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Abstract

Abstract

While the existing literature on cooperative R&D projects between firms and
public research institutes (PRI) has made valuable contributions by examining
various factors and their influence on different outcome measures, there has been
no investigation of cooperative R&D project success between firms and PRI from
a product competie advantage perspective. However, insights into the
development of a meaningful and superior product (i.e., product competitive
advantage) are particularly important in the context of cooperative R&D projects
between PRI and (mainly small amdediumsized firms in the biotechnology
industry in response to increasing competition to raise capital funds necessary for
survival.

The objectives of this thesis are: (1) to elaborate the theoretical
foundations which explain the achievement of a product competiivantage in
cooperative R&D projects between biotechnology firms and PRI, (2) to identify
and empirically evaate the determining factors foachieving a product
compettive advantagen cooperative R&D projects between biotechnology firms
and PRI, and3) to show how cooperative R&D projects between biotechnology
firms and PRI should be designed and executed to support the achievement of a
product competitive advantage.

To accomplish these objectives, a model of determinants of product
competitive advatage in cooperative R&D projects between biotechnology firms
and PRI is developed by drawing from the theoretical foundations of resource
based theory and informatigmmocessing theory. Thmodel is evaluated using
data from517 questionnaires on coopévatR&D projects between at least one
biotechnology firm and one PRI. The data are analyzed using vabased
structural equation modeling (i.e., PISEM) in order to conduct hypotheses
testing. The evaluation of the empirical data includes an additroediation
analysis and the comparison of effects in subsamples.

The results demonstrate the importance of available resources and skills,
as well as the proficient execution of marketnetated and technical activities for
the achievement of a produairpetitive advantage in cooperative R&D projects
between biotechnology firms and PRI. By identifying projetated and process
related factors affecting product competitive advantage and empirically testing
their relationships, the research fings shaold be valuable foboth researchers
and practitioners. fier discussing contributiorend implications for research and
practice, the present thest®ncludes with limitationsand avenues for future
research.



Zusammenfassung

Zusammenfassung

Wahrend die bestehende Llrsitur zu kooperativen F&Projekten zwischen
Unternehmen und o6ffentlichen Forschungseinrichtungen mit der Untersuchung
verschiedener Faktoren und deren Einfluss auf bestimmte ErfolgsmalRe bereits
einen wertvollen Beitrag geleistet hat, ist der Erfolg diekeoperativen
Vorhaben bislang noch nicht aus der Perspektive eines
Produktwettbewerbsvorteils beleuchtet worden. Erkenntnisse Uber die
Entwicklung eines fur Nutzer bedeutungsvollen und der Konkurrenz tberlegenen
Produktes (d.h. die Erzielung eines Praskdttbewerbsvorteils) sind allerdings
von besonderer Bedeutung im Kontext von kooperativen-P&&ekten zwischen
Offentlichen  Forschungseinrichtungen und den priméar kleinen und
mittelstandischen Unternehmen in der Biotechnologieindustrie, um im
zunehmende Wettbewerb Uberlebensnotwendiges Kapital einwerben zu konnen.

Die Ziele dieser Arbeit sind: (1) die theoretischen Grundlagen zu
erarbeiten, die das Erreichen eines Produktwettbewerbsvorteils in kooperativen
F&E-Projekten zwischen Biotechnologieunternehmeund  6ffentlichen
Forschungseinrichtungen erklaren, (2) die Einflussfaktoren bei der Erzielung
eines Produktwettbewerbsvorteil®y kooperativen F&EProjekten zwischen
Biotechnologieunternehmen und offectien Forschungseinrichtungerzu
identifizieren undempirisch zu prifen und (3) aufzuzeigen, wie kooperative-F&E
Projekte zwischen Biotechnologieunternehmen und offentlichen
Forschungseinrichtungen gestaltet und durchgefihrt werden sollten, um die
Erzielung eines Produktwettbewerbsvorteils zu unterstitzen.

Um diese Ziele zu erreichen, wird ein Modell der Einflussfaktoren des
Produktwettbewerbsvorteils in  kooperativen  F&Eojekten  zwischen
Biotechnologieunternehmen und offentlichen Forschungseinrichtungen
entwickelt, das auf den theoretischen Grundlagemedsourcenbasierten Theorie
und der Theorie der Informationsverarbeitung aufbaut. Das Modell wird anhand
von Daten aus 517 Fragebdgen zu kooperativen -P&fekten zwischen
mindestens einem Biotechnologieunternehmen und einer 6ffentlichen
Forschungseinridung evaluiert. Die Daten werden mit Hilfe der varianzbasierten
Strukturgleichungsmodellierung (PLSGM) analysiert, um Hypothesentests
durchzufiihren. Die Auswertung der empirischen Daten beinhaltet eine zusatzliche
Mediationsanalyse sowie eine Multigrugmanalyse.

Die Ergebnisse verdeutlichen die Bedeutung von vorhandenen Ressourcen
und Fahigkeiten sowie der fachkundigen Durchfiihrung von marketingbezogenen
und technischen Aktivitdten bei der Erzielung eines Produktwettbewerbsvorteils
in kooperativen F&EProjekten zwischen Biotechnologieunternehmen und
offentlichen Forschungseinrichtungen. Durch die Identifizierung von prajekk
prozessbezogenen Einflussfaktoren des Produktwettbewerbsvorteils sowie die
empirische Uberprifung ihrer Beziehungen solltee @orschungsgebnisse
sowohl fur Forscheals auch fur Praktiker von Nutzen sein. Nach der Diskussion
der Beitrage und Implikationen fur Forschung und Praxis schliel3t die vorliegende
Dissertation mit der Darstellung von moglichen Limitationen der
Forschugsstudie und Ansatzpunkten fur die zukunftige Forschung.
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1 Introduction

1 Introduction

1.1 Motivation

1.1.1 Relevance of th&opic

The growing sophistication of leadiwagige technologies hasragnatically
increased the importance of cooperative research and development (R&D)
between firms and public research institutes (PR&hn 1995, p. 242; Mora
Valentin et al. 2004, p. 17; Ortiz 2013, p. 281). In scidvased industrie$
especially in thédiotechnology industry small andmediumsizedfirms need to
cooperate in R&D with PRI in order to cope with their heavy reliance on scientific
expertise (Ortiz 2013, p. 281ff.). Due to the complexity and interdisciplinarity of
biotechnology, it is notgssible for a single oegization tanternallyuniteall the
necessary resources and skills (i.e., specialized knowletdgejompetently
execute thanultitude oftasks ofbiotechnology R&D, which is characterized by
various and highly specialized techrégu(e.g., protein synthesis; OECD 2005, p.

7 ff.). Consequently, cooperative R&D projects between biotechnology firms and
PRI are initiated to gain accessspecialized knowledge thiastneeded to perform

the tasks of R&D (Ortiz 2013, p. 281). $ucoopeative R&D projects are to be
regarded as temporary forms of organizationi n whi ch t he part
complementary resources and skills are combined with the objective to create new
knowledge that can be patented and/or results in a prototype (Rothaermel/Deeds
2004, p. 204; Ortiz 2013, p. 281 f.). The anticipated outcome of cooperative R&D
projects between biotechnology firms and PRI is a product (i.e., a
biotechnological inventidi, which has the potential to raise money for the
subsequent costly and time cangng (clinical) testing efforts until a
biotechnological invention results in a marketable product (e.g., pharmaceutical
drug) (Rothaermel/Deeds 2004, p. 204; Schiler 2016, p. 167ff.).

! A public research institute is a division of a public research organizatiotversity or non
university research organization (e.g., Mabanck Society)- that is devoted to a particular
scientific discipline (e.g., biotechnology).

foBi otechnol s@i caarle iinnvveennttiioonn s whi ch concern a 7
containing biological material or a process by means of which biological matepabduced,

processedoruséd ( The European Patent Convention, R. 26 (2
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However and in contrast to a decade ago, it now requires more tlhan jus
promising research results to attract investors (Ernst & Young 2013%p T8
Ger man bi otechnol ogy i ndustry has gr own
consequence of increasing competition alongside limited private investhients.
attract investors andhus to survive in this industry, a product (i.e., a
biotechnolgical invention) is needed thabffers unique performance
characteristics and is superior in quality as well as in meeting the needs of a target
audience (e.g., potential investors) (Erns¥Y&ung 2013, p. 31 Ernst & Young
2014, p. 1%). Literature on new product development (NPD) terms such a
product 0s perceived superiority rel ative

competitive advantage (Song/Parry 1999, p. 673).

In conclusion, success f ocooperative R&D projects between
biotechnology firms and PRI is linked to the resulting product (i.e., a
biotechnological invention) and its superiority to competitive offerings (i.e.,
product competitive advantage) in order to gain access to finaagihlcthat is
needed for subsequent testing efforts until a biotechnological invention results in a

marketable product (e.g., pharmaceutical drug).
1.1.2 Research Problem and Questions

Despite a considerable amount of studies, extant research on R&Dratomyse

has not yet neither theoretically nor empiricallyaddressed the question of what
are the determining factors fachieving a productompetitive advantage in
cooperative R&D projects between biotechnology firms and PRI. Extant literature
on R&D cooperations between firms and PRI has extensively focused on

i nvestigating the determinants of cooper a

® Reference based on an article writtey Dr. J6rg Fregien, CEO Life Science Inkubator, Bonn.

* An excellent discussion on the lack of private investments (e.g., through initial public offerings
and/or venture capital) in the German biotechnology is provided by Schuler (2016, p. 343 ff.).

® See footnote no. 2.

® Reference based on an article written by Dr. Karsten Henco. Dr. Hencefasirater or ce
founding investor of several biotechnology companies in Germany, USA, Canada and Austria
such as Qiagen NV, Evotec AG, NewLab AG, Coley Pharmaeds Inc, U3 Pharma AG,
Neurimmune Therapeutics AG, Zurich, Switzerland, Medesso GmbH, CT Atlantic AG, HS

LifeSciences, AG and Qurelnvest Il SICAR and its portfolio companies.
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respective partner selection (fAwith whomo,;

Arroyabe 2008; Bargé&il 2010; Cassiman et al. 2010; de Faria et al. 2010;
Arza/Lopez 2011; Okamuro et al. 2011; Chun/Mun 2012). Another part of
researchexamined the impact of R&D cooperations on different output measures
(e.g., Miotti/Sachwald 2003; Faems et al. 208chwartz et al2012), and some
authors are concerned with the relationship between characteristics of cooperative
R&D projects (e.g., geographic proximity between partners) and project success
(e.g., MoraValentin et al. 2004; Petraelli 2011; Schwartz et al. 2012).

Investigating the detminants for achieving a product competitive
advantage in cooperative R&D projects between biotechnology firms and PRI is
an interesting but not yet addressedesearch problem. According to
Alvesson/Karreman (2007, p. 1268), an intengsbr valuable research problem
includes a novel understanding or perspective to previous research. Studying
success of cooperative R&D projects between firms and PRI from the perspective
of product competitive advantage is supposed to provide such a nove
understanding. Knowledgabout the determining factors fachieving a product
competitive advantage is of speciaterest since it offers insights intbiow to
manage cooperative R&D projects between biotechnology firms and PRI in order
to develop a suerior and unique product. Such insights not only serve the purpose
of theory advancement in the domain of R&D cooperations between firms and
PRI but also serve theeeds of practitionensy guiding the management of such
arrangements.In particular, the dllowing research questions need to be

addressed:

1 What are he theoretical foundations thakplain the achievement of a
product competitive advantage in cooperative R&D projects between
biotechnology firms and PRI?

1 What are the projegelated and processglated factors affecting product
competitive advantage in cooperative R&D projects between
biotechnology firms and PRI?

1 How are these determinants interrelated and in which ways do they
contribute to the achievement of a product competitive advantage in

cooperative R&D projects between biotechnology firms and PRI?
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This thesis aims to answer these questions. By drawing from theoretical
foundations of resoureleased theory (e.g., Barney 1991; Peteraf 1993) and
informationprocessing theory (e.g., Tushmandia 1978), as well as research
on NPD, a conceptual model will be developed and empirically tested. This thesis
is supposed to contribute to the existing literature on R&D cooperation$oby
the first time- conducting research osuccessof cooperatie R&D projects
between biotechnology firms and PRI from the perspective of achieving a product
competitive advantage. The central contribution is to conceptuallysliokes®of
cooperative R&D projects between firms and PRI to achieving a product
competitve advantage, which is essential to attract investors and thaisuive
in the biotechnology industry (Ernst & Young 2013, p’; #rnst & Young 2014,

p. 12). By identifying projectrelated and processlated factors affectm
product competitive adwvdage and empirically testing their relationships, the
implications of the results should be interesting to both academicians and
practitioners. In particular, the findings may be of considerable value and interest
to executives faced with the complex tagknanaging cooperative R&D projects

between biotechnology firms and PRI.

