collaboration.

At the end of the focus group, participants were requested to complete a feedback form
to evaluate the comprehensiveness of the elements of the framework and to comment on
practical implications of the outcomes of the research. Participants agreed that the
categories of factors, acquisition-related activities and partnership-related activities
were comprehensive”. Table 7.5 shows the result of the participants’ evaluation of the
framework. The topic with the lowest level of agreement concerns whether the

partnership-related activities cover the most relevant tasks.

2 Appendix I shows the feedback form provided to participants.
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Table 7-5 Evaluation of the framework

How much do you agree or disagree with the following statements?* Mean score
* The six groups of factors in the framework are appropriate. 4.25
OStrongly disagree  ODisagree  ONotsure  OAgree  OStrongly agree
L4
* The six groups cover the important factors that influence the outcomes of 4.00

technology acquisition projects.
OStrongly disagree  ODisagree  ONotsure  OAgree  OStrongly agree

s
* The six acquisition-related activities in the framework are appropriate. 4.00
OStrongly disagree  ODisagree  ONotsure  OAgree  OStrongly agree
Y
* The six acquisition-related activities cover the critical tasks of technology 4.00

acquisition projects.
OStrongly disagree  ODisagree  ONotsure  OAgree  OStrongly agree

4 v
* The two partnership-related activities are appropriate. 4.00
OStrongly disagree  ODisagree  ONotsure  OAgree  OStrongly agree
Y
* The two partnership-related activities include the most relevant tasks. 3.75
OStrongly disagree  ODisagree  ONotsure  OAgree  OStrongly agree
v L4
* The framework is clear and appropriate. 4.00
OStrongly disagree  ODisagree  ONotsure  OAgree  OStrongly agree
Y

*Only four participants completed the feedback form. Two participants left the session after the
second group discussion due to other business commitments.

7.6 Concluding remarks

1. Practitioners from different industry backgrounds participated in the focus group.
The comments and feedback provided by the participants supported the results of
the research and also suggested ways to improve the clarity of the framework.

2. Participants agreed that the framework describes the acquisition process by

collaboration and that it comprises relevant factors that affect the outcomes.
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This section describes the elements of the final version of the framework (v3.1) and

discusses the implications for theory and practice.
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8.1 Framework v3.1

Compared to what has been published in extant literature, the framework offers a
comprehensive perspective on the relevant activities and factors that affect technology
acquisition projects that involve the participation of an industry partner. Figure 8.1

shows a graphical representation of the final framework. The framework comprises

three main elements:

* Acquisition-related activities.

* Partnership-related activities.

¢ Influential factors.
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Figure 8-1 Final framework (v3.1)
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8.1.1 Acquisition-related activities

The acquisition process is described by a sequence of six key activities depicted in
Figure 8.2. Industry partners get involved within the first four activities of the
acquisition process. There are two general patterns to acquire technology involving a
partner. In the first pattern, the acquiring firm develops the technology concept in
collaboration with the partner; in the second one, the partner supplies the technology
concept (or prototype), so that the collaboration is focused on adjusting the technology
concept to meet the specific requirements of the acquiring firm. The description of each

activity and collaboration patterns are described below.

Demonstration of the Transference of the
Identification of existing performance of the developed product into a
technologies and their level technology concept under the recipient system at the
of maturity real conditions. acquiring firm.

|
i
Technology i
; concept : Implementation i
Def.of LN ; e ¢ g . !
technology~-)- Technology : Evelopmen ;o Prototype 1NN > Acquisition-related 1
req. [V ScCULIERE Selection of eSS Product activities i
- -1 existing techno-| | development !
i
i
i
i

A oS o S

Recognition of an Development or selection of Development of the
operational problem, the technology concept that technology concept into a
business need or business will be utilised to meet the usable product or process.
opportunity aims of the acquisition
project

Figure 8-2 Final framework — Acquisition related activities

Definition of technology requirements

Technology acquisition projects usually start with the recognition of an operational
problem, business need or business opportunity. The motivation to acquire technology
is often triggered by the outcomes of strategy or technology planning exercises. As a
result of these exercises, the acquiring firm recognise the value of the project and a
broad definition of the application of the technology. Selecting the best way to meet
particular business needs or opportunities is one common challenge that acquiring firms

usually face. At the beginning of an acquisition project, firms may have a broad idea
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about the technology that is required and the resources needed to acquire it. Often, the
selection of the solution is based on a cost-benefit evaluation, nevertheless it may be
difficult to estimate the resources required by the project and the value of the final
product. For instance, when the project involves the development of a new-to-the world
product, the acquiring firm may find it difficult to obtain an accurate estimation of the

benefits.
Technology scouting

After recognising the potential benefits, the following activity aims to identify existing
technologies and their level of maturity. At this stage, the technology concepts that
other firms have used to address a similar operational problem or business opportunity
are explored, as well as potential providers and the protection scope of current
intellectual property rights. However, when there is not a proven technology concept
that meets the operational problem or business opportunity, firms may look for suitable
technologies. At the end of this stage, firms come out with a better understanding of the
technology in different dimensions: maturity of existing technologies and commercial
products, protection scope of related IPR as well as organisations and individuals

carrying out R&D activities.
Technology concept development/selection

A third set of tasks aims to develop the technology concept that will be utilised to meet
the business need of the firm. This stage of the acquisition process may involve a
different set of tasks depending on the level of maturity of the technology. On the one
hand, in those cases where the technology is either at a low level of development or
never used before to meet a similar need (or application)', the acquiring firm may start a
research programme to explore whether the technology could provide the expected
service. At this stage, a conceptual prototype is designed and its performance is
evaluated by means of simulations or laboratory trials. At the end of this stage, the
acquiring firm develops a better estimation of the resources required to incorporate the
technology into a product that meets the objectives of the project. On the other hand,

technologies that have reached a higher level of maturity” are likely to be available in

! Equivalent to TRL 1 to 5
2 Equivalent to TRL 6 to 9
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the market. Those technologies can be available as product prototypes or commercial
products. In such cases, the tasks performed by the acquiring firm are focused on
evaluating the suitability of existing technology concepts from different criteria:
functional performance, acquisition cost, operation costs, reliability and compatibility
with existing systems. The potential source of the technology is also evaluated. Usually
the number of suppliers 1s small as the technology concept is at a lower level of
maturity. At the end of this stage, the acquiring firm makes a decision on the technology

concept that is going to be acquired and the possible sources.
Prototype testing

In a fourth stage, lab tests and field trials are carried out in order to demonstrate whether
the technology concept would provide the required performance under real conditions.
These tests provide important technical and economic data to define the characteristics
of the product that will incorporate the technology, as well as the scope, time and
resources required to get a final product. At the end of this stage, the acquiring firm may
also identify implications to implement the product into the recipient system. All the
information generated at this stage is key to decide whether or not the acquiring firm

should go into the development stage.
Product development

This stage comprises a series of tasks aimed at turning the technology concept into a
usable product or process. The execution of this stage starts by defining the functional
characteristics of the final product. This phase comprises tasks such as engineering
layouts, pilot tests, field trials and development of additional components. The partners
are somehow involved in the development tasks. Experts in manufacturing, engineering,
operations and the end user usually participate intensively during the execution of these

tasks.
Implementation

The last group of activities looks at transferring the developed product into the recipient
system within the acquiring firm. Implementation activities can run in parallel to
product development. In particular, this may happen when the product is part of a
broader project. At this stage, the exploitation plan starts as well as other tasks such as

manufacturing scale up, product customisation and management of production costs.
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Development patterns and involvement of technology partners

Technology partners can first involved within the initial four stages in acquisition
projects. There are two patterns of involvement of technology partners (Figure 8.3). In
the first pattern (path A), partners join the acquisition project at any of the three initial
stages of the development project. They provide support to the acquiring firm to make a
clear definition of the technology need, choose the most appropriate technology and
carry out research activities to explore whether a particular technology concept may

provide the performance to meet the objectives of the acquisition project.

Path A
Agreement formalisation
f A \ Partnership-related
Collaboration assessment activities
A
I 1
Technology
tof IN concept Implementation
telc)hen-o?o Technology development Prototype Acquisition-related
req &y scouting testing Product '\ activities
' development
T
Path B
Agreement formalisation
f 4 ) Partnership-related
Collaboration assessment activities
Implementation
tDr:af. Iof LN Technology Prototype Acquisition-related
echnology scouting - testing h activities
req. WY Selection of Product
-| -existing techno- - development
logy concepts

Figure 8-3 Graphical representations of the collaboration patterns.

In the second pattern (path B), partners get involved in the acquisition process at the
product concept testing stage. In this pattern, the partner brings to the project a
technology concept that someway fits the requirements of the acquiring partner. In this
path, the partner independently selects the technology and embeds it into a prototype.
Thus, the joint work in this pattern usually starts with laboratory or field trials to
evaluate whether the technology concept meets the objectives of the acquisition project

and to estimate the resources needed to develop the final product.
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8.1.2 Partnership-related activities

Partnership-related activities refer to the activities that drive independent organisations
to work in collaboration and define the scope of their business relationship. These
activities are carried out in two parallel phases: Collaboration assessment and agreement

formalisation (Figure 8.4). The two phases are described below.
Collaboration assessment

This phase comprises the period of time where the acquiring firm and the potential
technology partner estimate the benefits that each one can take from the collaboration
work and the likelihood to reach an agreement. This phase starts with conversations
about the possibility of joining forces to develop a product. These conversations may
take place at any moment between the technology scouting or prototype testing in the
acquisition process. Usually the conversations are followed by visits to each other’s
research and development facilities and technical meetings. During this phase partners
not only evaluate their capabilities, but also understand each other’s culture and
business interests. These activities particularly are important when independent

organisations collaborate for the first time.

Agreement formalisation
A

1
Bilateral agreement Partnership-related
Unilateral agreement activities
* Definition of scope and partner’s participation
Evaluation of the scope of the agreement
* Development milestones set up
¢ Agreement on IPR management
* Resources provided by each partner
* Agreement on returns

Collaboration assessment
L

* Development of a common vision
¢ Understand each other’s culture
Evaluation of each other’s resources and capabilities

Figure 8-4 Final framework - Partnership related activities
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Agreement formalisation

This comprises the period of time when the legal issues and scope of the business
relationship are sorted out. This phase starts as soon as the acquiring firm becomes
interested in exploring the possibility to work with an external organisation. This phase
may comprise two steps. In the first step the initial conversations may be governed by a
unilateral contract. For example, the acquiring firm and the technology supplier may
sign a research service contract or a non-disclosure agreement. This contract allows the
partners to exchange technical information and to execute research activities. In a
second step, partners formalise a co-development agreement, which can take the form
of a joint development agreement, technology venture or joint venture. This step begins
when the partners are aware of the benefits they can take from the project. The
agreement establishes duties and rewards for each partner; therefore, it is a period of
intensive negotiations. Two relevant issues in negotiations are how intellectual property
rights will be managed and the returns for each partner. The elaboration of the
agreement usually requires participation of different functional areas of each partner
such as legal department, R&D, manufacturing and even marketing. The formalisation
of the agreement can take a while, but it is not a condition to initiate the development
activities. Some companies consider the formalisation of the agreement as a secondary
issue, so that sometimes partners may start working in the development of the product
without having signed the agreement. This will depend on how important the project is

to the partners and the level of trust between them.