This researchventure continues with a discussion on stafethe-art-
research on R&D cooperations Section1.2. In particularthe extantliterature
on R&D cooperations betweemrhs and PRI is reviewed to provide an overview
of existing research. Building on this review, the purpose of Sedt®ns to
clarify the identified research needs. The objectives of the doctoral thesis are
formulated in Sectiod 4. In Sectionl .5, theresearch design mesented. Further

in Sectionl.6, thestructure of this dissertationilkistrated.

1.2 State-of-the-Art -Research: R&D Cooperations between Firms
and PRI

R&D cooperationsar e @ f or mal coll aborative arrange

with the objective to coper at e on research and deve

" See footnote no. 2.
8 See footnote no. 5.
°The terms fcoolpaelbartdtoindndanar eicwded i nterchangeabl )

simplification reasons, I will further refer to th
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(Petruzelli 2011, p. 310). Literature on R&D cooperations between PRI and

firms features a considerable amount of studies concerned with the determinants

of cooperationed)iwhy wel lcomaperheée respecti

(Awi th whomo; Schwartz et al . 2012,
Arranz/de Arroyabe 2008; Barggil 2010; Cassiman et al. 2010; de Faria et al.
2010; Arzal/Lopez 2011; Okamuro et al. 2011; Chun/Mun ROE2npirical
research conducted by Miotti/'Sachwald (2003) found that firms which
permanently conduct R&D activities seek R&D cooperations with PRI. Those
cooperative R&D activities with PRI are most attractive to firms that rely on
scientific resources teannovate (Miotti/Sachwald 2003, p. 1489 ff.). PRie
regarded as useful suppliers of basic and specialist knowledge, especially in
emerging technologies (Tether 2002, p. 953). Consequently, they are more likely
to partner in R&D cooperations thainvolve new and more uncertain
technological fields (Hall et al. 2003, p. 491).

In addition, some authors study the impact of R&D cooperation of firms
with PRI on different output or performance measures (Schwartz et al. 2012, p.
358). For example, Miotti/Sachwal@003, p. 1493 f.) found that patenting is
positively influenced by cooperation with PRI. Other performance measures
include a firmés proportion of turnover

(e.g., Faems et al. 2005), or the number of publicatiegs Schwartz et al. 2012).

Another stream of research focuses on factors that determine the success
of R&D cooperations between firms and PRI (see Tahl¢o 4). Petruzzelli
(2011) examined the link of technological relatedness, prior collaboratsyratid
geographical distance between the partners and success of the cooperation.
Adopting the R&D cooperation project between firms and PRI as the unit of
analysis, Schwartz et al. (2012) similarly studied the relationship between project
successandthrar t ner sé6 cooperation experience
In an extensive field study, MoiMalentin et al. (2004) investigated the
determining organizational and contextual factors of the success of 800
cooperative R&D projects between firmsdaRRI in Spain. The factors under
investigation included those factors that are prominently discussed in the literature
on inter and intrafirm knowledge transfer (e.g., Szulanski 1996; Simonin 1999a,
1999Db).

g ¢
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Though studies in the latter stream greatlgtdbute to the understanding
of the influence of cooperative R&D project characteristics and factors related to
knowledge transfer on different measures of success, the extant literature has not
yet investigated cooperative R&D project success betweears fand PRI from a
product competitive advantage perspective. The following sections discuss this
need in research on R&D cooperations between firms and PRI and formulate the

objectives of tIs thesis.
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Table 1. Studes focusing on factors that determine the success of R&D

cooperations between firms and PRI (1)

Study

Mora-Valentin et al.(2009 (1)

Empirical

Setting

Field study of
800
cooperative
agreements
betwesn
Spanish firms
and research
organizations

Method

Structural
equation
model

Operationalization
of Success

Two indicators of
success: Global
satisfaction of the
partners of the
agreement and the
evolution of the
relationship.

Global satisfaction
was measured by
five items referring
to spedic global
aspects of the
project such as the
partneros
performance, the
development of the
agreement and the
global results of the
project.

Evolution of the
relationship
referred to five
items that describe
the different
situations that may
occur in the
development of the
agreement.

Empirical Results

Previous cooperative
experiences had a
positive influence only
on the evolution of the
relationship between
firms and research
organizations.

Partnersbo
reputation had a
positive influence only,
on the satisfaction of
coqperative
agreements between
firms and research
organizations in the
sample of research
organizations.

A clear definition of
objectives had a
positive influence only
on the satisfaction of
cooperative
agreements between
firms and research
organizations ithe
sample of firms.

A higher degree of
institutionalization had
no significant
influence on the
success of cooperativ
agreements between
firms and research
organizations.
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Table 2. Studies focusing on factors that determine thecess of R&D
cooperations between firms and PRI (lI)

Study

(2004) )

Mora-Valentin et al.

Empirical

Setting

Field study of
800
cooperative
agreements
between
Spanish firms
and research
organizaions.

Method

Structural
equation
model

Operationalization
of Success

Two indicators of
success: Global
satisfaction of the
partners of the
agreement and the
evolution of the
relationship.

Global satisfaction
was measured by
five items referring
to specific global
aspects of the
project suctas the
partneros
performance, the
development of the
agreement and the
global results of the
project.

Evolution of the
relationship
referred to five
items that describe
the different
situations that may
occur in the
development of the
agreement.

Empirical Results

Greater gographic
proximity between
partners had no
significant influence
on the success of
cooperative
agreements between
firms and research
organizations.

More commitment hag
a positive influence on
the success of
cooperative
agreements between
firms and reseah
organizations.

Better communication
had a positive
influence only on the
satisfaction of
cooperative
agreements between
firms and research
organizations in the
sample of research
organizations.

Higher levels of trust
had a positive
influence only onhe
evolution of the
relationship between
firms and research
organizations in the
sample of research
organizations.
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Table 3: Studies focusing on factors that determine the success of R&D
cooperations between firms and PRI (llI)

Study  Empirical Method | Operationalization =~ Empirical Results

Setting of Success

Field study of | Structural | Two indicators of | A higher level of

800 equation | successGlobal conflict had a negativg
cooperative | model satisfaction of the | influence on the
agreements partners of the succes®f cooperative
between agreement and the| agreements between
Spanish firms evolution of the firms and research
and research relationship. organizations in the
organizations sample of firms.

Global satisfaction
was measured by | Greater dependence
five items referring | among partners had
to specific global | significant influence
aspects of the on the success of
project such as the| cooperative

part ner 0 s/ agreements between
performance, the | firms and research
development of the| organizations.
agreement and the
global results of the
project.

(2004) (1)

Mora-Valentin et al.

Evolution of the
relationship
referred to five
items that describe
the different
situations that may
occur in the
development of the
agreement.
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Table 4: Studies focusing on factors that determine the success of R&D
cooperations between firms and PRI (V)

Study  Empirical Method | Operationalization =~ Empirical Results
Setting of Success
796 Negative | Value of joint Technological
university binominal | innovations: relatedness between
industry joint | regressior Number of citationg universities and firs
patens, received by each | had an inverted U
developed by university-firm shaped relationship
33 joint patent. with the value of joint
universities innovations.
located in 12
=) different _ )
o European Prior collaboration
< | countries. ties between
o universities and firms
N had a positive effect
= on the value of joint
o innovations.
No significant
negative effect of
geographical distance
betweeruniversities
and firms on the valug
of joint innovations.
313 R&D Negative | Numberof patents | No significant
cooperation | binominal | and publications | relationship between
__ | projects regression that directly the spatial proximity
N | between emergedroman between partners and
| firms and R&D project. number of
| public patents/publications.
8 | research
© | institutes in o
'%’ Germany. No significant
= relationship between
S partners?d
» cooperation
experience and
numberof
patents/publications.




11
1 Introduction

1.3 Researb Needs

Cooperative R&D projects are born with the aim of achieving specific objectives,
and success of such a project is determined by the achievement of the pursued
objectives (Moravalentin et al. 2004, p. 18). In cooperative R&D projects
between biotdmology firms and PRI, the objective or anticipated outcome is a
product (i.e., a biotechnological invention; Ratihmel/Deeds 2004, p. 204) that
superior to competitive offerings (i.e., product competitive advantage) (Ernst &
Young 2013, p. 31; Ernst &oung 2014, p. 11). Thus, the assessment of product
competitive advantage is basic in order to know to what extent the defined
objective in cooperative R&D projects between biotechnology firms and PRI have
been attained. Under the premise that projectst inel planned and executed with

its objectives in mind (Shenhar et al. 2001, p. 713f.), it is of special interest in the
context of cooperative R&D projects bet@n biotechnology firms and PRhich
projectrelated (e.g., complementary resources and pkatsd processelated
variables (e.g., conducting mk&t research) are beneficial fachieving a product
competitive advantage. Hawer, the determining factors fachieving a product
competitive advantage in such arrangements have not yet been examined.
Knowledge about the determining factors fachieving a product competitive
advantage may be of special interesexecutives since it provides insights into
how to manage cooperative R&D projects between biotechnology firms and PRI
in order to developa superior and unique product. In addition, such an
examination would contribute to the extant literature by adopting a novel
perspective (i.e., the perspective of product competitive advantage) in the

discussion osucces®f joint R&D projects betweenrins and PRI.

Based on the review of existing empirical research on R&D cooperations
between firms and PRI (seee@ion 2) and the abovubustrated importance of
studying the determinants of product competitive advantage in cooperative R&D
projects betweebiotechnology firms and PRI, the following research needs can
be identified:

(1) The underlying theoretical foundations that explain the achievement of a
product competitive advantage in cooperative R&D projects between
biotechnology firms and PRI have noelneinvestigated so far.
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(2) The determining factors fachieving a produatompetitive advantage in
cooperative R&D projects between biotechnology firms and PRI have not
been identified and tested (i.e., quantitative, hypotheses testing) in an

empirical setig.

1.4 Research Objectives

This section presents the research objectikias dre central to thidissertation.
These objectives are derived frone thforementioned research neéldse overall
objective is to identify and empirically test the determinamtssuccess of
cooperative R&D projects between biotechnology firms and PRI from a product
competitive advantage perspective. This study is intended to provide the
necessary theoretical basis and empirical evidence to carry out-depti
analyss of thedetermining factors foachieving a product competitiavantage

in such arrangementBy drawing from theoretical foundations of resoubased
theory (e.g., Barney 1991, Peteraf 1993) and informgiroeessing theory (e.g.,
Tushman/Nadler 1978), as welk research on NPD, a conceptual model will be
developed and empirically tested. This thesis is supposed to contribute to existing
literature on this topic by conducting researchsoiccessf cooperative R&D
projects between biotechnology firms and RRin the perspective of achieving a

product competitie advantage for the first time.

In sum, the subject of thishesis will be the following three research

objectives:

1 Research objective 1. Thdissertation strives to elabordtee theoretical
foundatioms which explain the achievement of a product competitive
advantage in cooperative R&D projects between biotechnology firms and
PRI.

1 Research objective 2: This dissertation aims to identify and quantitatively
test the determining factors fachieving a pvductcompetitive advantage
in cooperative R&D projects between biotechnology firms and PRI by
using structural equatiomodeling This approach allowsapturingthe
interrelationships among determinants as well as assessing in which ways

they contributed achieving a product competitive advantage.
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1 Research objective 3: This dissertation intends to show how cooperative
R&D projects betwee biotechnology firms an®RI should be designed
and executedto support the achievement of a product competitive

advanage.

The next section presents the research design of this thesis.

1.5Research Design

The research design of any thesis is supposed to answer the questions of what
methodologies and methods are used and how their employment is justified
(Crotty 1998, p.2. Thi s is done in this section by
basic elements of the research process, that is, epistemology, theoretical

perspective, methodologgndmethod(see Figure )1

» Epistemology

» TheoreticalPerspective

Figure 1: Four basic elements oféhresearch proce$%

According to Hughes/Sharrock (2016, p. 11), every scientific investigation
and its techniques and methods employed require epistemological justification.
Epi stemol ogy i s Aithe theory of knowl edge
perspeck e and thereby in the methodologyo (CI
knowledge focuses on thepestionsabouthow knowledge is created and what
man can actually know (Moon/Blackman 2014, p. 4). For imgtaapistemology
is concerned with whethémowledye exists independently of the individual, thus
can be identified by research in an objective waywhetheknowledge is bound

to humans, thus being subjective by nature (Moon/Blackman 2014, p. 5). The

% Figure adapted from Crot(1998, p. 5.
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epistemological perspective that represents amedea r 6 s convi cti on wi't
to knowledge and its discovery influences his or her choice regarding
methodology and methods applied in order to illuminate the research problem of

interest (Moon/Blackman 2014, p. 5).

This thesis is influenced by the comwms of objectivist epistemology.
Objectivist epistemology argues that there is a reality that exists independently of
the individual (human) consciousness (Crotty 1998, p. 9; Moon/Blackman 2014,
p. 5), and that knowledge and truth is contained in thddwseparately from
peopl edbs experience of It (Bell efeuille 2
assume that an objective truth can be discovered by science (Crotty 1998, p. 9).

Thi s objective truth i s Aempirically V €
i ndependent of social thought and soci al |
p . 5) . Therefore, objective epistemol ogy

come to know the world as it really is; the facts of the world are essentially there
f or sRruadtyto (998, p. 23; <cited in Moon/ Bl ac

The theoretical perspective refersadind of value system to which the
researcher relates to (Crotty 1998, p.Mphon/Blackman 2014, p. 7h set of
assumptions or a fAba$80 m 17ythatdrivesfthe wayl i ef s o0 (
research is conducted (Moon/Blackman 2014, p. 7). The theoretical perspective of
research ventures must be maalicit, since the theoretical perspective of
research projects contains assumptions that significantly inButre research
design (i.e. the choice of methodology and method) (Crotty 1998, p. 8f;
Moon/Blackman 2014, p. 7). This thesis is based on the theoretical perspective of
positivism. Positivism is closely linked to objectivist epistemology and is based
onhe conviction that Aonly knowledge gair
throughunprejudicedu s e o f the senses is accurate a
2014, p. 7). The positivist mode of inquiry assumes that an objective reality exists.
Its purpose is genershbility, prediction and/or causal explanations. The
positivist school follows a deductive approach (i.e., developing hypotheses based
on theory, and then testing them), uses formal, structured instruments and reduces
data to numerical indices (Yilmaz 281p. 314).
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The theoretical perspective has a decisive influence on the methodology
(Crotty 1998, p. 3)Methodologyi s ft he strategy, plan of ac
lying behind the choice and use of particular methods and linking the choice and
use ofmet hods to the desired outcomeso (Crot
used in this thesis was survessearchsince this quantitativeesearch approach
corresponds withthe beligfs of positivism (Yilmaz 2013, p. 312). Positivism is
characterizedy the use of operational definitions, objectivity, replicability and
causality (Bryman 1984, p. 77). In the tradition of positivism, the survey is the
preferred tool, as it can be adapted to these characteristics. Concepts or variables
are operationalized throughuestionnaire items. The use of standardied
guestionnaire ensures a certain level of objectivity. Replication is possible by
applying the same research instrument (i.e., the same or slightly adapted
guestionnaire) in another research context. Finglgstionnaires are well suited
to collect data for the purpose of causality analyses throughsthef structural
equationmodeling(Bryman 1984, p. 77). Consequently, the method of this thesis
(i.e., the technique or procedure applied in order to gatdarwith respect to the
research objective; Crotty 1998, p. 3) is the questionnBire.research design of
this thesis is summarized igure 2
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Epistemology
Objectivist Epistemology

N\

TheoreticalPerspective

Positivism

<

Methodology

SurveyResearch

N

Method:

Questionnaire

Figure 2: Research design of the thésis

1.6 Structure

The

firstodect i omppresebtiaghatapic by illustrating the

relevance of achieving a product competitive advantage in cooperative R&D

projects between biotechnology firms and PBubsequently the research

problem and questions were described, followgdplesenting statef-the-art-

research on R&D cooperations between firms and PRI. In addition, the

corresponding research needs, the research objective, and the research design of

this dissertation were discussed. This subsection introduces the structhee o

thesis.

To develop a conceptual model of determinants of success of cooperative

R&D projects between biotechnology firms and PRI from a product competitive

adyv

antage perspective,

t he

second

secti

With respectto the conceptual principles of product competitive advantage, the

link between superior and meaningful products with suéagkeb8?D projects is
discussed (&ction 2.11). In addition, the role of projegtlated factors (i.e., fit of

" Figure adapted from Crot(1998, p. 4.

on
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available resourcesnd skills with the project requirementSection 2.1.2) and
processelated factors (i.e., the proficient execution of NPD activit®sction
2.1.3 for obtaininga product competiite advantage are illustratedfter this
presentation othe conceptualation of product competitive advantage in the
extant literature on NPD, the characteristics of theelsimnology industryare
depicted (8ction 2.2.1). To conclude the second section,-statiee-artresearch
on R&D cooperations in the bioteablogy indusry are summarized E8tion
2.2.2).

I n the third section, AA Model of
Competitive Advantage Perspectiveo i
between biotechnology firms and PRI is devethpEhis section is dided into
three parts. First, the undertg theoretical foundations thagxplain the
achievement of a product competitive advantage in cooperative R&D projects
between biotechnology firms and PRI are present8ection 3.1). These
theoretical foundationmvolve resourcéased theory (e.g., Barney 1991; Peteraf
1993) and informatiomrocessing theory (e.g., Tushman/Nadler 1978). Second,
the conceptual model of determinants of success of cooperative R&D projects
between biotechnology firms and PRI from aquct competitive advantage
perspective is developeddction 3.2). Third, the hypotheseas this thesis are

formulated withregard to the research modgé¢tion3.3).

The objective of the analysis in

cooperative R&D projects between biotechnology firms and PRI from a product
competitive advantage perspective. In order to conduct the empirical analysis of
the research model, the first stepolves defining the cooperative R&D project
betweena biotechnology firmanda PRI as the object of studyg&ion 4.1). The
second step involves the description loé fprocess of data collectione@ion

4.2). Hypotheses testing is conducted by meanshe quantitative research
methoablogy of a survey, allowing the factors of the research model to be
systematically captured. Therefore, the third step involves the mpedatation

of the variables (&tion 4.3). The fourth and fifth step involves fresntation

of the questionnaire Estion 4.4) and the description of the san{8ection 4.5),
respectively. The sixth step involves the descriptive analysis concerning the

n

Det e

t he

t he f
the Resealt Mo del 0O, i s t o evaluat e t he mo d el
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variables of the research modele(ion 4.6) and the seventh step dives
introducing structural equationmodeling as a means of measuring the
hypothesized relatnships of the research modele¢Bon 4.7). The final step
involves analyzing the gathered data, and theltseeswe discussed asmnalyzed
(Section 4.8).

Section RKSuoummasy on, and Outl oarkd0 concl 1
overview of the findings, theoretical contributioasd implications practical
implications, as well as limitations and avenues for futemsearch. Section 5.1
begins with an overall summary of theedls. Section 5.2 addresses the
contributions and implications for theory. Section S8dressespractical
implicationswith respect to the achievement of a product competitive advantage
in cooperative R&D projects between bioteology firms and PRI. Finly,
Section 5.4discusseshelimitationsof the study and further research needs.

Figure 3summarizes the structure and coursmweéstigationof the thesis.
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1 Introduction
Motivation Stateof-the- Research Research Research Structure
Art-Research Needs Objectives Design

A

2 ConceptuaPrinciples

New ProductDevelopment

The Biotechnology Industry

A

3 A Modebf Determinantof Succes$rom a ProductCompetitiveAdvantage
Perspective
TheoreticaFramework Research Model Hypotheses
4 Empirical Analysis of the Research Model
Method Operatio Structural Evaluation
Object ology of nalization | Question Samole Descriptive Equation of PLS
of Study Data of the naire P Analysis Mgdellin SEM
Collection | Variables 9 Results
5 Summary, Conclusion, and Outlook
Theoretical Limitations and
Overall Summary Contributions and | Practical Implications Future Research
Implications Avenues

Figure3: S

tructure of this thesis
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2 Conceptual Principles

With regard to the conceptual principles pfoduct competitive advantage,
Section 2.11 demonstrates the close association of product competitive advantage
with successful NPD venturelext, the roleof projectrelated variablegi.e., fit

of available reources and skills with the project requirements; Section 2.1.2) and
processelated factors (i.e., the proficient execution ofDNBCctivities; Section

2.1.3)in achievinga product competitive advantaigallustrated

After having depictedthe conceptua&ation of product competitive
advantagen the extantiterature on NPD, &ction 2.2.1 serves as an introduction
to the characteristics of the biotechnology industry. FinaBgction 2.2.2
synthesizes statef-the-artresearch on R&D cooperations in thstechnology

industry.

2.1 New Product Development

2.11 Product Competitive Advantage

Product competitive advantage is a theoretical construct that is composed of two
components: product superiority and product meaningfulness (Rijsdijk et al. 2011,
p. 33ff.) (see Figure

ProductCompetitive
Advantage

ProductSuperiority ProductMeaningfulness

Figure 4: Theoreticalconstruct of product competitive advantifge

2 Figure in reference to Rij§l et al. (2011, p. 33ff.).
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Product superiority refers to the extent to which a product offers unique
performance characteristics, is superior in quality and in met#tmgeeds of a
target audience (e.g., potential investor, scientific community) (Song/Parry 1996,
p. 427; Song/Parry 1999, p. 673; Harmancioglu et al. 2009, p. 274; McNally et al.
2010, p. 1000). Product meaningfulness concerns the values, benefits, and
advantages target end users receive from using the product (Rijsdijk et al. 2011, p.
33). The particular prominence of research on product competitive advantage in
the NPD literature results from the close association of superior and unique

products with sumessful products (sééables5 to 12.

In one of the earlystudes on determinants of industrial new product
success, Cooper (1979b, p. 100servedhat product uniqueness and superiority
are the most important contributing factors of new product sscte a followup
study of Cooper/Kleinschmidt (1987 their research studyiover whel mi ngl vy
points to product advantage as a number
Consistent with these results, the same authors investigated data on new product
projecs in the chemical industry and identified product advantage as the strongest
predictor of success (Cooper/Kleinschmidt 1993). Examining new product
ventures in the electronics industry, Zirger/Maidique (1990) found technical
performance to be positively lated to product success. These results are
supported bySong/Parry (1996, 1997b, 199%Who found positiverelationships
between new product success and mitdth measures of product competitive
advantageas well as Veldhuizen et al. (2008)ho observd that a technically
superior product is positively associated with product succé&thers
demonstrated the positive relationship between product competitive advantage
and product performance (Li/Calantone 1998; Langerai. &004; Nakata et al.
2006). In addition, McNally et al. (2010) observed that product competitive
advantage had a positive impact on the financial performance (i.e., sales and

profit) of products from the biochemical, chemical and pharmaceutical industries.

In summary, these researpksults emphasize the benefits of developing
superior, unique and meaningful products. Especially in the biotechnology
industry, cooperative R&D projects between biotechnology firms and &&lin

the need to develop products with a competitive advantageder to attract
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investors and thus to survive in the industry (Ernst & Young 2013, Btnst
& Young 2014, p. 11).

13 Reference based on an article written by Dr. Jérg Fregien, CEO Life Science Inkubator, Bonn.
4 Reference based on an article written by Dr. Karsten Henco. Dr. Hencefdsrzier or ce
founding investor of several biotechnglo companies in Germany, USA, Canada and Austria
such as Qiagen NV, Evotec AG, NewLab AG, Coley Pharmaceuticals Inc, U3 Pharma AG,
Neurimmune Therapeutics AG, Zurich, Switzerland, Medesso GmbH, CT Atlantic AG, HS
LifeSciences, AG and Qurelnvest Il SICARdits portfolio companies.
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Table 5: Studies focusing on theelationship betweerproduct competitive
advantage anehew product successneasuregl)

Study  Empirical Method Operationalization Empirical
Setting Results
Field study of | ANOVA, Product competitive Five measures
key informants correlation | advantage was assess€ of product
from 103 analysis using several single iter; competitive
Canadian measures. advantage
industrial (regarding
< | product uniqueness,
2 | producers New product need
S | reporting on succesdéilure was fulfi llment
s | 102 defined from the point | cost reduction
S | commercially of view of the firm and | and quality)
8 successful ano in terms of profitability. | were
93 significantly
commercially related to new
unsuccessi product
new industrial success or
product failure.
ventures.
Field study of | Linear Product uniqueness an¢ The single
key informants discriminant| superiority was most
from 103 analysis measured by six items | important new
Canadian concerning product
industrial innovativeness, dimension
o | product uniqueness, cost leading to new
2 | producers redwction, need product
?', reporting on fulfillmentand quality | successvas
s | 102 relative to competitive | product
g | commercially offerings. unigueness
8 successful ano and
93 superiority.
commercially New product
unsuccessful succesdgailure was
new industrial defined from the point
product of view of the firm and
ventures. in terms of profitability.
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Table 6: Studies focusing on theelationship betweerproduct competitive
advantage andew productsuccessneasureqll)

Study

Cooper/Kleinschmid(1987)

Empirical

Setting

Field study of
key informants
from 125
industrial
product firms
reporting on
203 new
product
projects (123
successes and
80 failures).

Method

OneWay
ANOVA,
correlation
analysis

Operationalization

Product advantage was
measured by six items
concerniig benefits,
quality, superiority, and
problemsolving
capability relative to
competitive offerings,
reducing cu
costs, and
innovativeness.

New product success
was measured as a
dichotomous yes/no
measure asking whethe
or not the product was a
financial success
(ANOVA), and by ten
different measures (e.g.
profitability level,
payback period, and
domestic market share),

Empirical
Resuts

New product
success was
significantly
related to
product
advantage
(ANOVA
results).