8.1.3 Influential factors

The factors that influence the outcomes of technology acquisitions involving a

technology partner are divided into 6 categories:

1. Business alignment.
Structural match.
Development management.
Technology uncertainty.

Implementation opportunity.

A

Contextual factors.
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These groups of factors affect the outcomes of the acquisition project in different areas.
Their impact is reflected over three domains: partnership stability, co-development
execution and transference of the outcome to the recipient system. Except for contextual
factors, the particular influence of each group of factors corresponds to one domain of
impact. The factors covered by business alignment directly impact on the partnership
stability domain; factors enclosed in structural match, development management, and
technology uncertainty are related to the technical success of the co-development
project; and, factors comprised in the implementation opportunity category are linked to
the success in the transference of the outcomes of the collaboration to the recipient
system. In contrast, contextual factors may affect the whole acquisition project,
including the three domains of impact. Contextual factors include situations that define
how challenging it would be for the acquiring firm and its partner to achieve the desired
outcomes of the project. Figure 8.5 shows the relationship between the influential

categories of factors in the framework and their domains of impact.
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Figure 8-5 Factors affecting technology acquisition by means of collaboration and domains of impact
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Business alignment

The business alignment category (or ‘strategic alignment’ in framework v3.0) comprises
a number of factors that influence the willingness of the partnering organisations to
collaborate and affect the stability of the business relationship over the duration of the
co-development work (Figure 8.6). The factors described below are part of this

category.

i \
1| Business alignment > !
1 1
Vo Partners’ motivations compatibility * Vision alignment !
1+ Contractissues * Management of emerging IPR 1
|+ Agreementon risks and rewards  * Trust H
1 1
1 1
1 1
1 1

Partnership stability
AY 7

Figure 8-6 Final framework - Business alignment

Partners’ motivations compatibility

Partners’ motivations to collaborate are based on the recognition of the value of the co-
development project for each one. Partners’ motivations should be compatible otherwise
the partnership may fail. Motivations to collaborate are compatible when partners do not
have competing goals, perceive a fair return, and are interested in setting up a long term
relationship. Frequently, the acquiring firm is interested in obtaining know-how, access
to complementary skills or technology concepts to address a business opportunity or
improving its operative efficiency. Conversely, its counterpart is likely to be interested
in exploiting its technical capabilities to develop products that solve an industry or
market need. Technology supplier firms consider co-development agreements as a
means to learn about the specific needs of a particular industry or market, as well as a

way to increase their product portfolio.
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Vision alignment

Vision alignment is built through mutual understanding of motivations and
expectations. Vision alignment refers to a shared understanding of the true reasons that
motivate partners to collaborate and the outcomes expected by each one. Understanding
motivations and expectations not only refers to the technical specifications of the final
product, but also to how such a product adds value to each partner. This implies that
partners should also agree on how they will deal with market and industry uncertainties.
Vision alignment is built upon mutual understanding of the business of each partner.
Partners that work for the first time may not be familiar with their counterpart’s core
businesses, industry, operations and strategies. The reason for the project and the
importance to each partner is rooted in their specific business context and needs.
Therefore each partner must understand why the project is important to the other and

how the outcomes fit their needs or expectations.
Contract issues

Contract issues comprise the problems that may emerge as a consequence of how the
agreement is written. Partners may interpret what is written in the contract differently.
Also, it is possible to find that one of the partners may not be willing to do something
that is not clearly expressed in the agreement. There are situations that are difficult to
foresee and as a consequence partners have to negotiate a solution for every emergent
issue not explicitly covered in the agreement. Often, contract issues may lead to delays
in the schedule and even to the agreement terminating. It seems that trust is needed to

carry on the project while partners find a solution to fill the deficiency in the contract.
Management of emerging intellectual property rights

Co-development projects frequently result in new designs, processes or other types of
IPR. Management of emerging IPR seems to be problematic when one of the partners
considers IPR as a key element to doing business out of the partnership. Partners
usually recognise the new IPR that may emerge before starting the co-development
project. According to their previous experiences in collaborative agreements, each
organisation may have an internal policy to manage IPR. For example, emerging [IPR
could be managed in three ways: (1) the acquiring partner holds the exploitation rights

for a particular application or industry while the providing partner holds the production,
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manufacture and exploitation rights for other applications; (2) partners share equally the
IP rights and both get equal returns on the economic resources generated by the use or
commercialisation of the technology; and (3) all emerging IPR is managed by a special

purpose entity which is equally owned by the partners.
Agreement on risks and rewards

Co-development projects involve both technical and market risks. Therefore, partners
may expect to obtain benefits proportional to the risks that they would take in the
project. If risks exceed the value that one of the partners may take out, then it is likely
that this partner will not be interested in the project. This factor is dynamic and it is
often the focus of negotiations, particularly before partners formalise the co-
development agreement. By signing a co-development agreement, partners agree on
who should do what, who should pay for what, and what should be the benefits for each
partner, so that they can carry on the project under a clear agreement on risks and
rewards. However, as the project progresses technical and market risks may change,
therefore any substantial variation on the technical or market premises may lead

partners to reconsider their participation in the project.
Trust

Trust is built over the interaction of partners and it seems to be a necessary condition to
set up a collaborative project. Hidden agendas may make the partnership fail. Trust is
built when partners are clear about their motivations, expectations, and their business
goals are different but complementary. Trust is built at two levels: at business and
technical level. At business level, trust is built on the interaction of senior managers.
Honest discussions during the early stages of the partnership and avoiding overreliance
on lawyers to lead contract negotiations seem to encourage trust between partners. On
the other hand, at technical level, open discussions and continuous communication
between the development team promotes the perception of trust. At this level, trust is
important to make the exchange of information within the members of the development

team easier.
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Structural match

This category covers factors that affect the quality and availability of the resources and
skills required to develop the proposed product (Figure 8.7). The factors embraced in

this category are described below.
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Figure 8-7 Final framework - Structural match

Expertise complementarity

The match between partners’ expertise seems to be a condition in co-development
projects. Generally partners decide to collaborate because they do not have the expertise
required to develop a particular product or solve an operational issue. Usually the
acquiring firm provides the specifications of the final product while the technology
partner provides the technical or manufacturing expertise. Expertise complementarity is

key to initiate a collaborative project.
Partners’ organisational stability

Co-development projects may take at least six months to complete, but most of the
projects are likely to require more than two years to reach the final product. During this
period the partners may have internal organisational changes. For instance, a third party
could acquire one of the partners. As a consequence of these organisational changes,
key people in the co-development project may leave their company or be moved to a
different division. These circumstances have significant impact on the project

performance.
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Access to relevant equipment and infrastructure

Partners do not need to possess the entire infrastructure required to carry out the project.
The project may continue as far as they have access to relevant testing facilities,
laboratories and equipment through a third party. Relevant infrastructure and special
equipment can be accessible through the partners existing business networks. Acquiring
firms often can get access to testing facilities through other business units at their parent
companies. Also, specific equipment could be accessed through national laboratories or

universities.
Funding

Partners’ financial stability is also an issue in co-development projects. Development
projects may require significant levels of investments, in particular when the project
involves new technologies or new-to-the-world products. Such projects are often
evaluated by the functional performance of the product and consequently the time to
accomplish those projects and investment may be uncertain. Because of such
uncertainty, governmental funding or partners’ special internal budgets support a large
number of those projects. The performance of the project could be negatively influenced
by changes in the funding sources. Schedule delays and changes to the scope of the
project are two possible consequences. However, when the co-development project is

very important, the acquiring firm may consider providing all the resources needed.
Access to relevant IP exploitation rights

Co-development projects require specific technologies. In most of the cases the
technology partners possess the proprietary intellectual property rights of the core
technology required to carry out the project. However, when none of the partners holds
the exploitation rights of the core technology, some technical issues may emerge. The
protection scope of extant IP rights owned by third parties may block partners from
using a particular technology. This situation can drive partners to look for alternative
solutions and consequently lead the project towards a more complex technology
challenge. The protection scope of extant IP rights may increase the technical challenge

of the development work.
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Development management

The development management category includes factors that have impact on partners’
ability to combine their resources and expertise to develop a product that meets the
technical and economic specifications of the acquisition project (Figure 8.8). The

factors included in this category are described below.

______________________________________________
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Figure 8-8 Final framework - Development management

Communication

Communication refers to the effectiveness of the mechanisms that partners employ to
set up and coordinate the co-development project at both technical and business level.
Communication between the members from each partner that are directly involved in
development activities is key to achieve opportune solutions to technical issues that may
came up during the project. On the other hand, communication at business level is key
to review the performance of the project and ensure that the outcomes meet the
expectations of all the partners. Nevertheless, communication is not only relevant to
make timely decisions, but also to build the environment to cooperate. As mentioned
earlier, communication is key to build trust and to improve understanding of
motivations between partners. Case studies suggest that regular meetings, participation
in validating partial outcomes, face-to-face meetings and having a unique point of
contact within each partner make communications more efficient. Communication
seems to be improved also through the geographical proximity between the people

involved in the development work.
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Project scope definition

The scope of the project includes definition of the resources provided by each partner,
schedule, development milestones and specifications of the outcome. Projects whose
scope is not well defined may drive the project to deviations in development cost and
time. When one of the partners is familiar with the product or outcome of the project,
the scope of the project can be better defined. However, estimation of development
costs and schedule appear to be difficult in projects that intend to develop a new
product. Schedule, investment, product specifications and development milestones, are
defined better in those projects where one of the partners (usually the acquiring firm) is
familiar with the final product. On the other hand, in projects where a new technology is
involved, at the beginning of the project partners may only define development
milestones and general specifications of the outcome. In such cases, development

schedule and investment remain flexible and are evaluated on the go.
Ease of decision-making