Product
advanage was
positively
correlatedwith
profitability
level, domestic
and foreign
market share,
relative sales
and profits,
opportunity
window on
new categories
and new
markets, and
meeting sales
and profits
objectiwes, and
negatively
correlated with
payback
period (i.e.,
product
advantage
yielded shorter
paybacks).
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Table 7: Studies focusing on theelationship betweerproduct competitive
advantage andew productsuccessneasureglll)

Study

Zirger/Maidique (1990)

Empirical

Setting

Field study
of 86 senior
managers
reporting on
electronics
products
introduced
into the
market.
(Each
manager was
asked to
report on a
pair of
products that
were
financial
extremes.
The final
analysis
included 77
successful
products and
71 faiures).

Method

Multiple
discriminant
analysis

Operationalization

Product value was
measured with three iten
concerning the price and
benefits relative to
competitive offerings, as
well as a product concep
developed from
interactions between the
product development
team, introdutton team,
and the customers.

Superiortechnical
performance was
measured by two items
concerning
technical performance
and the coordination
between marketing and
engineering.

The degree
success and failure was
measured on arepoint
scale ranging from a
major financial loss to a
major profitability
contributor with financial

breakeven at its midpoint

Empirical
Results

A product
providing a
significant
value
(performance
to cost) to the
customer was
positively
related to
product
success and
negatively
related to
product
failures.

A technically
superior
product was
positively
related to
product
success and
negatively
related to
product
failures.
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Table 8: Studies focusing on theelationship betweerproduct competitive
advantage andew productsuccessneasureglV)

Study

Cooper/Kleinschmidt (1993)

Empirical

Setting

Field study of
key
informants
from 21
chemical firms
and divisions
in the U.S.A.,
Canada, and
Europe
reporting m
103 new
product
projects (68
successes anc

Method

OneWay
ANOVA,
correlation
analysis

Operationalization

Product Differential
Advantage was measure
by several single items;
not grouped).

New product
performance included
rated profitdility,
technological success,
annual sales revenues
from the product, and
market shares.

Empirical
Results

Several single
item measures
of product
differential
advantage
were
positively
correlated
with new
product
performance.
Product
advantage was
the number

were industrial
producs, and
the remainder
were
consumer
goods.

35 failures) one factor in
which had new product
gone to the success in the
market. chemical
industry.

Field study of | Correlation| Relative Product Relative
new product | analysis | Advantage was measure product
development by five items concerning| advanage was
managers uniqueness, costs positively
from 129 reduction, as well as correlated
Chinesestate guality and need with new

. | owned fulfi llmentrelative to product

> enterprises competitive offerings success.

?—1 providing

o | information

S | about 258 New product success wa

%, product assessed by as_king the

% successes anc respondents to indicate

o failures. Of the relative success of th
these, 250 new product in terms of

profitability.
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Table 9: Studies focusing on theelationship betweerproduct competitive
advantage andew productsuccessrneasureqV)

Study  Empirical Method Operationalization Empirical
Setting Results
Field study of | Correlation| Product advantage was | Product
project analysis measured by seven item| advantage wa:s
managers concerning unigueness, | positively
from 404 needfulfi iIment, reducing| correlated
Japanese nen cust omer s 6 |withnew
service newness, quality, product
= companies benefits, and technical | success.
e reporting m performance relative to
= | 788 new compettive offerings.
> | physical
S | product
%» development New product success
S projects. measures included
n product profitability,
relative sales
performance, relative
market share, and the
degree to which a produ
opened a window of
opportunity for the
respondent firm.
Field study of | Path Product competitive The level of
project analysis advantage was measure| product
managers using the | by five items concerning| competitive
from 404 maximum | uniqueness, need advantage
Japanese nen| likelihood | fulfillment newness, positvely and
service estimation | quality, and technical significantly
companies procedure | performance relative to | affected the
o | reportingon |in LISREL | competitive offerings. level of
5 | 788 new relative new
9 | physical _ product
E product Relative new product success.
= | development success was measured |
Q| projects. four items concerning
2 overall profitability,
3 relative sales

performance
other new products,
relative profitability to
the firmbds
products, and relative
profitabild]
objectives for this
product.
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Table 10: Studies focusing on theelationship betweerproduct competitive
advantage andew productsuccessneasuregVI)

Study

Empirical
Results

Empirical Method Operationalization
Setting

Field study of

Generalized

New product

The greater

reporting on

new products

presidents and Least advantage was the new
chief Squares measured by seven | product
executive method in | items concerning advantage,
officers from | EQS newness, productivity,| the beter the
236 software uniqueness, reliability,| product
firms reporting compatibility, market
on a new functionality, and ease performance
—~ | software of use. was.
§ product the
o |[company,
_ o development Profduct marl.<et
= § | program had performance: Two
e | judgmental measures
g | introduced
< |into the U.S. to assess the compas
©) software market
market.
performance on beforg
tax profit and return or
investment, relative to
its competition. Two
objective measures of
firm's actual dollar
share of theerved
market and préax
profit margin.
Field study of | Structural | Product advantage Product
126 equation refers to the benefits | advantage
knowledgeablg modeling | that customers get had a positive]
informants by means | from the new product.| and
from Dutch of LISREL significant
T firms in the relationship
ér primary metal, New product . with new
o fabricated per_formance consisteq product
T metal, of flve_subscales performance.
- : reflecting the
o machinery i .
g eapmen i
) electrical ’ '
> equipment, customer acceptance,
S transportation pro_duct level, and
equipment, timing measures of
and measuring NPD success.
instruments
industries
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Table 11 Studies focusing on theelationshp betweenproduct competitive
advantage andew productsuccessneasuregVIl)

its midpoint.

Study  Empirical Method Operationalization Empirical
Setting Results
Field study of | Path New product advantage | Higher new
149 Korean | analysis | was measured by eight | product
and 110 using items concerning advantage way
Japanese ordinary | uniqueness, need positively
s marketing or | least fulfi llment, utility, quality, | associated
S product squares | benefits, problersoling | with greater
&N | managers fron| regressio | capability, innovativeness| new product
= | manufaatiring | ns and radical difference performance
% | firms reporting relative to competitive in both Korea
& | oninjecting offerings. and Japan.
& | advantage into
Z | recentnew New product performance
products. was measured by five
items concerning relative
market share, relative
sales, and relative
profitability.
Field study of | Multiple | Product value was A product
86 senior discrimin | measured with three itemg providing a
managers ant concerning the price and | significant
reporting on | analysis | benefits relative to value
electronics competitive offerings, a | (pefformance
products productconcept developeq to cost) to the
introduced from interactions between| customer was
into the the product development | positively
__ | market. (Each team, introduction team, | related to
8 | manager was and the customers. product
Q | asked to repor success and
:_g on a pair of Superiortechnical negatively
- | products that performance was measur( 'lated to
c | were financial by two items concerning | Product
& | extremes. The the product gfailures.
2 | final analysis performance and the
2 included 77 coordination between A technically
> | successful marketingand engineering superior
prodt_Jcts and product was
71 failures). The degree dPposively
success and failure was | related to
measured on a teuoint product
scale ranging from a majg Success and
financial loss to a major | Negatively
profitability contributor related to
with financial breakeven g Product
failures.
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Table 12 Studies focusing on theelationship betweerproduct competitive
advantage andew productsuccessneasuregVIIl)

Study  Empirical

Setting

Method

Operationalization

Empirical
Results

Field study of | Structural | Product advantage wag Product
NPD equation measured by three advantagdas
managers, modeling items concerning a positive
product superiority over other | impact on
development products in terms of product

__ | managers, meet i ng c u{financial

S | product line needs, product quality,| performance.

| managers, and and unique attributes o

— | product performance

g managers from characteristics.

> | the

= biochemical,

Z | chemical, and Product financial

= | pharmaceutica performance was

measured by two items
related to
sales and prafs.

industries in
North America
reporting on
444 new
product
launches.

2.1.2 Project-related Factors

Projectrelated factors in NPD refer to the fit of available resources and skills with
the needs ofin NPD venture(see Figure b The investigatin of the match of
capabilities and assets with project needs can bedttaaek to the works of
Robert G. Cooper, whose earlier studies focused on studying the causes of failure
of new industrial products (Cooper 1975). A few years later, Cooper (1979a, p
128f.) examined commercially successful and unsuccessful new industrial product
ventures in Canada. He found that a key determining factor of new product
the fit

NPD project. In pdicular, the fit of available technical resources and skills and

success s bet ween a companyos

mar keting resources and skills with a

with succes®f new products.

re

pro
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Available Resources & Skills

SuccessfuNew Product

FIT Ventures

Pr oj Meeds 06 s

Figure 5: Projectrelated factors and successfubmeroduct ventures

Following studies doptedthe concept of fiand investigated the adequacy
of available resources and skills with the achievement of a product competitive
advantagedee Bble 13 and Table )4For instanceSong/Parry (1996; 1997b)
investigated in their field study of project managers from 404 Japanese non
service companies the adequacy of technical and marketing capabilities and assets
possessed by 788 new physical product development projects. The authors found
that thelevel ofadeqa cy of a companyé6és resources
venture positively affectethe level of product competitive advantageanother
field study of North American firms (e.g., in the chemical industry),
Harmancioglu et al. (2009) examined the fitawhilable resources and skills with
the needs of 306 NPD venturd@heir research results also showed that marketing

fit andtechnologicalit was positively associatealith new product advantage.

> Figure in reference to the NP literature (e.g., Song/Parri996; Song/Parry 1997b;

Harmancioglu et al. 2009

and
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Table 13: Studies focusing othe relationship between resources & skills and
product competitive@antaggl)

Study  Empirical Method Operationalization Empirical
Setting Results
Fieldstudy | Correlation| Marketing synergy was | The level of
of project analysis measured by six items | marketing
managers concerning the adequacy synergy and
from 404 of a c omp an|thelevel of
Japanese and skills (i.e., marketing| technical
nonservice research, salesforce, ang synergy were
companies distribution) for the NPD | positively
reporting on project. correlated with
788 new product
_ physical Techndogical synergy advantage.
> product was measured by six
S—l dev_elopment items concerning the
> projects. adequacy of
< resources and skills (i.e.,
%7 R&D, engineering, and
S manufacturing) for the
n NPD project.
Product advantage was
measured by seven item
concerning uniqueness,
needfulfi [Iment reducing
customer so
newness, quality,
benefits, and technical
performance relative to
competitive offerings.
Fieldstudy | Path Technological synergy | The level of
of project analysis was measured by four | technical
managers using the | items cacerning the synergy
from 404 maximum (adequacy of |positivelyand
o | Japanese likelihood | resources and skills (i.e.,| significantly
& | nonservice | estimation | R&D and engineering) | affected the
S—l companies | procedure | for the NPD project. level of
> | reportingon |in product
§ 788 new LISREL. | poduct competitive competitive
= grg(?&?l advantage was measure advantage.
3 development by five items concerning
€lop uniqueness, need
projects. fulfi llment, newness,
quality, and technical
performance relate to
competitive offerings.
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Table 14: Studies focusing on the relationship between resources & skills and
productcompetitive dvantage (ll)

Study  Empirical Method Operationalization Empirical
Setting Results
Fieldstudy | Partial Marketing fit was Marketing fit
of least measured by three items| and
respondents | squares encompassing fit with technological
(e.g.,in analysis advertising, promotion, | fit were
marketing, and market research positively
s R&D, and resources. related to new
S | general product
& | management advantage.
< | from North Technologicafit was
% | American measured by three items
= | firms (e.g., in regarding existing
S | the chemical technologies, R&D
S | industy) expertise and
g reporting on manufacturing skills.
= | 306 recent
I | new products
on the marke New product advantage
previously was measured by three
not produced items concerning need
or sold by fulfi llment, quality, and
their uniqueness relative to
company. competitive offerings

Moreover,Calantone et al. (1996) arguthat marketindit (i.e., adequacy
of available marketingelated resources and skills with the needs of an NPD
venture)andtechnicalfit (i.e., adequacy of available technical resources and skills
with the needs of an NPD ventura)e associatedith successful new product
v e nt ur endiredilythrdugh proficiency oNPD activitie® Cdlantone et al.
1996,p. 343).Figure6 illustrates ths relationship between projecelated factors,
proficiencyin NPD activities, and successful new product ventures proposed by
Calantone et al. (1996).
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[ Available Resources & Skills]

Proficiencyin SuccessfuNew
FIT NPDActivities ProductvVentures
[ Pr oj Meeds 6 s ]

Figure 6: Projectrelated factors, proficiency in NPD adities, and successful
new product venturé$

Consequentlya stream of studies investigatbe proposed relationship of
fit of resources and skills with proficiency in conducting NPD activities (e.g.,
prototype development)Studying 142 tangible NPD pets of Chinese firms,
the results of Calantone et al. (1996) indicated that adequate skills and resources
in a project are related to proficiency in NPD activities. Supporting these research
findings, Song et al. (1997b) observed that the le¥dit of resources and skills
with the project needs was associated positivati the level of proficiency in
marketing activities in 307 physical new NPD venture in Taiwan. Investigating
success and failure of NPD projects of large Japanese firms, Song &9ab)(1
demonstrated that the alignment of skills and project needs positively affected the
level of marketing proficiencyThe positive relationship between adequate skills
and resources and proficiency in NPD activities was also replicated by Song/Parry
(1997a, b),using a sample of 312 U.S. firms reporting on 612 new physical
product development projects, as well as 788 new physical product development
projects of Japanese ngarvice companiesTables 15to 18 summarizethe
abovediscussedresearch findigs concerning projeetelated factors affecting

proficiency in NPD activities.