Decision-making in co-development projects is affected by management practices at
each partner. Decision-making is key when unexpected situations occur during the
project. Partners may have different approaches to make decisions, and how compatible
they are greatly influences the joint decision-making process. Decision-making can
slow the development process if management practices are not compatible.
Decentralised decision-making structures seem to impact positively the ease of
decision-making between partners, in particular when large companies participate in the
project. Partners may experience a number of unexpected business and technical
situations during the project; therefore, the sooner the partners achieve an agreement,

the less delays in the project schedule.
Enthusiasm of the development team

The development team plays a fundamental role in development projects. If team
members are not willing to work in the project, it is likely that the project may incur
delays or scope deviations. A motivated development team seems to encourage the
achievement of the project outcomes as expected. Enthusiasm is encouraged by the
combination of a clear understanding of the outcome, possession of relevant knowledge

and technical skills, as well as by the level of the technical challenge. The enthusiasm of
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the development team needs to be constant over the project, not only at the beginning.
Changes in the development team may negatively affect the performance of the project.
If key members are removed, it is possible that their substitutes do not have the same

enthusiasm and consequently the project may not produce the expected outcomes.
Product development management practices

Organisations differ on their approach to managing development projects. Different
development management practices may become a barrier to an efficient project
management and coordination. Some companies may have a systematic procedure to
manage this kind of projects while others may not. The fact that some companies may
have experience in development projects does not necessarily mean that they follow a
systematic and efficient approach to select, estimate risks, evaluate performance and
control such kind of projects. Dividing the project in stages or decision gates allows for
a better control of resources and risks. Systematic and compatible development
management approaches seem to influence the outcomes of the project positively. The
co-development project is likely to be led by the partner possessing more experience

and a systematic process to manage development projects.
Project manager

Project managers promote communication between teams and coordinate the
development work during the project. As contact point in collaboration projects, project
managers are responsible for efficient communications between the partners and
members of the development team. The project manager is in charge of keeping the
development team focused on the outcome, organising regular meetings between all the
people involved and keeping track of the progress of the project. In the event of a
technical problem, the project manager may assist the development team to make faster
decisions. Also, the project manager may deal with other aspects such as regulatory
issues, resource allocation and budget administration. The performance of the project
manager may be negatively affected if he/she is in charge of more than one project at

the same time.
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Technology uncertainty

Technology uncertainty comprises a group of factors that influences the level of the
technical challenge to achieve the functional performance and reliability of the final

product (Figure 8.9). This category comprises the factors described below.

_____________________________________________

Technology uncertainty >

* Partners’ familiarity with the ¢ Technology performance
technology * Technology maturity

* Product novelty

* Ease of scaling up

Co-development execution

N
L %

Figure 8-9 Final framework - Technology uncertainty

Partners’ familiarity with the technology

Another issue that contributes to technology uncertainty is the level of partners’
familiarity with the technology knowledge required in the project. Clearly, when the
supplying partner brings the technology concept to the project, such a partner is familiar
with the technology. However, familiarity with the technology becomes relevant either
when an emerging technology is involved or when none of the partners have
implemented the technology into a final product before. In both scenarios, partners may
not estimate accurately the time and resources required to develop the product at the
beginning of the co-development project. The more familiar the partners are with the
technology, the more probable it is that partners understand the resources required to

develop the product better.
Technology performance

Technology can exhibit great functional performance under certain environments or
applications. However, technology functional performance could be lower under
different operational conditions. As a consequence, the product that is being developed

may not perform as expected. Product performance is a critical issue in technology
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acquisition projects. Most of the benefits are estimated on the basis of a certain level of
functional performance of the final product. Thus, if the product shows a performance
below a certain level, the acquisition project cannot be considered as a success by the

sponsoring firm.
Product novelty

Making incremental improvements to existing products implies less uncertainty than
developing a new generation or new-to-the-world products. Thus, generally it is much
easier to estimate the resources of a project whose aim is upgrading an existing product.
The technical and market uncertainties are much larger in projects aimed at developing
new-to-the-world products than in those projects aimed at developing new generations
of products or incremental improvements. For example, a product of a second
generation supposes that a previous version of the product has been already proved
under real operational conditions, therefore there is a better understanding of auxiliary
systems or components that are required to make the product to perform as expected.
Often, new-to-the-world products demand additional efforts to develop auxiliary

systems.
Technology maturity

Technology maturity refers to the existence of relevant technology knowledge on a
worldwide basis. Technology maturity influences to a large extent the effort required by
a new technology to be embedded into a final product. Developing products involving
early stage technologies may face several technical challenges because of the lack of
relevant technical knowledge. The time and development cost of products that
incorporate novel technologies tend to be larger than those products based on well-

known technologies.
Ease of scaling up

Product prototypes may perform well at small scale or under controlled environments;
however, taking those product concepts to a large-scale production or to real operational
environments may not be straightforward. Product prototypes may require further
modifications to meet certain specifications. Scaling up may become an issue even
when partners are familiar with the technology. Some companies may involve experts in

manufacturing or production in the early stages of the acquisition process, so that the
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selection of the technology considers possible scaling up issues. It seems that taking
into account the potential scaling up issues during the selection and development of the
product concept, reduces the chances of making greater changes to the original product

concept at the product development stage.

Implementation opportunity

This category covers factors that affect the chances to transfer the product developed in
collaboration to the recipient system or user (Figure 8.10). Acquisition of technology
can only be considered as successful when the final product is implemented into the

value chain of the acquiring firm.

______________________________

Implementation opportunity >

* Performance of the project
* Project champion

* Project relevance

* Implementation plan

* Participation of the end user
* Product familiarity

Transference
\

N _

Figure 8-10 Final framework - Implementation opportunity

Performance of the project

The overall performance of the co-development project is one influential factor.
Eventually, firms may achieve success in developing a product whose functional
performance meets the initial objectives; however, the product may have been
completed out of the expected schedule or incurred additional expenses. Generally, the
performance of the co-development project is continuously monitored, thus if at some
point the outcomes do not meet the expectations, the acquiring partner may decide to
stop the project. The criteria to assess performance of the project depend upon the

acquiring firm.
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Project champion

In technology acquisition projects, there is a key figure in achieving the effective
implementation of the technology: the project champion. The project champion is the
person that supports the development team to overcome technical and organisational
obstacles as well as pulling the co-development work through the final implementation
of the product. The lack of this figure in acquisition projects can put at risk the
successful achievement of the project. In the event of any unexpected technical or
organisational issue, the project champion is the one who plays a key role in finding a
solution. Product champions are particularly important in large organisations, where

management structures may be complex.
Project relevance

The project is relevant for example when the outcome either fits the current strategic
priorities of the acquiring firm or when it opens a new business opportunity. However,
the relevance of the project is relative and dynamic. The business environment or
strategic intentions of the acquiring firm may change over time. The project must be
relevant from the beginning to the end; otherwise the firm may not provide the

resources needed and the project may not achieve the expected outcomes.
Implementation plan

Having an implementation plan is another influential factor in the effective acquisition
of technology. An implementation plan facilitates the adoption of the technology. Some
technologies require specific modifications to existing operational procedures, practices,
or the development of a new supply chain. Thus, without a plan, it is likely that the
product may take more time to be implemented into the recipient system. For example,
the acquiring company may launch a new business unit, which would exploit the new

technology and grow through the development of improvements or new products.
Participation of the end user

New technologies are often difficult to implement into large organisations. In particular,
new technologies usually require changes to operational procedures or practices, and
they are often considered as a potential threat to existing ones. Thus, in a technology

acquisition project, organisational resistance within the acquiring firm could be a barrier
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to achieving success. Involvement of the end user, operative personal and senior
managers during the acquisition project facilitate the implementation of the new
technology. Their participation increases the chances that the new technology fits with
existing procedures and infrastructure. They can provide important advice on the
operational issues that may emerge during implementation from the early stages of the

acquisition project.
Product familiarity

This factor refers to the level of knowledge of the functional performance, market,
price, and other characteristics that the product containing the technology should
accomplish. In the case of new generation products, the acquiring partner can be
familiar with the application of the product. Therefore, in that situation it would be
easier for the acquiring firm to define the specifications of the final product.
Nevertheless, when a new-to-the-world product is developed, the acquiring firm and its
partner may have difficulties to define the specifications of the final product. Thus,
familiarity with the application of the product greatly affects the definition of the co-
development project scope and the implementation of the final product. Product

familiarity is frequently increased by the previous use of similar products.

Contextual factors

This category includes the factors that define the setting of the acquisition project

(Figure 8.11). The five factors included in this category are described below.
Partners’ affinity

Partners are likely to be compatible when they have worked in the same industry,
country or region. Companies that share these characteristics may have a similar
organisational and national culture, thus it is possible that their business practices and
procedures could be compatible. Partners’ affinity seems to encourage efficient
communications and project coordination. Partners’ that operate in a different industry,
country or region are likely to experience communication and coordination issues

during the co-development project.
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_____________________________________________________________________

Contextual factors >
* Partners’ affinity * Previous relationship * Market and industry
* Project’s characteristics * Partners’ characteristics uncertainty

_____________________________________________________________________

Figure 8-11 Final framework - Contextual factors

Previous relationship

Previous relationship between partners affects the performance of co-development
projects. When partners work for first time it is likely that they do not understand each
other’s business and organisational culture. However, when partners have worked in a
previous project, they may have a better understanding of each other’s motivations to
collaborate, strategies and organisational culture. In addition, communication and

decision making becomes easier between firms that have worked together in the past.
Market and industry uncertainty

The changes in the business environment may have influence on the entire project.
Market and industry changes may change the relevance of the project to the partners or
the scope. For example, it is possible that the spot prices of the product in the market
fall under the base price utilised to make the estimation of benefits. In such a case, the
acquiring firm may not be interested any more in the project. Variations in the business
environment eventually may led partners to reconsider the value of the project and

decide whether to carry on or stopping the project.
Project’s characteristics

Co-development projects may have different characteristics. For example, projects can
be different in terms of scope, level of investment, technologies involved, development
stages, or product specific requirements. These characteristics can increase the level of

complexity to manage the project. Some projects may require coordination between
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teams across different locations or disciplines, while others may require a very close

interaction between the acquiring firm and the industry partner.
Partners’ characteristics

Partners’ characteristics, such as size and organisation type are for example two
influential characteristics in co-development projects. On the one hand, large companies
tend to have complex organisational structures while small companies tend to be much
more flexible. In terms of financial resources, small companies may not have as many
resources as large firms have, and frequently small companies rely on external funding
to carry on development projects. On the other hand, the business scope of
organisations such as universities or national laboratories is limited. These types of
organisations possess technology expertise and infrastructure, but they may require
further advice to develop a commercial or usable product. Supplying firms and
customers may have complementary technical and commercial capabilities, but they

may become a potential competitor.

8.2 Discussion
This section summarises the key results achieved through the development of the
research project and discusses the elements of the final framework in relation to

implications for theory and practice.