In summary, empirical studies in NPD research indicate that sources of
product competitive advantage are the resources and skills which are available in

a development project .@e, Song/Parry 1996; Song/Parry 1997b; Harmancioglu

'8 Figure in reference to Calantone et al. (1996).
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et al. 2009). Other studies NPD researclsuggest that the available skills and
resources are indirectly associated with product competitive advantage through
the proficient execution of developmenttigities (e.g., Calantone et al. 1996;
Song et al. 1997a, b; Song/Parry 1997a, b).
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Tablel15: Studies focusing on the relationship between technical/marketing fit and

proficiency in technical/marketing activiti€¢

Study Empirical

Setting

Method

Operationalization

Empirical Results

Field study
of NPD
managers
from U.S.
firms
principally
involved in
the

and sale of
tangible
products
reporting on
142 NPD
projects and
NPD
manages
from
Chinese
firms
reporting on
470 NPD
projects.

Calantone et al. (1996)

manufacture

Path
analysis

Marketing skills and
resourcesvasmeasured
by four items
concerning the
adequacy of a
companyo6s 7
and skills (i.e.,
marketing research,
sales force and/or
distribution, advertising
and promotion, and
management) for the
NPD project.

Technical skills and
resourcesvasmeasured
by two items concernin
the adequacy of a
companyos S
people (i.e., R&D and
engineering) for the
NPD project.

Proficiency in
marketing activities was
measured by five items
concerning how well
several marketing
activities (e.g.,
preliminary assessmen
of the market) were
undertaken.

Proficiency in technical
activities was measure(
by five items
concerning how well
several technical
activities (e.g., RD)
were undertaken.

Adequate technicg
and marketing
skills and
resources in a
project were
positively related
to proficiency in
technical and
marketing
activities,
respectively.
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Tablel16: Studies focusing on the relationshigween technical/marketing fit and
proficiency in technical/marketing activities (Il)

Study Empirical

Setting

Method

Operationalization

Empirical Results

Field study
of project
managers
reporting on
372 recently
developed
South
Korean rew
physical

306 recently
developed
Taiwanese
new
physical
products.

Song et al. (1997a)

products and

Three
stage leas
squares
regression

Marketing resources
synergy was measured
by four items
concerning the
adequacy of a
companyo6s 7
(i.e., marketing
research, salesifce,
distribution, and
advertising/promotion)
for the NPD project.

Marketing skills
synergy was measured
by four items
concerning the
adequacy of a
companyo6s g
marketing research,
sales force, distribution
and
advertising/promotion)
for theNPD project.

Marketing activities
proficiency was
measured by ten items
concerning how well
several marketing
activities (e.qg.,
preliminary assessmen
of the market) were
undertaken.

The level of
marketing
resources synergy
and the level of
marketing skis
synergy were
associated
positively with the
level of
proficiencyin
marketing
activities only in
the Taiwanese
sample.
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Tablel7: Studies focusing on the relationship between technical/marketing fit and

proficiency in technicamarketing activities (l11)

Study

Empirical

Setting

Method

Operationalization

Empirical Results

Fieldstudy | Path Skills/needs alignment| Skills/needs
of analysis | was measured by four | alignment
development items concerning the | positively affected
and adequacy of a the level of
marketing companyaos marketing
."§ teams from marketing, R&D, proficiency.
o 17 large, engineering, and
= | multi- manufacturing) for the
< | divisional NPD project.
% | Japanese
= firms _ Marketing proficiency
3 reporting on was measured by four
65 completed items concerning how
NPD projects well several marketing
(34 siccesses activities (e.qg.,
and 31 exploratory stage
failures). activities) were
undertaken.
Fieldstudy | Ordinary | Marketing skills and Marketing skills
of project least resourcesvasmeasured| and resourcesas
managers squares | by ten items concernin( positively related
from 404 regression the adequacy of a to proficiency in
Japanes companyo6s the following
non-service resources and skills for stages of the NPD
companies the NPD project. process: (a) idea
reporting on development and
788 new Technical skills and | screening, (b)
= | physical resourcesvasmeasureq business and
IS | product by six items concerning market opportunity
= development the adequacy of a analysis, (c)
g projects and companyos product testing,
= | project and skills for the NPD | and (d) product
[ managers project. commercialization
2 | from 312
@ | US.fims Profidency in the NPD | Technical skills
reporting on process was measureq and resourcesas
612 new by activities positively related
physical representing the stagey to proficiency in
product of idea development | the technical
development and screening, busineg development stagg
projects. and market opportunity of NPD.
analysis, technical
development, product
testing, and product
commercialization.
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Table18: Studies focusing on the relationship between technical/marketing fit and

proficiency in technical/marketing activities (1V)

Study Empirical

Setting

Method

Operationalization

Empirical Results

Field study
of project
managers
from 404
Japanese
nonservice
companies
reporting on
788 new
physical
product

projects.

Song/Parry (1997b)

development

Path
analysis
using the
maximum
likelihood
estimation
procedure
in
LISREL.

Marketing synergy was
measured by four items
concerning the
adequacy of a
companyos 7
and skills (i.e.,
salesforce, distribution,
and
advertising/promotion)
for the NPD project.

Technological synergy
was measured by four
items cacerning the
adequacy of a
companyo6s 7
and skills (i.e., R&D
and engineering) for the
NPD project

Marketing proficiency
was measured by four
items concerning how
well several marketing
activities (e.g.,
exploratory stage
activities) were
undertalen.

Technical proficiency
was measured by six
items concerning how
well several technical
activities (e.g.,
prototype testing) were
undertaken.

The level of
marketing synergy
and the level of
technical synergy
positively affected
the level of
marketing
proficiency and the
level of technical
proficiency,
respectively.

2.1.3 Processrelated Factors

Procesgelated factors refer to proficiency in performing marketing and technical

activiti

es.

These

factors

ar e

concerned
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marketing and technical activities are executed (Song/Parry 1997a, pAsl3).
discussedefore Calantone et al. (1996, P. 343) argued that proficiency in NPD
activities is an essential mediating factor that explains the associatwedn a

pr oj e aitaliles rsoarees and skills with successful NPD ventdfes.
Therefore, a stream of studies investigated the relationship between the proficient
execution of various marketinglated and technical activities with achieving a

product competitive advantage.

One of these investigationscludes the field study of project managers
from 404 Japanese n@ervice companies reporting on 788 new physical product
development projects conducted by Song/Parry (1996; 1997b). An initial
correlation aniysis showed thatroficiency in the predevelopment planning
process, concept development and evaluation, market research, pretesting and
technical activities, as well as market lauqebficiency, were positively related
to productcompetitiveadvantaggSong/Parry 1996)-urther, a subsequent path
analysis demonstrated that the level of marketing and technical proficiency

positively affected the level product competitive advantage (Song/Parry 1997b).

In a field study of 149 Korean and 110 Japanese marketing or product
maragers from manufacturing firms, Nakata et al. (2006) foundéfiaacy in
carrying out NPD activities was positively associated with new product
advantage. The positive relationship between the proficient execution of
marketing activities was also demanated by Harmancioglu et al. (2009),
investigating a sample of respondents from North American firms (e.g., in the

chemical industry) reporting on 306 recent new products.

In summary, empirical studies in NPD research suggest that the proficient
execution of R&D activities positively influences product competitive advantage
(e.g., Song/Parry 1996; Song/Parry 1997b; Nakata et al. 2006; Harmancioglu et al.
2009). Tables 19 to 22 summarizethe abovediscussedresearch findings

concerning proces®lated faadrs affecting product competitive advantage.

" please also see Figure 6 from the previous section.
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Table 19: Studies focusing on theelationship betweeproficiency in the NPD
process angroductcompetitiveadvantagg(l)

Study Empirical Operationalization Empirical

Song/Parry (1996)

Setting

Field study of
project manager:
from 404
Japanese nen
service
companies
reporting on 788
new physical
product
development
projects.

Method

Correlation
analysis

Proficiency in the
NPD process was
measured by
activities
representing the sul
processes of
predevelopment
planning (five
items), concept
development and
evaluation (six
items), market
research (three
items), pretesting
(six items), and
market launch (four
items).

Technical
proficiency was
measured by six
items concerning
how wellseveral
technical activities
(e.g., prototype
testing) were
undertaken.

Product advantage
was measured by
seven items
concerning
unigueness, need
fulfillment, reducing
customer s
newness, quality,
benefits, and
technical
performance relative
to conpetitive
offerings.

Results

Proficiency in
the
predevelopment
planning
process,
proficiencyin
concept
development ang
evaluation,
proficiencyin
market research
pretest
proficiency,
technical
proficiency, and
market launch
proficiency were
positively
correlaed with
product
advantage.
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Table 20: Studies focusing on the relationship between proficiency in the NPD
process and product competitive advantage (II)

Study Empirical Method | Operationalization Empirical
Setting Results
Field study of Path Marketing The level of
project manager{ analysis proficiency was marketing
from 404 using the | measured bfour proficiency and
Japanese nen | maximum | items concerning the level of
service likelihood | how well several technical
companies estimation | marketing activities | proficiency
reporting on 788| procedure | (e.g., exploratory positively
new physical in stage activities) wer¢ affected the leve
product LISREL. | undertaken. product
development competitive
projects. advantage.
Technical

proficiency was
measured by six
items concerning
how well several
technical activities
(e.g., prototype
testing) were
undertaken.

Song/Paty (1997b)

Product competitive
advantage was
measured by five
items concerning
unigueness, need
fulfillment newness
(Ato do s
which could not be
done befo
guality, and
technical
performance relative
to competitive
offerings.
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Table 21: Studies focusing on the relationship between proficiency in the NPD
process and product competitive advantédje

Study Empirical Method | Operationalization Empirical
Setting Results
Field study of Pah New product team | New product
149 Korean and | analysis proficiency was team proficiency
110 Japanese | using measured by five | was paitively
marketing or ordinary items encompassing associated with
product least dimensions such as| new product
managers from | squares technical skills, advantage in
manufacturing | regressions marketing both Korea and
firms reporting knowledge, and Japan.
on injecting team efficiency in
advantage into the group
recent new responsible for
products. developing a new
product.

New product
advantage was
measured by eight
items concerning
unigueness, need
fulfi liment, utility,
quality, benefits,
problemsolving
capability,
innovativeness, and
radical difference
relative to
competitive
offerings.

Nakata et al. (2006)
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Table 22 Studies focusing on the relationship between proficiency in the NPD
process and product competitive advantage (V)

Study Empirical Method | Operationalization Empirical
Setting Results
Field study of Partial Marketing execution, Marketing
respondents least proficiency was execution
(e.g.,in squares measured by five | proficiency was
marketing, analysis items concerning positively related
R&D, and how well several to new product
general marketing activities | advantage.
management) (e.g., preliminary
from North market assessment)
American firms were undertaken. | Technical
(e.g., in the execution
§ chemical proficiency was
Q | industry) Technical executn | not related to
| reporting on 306 proficiency was newproduct
S | recent new measured by four | advantage.
© | products on the items concerning
S | market how well several
2 | previously not technical activities
S | produced or sold (e.g., prototype
€ | by their development) were
£ | company. undertaken.
New product
advantage was
measured by three
items concerning
need fulfillment,
quality, and
unigueness relative
to competitive
offerings.

2.2 The Biotechnology Industry

2.2.1 Characteristics

Biotechnology is defiré@ as t he #ndAapplication of scienc
organisms, as well as parts, products and models thereof, to alter living-or non
living materials for the production of knowledge, goasl services ( OECD
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2005, p. 9). The biotechnology industsya new, relatively young industry that
focuses on the economic exploitation of biotechnology (Schuler 2016, p. 3).

As an interdisciplinary technology, biotechnology and its economic
applicationhave a broad spectrum of applications. These applicatiamgerérom
the pharmaceutical, chemical, agricultural and food sectors to environmental
protection. The different areas of application have been assigh@gover time.
A very rough distinction is made between red biotechnology, white biotechnology
and geen biotechnology (Muller 2007, p. 385; Schuiler 2016, p. 143). Red
bi otechnol ogy refers t o activities I n t h
development of therapeutics and/or diagnostics for the field of human medicine,
drug delivery, human tissue te@c e ment o0 ( Bl OCOM AG 2015,
biotechnology refers to industrial biotechnology (i.e., development of
biotechnological materials and processes for the handling of waste or sewage, for
chemical synthesis, for the extraction of raw materials ardggretc.; BIOCOM
AG 2017, p. 13). Green biotechnology refers to agricultural biotechnology (i.e.,
devel opment of Al g] enetically modified pl
well as nongenetically modified plants grown using biotechnological procedures,
for use in agriculture or foresttyBIOCOM AG 2017, p. 13).