8.2.1 Implications for theory

The framework provides a holistic perspective of key activities and factors that
influence the outcomes of technology acquisition projects carried out by collaboration.
In addition, the framework suggests that the performance of TA projects is defined by
the impact of factors on three domains: partnership stability, co-development execution,
and transference of the technology to the recipient system. The discussion of
implications for theory is divided in terms of the activities in the acquisition process,

influential factors and domains of impact of the factors.

Key activities

As noted earlier in Chapter 3 (section 3.5), the comparison between practice and

literature regarding the activities to acquire technology suggests the existence of
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knowledge gaps. One of the gaps indicates that extant literature on technology
acquisition fails to describe the acquisition process by means of collaboration. The main
conflicts seem to be linked to four aspects: sequence of activities, type of activities,

partner selection and contractual agreement.
Sequence of activities

Generally speaking, extant literature suggests that the acquisition of external
technologies can be described as a linear sequence of activities (e.g. Durrani et al. 1999,
Baines 2004, Daim and Kocauglu 2008). The final framework, nevertheless, indicates
that some activities can be performed in parallel. For example negotiations can run in
parallel to prototype testing, and product development may also run at the same time as

implementation.
Type of activities

It seems that extant literature does not make an explicit distinction between technically
related activities and business related activities (e.g. Baines 2004). In technology
acquisition by collaboration, however, it is relevant to make this distinction. When a
technology partner is involved, business-related activities run in parallel to technically
related activities; particularly when both partners work together to develop the
technology concept. In addition, business related activities (or partnership related
activities as indicated in the framework) cover other key activities beyond contractual

negotiations such as assessment of the collaboration.
Partner selection

The acquisition processes proposed in extant literature indicate that the selection of the
technology supplier takes place after identifying and evaluating the technology
alternatives (e.g. Cetindamar et al. 2010). Current literature seems to suggest that the
acquiring firm is able to identify the technology that is needed to meet its business
objectives. The framework does not make this assumption. The framework covers those
situations where the acquiring firm has a low ACAP and therefore requires help to
identify and select the best technology alternative. In such cases, the selection of the
partner occurs before evaluating the technology, which is contrary to traditional
approaches to acquire technology (e.g. Durrani et al. 1999, Baines 2004, Daim and
Kocauglu 2008, Cetindamar et al. 2010).
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Contractual agreement

Case studies indicate that during an acquisition project, more than one contractual
agreement can be signed between the parties involved. For instance, in cases 4 and 9,
the partners signed a service contract to evaluate the feasibility of the development and
later another contract to develop the product. Indeed, in most of the cases analysed, the
co-development agreement was followed by a commercial contract, which established
how the economic benefits emerging from the collaboration would be shared. Current
literature describing technology acquisition does not give details about this situation

(e.g. Chiesa and Manzini, 1998).

Influential factors

The final framework identifies influential factors and groups them into six categories:
business alignment, structural match, development management, technology
uncertainty, implementation opportunity and contextual issues. There are two key

observations emerging from the research.

Firstly, this research provides empirical evidence on the influential factors on
technology acquisition through collaboration. Despite the fact that current literature has
mentioned a large number of relevant factors (see Table 2.7), only a reduced number of
publications have attempted to provide a comprehensive summary of relevant factors
affecting technology collaborations (see Table 2.2). However, none of these frameworks
seems to be appropriate to describe the specific conditions that affect technology
acquisition by collaboration. These frameworks cover factors that either have impact on
the stability of the relationship or on the performance of the execution of the co-
development project, but not on the transference of the technology to the recipient

system.

Secondly, the results indicate the presence of four factors whose influence has been
marginally explored in the core literature. These four factors are wording of the
contract, enthusiasm of the development team, implementation plan, and ease of scaling
up. Table 8.1 shows the cases where these factors were relevant. The rest of the
influential factors indicated in the final framework are consistent with factors already
reported in current literature related to technology acquisition, new product

development and management of collaborations and strategic alliances. Except for
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wording of the contract, participants to the focus group confirmed the relevance of these

factors.

Table 8-1 Presence of unexplored factors in case studies

Caseno.| 1 [2 |34 |5[6]|7[8[9]10]11

Business alignement
Wording of the contract v v 7
Development management

Enthusiasm of the development team v v]|v]|v v
Implementation opportunity

Implementation plan v|lv|v v v v
Technology uncertainty

Ease of scaling up v | v v v

Wording of the contract

The way in which the contract was written was found problematic in three cases (Case
3, 9 and 11). This factor seems to be relevant when the lack of trust between the
partnering firms means that one of the partners may use the contract as a primary
mechanism to resolve disputes or verify the performance of participants. This factor has
been explored superficially in NPD and collaboration management and strategic
alliance literature. Extant literature suggests that companies having no prior experience
in R&D collaborative agreements may not elaborate a contractual agreement properly
(Piachaud 2005). However, empirical evidence suggests that the contract may not be a

problem for example when the partnering firms have continuous communication.
Enthusiasm of the development team

NPD related literature has emphasised that the development team is a factor
contributing to the performance of collaborative projects (Jassawalla and Sashittal 1998,
Petersen et al 2010, Wagner and Hoegl 2006). However, literature citing this factor
refers specifically to technical capabilities and structure of the development team. These
works seems to disregard the importance of the enthusiasm of the development team.
The empirical evidence indicates that the enthusiasm of the development team is an

important factor to achieve success, particularly during the development work. This
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factor was found relevant in five cases (Cases 4, 5, 6, 7 and 10) and also voted in the
focus group session amongst the most relevant factors within the development
management category. Some scholars have pointed out that the project leader should be
enthusiastic about the project (Marxt and Link 2002, Barnes et al. 2006) but not the

entire development team.
Implementation plan

Despite the fact that literature on technology management indicates that implementation
is a core activity in technology acquisition (see Figure 2.2), having an implementation
plan seems out of the factors that contributes to success. Table 2.1 shows a list of
factors that have been drawn from published papers in this literature stream,
nevertheless none of these factors seems to suggest the importance of having an
implementing plan. The empirical evidence obtained in six cases (Case 1, 2, 3, 5, 9 and
11) and in the focus group session indicates the relevance of this factor in technology
acquisition projects. Having an implementation plan from the beginning of the
collaborative agreement seems to be helpful to define the outcomes of the co-

development project and to transfer it to the recipient system effectively.
Ease of scaling up

Four cases involving novel manufacturing technology (Case 1, 2, 6 and 11) indicated
that scaling up the process was a key factor in the acquisition project. Participants to the
focus group session also identified this factor as relevant. It seems that this factor has
not been explored in the strands of literature addressed in chapter 2. Rather, this topic
may be deeply addressed by engineering literature such as in biotechnology, chemical
engineering and industrial engineering. Ease of scaling up seems to be an important
factor to define the time that it is required to bring a new manufacturing technology to

industry.

Domains of impact

As discussed in section 6.4, results indicate that the six categories of factors have
influence in three areas: stability of the relationship, execution of the co-development
project and transference of the technology to the recipient system. Factors in the

business alignment category impact mainly on the establishment and stability of the
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relationship. Factors covered by structural match, development management and
technology uncertainty have major influence on the quality of the execution of the co-
development project. Finally, factors in the implementation opportunity category affect
the transference of the product to the recipient system. Contextual issues, on the other

hand, have impact on the entire acquisition project across the three areas of impact.

These three domains of impact suggest that effective acquisition of technology by
collaboration depends on an effective management of the business relationship,
effective co-development execution and effective implementation of the technology.
These three conditions represent a step towards better understanding technology
acquisition projects carried out in collaboration, and consequently an important input to

develop tools to manage such projects.

Each domain of impact seems to be addressed by different literature streams. For
example, relevant knowledge about how to achieve stability in the partnership has been
published in literature related to RBV (e.g. Das and Teng 2000) and managing

collaborations and strategic alliances management (Duysters et al. 1999).

Literature on organisational learning (e.g. Nonaka 1994), organisational culture (e.g.
Hofstede 1991) and NPD (e.g. Deck and Strom 2002) stress a number of circumstances
that may interfere with the communication and coordination between independent
entities. Therefore, this literature are more linked to the conditions that affect the
success of collaborative developments. Finally, the focus of literatures on absorptive
capacity (e.g. Jiménez-Barrionuevo et al. 2011), knowledge and technology transfer
(e.g. Sung and Gibson 2000) and technology acquisition (e.g. Steensma and Corley
2000) concerns conditions that affect the transference of the outcome of the

collaborative development to the recipient system.

There are other bodies of literature not addressed in this research that may provide
relevant insights at each domain of impact. These literatures include for example, social
capital and project management, which may be relevant to explore the stability of

business relationships and execution of the co-development projects respectively.
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8.2.2 Implications for practice

The discussion about implications for practice of the framework is organised in terms of
the challenges and enablers emerged during the focus group. The issues raised by
participants about acquiring technology by collaboration in the first group discussion

(Table 7.2) can be broadly divided into four topics:

1. Selection of the right project.
2. Partners’ business alignment.
3. Partner selection.
4

Management of the project.

The four topics provide important insights into what practitioners think the key
challenges are, particularly in technology acquisitions that involve an industry partner.
The framework seems to be useful to explain these challenges and suggests some

recommendations to sort out such difficulties.
Selecting the right project

This issue has been addressed in R&D and innovation management literature, as it is
widely known that the more uncertain the market place requirements are, the more risky
is the development project (e.g. Wheelwright and Clark 1992). In particular, portfolio
management is a tool that many companies use to balance risks across a number of

R&D projects (Cetindamar et al. 2010).

The framework does not provide a straightforward answer to this concern, but it gives
some valuable insights. For example, when companies want to develop a new product
from scratch and they are not familiar with the required technologies, they may contract
potential industry partners to help them to identify the technologies that can be
incorporated into the product. On the other, hand, when companies want to bring an
externally developed technology concept into a new product, they could evaluate the
performance of the technology for the intended application before signing a co-
development agreement. In both cases, the performance of the new technology and
benefits should be assessed in collaboration with the potential partner before
formalising the co-development agreement. Such an evaluation reduces the risk of

joining a collaborative venture that would not provide the expected outcomes.
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Partners’ business alignment

Literature reports a number of situations that promote alignment or fit between partners
(e.g. Ireland et al. 2002, Emden et al. 2006). In particular, motivation compatibility and
goal correspondence are pointed out as important factors to set up a collaborative
agreement and maintain a stable relationship. The framework indicates the period of

time where business alignment takes place within a technology acquisition project.

The framework indicates that before formalising a collaboration agreement, the
acquiring firm evaluates the performance of the technology. It is during this evaluation
period that the acquiring firm, and its potential partner, can estimate how likely is to
reach business alignment and work together to achieve a result that can provide benefits
to both. Over this period, the acquiring firm can evaluate whether the potential partner
is willing to collaborate as well as whether their business interests and culture are
compatible. Collaboration assessment is particularly important when firms collaborate

for the first time.
Partner selection

Partner selection has been pointed out as a critical and problematic task in collaborative
developments. Many authors have proposed a number of ways to deal with this issue.
Emden et al. (2006) for example suggest the evaluation of potential partners goes
through three phases: technological alignment, strategic alignment and relational
alignment. The final framework does not provide a direct guide to select a partner, but it

offers some relevant insights.

For instance, the framework indicates that companies looking for technology partners
may have different evaluation and selection criteria. On the one hand, if the acquiring
company participates in the development of the technology concept, then criteria related
to structural match and development management could be more important than those
criteria related to business alignment. In this case, for instance, the main criteria to
select a partner may be the possession of relevant technical capabilities rather than the
value or advantages of a particular technology. On the other hand, if the firm is
acquiring an externally developed technology concept, then the issues related to
business alignment may be more important than structural match or development

management. In this situation, partner selection can be based on two criteria:
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willingness of the partner to share the value of the technology and functional

performance of the technology concept.
Management of the project

In contrast to the previous three concerns, management of the acquisition project is a
topic that still requires attention. So far, relevant literature only addresses issues related
to management of the collaborative development, which cover most of the factors that
affect the stability of the relationship and outcomes (e.g. Barnes et al. 2006).
Nevertheless, this body of literature does not consider the cases where the co-

development project is embedded within a technology acquisition project.

The framework offers relevant insights regarding this concern. The framework provides
a wider perspective to understand why some companies decide to join a co-development
project. Companies get into a collaborative agreement because it is a way to acquire a
technology that is relevant to meeting its business needs and this context is not fully

recognised in the extant literature.

The framework describes the influential factors and activities from the perspective of
the firm that enters into a collaboration agreement to acquire a new technology. In a
technology acquisition process, co-development activities take place right at the middle.
Figure 8.12 shows the relationship between technology acquisition projects and co-

development projects.

Agreement formalisation

Partnership-related

Collaboration assessment activities

Technology
concept Implementation
te?;:;)?;gy N Technology development Prototype Acquisition-related
req. 1Y scouting Selection of testing Product activities
existing techno- development
logy concepts

L 4
4

Co-development project

Technology acquisition project

Figure 8-12 Relationship between co-development projects and technology acquisition projects
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Co-development projects may start after the acquiring firm defines the technology
requirements and finishes once a product or process embedding the technology is
mature enough to be incorporated into the recipient system. As it can be noticed, co-
development projects are embedded within a technology acquisition project. Therefore,
a key element in the framework relates to the factors that affect the likelihood to
implement the resulting product into the recipient system, which is not covered by

literature related to management of co-development projects.

The results of the research can be applied in practice in different ways. For example, the
most straightforward application would be the development of a guideline to help
managers to anticipate possible risks or threats to acquisition projects carried out in
collaboration. Other applications would include the development of an auditing tool to
assess the ability of a firm to acquire technologies through collaboration with a partner
or the development of a guide to help companies to manage technology collaborations
in a systemic manner. In addition, the framework on its own can be used as didactic

material for executive and academic teaching.

8.3 Concluding remarks

1. The final framework (v3.1) comprises 3 key elements: acquisition-related activities,
partnership-related activities and influential factors.

2. The framework indicates the specific activities and influential factors that affect
technology acquisition projects that involve an industry partner. Particularly there
are four factors that seem to be unexplored in the core literature related to
technology collaborations that are relevant in TA by collaboration: wording of the
contract, enthusiasm of the development team, implementation plan and ease of
scaling up.

3. Effective acquisition of technology requires attention in three areas: partnership
stability, co-development execution and transference of the product that contains the
technology to the recipient system.

4. The results provide implications for practice in different ways, for example the
emerging framework would be used to develop managerial guidelines to manage the

involvement of industry partners in TA projects systematically.
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9.1 Knowledge gap and research contributions

This research explores technology collaborations from a particular perspective. The
research adopts the perspective of a firm that enters into a collaborative project with the
aim of getting access to external technical capabilities that are needed to develop a
solution for their business needs. As discussed in Section 3.5, literature and practice
reviews suggest that there is a need for increasing our understanding of TA by
collaboration, particularly in terms of describing the links between key activities and

factors that affect the process.

On the one hand, extant literature, particularly on TM, seems to be more interested in
exploring particular issues in technology acquisitions (for instance, organisational
modes for technology collaborations or management of emerging IPR). Literature
acknowledges that inter-firm collaboration is a channel to obtain access to external
technology; nevertheless few scholars have attempted to provide a comprehensive
framework to describe technology acquisition by collaboration. For instance,
Cetindamar et al. (2010) describe the key activities in external technology acquisition
and point out some influential factors such as trust and changes in managerial needs.
However, their framework does not provide a clear link between the activities and

different types of influential factors.

On the other hand, other bodies of literature such as management of strategic and
technology alliances, new product development and organisational culture, have
explored a large number of factors that ultimately affect communication and
coordination between independent organisations. These strands of literature offer
relevant information to understand the performance of technology collaborations from a
broad perspective; however, only a reduced number of publications have attempted to
identify the particular conditions that affect the performance of technology
collaborations under a specified context, for example industry-university projects (e.g.

Barnes et al. 2006).

This research attempts to provide a better understanding of the conditions that affect TA

by means of collaboration, and it was driven by the following question:

How can the conditions that affect the effective acquisition of technology by

collaboration be described?
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This research contributes to knowledge by providing an integrated framework that
suggests there are three key conditions to achieve effective acquisition of technology by

collaboration.

1. Effective partnership management. A stable partnership is required to keep alive the
commitment of participating firms to reach the final outcomes.

2. Effective execution of the co-development project. The quality and performance of
the outcomes greatly depends on the availability of technical resources and an
appropriate coordination and communication between the technical teams.

3. Effective transference of the collaboration outcome to the recipient system. If the
outcome is not transferred to the value chain of the acquiring firm, the chances to

obtain a return on the investment are severely reduced.

If one of these three conditions is not achieved, the partners may not consider the

acquisition project to be a success.

In addition, the outcomes of this research contribute to theory in three areas. First, the
results provide a comprehensive description of the key activities in TA by collaboration.
It is indicated that TA by collaboration is characterised by a series of activities that are
divided into two types: partnership related activities and technology acquisition related
activities. The former comprises activities that define whether the acquiring firm and the
providing firm may achieve a business agreement. The latter comprises the sequence of
activities that are key to developing and implementing the outcome in the value chain of
the acquiring firm. The distinction between these two types of activities highlights the
fact that some activities may run in parallel during the acquisition process. This
distinction has not been explicit in previous literature. Extant literature seems to suggest
that technology acquisition is a sequential array of tasks where technology acquisition

related activities are mixed with business related activities (e.g. Baines 2004).

Second, the results indicate that the acquiring firm may or may not get involved in the
development of the technology concept; therefore, it is possible to observe two patterns
of involvement of industry partners in the acquisition process. In the first pattern, the
acquiring firm is actively involved in the development of the technology concept and
the industry partner mainly provides specific skills or technical resources. In the second

pattern, the acquiring firm is not directly involved in the development of the technology
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concept. The industry partner develops the technology concept independently and
consequently the relationship is formalised once it is demonstrated that the prototype
meets the requirements of the acquisition project. These two patterns have been
proposed in previous literature. Existing publications suggest that firms may acquire
technology either as know-how or as technology concepts (e.g. Chiesa and Manzini
1998). Nevertheless, these two routes apparently have not been placed together in the

context of a technology acquisition process in TM literature.

Third, the results indicate that there are six types of factors that affect the acquisition
process: strategic alignment, structural match, development management, technology
uncertainty, implementation opportunity and contextual factors. The framework
resulting from this research indicates the relationship between these six types of factors
and the stages in the acquisition process. Few academic papers have tried to link the
relevance of factors with the different stages of an inter-firm relationship (e.g. Marxt
and Link 2002), but it seems that none have tried to link relevant factors with the
particular activities carried out in a specific technology collaboration context from a

process perspective.

In combination, the three distinctive features of the results described above offer a
comprehensive description of the technology acquisition process by collaboration,

which is a topic that has been marginally addressed in TM literature.

The outcomes of this research also offer relevant contributions to practice. The resulting
framework provides managers with a comprehensive description of the key activities
and influential factors in technology collaborations from the perspective of the
acquiring firm. The framework depicts the key areas that need to be effectively
managed in order to achieve success in TA projects involving an industry partner. Thus,
the results can be used to develop systematic management processes or tools to
anticipate risks and to deal with problematic issues in technology collaboration projects

(for instance partner selection or management of the acquisition project).

9.2 Evaluation of the methodological approach
The qualitative research design adopted in this study allowed a deep understanding of
the acquisition process involving an industry partner and the factors that affect the

outcomes. The research was carried out through four phases and involved 13 interviews
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with practitioners, 11 case studies and one focus group session. The data collection

methods included semi-structured interviews and case studies.

The industries represented in this research include chemicals, oil and gas, tooling
manufacturing, biofuels, petrochemicals, construction, paint and coatings, electronics
and printing. The research method included three analytical approaches to make sense

of data, namely grounded analysis, narrative analysis and cross case analysis.

The exploratory approach undertaken in this inquiry was suitable to meet the purposes
of the research. The results increase our understanding of the conditions that affect the
acquisition of technologies when a technology partner is involved. The combination of
data collection methods and analytical approaches allowed the researcher to develop a
framework that includes experiences from a cross section of industries. As suggested by
the outcomes of the focus group (Table 7.5), the framework offers an appropriate

description of the key activities and factors of technology acquisition projects.

At each phase of the research project, data collection and analytical methods employed
offered complementary information on each dimension of the framework. In the first
phase, semi-structured interviews allowed the collection of data to build a rich overview
of the problematic factors of collaborative developments; in the second phase, the
interviews provided valuable data to identify factors and activities that were relevant in
the project and understand how these factors affected the outcomes. In the third phase,
the researcher explored four co-development projects through in-depth interviews with
a range of stakeholders in the participating firms. In this stage, the data collected offered
a rich picture of the evolution of each project, as well as how the different factors
affected the outcomes. In addition, the data also provided elements to understand how
collaborative agreements were formalised. In the last phase, the results of a focus group
session indicated that the framework was appropriate and complete. Further, the
comments raised by the participants provided relevant inputs to refine the terminology

employed in the framework.