NPD development in the biotechnology industry especially the
development of a drugis heavily sciencéased and considered to be tedious,
risky and expensive (Schiler 2016, p. 167ff). Theradtually no other product
that is as complex to develop as drugs, especially due to extensive human testing
studies and very strict market approval requirements. It takes twelve to fifteen
years from the initial idea or concept to reach the market. iigtdfife years are
spent on research and preclinical stufiethe clinical trial takes another five to

eight years and the approval one to two years (Schuler 2016, p. 167).

'8 preclinical trials refer to testing of potential compounds in vitro, on bacteria, cell and tissue
cultures, and isolated organs (efficacy, toxicity, pharmacokinetics), tests on the animal organism
(at least two to three animal species), development ajuade dosage forms (galenics) (Schiler
2016, p. 169).
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The overall probability of obtaining marketing approval for a newly
developed drg from phase ' onwards is 1% to 20%, and from
research/preclinical trials only around 5%. In order to bring a new drug to market
successfully, ten to twelve drug candidates halvem a statistical point of view
i to be tested in preclinical trials, &o ten in phase I, three to seven in phaSe |l
and one to two in phase 4l Even in phase Ill studies, the average risk of default
is still 50%. In the final approval phase, there is still the possibility of rejection by
the Food and Drug AdministratioffrDA), which can be as high as 10 to 20%
(Schiler 2016, p. 171).

In addition to the long duration and high risk of drug development, the
immense costs have also to be considered. Development costs vary between US$
1.5 billion and US$ 2.5 billion, dependjron the calculation basis and method
(DiMasi 2003; Paul et al. 201 MestreFerrandiz 2012, DiMaset al. 2016).
Schuler (2016) points out that the direct costs for R&D of a successful compound
amount to only 15 to 30% of the total costs. The remainistsamncern (but are
not limited to) expenses for failed R&D ventures. These expenses are taken into
account when estimating the totalsts since a sinig R&D project is usually not
sufficient to successfully develop a marketable product and thus,diigrefrates
of R&D ventures have to be considered. I n
of capital and the time value of money have to be taken into account (Schuler
2016, p. 174f.).

This brief introduction regardinthe characteristics of the bemthnology
industry is followed by a section illustr
cooperative R&D ventures between biotechnology firms and PRI (Ortiz 2013, p.
223f.; BIOCOM AG 2015, p. 17).

9 Phase | refers to tolerance tests with healthy subjects, determination of side effects and dosages
(Schiler 2016, p. 169).

% phase |l refers to efficacy tests on a smaller number of selected patienfismation of

efficacy (i.e., proof of concept), further determination of side effects and determination of the
optimal dosage (Schuler 2016, p. 169).

L Phase IlI refers to tests on many patients (efficacy, tolerability and possible interactions with

other drugs among many different patients) (Schuler 2016, p. 169).
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2.2.2R&D Cooperations in the Biotechnology Industry

This section synthesizes state of the art research on R&D cooperations in the
biotechnology industry. RD in the biotechnology industry can be distinguished

into exploration and exploitation processes (Powell et al. 1996, p. 124f,;
Rothaermel/Deeds 2004,01f f . ) . Expl oration is fAthe p
of things that miwghhitl ec oenxep Itooi thaet ikonno wdneds c r i
devel opment of t hings already Knowno (L
Exploration implies basic research amgk-takingin order to discover something

new (Koza/Lewin 1998, p. 256f.). The anticipated outcome of the exploration

process can be the codification of new knowledge through patenting and a
prototype product as the basis for further testing and development psocHsse

exploration process is typically characterized by cooperative R&D projects

between biotechnology firsm and PRI (Rothaermel/Deeds 2004, p. 204).

Exploitation in the biotechnology industry involves tremendous and costly testing

efforts until a prototge results in a marketable product. This resceimansive

exploitation process is typically characterized by Hfiten cooperations between

small and mediursized biotechnology firms and established (pharmaceutical)

companies (Rothaermel 2001, p. 697ff.

Starting with the latter, research on infiem cooperations in
biotechnology is covered in the strategic alliaiderature. Studies of intefirm
cooperations in the biotechnology industry can be distinguished into three broad
research streams (@i et al. 2007, p. 477ff.). The first research stream is
engaged in testing theories of alliance formation (e.g., Walker et al. 1997). The
second research stream focuses on conditions and motives that explain
governance choices of collabavat relationsips (e.g., Pisano 1989, 1991,
Robinson/Stuar2007). The third research stream deals with the consequences of
cooperatios in the biotechnology industrguch as valuations of young and
publicly-traded biotechnology firms that cooperate with prominent egiat

alliance partners (e.g., Stuart et al. 1999).

Research on the linkages between biotechnology firms and PRI is
primarily featured in the literature on universibdustry relations (Stuart et al.

2007, p. 479). Several studies exandinaniversityindudry relations in
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biotechnology on the industry level. For instancesearch investigatethe
importance of public science (i.&knowledgethat originates from PRI) in the
biotechnology industry (McMillan et al. 20pOand university research
commercializéion in the life sciences (OweBmith/Powell 2003). A notable
amount of studies conducted by Zucker and colleagues ddars the role of
universities and star scientists in the development of the American and Japanese
biotechnology industry. Aese reseaners studied the association of star
scientists’ geographic locations with those of American biotechnology firms
(Zucker, Darby & Brewer 1998), the impact of collaborations between university
star scientists and biotechnology firms on several performaeesures (Zucker,
Darby, & Armstrong 1998; Zucker/Darby 2001; Zucker, Darldy Armstrong
2002), as well as the transfer of university star scientists to firms (Zucker,,Darby
& Torero 2002). Similarly, Stuart/Ding (2006) exannte social antecedents
that lead USuniversity scientists to become biotechnology entrepreneurs.

There are also studies focusing on the project level but reviestatgpf-
the-artliterature revealed that research on this level is relatively scarce. A notable
example of researcmahe project legl is the study of Ortiz (2013)vho focused
on the regional biotechnology cluster in Munich. In accordance with a resource
based perspective, the authas qual i t at i v etharbeooeamologyh conf ir
firms and PRI cooperate in R&D gjects to complement their own resources and
knowledge (Ortiz 2013, p. 281ff.).

Despite several studies on R&D cooperations in the biotechnology
industry, extant research has neglected to provide empirical evidence that the
synergy or fit of resources arskills (projectrelated factors) actually impacts
succes®f cooperative R&D projectdMoreover, extant literature has neglected to
investigate technical and marketing activities (procetsed factors) in
cooperative R&D projects beeen PRland biotebnology firms. These activities
have been given considerable attention in the literatursucoesof industrial
new productsgee Section 2)1However, the extant literature on cooperations in
the biotechnology industry is limited to the discussion finais need to cooperate
with PRI in order to complement the own resources and skills. The role of
technical (e.g., prototype testing) and marketing activities (e.g., market research)
in cooperative R&D projects between bioteclnyy firms and PRIremairs



49
2 Conceptual Principles

unclear. Research on such controllable activities would not only contribute to t
existing literature bualso be of value to practitioners. Since the transformation of
biotechnology into an industry in the 1980s, hundreds of firms have been founded
in Gemany and many more abroad. Consequently, competition grows and
research needs to focus on controllable factors that impact the achievement of a
product competitive advantage.
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3 A Model of Determinants of Success from a
Product Competitive Advantage Perspective

The overall research objective of this thesis is to identify and empirically test the
determinants of success of cooperative R&D projects between biotechnology
firms and PRI from a product competitive advantage perspective. In partticular
this thesis aims to answer the following questions:

1 What are he theoretical foundations thakplain the achievement of a
product competitive advantage in cooperative R&D projects between
biotechnology firms and PRI?

1 What are the projegelated and prcessrelated factors affecting product
competitive advantage in cooperative R&D projects between
biotechnology firms and PRI?

1 How are these determinants interrelated and in which ways do they
contribute to the achievement of a product competitive advantag
cooperative R&D projects between biotechnology firms and PRI?

By drawing from theoretical foundations of resoubzesed theory (e.g.,
Barney 1991; Peteraf 1993) and informatmocessing theory (e.g.,
Tushman/Nadler 1978), as well as research on NP&nceptual model will be
developed in this sectian order to be able to conduct the subseqeempirical

analysis which allows to answer these questions.

This section is divided into three parts. First, the underlying theoretical
foundations thaexplain the achievement of a product competitive advantage in
cooperative R&D projects between biotechnology firms and PRI are presented
(Section 3.1). These theoretical foundations involve resolased theory (e.g.,
Barney 1991; Peteraf 1993) and informatprocessing theory (e.g.,
Tushman/Nadler 1978). Second, the conceptual model of determinants of success
of cooperative R&D projects between biotechnology firms and PRI from a
product competitive advantage perspective is developection 3.2). Third, the
hypothesesof this thesis are formulated witregard to the research model
(Section3.3).
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3.1 Theoretical Framework

Scholars in the realm of strategic management have always been interested in
explaining differential organizational performance (Rumelaletl991, p. 6ff.).

Two dominant perspectives have emerged regarding the achievement of
competitive advantages (Dyer/Singh 1998, p. 660). The f{irgte industry
structure view or perspectivea s sumes t hat competitive adva
a function of a firm's membership in an industry with favorable structural
characteristics (e.g., rel ative bargainin
(Dyer/Singh 1998, p. 660). Research following this perspective on competitive
advantages focuses on the indysis the relevant unit of analysis (Dyer/Singh

1998, p. 660).

However, this thesis focuses on the cooperative R&D project between
biotechnology firms and PRI as the relevant unit of analysis. Therefore, the
present investigation takes on the second damhiparspectivewhich considers
the organization as the relevant unit of analysis when searching for sources of
competitive advantage (Dyer/Singh 1998, p. 660; e.g., Tushman/Nadler 1978;
Barney 1991; Peteraf 1993). Conducting research on the organizatiqpraject
level guides the choice of theory in the present study and its attempt to explain the

achievement of a product competitive advantage.

Cooperative R&D projets can be regarded asmporary forms of
organization(Cattani et al. 2011, p. xvi). The cooperative R&D projects are
established in order to gain access to ¢t
and skills which are not available or possessed by the internal R&D division but
areessential tareat superior value (e.g., a superior puct) (Rothaermel/Deeds
2004, p. 204; Ortiz 2013, p. 281f.). From this perspective on cooperative R&D
projects between biotechnology firms and PRI, the achievement of a product
competitive advantage is explained through the exploitation of resources and
skills. The underlyingtheoretical assuptions are provided by resourbased
theory(Barney 1991; Peteraf 1993).

Under the premise of this thesis that cooperative R&D projects are

temporary organizations, it is also important to consider how organizations
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function. According to the seminal work of Tushman/Nadler (1978) on
organizational design, organizations face several sources of uncertainty in their
work-related environment (e.g., technology) to which they have to respond to.
Organizations are informatigorocessing systems with the task of collecting,
gathering, and processing information in order to reduce the uncertainties they are
confronted with (Tushman/Nadler 1978, p. 614; Rogers et al. 1999, p. 568).
Likewise, cooperative R&D project teams needgtdher, interpret, and utilize
information in order to effectively cope with sevesalurces of uncertainty (e.g.,

with regard to the applied technology) in the process of developing a meaningful
and superior product. From this perspective on coopera frojects between
biotechnology firms and PRI, the achievement of a product competitive advantage
is explained through the venturTeeds <capab
underlying theoretical assumptions are provided by informgtronessing thegr
(Tushman/Nadler 1978; Daft/Lengel 1986; Sinkula 1994; Song et al. 2005).

The following sections explaimesourcebasedtheory and information

processing theory in more detalil.

3.1.1 Resourcébased Theory

In the academic literature, resowtzagsed theoryDraulans et al. 2003, p. 153;
Saxton 1997, p. 445) is also referred to as resehmsed view (Barney 1991, p.
100ff.; Eisenhardt/Schoonhoven 1996, p. 136ff.; Eisenhardt/Martin 2000, p.
1105ff.; Barney 2001p. 643ff.; Barney et al. 2001, 625ff.) or resourcebased
perspective (Bhatt 2000, p. 119ff.). The conceptual foundation for the
development of resourdeased theory was created by Penrose (1959). Penrose
(1959) was one of the first to considan organizationas a bundle of
heterogeneous resourcddased on Penrose's approach, Wernerfelt (1984) also
emphasized that the source of lasting competitiveness lies in the organization's
specific resources. In 1991, Barney (1991) argued that competitive advantages
result from an or g aapdabilitiastthatanebvaluablegrare,ur c e s &

imperfectly imitable, and not substitutable (Barney et al. 2001, p. 625).