9.3 Limitations
Different aspects such as the research approach, selection of cases, theoretical concepts
used and criteria to measure success in technology acquisition projects, inherently limit

the results of this inquiry. Despite the fact that the researcher performed different
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actions to mitigate the effects of these limitations on the outcomes of the research, the

results still could not be generalizable because of the following reasons.

The results are based on a limited number of case studies. The framework was largely
developed from the analysis of 11 case studies. The researcher looked at covering
experiences from different industries and technology acquisition projects with different
characteristics. However, not all industries are represented in the results. For example,
the biotechnology and pharmaceutical industries are not included in this research.

Therefore, the results may not apply in all industries.

In terms of case selection, a key criterion to choose candidate cases was to get access to
the key people from both parties involved in the collaboration. However, finding and
getting access to a set of cases that would share some common characteristics (such as
type of technology or completion stage) and in which the researcher could interview
people from the partnering firms was difficult, particularly because of the confidential
terms agreed between partners. The researcher sent a significant number of requests to
have access to case studies, but this strategy produced limited success. Therefore, the
researcher opted for exploring and selecting cases that could be accessed through his
personal network. This decision led the researcher to follow an ease of access approach
to select most of the cases. Consequently this resulted in analysing cases predominantly
in process related industries and the researcher having little control over the

characteristics of the companies that were included in the cases.

Another aspect having influence on generalisation of the results is the meaning of
theoretical concepts used during the inquiry. For example, ‘technology’ is a concept
broadly used in different contexts but there is not a universal agreement on its meaning.
Arthur (2009), for instance, dedicates an entire book to create a framework for
understanding what technology is. He argues that “technology is a collection of
phenomena captured and put to use” (Arthur 2009, p.50), which shows how broad this
concept can be. Technologies may differ greatly one from one another. Consequently,
the outcomes may not be applicable for the acquisition of technologies with attributes

different to the technologies involved in the cases analysed in this research.

As discussed in chapter 4, there are different ways to measure success of technology

acquisition projects. This research adopts ‘satisfaction with the project’ by the case
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studies companies as indicator of success. Although it is very subjective, this indicator
is the most feasible measurement for this research in relation to other alternatives (see
Section 4.5). Therefore, the results of the research may not be applicable when different

criteria are utilised as success indicator in technology acquisition projects.

9.4 Further research

Despite the fact that the exploratory nature of this research does not allow for
generalisations, the results offer a description of key activities and factors that
specifically affect technology acquisitions by collaboration. Further academic research
should not only look at exploring whether the main proposition resulting from this
thesis can be relevant in other industry sectors, but also to explore additional issues in

managing technology acquisition by collaboration.

For example, the researcher observed that formalising a collaborative development
agreement when there is no previous relationship between partners and before having a
clear account of the technical and economic implications of the project increases the
likelihood of failure. Some of the case studies suggested (e.g. Case 4 and 9) that signing
a series of contractual agreements with limited scope over the co-development project
may allow the partnering firms to manage the risks better and therefore to terminate the
relationship when all the parties involved agree without incurring legal battles.
Therefore, further research could look at determining the conditions that increase the

probability of failure in technology acquisition projects involving an industry partner.

Other areas for further exploration are situations not covered by the scope of this
research. For instance, the results may not be appropriate to explain acquisition projects
primarily aimed at assimilating new technology knowledge or skills. These projects
require the acquiring partner to replicate the knowledge or skills of its partner. The
acquisition process and the influential factors may be very different to the process

described in this thesis, but further research is needed to define what the differences are.

To sum up, the results achieved meet the original objectives of this research. As noted
above, the resulting framework increases our understanding of the conditions that affect
the effective acquisition of external technology by means of collaboration. The
framework describes how companies acquire technology, presents the key activities and

acknowledges influential factors in the process.
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Appendix A
Interview protocol (Practice review)
Interviewee name:
Company:
Date:

1) How often does your company participate in co-development projects (or JDA)

involving new technologies?
2) General speaking, what is the role of your company in those projects?

A) Technology provider
B) Technology receiver
C) Both (to choose one, preferably as technology receiver)

D) Manufacturing advisor
Case A - Technology provider

3) What areas in your company interact with the acquiring firm in the definition of the

scope of the project?
4) What areas in your company participate in the negotiation of the terms of the project?
5) Do you have any structured process to manage the relationship with your client?
a) No
b) Yes, please could you explain me a bit how that process works?
6) What are the main technologies that your company provides in those projects?

a) Information technologies (control systems, telecommunications systems,

software)
b) Chemical compounds or materials (alloys, drugs, polymers)
c) Product technology (new designs, instrumentation, tools)

d) Manufacturing technology (assembling, welding, biochemical, chemical

processes)

7) What are the most recurrent issues in managing co-development projects?
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8) Why do you believe those circumstances are problematic? Could you give me an

example?
9) Do your company have any policy on how to negotiate the resulting IP rights?
10) What are the main resources that your company provides to the partnership?
a) Technical knowledge
b) Development capabilities
c¢) Commercialisation capabilities
d) Relevant operational environment to test the final product
e) Capital
f) Intellectual property
g) Manufacturing expertise and capabilities
11) What are the types of contracts preferred by your company in these projects?
a) Joint ventures
b) Joint development agreements
c) R&D contracts
d) Non-equity alliances
e) Joint R&D
f) Other
12) How often your company is the champion/promoter of the co-development project?
a) Quite frequently
b) Never/ few times
Case 12.a

13) General speaking, what are the main motivations to promote a co-development

project?
a) Sharing risks

b) Sharing costs
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c) Getting access to particular assets

d) Exploiting under utilised resources

e) Making useful the technology developed within the company
f) Learning

14) When your company is the promoter of the co-development project, is there any

problematic issue when the technology is transferred to the user?
15) What are the main criteria to select your partner?

a) Trust

b) Capabilities

c) Commercial reputation

d) Motivations compatibility

e) Geographical location

f) Financial resources

g) Other

16) Do you have any additional comment concerning managing co-development

projects that you consider important?
Case B - Technology receiver
3) In general terms, what is the main driver to enter into a collaboration agreement?
a) Developing a new product
b) Improving the performance of current products
¢) Improving the performance of current operations
4) What areas in your company participate in the definition of the scope of the project?
5) What areas in your company participate in the negotiation of the terms of the project?
6) What areas in your company participate in the development of the project?
7) In general, who is in charge of evaluating the progress of the project?

8) Do you have any structured process to evaluate the progress of collaborations?
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a) No
b) Yes, please could you explain me a bit how that process works?

9) What are the main technologies that your company acquire through this kind of

projects?

a) Information technologies (control systems, telecommunications systems,

software)
b) Chemical compounds or materials (alloys, drugs, polymers)
c) Product technology (new designs, instrumentation, tools)

d) Manufacturing technology (assembling, welding, biochemical, chemical

processes)
10) What are the most recurrent issues in managing collaborations?

11) Why do you believe those circumstances are problematic? Could you give me an

example?
12) Generally, who owns the resulting IP rights?
13) What are the main resources that your company provide to the partnership?
a) Technical knowledge
b) Development capabilities
c¢) Commercialisation capabilities
d) Relevant operational environment to test the final product
e) Capital
f) Intellectual property
g) Skills to define the final specifications of the product
14) What are the types of contracts preferred by your company in these projects?
a) Joint ventures
b) Joint development agreements

c) R&D contracts
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d) Non-equity alliances
e) Joint R&D
f) Other
15) What are the main criteria to select your partner?
a) Trust
b) Technical capabilities and skills (e.g. IPR)
¢) Commercial reputation
d) Cultural affinity
e) Geographical location
f) Motivations compatibility
g) Reference of a colleague/consultant
16) How often your partner is the promoter of the co-development project?
a) Quite frequently
b) Never/ few times
Case 16.a

17) In that case, general speaking, what are the main motivations to entering into the co-

development project?
a) Sharing risks
b) Sharing costs
c) Getting access to particular assets
d) Getting access to the technology and intellectual property
e) Developing a new product/solution
f) Learning

18) When your partner is the promoter of the co-development project, is there any

recurrent issue when the technology is transferred?
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19) Do you have any additional comment concerning managing co-development

projects you consider important?
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Appendix B
Interview protocol (Framework development)
Interviewee name:
Company:

Date:

Part I - General approach of the company to acquire new technologies

1) How often does your company acquire new technologies from an external provider?
2) Why does your company acquire new technologies?

3) Typically, how does your company decide on new technologies?

4) How does you company identify and select new technologies?

5) What are the problematic issues related to the identification and selection of new

technologies?

6) How does your company decide the technology provider to work with?

7) What are the problematic issues related to the identification of technology providers?
8) When negotiating new technologies, what are the most problematic issues?

9) When a new technology is developed in collaboration, what are the most problematic

issues?
10) What are the common issues associated with implementation of new technologies?
Part II - Case study

11) Could you please describe the technology involved and why it was important to

your company?
12) How did your company identify the technology?
13) Why did you company decide to acquire the technology?

14) How familiar was your company with the technology?
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15) How could you describe the level of maturity of the technology at the time of the

acquisition?
16) How many potential providers did your company find for the technology?
17) How and why did your company choose the provider?

18) How familiar was the technology provider with the final application of the

technology?

19) How can you describe the relationship with the provider of the technology during

the negotiation phase?

20) Regarding the development work, what were the problematic issues?

21) Regarding the interaction with the provider, what were the problematic issues?
22) How was the development work coordinated?

23) In terms of time, cost of development and performance of the technology, did the

outcomes meet the initial expectations of the project? why?

24) What were the main challenges that your company face to acquire this technology?
25) What intellectual property rights emerged from the project?

26) How were IPR managed?

27) Do you have any further comment regarding this project that you consider important

to mention?
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Appendix C

Interview protocol (Framework refinement)

Context of the project

1. Could you please describe me the main business of your company?

2. Could you please describe your main activities in your company?

3. How often your company collaborate with other organisations to develop new

technologies/products?

Description of the case

4.

Could you please describe the experience of your company in the project?

What product/technology was developed?

Why this project was important to your company?

When and how did this project start?

How familiar was your company with the product?

Why did you company decide to develop in collaboration this
product/technology?

How many companies were involved in this project?

Technology scouting

5.

How many potential partners did your company find for developing this

product/technology?

a)
b)

©)
d)

How and why did your company choose its partner for this project?

Have your company worked before with the partner in another joint
development?

How familiar was your company with the technology?

How familiar was your partner with the technology?

Value of the technology

6.

a)

How did your company estimate the potential value of the technology?

Who was involved in the evaluation process?
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b) What are the main advantages of the technology selected in relation to other?
Description of the technology
7. Could you describe briefly the technology and what are its key advantages?

a) How could you describe the level of maturity of the technology at the beginning
of the joint development?

b) Did your company or your partner have any relevant set of patents?
Project execution
8. How was carried out the project?

a) What type of agreement was employed? (JDA, R&D contract, JV, licensing...)

b) What did each partner bring to the joint development?

c) If you could divide in phases the project, how many phases had the project?
What were the key activities in each phase?

d) Regarding the product development work, what were the problematic issues?

e) How was the product development work coordinated?
0. What were your main responsibilities in the project?
Project scope definition

10. Before formalizing the co-development agreement, what activities did your

company and its partner carried out?

a) Meetings, lab trials, participation in consortia, business case development...?
b) Who participated in the definition of the scope of the project?
c) What were the main issues in defining the scope of the project?

d) Did your company estimate the success probability of the project?
Agreement formalization
11. How can you describe the relationship with the partner during negotiations?

a) What were the main issues in the negotiation?
b) How were IPR managed? (both existing and emerging IP)
c) What intellectual property rights emerged from the project?
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Project outcomes

12. In overall, do you consider this project meet the initial expectations of your

company?

a) In terms of time, cost of development and performance of the final product, did

the outcomes meet the initial expectations of the project? why?

13.  What were the main challenges that your company face to implement the
resulting product? (For instance in scaling up the production or in its implementation in

current systems)

14. What do you consider were the key factors to achieve the success/failure of this

project?
General comments

15. From you personal perspective, what do you believe it was a lesson learned by

your company in this project?

16. Do you have any further comment regarding this project that you consider

important to mention?

End of the interview
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Appendix D

Key activities in technology collaboration
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Appendix E

in technology collaboration
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Appendix F

Examples of the conceptualization stage in the grounded analysis process

...2 years ago 1t was decided by one of our operating units, Beta Americas in|
this case, in consultation with our R&D centre to start a test of that technology |
in one of their conventional gas wells in [--place--], in which they Werei Activity —field trials
interested to see whether we could pick up signals during the hydraulic cycling,

_____________________________________________ Activity — Value recognition

 that were very encouraging jbut falso showed that the exlstlng gas technology,

Factor — Maturity of the technology

which you are probably aware came out of defence and intelligence application,

________________________________________________________ ]- Activity — Formalisation of the agreement

Informant Company Beta, Case 3.

“...but it is a very good point you mention here because as|I said earlier we

acquired this technology, or we developed this technology further, on what has

been done in a very small start up company. So small start up companies are || g,ctor — Characteristics of the providing partner

certainly not rich in cash so they do not have the means, also not the financial
means usually to produce the material or technology on a larger scale, but the

investment of our parent country through the venture capital investment round,
actually they were in a position to launch their large scale production and this
worked quite nicely and actually this company is now going for an IPO later this
year...”

Informant Company Epsilon, Case 6.

..we identified 6 of 7 potential companies. A couple were ruled out because of . .
Activity — Partner selection
‘ geographlcal reasons, and then we looked at the degree of technical expertise,

land technology ownership.: So, how [much are they knowledge/activity do we
think these companies have, which is useful. Intellectual property, do they have |L Factor — Complementary resources

thought the patent that covered our areas. Those were the two important aspects.

but, in fact probably the most important was enthusiasm. How enthusiastic were
these companies to work with us? That is the key thing. You can have the best
company, the best technology, the best support, but if they are really not
interested in working with you then that’s not a good start. So, it’s always
difficult to understand why they are or are not enthusiastic to work with you.

There may be reasons for it, they may be working with someone else, or they .
-~ Factor — Enthusiasm of the

may not want to get in to your business area because it’s not good for them, or|| aye opment team

whatever. Sometimes it could just be characters. You could just meet someone
who is not particularly an enthusiastic person, the wrong contact. So it can be
quite subjective but generally speaking you need to have a company that is

motivated to do the work with you, to discuss things, to transfer knowledge

2

etc...

Informant Company Eta, Case 7.
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Appendix G

Extract of the database created to analyse data
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Appendix H
Case description

Case 9 — Steel cutting process

H.1 Overview

This is a co-development project carried out by a firm and a national research centre.
The purpose of this collaboration was to develop a flexible steel cutting machine. This
project was important to MyASA because the outcomes would allow MyASA to reduce
dependace on external equipment providers. Initially MyASA had considered to carry
out the project and to outsource only particular activities. Nevertheless, CNDT proposed
to MyASA to work toghether from the beginning of the project to develop firstly the

conceptual model.

Developing the conceptual model in collaboration may ensure that the final product
would include the most appropriate technology. CNDT was very keen on participating
in this project because its financial resources depends largely on supporting industry
customers to meet their technology needs. MyASA and CNDT shared their expertise
and resources to develop the cutting machine. MyASA provided the specifications of
the final product and CNDT provided technology development skills and infraestructure

to develop the thermal cutting module.

H.2 Context

Suppliers to the car manufacturing industry are increasingly pushed to produce
customized components and to incorporate new materials. On the one hand,
manufacturers are assembling a greater mix of products than ever before. “In 1996, 16
percent of plants assembled more than 10 different product types annually. In 2004, 23

91

percent did so.”” As an overall consequence, manufacturers are reducing production
volumes for each model. This trend is known in the industry as high-mix, low-volume
assembly. On the other hand, there is an industry trend to incorporate heat-treated and

high-strenght steels. These new materials challenge conventional mechanical cutting

" http://www.assemblymag.com/articles/83764-managing-high-mix-low-volume-assembly
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processes. Residual stresses induced by these processes reduce the performance of

structural components in cars and trucks.

These two drivers are encouraging component suppliers to incorporate flexible
manufacturing processes capable of handling new materials. It is estimated that demand
for flexible, reconfigurable and precise manufacturing processes is growing at an annual

rate of 7.8%.

MyASA, a supplier of structural components to the industry, is experiencing these
changes in the industry. Over more than 50 years MyASA has been a supplier to the US
automotive industry; but in the last decade, MyASA has been pushed to adopt a low-

volume and flexible manufacturing approach to meet the requirements of its customers.

H.3 The challenge

Despite its high quality, extant commercial manufacturing equipment is limited in
flexibility and quite frequently is designed to produce large volumes. A single variation
in a manufacturing line, often requires the acquisition of additional equipment.
Furthermore, new lines or plants may exhibit a large production capacity. In
combination, both situations are translated into higher levels of capital expenditure and

over-sized production lines or plants.

In 2007 MyASA began a planning journey to explore the value of opening new
manufacturing plants in other countries. As a result planning activities, it was found that
the initial investments to open new plants near to key customers was very high. The
main reason was that some commercial equipment was limited in both capacity and
flexibility to address the production requirements of the new plant. The planning team
observed that the company could not grow based on the same business model. They
knew that they cannot expand their operations to other regions with surplus capacity
factories. New plants require equipment with less production capacity and investments

according to these production volumes.

On a worldwide basis, there were few manufacturing equipment suppliers offering
flexible manufacturing processes. Few multinational firms dominated the market and

consequently, flexible manufacturing equipment was expensive. The investment level
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for new lines and plants was very high as a consequence of the high cost of flexible

equipment.

Given this scenario, the planning team concluded that growth in other regions was
dependant on developing proprietary equipment for key manufacturing processes.
Directors at MyASA agreed the planning team proposal and they instructed the R&D
team to explore the possibility of reducing initial investments of forthcoming plants by

developing proprietary equipment.

The R&D team accepted the challenge. This was a major challenge to the R&D team
given the fact that in the past they had worked only on incremental modifications to
equipment. This new challenge would require the R&D team to build equipment from
scratch. To deal with the challenge, the R&D team asked Directors for full support of
this initiative, since they would need resources and participation of people from other

areas.

H.4 An opportunity to develop proprietary equipment

At the end of 2007, the R&D team started to conceptualise the scope of this
development project. The project consisted of developing equipment to manufacture
heavy truck frames and it was estimated that a first prototype could be developed in 18
months. The scope was from designing proposals for the different subsystems to

building a physical prototype.

After analyzing the different stages of the manufacturing process, the development team
decided that steel piercing was a stage where they could develop proprietary equipment.

This process is critical for the manufacture of crossbars of heavy-duty trucks.

Piercing is the process by which a number of holes are made into a C-steel profile.
Usually the steel bars employed are between 10 and 12 meters long. The piercing
process is performed into a mechanical cutting machine that can be programmed to
make customized products. The diameter and position of the scraps, as well as bar

lenght vary from one customer to other.

The first task addressed by the team was to define daily production volumes, quality
requirements, scalability, repeatability and operative flexibility of the manufacturing

process. The result of this task allowed the R&D team to set up quantitative
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specifications for the equipment they wanted to develop. Thus, the team set up three

objectives for the project:

1. Develop a customizable, precise and speedy piercing process.
2. Produce a process that would require lower capital expenditure.
3. Develop equipment that would require lower plant space than commercial

equipment.

The objectives for the project were set up, but the team did not have too much
experience in estimating the technical risks. At that time, the company was about to
acquire equipment, so that the development team approached the vendor to follow up
the design and assembly process. By this means, the development team learned how the
equipment was designed, key design criteria, and details of the different components.
This learning allowed the team to develop a preliminary estimation for the amount of

work and materials needed to build a cutting machine.

H.5 Estimating the value of the project

The team developed a business case to make a better estimation of the economic
resources required for this development. They asked people from another subsidiary of
the parent company for advice. The main business of this subsidiary was tooling
manufacturing, so that they knew fairly well the cost of materials and systems. The
conclusion from the business case was that developing a proprietary piercing equipment

was plausible.

Based on the business case result, the team gained confidence that they could achieve
success. However, they also knew that they did not have all the expertise and

infrastructure to carry out the project on their own.

Despite the fact that the economic benefit was clear, the team still did not understand
the technology risks of the project. The team doubted whether after two years, when the
outcomes of the project were expected to emerge, the resulting technology would be
obsolete or could be claimed by anyone else. Therefore, as second step, the team carried
out an analysis of the legal protection of the technologies that were available at the time

for steel piercing and clamping.
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This stage of the development process was performed with support of an external
consultant, who helped the team to identify and analyze relevant patents. This analysis
revealed technology areas where too much work had been carried out and technology
gaps, which represented potential areas to claim proprietary development. Results also
helped the team to distinguish technology developers and their areas of expertise. This
was an important information input to identify potential technology providers, partners
and competitors. Thus, as a result of this stage, the team was not only confident that
they could produce an innovative outcome, but they also learned about the different

technologies available at the time to cut and handle steel bars.

H.6 In the search for a partner

The team knew that they could develop a piercing process. They had a good
understanding of the different components, they knew the specifications of the process,
and they had estimated the work required to build a prototype. However that was not
enough. They neither had experienced people to do technical drawings nor the entire
infrastructure to develop a prototype on their own. Therefore, the team decided that

some parts of the development would be outsourced.