The resourcdased view of competitive advantage focuses on the link

bet ween an organizationds <charaanderi stics
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performance (i.e., competitive advantage) (Barney 1991, p. 101). The theory is

based on the assumption that organizations within an industry (e.g., biotechnology

industry) are heterogeneous in terms of the resources they control. The resource

based mdel investigates the implications of this assumption forahalyss of

sources of competitive advantages (Barney 1991, p. 101). Before discussing the

l i nk between an organizationds resources
advantages, several concefftat are central to the perspectiveresourcebased

theory of competitive advantage (Barney 1991) need to be addressed. Specifically,

the theoryds conception of resources, or g
need to be briefly illustrated.

Resouce-basedtheory is grounded on a broad understanding of the term
resource. A resource is anything that is controlled by and can be consadered
strengthof a given organization (Wernerfelt 1984, p. 172; Barney 1991, p. 101,
Eisenhardt/Schoonhoven 19986,137). In particular, it is distinguished between
tangible and intangible resources (Eisenhardt/Schoonhoven 1996, p. 137; Barney
et al. 2001, p. 625). Tangible resources refer to physical resources such as
machinery and financial resources. Intangibkorgces refer to knowledge such
as scientific expertise (Eisenhardt/Schoonhoven 1996, p. 137). Some seholars
instead of using the terms of tangible and intangible resouredsr to resources
and capabilities (Brush/Artz 1999, p. 225ff.; Bhatt 2000,120), whereas the
latter can be regardexb analogous to knovmow and skills (Bhat2000, p. 119).

For instanceknow-how and skillsin molecular biology can be regardes a
capability of an organization in the biotechnology industisénharrdtMartin
2000, p. 1107).

In resourcebased theory, an organizatibras thevaluecreatingentityi is
viewed as a nexus or bundle of resources and capabilities (Penrose 1959, p. 24f.;
Lado et al. 1992, p. 78; Bhatt 2000, p. 119; Eisenhardt/Martin 2000, p. 1105;
Draulans et al2003, p. 153). In this thesiacooperéive R&D project is regarded
as a temporaryorm of organizéion (Cattani et al. 2011, p. xvi) in which the
partnersd complementary resources and ski
superior value (g., a superior product) (Rothaermel/Deeds 2004, p. 204; Ortiz
2013, p. 281f.).
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The definition of competitive advantag
its products in this thesis) competitive position-&gis potential and existing
competitors (or itproducts) in an industry (Barney 1991, p. 102). In other words,
the term competitive advantage refers to the superior value creation of an
organization (e.g., a superior product) relative to its existing and potential
competitors in a (product) market (Petf/Barney 2003, p. 311).

As mentioned briefly at the beginning, the statements of the theory are
based on the conviction that competitive advantages of an organization require a
certain degree of heterogeneity and immobility of resources (Barney 1991, p.
103ff.). If organizations in a given market possessed completely identical
resources or bundles of the various resources (i.e., resource homogeneity), they
woul d all be able to Ai mprove their effic
and to the samexet ent 0 ( Barney 1991, p. 104). Henc
is not possible for an organization to obtain a competitive advantage over
competitors (Barney 1991, p. 104). The requirement for resources and capabilities
to be immobile to some degree tbtain a competitive advantage stems from the
rationale that in the event perfectly mobile resources, everyganization could
potentially acquire any resourcavhich in turn would lead to resource
homogeneity (Barney 1991, p. 104)indeed, the biotectuiogy industry is
characterized by such a resource heterogeneity and immobility. Resource
heterogeneity and immobility are major reasons why cooperative R&D projects
are established. Biotechnology firms and PRI cooperate in order to gain access to
highly gecialized resources and skills they do not possess on their own (Ortiz
2013, p. 281f.). To ensure a certain degree of immobility of these resources and
skills, cooperative R&D projects are usually regulated by contracts ie.the

form of nondisclosue agreements or license agreements; Ortiz 2012, p. 240).

Given a certain degree of resource homogeneity and immobility, the
resourcebased theory of competitive advantage postulates that competitive
advantages result f r om a npabittiesgthah areg at i ond s
valuable, rare, imperfectly imitable, and not substitutable (Barney et al. 2001, p.

625). To begin withresourcebasedtheory argues that resources and capabilities

22 See Barney (1991, p. 105f.) for a detailed discussion on resource homogeneity and mobility.
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can only be a source of competitive advantage if they are valuabiee(Ba991,

p. 106). Such valuable resources and capabilities enable an organization to
participate in its product market more efficiently (Barney 1991, p. 101;
Peteraf/Barney 2003, p. 316More efficiently in this contextefers to the

or gani z aity to proddce maebecohomically and/or better satisfy end user
(e.g., customer) needs (Peteraf/Barney 2003, p. 311). However, Barney (1991, p.
106) argued in his seminal article on resotlsased theory, that valuable
resources and capabilities cannotabsource of competitive advantage when they
are also held by a large number of existing or potential competitors. If a certain
valuable resource is possessed by variougarozations, each of these
organizations would havthe ability to exploit that resotce in the sae way,

hence no organization would héle to produce more economically and/or better
satisfy end user than its competitors (Barney 1991, p. 106). Thus, resources and
capabilities can only be sources of competitive advantage when they @ableal

and rare at the same time (Peteraf/Barney 2003, p. *31Blese basic
requirements to obtain a competitive advantage are typically met by cooperative
R&D projects between biotechnology firms aaRl, since they are initiated with

the motivation to ga access to the valuable and rare resources and/or capabilities

of partner organizations (Ortiz 2012, p. 281f.).

Barney (1991, p. 107f.) notes that in the mediumottg-term a rare
resource or capacity must not simply be imitable in order to be a sofirce
competitive advantage. If a resource or capacity can be imitated, it loses its rarity
status. One way of limiting the imitability of resources or capacitiedich is
also common practice imhe biotechnology industry is the application of
industrid property rghts (e.g., patents; Peters 20p8379).Thereforg a resource
or capability is supposed to be imperfectly imitable in order to be a source of
competitive advantage (Barney et al. 2001, p. 625).

% The basic idea of rare resources is that if a particular valuable resource is possessegeby a la
number of organizations, thexach of these organizations will hathe ability of exploiting that

resource in the same way, thereby giving no organization a competitive advantage. However,

Barney (1991) notes: i Ho w eiaordert@mhave thé potertidl fer f i r m

r

e s

generating a competitive advantage is a difficult

critical resources may be a temporary phenomenon, due to some limitations on how quickly they
can be replicated (Petétdarney 2003, p. 316).
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The final requirement for a resource or calgbto be a source of
competitive advantageis the criterion of limited substitutability. In particular,
there must be no equivalent valuable resources or capabilities that are themselves
either not rare or imitable. Resources or capabilities are egquoivalhen they
each can be exploited separately to obtain the same effect (e.g., the same
proficiency in conducting R&D activities) (Barney 1991, p. 111). The existence of
equivalent resources or capabilities entails that competing organizations can
obtain the same effect or outcomé b ut in a different way,
resourceso (Barney 19 %dresoupces orlcaphbilities | f t he:
were not rare or imithle, current and potential competitors would bable to
obtain the effect or outcomm question, which in turrwould preventany
organization from obtaining a competitive advantage over its competitors (Barney
1991, p. 111).

In sum,resourcebasedheory provides a theoretical framework to explain
how competitive advantages can be aadhikvby organizations (e.g., by
cooperative R&D ventures). In particular, it is assumed that an organization can
be perceived as a nexus or bundle of resources and capabiliiech are
characterized by a certain degree of heterogeneity (Eisenhardt/N2aab p.
1105). For a resource or capability to hold the potential to generate a competitive
advant age, it mu st be essenti al t o t he
di fferentially greater value, it mu s t be
curent arl potential competitorsvhile additionally being imperfectly imitable
and difficult to substitute using other resources or capabilities (Peteraf/Barney
2003, p. 316). Such critical resources or capabilities enable an organization to
participate in its prodct market more efficiently (Barney 1991, p. 101;
Peteraf/Barney 2003, p. 316More efficiently in this contextefers to the
organi zationds ability to produce more ec{
(e.g., customer) needs (Peteraf/Barney 20031fb).

To conclude, resourdeased theory assumes a relationship between the
available resources and skills and product competitive advantage. In particular, it
can be expected that a fit bet ween an R&
combined resourceand skills (i.e., technical fit and marketing research fit)

positively affects product competitive advantage.
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3.1.2 Information-processing Theory

In resourcebased theory, competitive advantages are predicted to be the
consequences of critical resourcesd acapabilities an organization (e.g., a
cooperative R&D project) possesses. Howevand in their seminal framework

on competitive superiorityDay/Wensley (1988, p. 7) note that superior resources
and skills are not automatically converted into contpeti advantages. The
relationship between critical resources and skills and competitive advantages is
supposed to be mediated by the proficiency in performing activities in the R&D
process (e.g., market research, prototype testing) (Song/Parry 1997aTbis3)
supposed relationship between possessed resources and skills, proficiency in
conducting R&D activities and competitive advantages is consistent with the
theoretical assumptions of informatipnocessing theory (e.g., Tushman/Nadler
1978; Daft/Lengell986; Sinkula 1994; Song et al. 2005).

The informatiorprocessing view (Galbraith 1974) is a theoretical
approach that tries to explain how information is related to the execution of
activities and how the quality of activities can be enhanced througitrdhessing
and utilization of information (Schultz 2006, p. 40). In particular, it is suggested
that the better the informatigurocessing capabilities of an organization are
matched to the informatieprocessing needs it satisfies, the more efficiertéy t
organization will operate (Weise 2007, p. 49). In fact, Keller (1994) found that
industrial R&D project groups which closely matched their information
processing capabilities with the informatiprocessing needs of their project
were characterized by tagher level of project performance than groups lacking

such a match.

From the theoretical perspective of informatigmocessing theory,
organizations are informatigorocessing systems (Rogers et al. 1999, p. 568).
Similarly, Daft/Weick (1984) conceptlize organizations as interpretation
systems which scan and collect data (i.e., the process of monitoring the
environment and providing environmental data), interpret that data (i.e., giving
meaning to the data), and finally learn by drawing conclusionsn ujhe
interpretation (Keller 1994, p. 168). In the realm of informafoocessing

theory, R&D activities are discrete informatipnocessing activities aimed at
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reducing uncertainty (Moenaert/Souder 1990, p. 93), whereby uncertainty is
conceptualizeda8t he di fference between the amount
perform a particular task and the amount of information ayr@@dsessed by the

organization (Gal braith 1973, p. -@rgcessing n parti
includes the gathering of data, thartsformation of data into information, and the

utilization of that information for the purpose of R&D (Egelhoff 1991, p. 342f.).

In the process of cooperative R&D projects, activities such as market
research, business analysis, prototype developarahtrials generate data that
need to be transformed into information.
relevance and purposeodo (Drucker 1988, p .
requires specialized knowledge (Drucker 1988, p. 46; Gray 2000, p. 179). The
capability to interpret the data, make sense of it and draw conclusions from it is a
function of an individual 6s knowl edge of
specific scientific domain). The greater the knowledge an individual has of a
subject dorain, the better he or she will be able to grasp meaning inherent in data
drawn from that domain (Cohen/Levinthal 1990, p. 128; Gray 2000, p. 179). If a
cooperative R&D prject lacks that knowledge, it will henable to grasmeaning
and draw conclusionsdm it (Gray 2000, p. 179).

Due to the complexity and interdisciplinarity of biotechnology, it is not
possible for a single oamization tointernally unite all the necessary resources
and skills (i.e., specialized knowledg®) competently execute the mitude of
tasks of biotechnology R&D which is characterized by various and highly
specialized techniques (e.g., protein synthesis; OECD 2005, p. 7 ff.).
Consequently, cooperative R&D projects in the biotechnology industry are
formed to gain access &pecalized knowledge needed to perform a particular
task in R&D (Ortiz 2013, p. 281). Thus, cooperative R&D project teams are
informationprocessing task groups of specialized individuals from different
domains (Moenaert/ Souder canthi@dd knowedge9 1) . T h e
enhances the cooper at i-precessing Dapapilityo(jeect s i n
the capability to interpret the data, make sense of it and draw conclusions from it)
in order to match the informatigorocessing needs inherent in compéer nor
routine tasks in biotechnology R&D. Moreover, strategic management literature
argues that A wh e n -rogtiod prablents, goups pré enare non
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effective when composed of individuals having a variety of skills, knowledge,
abilities andperpecti veso (Bantel/Jackson 1989, p .
individuals with different skills and perspectives is expected to enhance the
likelihood of considering a larger set of problems as well as of alternative
potential solutions (Mitroff 1982, p. 378Bantel/Jackson 1989, p. 109). The
resulting match between informatignocessing capabilities of a cooperative
R&D project with the informatiofprocessing needs of its tasks is supposed to
foster the proficient execution of various R&D activities in orte obtain a

(product) competitive advantage.