Few years before, the R&D team had visited some national research centers in order to
identify organizations that could provide them with complementary expertise and
infrastructure. As a result they obtained a list of potential partners. From the list, two
national research centers were found to have relevant expertise and infrastructure to

support MyASA with the development of equipment in this project.

The team visited both institutions (CNDT? and CDI’) in order to explain to them the
purposes of the project. Each Centre was asked to propose the inputs that they could
offer to the project. Both institutions expressed the view that they could participate at
any point, from identifying and analyzing relevant patents to building a physical

prototype.

After these visits, the team had two potential institutions that could provide support in
the project, but they decided to pick only one. The team concluded that CNDT could be
a good partner to work with for two reasons. Firstly, the team found that CNDT had

? Centro Nacional de Desarrollo Tecnologico
3 Centro de Desarrollo Industrial
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relevant skills and infrastructure to support them in achieving the development of the
piercing process; and secondly, CNDT was about to open an R&D unit in a science park
located few miles away from MyASA’s main manufacturing site. The team thought that
interaction with the partner would be intense during the project. Therefore, closeness
was a decisive criterion to select CNDT as partner. The team considered that having

their partner closer might bring also coordination advantages.

H.7 Working together

Initially, the team considered that they would outsource only particular activities of the
project; those activities which would require particular expertise or skills that they did
not have within MyASA. However, the team later found that CNDT had more to add to
the project.

This project represented a challenge to CNDT since none had experience in steel cutting
processes. Thus, CNDT’s development team visited MyASA’s manufacturing facilities
before giving a definitive working and economic proposal. In this visit, the CNDT’s
team took pictures and videos of the manufacturing processes and obtained detailed
information of the different components of the cutting process. This visit was important
to understand the process and the implications of the development and to define the

areas where they could contribute to the project.

In order to deal with technical and economic risks, CNDT suggested dividing the
project into three stages: feasibility analysis, concept model development, and prototype

building. CNDT usually divides its projects in these stages.

The development team at MyASA had not considered involving CNDT from the very
beginning of the project; they thought CNDT could participate at some point later
during the development of the concept, but they still did not have a clear idea in which
particular activities. Therefore, they accepted the propossal, and the first contract that
they signed with CNDT aimed at evaluating the feasibility of achieving success in the

development of a proprietary piercing process.

H.8 Finding the best concept

Teams from CNDT and MyASA started to explore in depth every single system,

subsystem and component of the cutting process, and thereafter they selected the
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technology for each part of the process. MyASA shared with CNDT the work they had
done so far to identify relevant technologies. Together both development teams
analyzed the different options and chose the technologies that may better fit the cutting

process to meet the specifications of the final product.

At the end, they came up with a feasible process concept. The concept consisted in a
two-module piercing process comprising mechanical cutting and thermal cutting. This
concept met MyASA’s expectations: a customizable, precise and speedy process; a
process that required a low capital expenditure; and, a process that may require a small

area to operate.

The concept challenged a paradigm of equipment manufacturers. Commercial piercing
equipment did not release the product until all the cutting processes had finished;
otherwise the process might loose reference of previous cuttings. This paradigm was
found to be the reason for a low production rate. The teams concluded that having the
cutting process in two steps could dramatically increase the production rate. Common
cuttings would be processed in the first step, and customized cuttings would be

processed in a second step.

MyASA had skilled people and expertise to develop the mechanical cutting process but
not to develop the thermal cutting module. Therefore, the teams agreed that MyASA
would develop the first module and CNDT would be in charge of developing the second
module. Thus, once the feasibility stage was completed and MyASA was convinced that
CNDT could provide value to the project, a second contract was signed. In this new
agreement CNDT would produce a prototype design for the thermal cutting module.
The deliverable included drawings, simulations, design of every component and

manufacturing directions to build a physical model of the module.

H.9 Developing the prototype

After eight months, CNDT delivered to MyASA the conceptual model and
specifications of the thermal cutting module. This outcome lead to a third contract. The
aim of this new contract was to build and test the prototype. However, despite the fact
that the teams came up with a clear definition of the thermal cutting model, the true

challenges were about to come.
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The initial design considered a 1:1 scale prototype so it could handle a real size steel
bar. Therefore, the teams built a prototype machine of real dimensions. Both partners
supplied complementary resources to develop the process. MyASA supplied a robot and
some components while CNDT put tools, infrastructure and skills to develop the

automation systems.

Both teams knew that there was a key issue to achieve success in the development of
the cutting process. Transferring steel bars from the mechanical cutting module to the
thermal cutting module required to find a solution to keep cutting references. Without a
consistent referencing procedure the process would fail to achieve precision and

reliability.

The teams found that some companies and universities were exploring the use of optical
scanning technology to identify the location and shape of structures in manufacturing
processes. Optical scanning seemed to be a solution to increase flexibility of
manufacturing processes. Therefore, the teams decided to employ an optical scanner to
identify the position of the holes made during the mechanical cutting, so that they could
be used as reference to the thermal cutting. This solution was visualized in the
conceptual design, but at this stage of the project the teams had to prove that the thermal

cutting process could achieve the expected precision and reliability.

The integration of the optical scanner with the cutting process was a complex task. An
algorithm to integrate a commercial optical scanner with all the components of the
process was required. This algorithm was essential to allow effective and stable
communication between the different components of the process. However, the
different operative system of the components made the development of the algorithm

difficult.

After some months of intense work, CNDT’s development team achieved success in
developing an algorithm to connect the components. They requested advice of
mathematicians from another national research centre to develop and validate the
algorithm. The thermal cutting module prototype was completed once the algorithm was

ready, but the module still needed to be tested.
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H.10Assessing the success of the project

MyASA considered that the performance of the prototype was critical to validate
whether the optical scanning technology could be a solution to identify the location of
holes along a steel bar. If it would be proven that optical scanning technology could be
incorporated to the manufacturing processes, then a window of applications might

emerge for optical scanning technology in other processes.

After some trials the thermal cutting module proved to work as expected. In particular,
it was verified that the different components were able to communicate effectively.
Nevertheless, due to inappropriate foundations of the place where tests were performed,
the clamping system did not work correctly. The development teams considered this
issue as irrelevant, since this problem could be solved by reinforcing the foundations.
Beyond this issue, the thermal cutting process worked as expected, the referencing
system was able to find the precise location of the holes made in the mechanical cutting

process.

As a result of the collaboration, MyASA not only achieved the development of a
proprietary cutting process, but also the acquisition of an optical scanning technology

that can be applied to many other manufacturing processes.

The thermal cutting module has not been implemented yet in any manufacturing
facility. MyASA is planning to introduce this module in a new plant in 2014. The
prototype module remains in CNDT’s laboratories. The prototype has been converted

into experimental equipment where new concepts and possible improvements are tested.

This project was the beginning of a partnership between MyASA and CNDT. They
have started a significant number of additional projects thereafter. CNDT is now fully

aware of MyASA’s business strategies and technology requirements.
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Appendix I

Modifications to the refined framework

Table H-1 Summary of modifications to the refined framework

Refined framework (V 3.0)
Strategic alignment

Final framework (V 3.1)
Business alignment

Notes

The name of this category was
modified to express a more
accurate meaning.

Business motivations

Partners’ motivations

The name of this factor was
modified to express a more
accurate meaning.

Wording of the contract

Contract issues

The name of this factor was
modified to express a more
accurate meaning.

Risks and rewards

Agreement on risks and rewards

The name of this factor was
modified to express a more
accurate meaning.

Match of resources and expertise

Expertise complementarity
Access to relevant equipment
and infrastructure

This factor was divided in two
factors to express a more
accurate meaning.

Access to testing facilities

Access to relevant equipment
and infrastructure

The name of this factor was
modified to express a more
accurate meaning.

Access to funding

Funding

The name of this factor was
modified to express a more
accurate meaning.

Internal stability of partners

Partners’ organizational stability

The name of this factor was
modified to express a more
accurate meaning.

Ease of communication

Communication

The name of this factor was
modified to express a more
accurate meaning.

Project management practices

Product development
management practices

The name of this factor was
modified to express a more
accurate meaning.

Project manager

Involvement of the project
manager

The name of this factor was
modified to express a more
accurate meaning.

Technology familiarity

Partners’ familiarity with the
technology

The name of this factor was
modified to express a more
accurate meaning.

Project champion

This factor was added to the
framework as a result of the
focus group.

Compatibility with existing
systems

Participation of the end user

This factor was integrated with
the existing factor ‘Participation
of the end user’.

Market uncertainty

Market and industry uncertainty

The name of this factor was
modified to express a more
accurate meaning.
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Appendix J

Focus group — feedback form

IfM Centre for : UNIVERSITY OF
Technology Management % CAMBRIDGE

Workshop

Technology partnerships:
Acquiring technologies through co-development projects

Feedback form

Please answer the following questionnaire.

Name:

How much do you agree or disagree with the following statements?

1. The six groups of factors in the framework are appropriate.
O Strongly disagree [ Disagree [ Notsure O Agree O Strongly Agree
Comments

2. The six groups cover the important factors that influence the outcomes of technology acquisition
projects.

O Strongly disagree [ Disagree [ Notsure O Agree O Strongly Agree
Comments

3. The six acquisition-related activities in the framework are appropriate.
O Strongly disagree [ Disagree O Notsure O Agree O Strongly Agree
Comments

4. The six acquisition-related activities cover the critical tasks of technology acquisition projects.

O Strongly disagree [ Disagree [ Notsure O Agree O Strongly Agree
Comments
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Technology Management % CAM G

5. The two partnership-related activities are appropriate.
O Strongly disagree O Disagree O Notsure O Agree O Strongly Agree
Comments

6. The two partnership-related activities include the most relevant tasks.
O Strongly disagree O Disagree O Notsure O Agree O Strongly Agree
Comments

7. The terminology in the framework is clear.
O Strongly disagree [ Disagree O Notsure 0O Agree
Comments

[m]

Strongly Agree

8. The emerging framework is clear and appropriate.

O Strongly disagree [ Disagree O Notsure 0O Agree O Strongly Agree
Comments

9. The emerging framework provides practical implications.
O Strongly disagree [ Disagree O Notsure O Agree O Strongly Agree
Comments

Do you have any further comment on the emerging framework?

Do you have any suggestions for further research based on the emerging framework?

Do you want to receive a copy of further publications based on the outcomes of this research?
YES NO

Thank you very much for your participation.



	Cover
	1 Introduction
	2 Literature review
	3 Practice review
	4 Methodological approach
	5 Framework development
	6 Framework refinement
	7 Framework verification
	8 Results discussion
	9 Conclusions
	10 References
	11 Appendices