In sum, informationprocessingtheory asserts that the information
processing capabilities must fit the informatmrocessing requirements facing an
organization in order to be effective (Tushman/Nadler 1978 lack of fit
between project needs and available resources and skills implies a gap between
the possessed informatinocessing capabilities and the informatfmoecessing
capabilities required to perform particular R&D activities. A fit between ptoje
needs and available resources and skills implies a match between the possessed
informationprocessing capabilities and the informatmoecessing capabilities
required to proficiently perform particular R&D activities in order to obtain a

product compétive advantage.

In contrast to resourdeased theoryinformationprocessingheory does
not automatically assume a direct [ i nk
resources and skills and competitive advantages. Instead, it is suggested that the
fitof posessed resources and skills with the
proficient execution of R&D activities which aim to develop a superior and

meaningful product (i.e., product costjiive advantage).

3.2ResearchModel

Figure7 presents the conceptual deb of determinants of success of cooperative
R&D projects between biotechnology firms and PRI from a product competitive
advantage perspective. The model is based on two fundamental notions. First and
consonant with resourdeased theory (e.g., Barney 1199 Peteraf 1993),

competitive advantages derifrem resources and skills thate rare and superior
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in use, relative to others (Peteraf/Barney 2003, p. 311). Second and in the view of
informationprocessing theory (e.g., Tushman/Nadler 1978), activiteR&D
projects are discrete informatigmocessing activities. Thus, cooperative R&D
project teams are informatigerocessing task groups of specialized individuals

for the purpose of competently execute these activities (Moenaert/Souder 1990, p.
91ff.). Product competitive advantage in cooperative R&D projects between
biotechnology firms and PRI is hypothesized to be the consequence of how well
the partnersd resources an ctentlyjkexdcdtes ar e me
activities thatcharacterize suclR&D projects (i.e., technical and marketing
related activities). This is in consensus with the rational plan stream of NPD
research, which emphasizes that successful product development is the result of
rational planning and execution (Brown/Eisenhardt 5199p. 348ff.;
Song/MontoyaWeiss 2001, p. 62ff.).

Drawing on resourcbased theory and informatigorocessing theory, the
model postulates relationships among factors extant research on NPD has related
to product competitive advantage. Specifically, ipisposed thaa fit betweenan
R&D projectds needs and the partnerso com
technical fit and marketing research fipsitively affects product competitive
advantage (H: H2). The relationship between a cooperative R&D rdije6 s f i t
wi t h t he partnersbo combined resources ar
advantage is expected to Ipartially mediated* by proficiency in the R&D
process (i.e., the competent execution of various marketing and technical
activities) (H31 H8). In addition, it is also necessary to consider the specific
characteristics of the biotechnology industrffuccess of R&D in the
biotechnology industry cannot be guaranteed per se, as it involves highly
experimental research (De Luca et al. 2010, p. 308).efdrey, it is hypothesized
that the presumed positive relation between the proficient execution of activities
in the development process and product competitive advantagearitislly
mediated by fulfiling the initial R&D  objectives  (H®0).

“pPartial mediation refers to a situation in whict
variable] on [the dependent variable] is mediated through [a mediator variable], whereas [the

independent variable] still explains a pon of [the dependent variable] that is independent of [the

medi ator variable]o (Nitzl et al. 2016, p. 1856).
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Technical ] H9 R&D Obijective
Proficiency Fulfillment
H3 A
e H8 H10
Technical Fit H1
L Product
p Ha Competitive
Marketing 1 H2 Advantage
Research Fit
\ H6 H7
H5
Marketing
Proficiency

Figure 7: Research model of determinants of success of cooperative R&D projects between biotechnology firms and PRI from a
product competitive advantage perspective



62
3 A Model of Determinants of Success from a Product Competitive AdvantasgePtve

3.3Hypotheses

R&D <cooperations are fAfor malrgaoizatohsabor at i v
with the objective to coper at e on research and deve
(Petruzelli 2011, p. 310). Since R&D activities are getting more complex and
interdisciplinary, firms and PRI cooperate in order to gain access to resources and

skills they do not possess on their own (Miotti/Sachwald 2003, p. 1482). The
motivation of biotechnology firms to collaborate with PRI is to gain access to
leadingedge knowledge and expertise that does not exist within the internal R&D

division (Ortiz 2013, p. 2Bff.). PRI often lack the resources to conduct research

on a larger scale. Production capacities on an industrial scale ethnigiyhput

technologies are provided by larger biotechnology firms. Smaller, specialized
biotechnology firms contribute to calborations by providing specific services,

analyzers and proprietary methods (Ortiz 2013, p. 255 ff.). Consequently,
cooperative R&D projectare to be regarded as temporary forms of organization

i n which the partner sd c oecpnbeedaiththear y r eso
objective to create new knowledge that can be patented and/or results in a
prototype (Rothaermel/Deeds 2004, p. 204; Ortiz 2013, p. 281 f.). In other words,

by combining the resources and skills of biotechnology firms and PRI the
anticipated outcome of the cooperation is a product (i.e., a biotechnological
invention), which offers unique performance characteristics, is superior in quality

and in meeting the needs of a target audience (e.g., potential investor, scientific
community). Empiical studes in NPD research report thsdurce of such a

product competitive advantagare the resources and skills available in a
development project (e.g., Song/Parry 1996; Song/Parry 1997b; Harmancioglu et

al. 2009).

From the theoretical view of resamebased theory, competitive
advantages derive from resoureesl capabilitieshat are rargdifficult to imitate,
non-substitutableand superior in use, relative to others (Peteraf/Barney 2003, p.
311; e.g., Barney 1991; Peteraf 19¥senhardt/Martin2000. In general, the
term competitive advantage refers to the superior value creation of an
organization (e.g., a superior product) relative to its existing and potential

competitors in a (product) market (Peteraf/Barney 2003, p. 311). An organization
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i as thevaluecreatingentity i can be viewed as a nexus or bundle of resources

and capabilitiegLado et al. 1992, p. 78). Resourcesd capabilitiesat a given

time are those (tange and intangible) assets tlaae tied to an organization (e.g.,

knowledge of technology; Wernerfelt 1984, p. 172). For a resooraapability

to hold the potential to generate a competitive advantage, it must be essential to

the organizationbts effort to generate dif:
scarce amonga n organi zationodos curr ewhle and p ot
additionally being imperfectly imitable and difficult to substitute usotber

resources or capabilitig®arney 1991, p. 101Peteraf/Barney 2003, p. 31%).

Such critical resourcesnd capabiliésenable an organization to participate in its

product market more efficiently (Barney 1991, p. 101; Peteraf/Barney 2003, p.

316). More efficiently in this contexr ef er s t o t habiltyood gani zat i
produce more economically and/or better satisfy esel (e.g., customer) needs
(Peteraf/Barney 2003, p. 311).

Studies in NPD research have reported that product competitive advantage
is associated with marketirrglated resources and skills as well as technical
resources and skills (ssection 2.1.2 The focus in these studies is dhof the
devel opment projectdos needs with avail abl
terms of fit with marketingelated and/or technical resources and skills. A
positive association between adequate resources ants skid product
competitive advantage can be expected because the primary criteria for selecting a
partner in the biotechnology industry are scientific excellence, professional
expertise as well as technical and human capacities in a specific field othesea
(Ortiz 2013, p. 231ff.). Biotechnology firms and PRI cooperate in order to create a
fit between their resources and aekill s wi
of scarce resources is reflected in the tacit knowledge and expertise of researchers

from PRI and biotechnology firms. Tacit knowledge represents understanding

% The basic idea of rare resources is that if a particular valuable resource is possessegeby a lar

number of organizations, each of these oizmtions will havethe ability of exploiting that

resource in the same way, thereby giving no organization a competitive advantage. However,

Barney (1991 p. 107 not es: AHow rare a valuable firm resou
potential for generatg a competitive adant age i s a thiaddifion,che ratenessuest i on. 0O
of critical resources may be a temporary phenomenon, due to some limitations on how quickly

they can be replicated (Peteraf/Barney 2003, p. 316).
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gained from experience and is thus bound to a person and cannot be expressed
that easily to another person (Polanyi 1966, p. 4ff.). These human assets are
difficult to imitate due ¢ scarcity, specialization, and tacit knowledge (Coff 1997,

p. 374). Therefore, it is hypothesized the following:

H1: A cooperative R&D project's fit with the partners' combined technical g
and resources i.e., tednical fit) positively influencegproduct competitive

advantage.

H2: A cooperative R&D project's fit with the partners’ combined marke
research skills and resourcese(, marketing research fit) positively influenc

product competitive advantage.

Product competitive advantage is aduo be the consequence of relative
superiority in the resources and skills a cooperative R&D project possesses. In
their seminal work on competitive advantages, Day/Wensley (1988, p. 7) note that
superior resources and skills are not automatically ctenyanto competitive
advantages. The relationship between superior resources and skills and product
competitive advantage is expected to(jpartially) mediated by the proficiency in
performing marketing (e.g., market research) and technical activitigs, (e.
prototype testing), which characterize the cooperative R&D project (Song/Parry
1997a, p . 3) . Proficiency refers to Ahow
technical activities are executed (Song/Parry 1997a, p. 13). Empirical studies in
NPD reseath indeed report a positive association between technical and
marketing fit and proficiency in technical and marketing activities, respectively
(seesection 2.1.2

From the theoretical view of informatigrocessing theory (e.g.,
Tushman/Nadler 1978; Défengel 1986; Sinkula 1994; Song et al. 2005), R&D
activities are discrete informatigerocessing activities aimed at reducing

uncertainty (Moenaert/ Souder 1990, p. 93).
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the amount of information required to perforrpaticular task and the amount of

information alreag possessed by the organizaton ( Gal br ai t h 1973, [
particular, informatiorprocessing includes the gathering of data, the
transformation of data into information, and the utilization of thairmétion for

the purpose of R&D (Egelhoff 1991, p. 342f.).

In the process of cooperative R&D projects, activities such as market
research, business analysis, prototype developarahtrials generate data that
need to be transformed into information. Imoet i on i s MAdata endow
relevance and purposeodo (Drucker 1988, p .
requres specialized knowledg®ucker 1988, p. 46; Gray 2000, p. 179). The
capability to interpret the data, make sense of it and draw concldsiomst is a
function of an individual 6s knowl edge of
specific scientific domain). The greater the knowledge an individual has of a
subject domain, the better he or she will be able to grasp meaning inheremat in dat
drawn from that domain (Cohen/Levinthal 1990, p. 128; Gray 2000, p. 179). If a
cooperative R&D prject lacks that knowledge, it will bénable to grasmeaning
and draw conclusions from it (Gray 2000, p. 179).

Due to the complexity and interdisciplingriof biotechnology, it is not
possible for a single oamization tointernally unite all the necessary resources
and skills (i.e., specialized knowledg®) competently execute the multitude of
tasks of biotechnology R&D which is characterized by variowd highly
specialized techniques (e.g., protein synthesis; OECD 2005, p. 7 ff.).
Consequently, cooperative R&D projects in the biotechnology industry are
formed to gain access &pecializedknowledge needed to perform a particular
task in R&D (Ortiz 2013 p. 281). Cooperative R&D project teams are
informationprocessing task groups of specialized individuals from different
domains (Moenaert/Souder 1990, p. 91). In addition, strategic management
|l iterature argues t h a-toutifewrblems, gsoops ar¢ ng ¢ o mp
more effective when composed of individuals having a variety of skills,
knowledge, abiltiesand per specti veso (Bantel/ Jackson
cooperation of individuals with different skills and perspectives is expected to
enhance té likelihood of considering a larger set of problems as well as of
alternative potential solutions (Mitroff 1982, p. 375; Bantel/Jackson 1989, p. 109).
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In sum, informationprocessingtheory asserts that the information
processing capmlities” must fit theinformationprocessing requirements facing
an organization in order to be effective (Tushman/Nadler 1978). A lack of fit
between project needs and available resources and skills implies a gap between
the possessed informatinocessing capities and the informationprocessing
cambilities required to perform particular R&D activities. A fit between project
needs and available resources and skills implies a match between the possessed
informationprocessing cabilities and the informatiofprocessing gaabilities
required to perform particular R&D activities. Therefore, it is hypothesized the

following:*’

H3: A cooperative R&D project's fit with the partners' combined technical g

and resurces (i.e., technical fit) positively influendeshnical prdiciency.

H4: A cooperative R&D project's fit with the partners' combined technical g

and resurces (i.e., technical fit) positively influenaaarketing proficiency.

%6 Here, informatiorprocessingcapability is understood or represented in terms of the cognitive
abilities of organizational members (either individually or collectively) to gather and interpret
data, as well as utilizing the resulting information (Egelhoff 1991, p. 346). For a distassiut

the different conceptualizations of informatiprocessing capability, see Egelhoff (1991, p. 346).

" please note that it is not expected that a cooperative R&D project's fit with the partners'
combined marketing research skills and resources (i&ket research fit) is positively related to
technical proficiency. The rationale is that expertise in marketing research is not regarded
necessary for theroficient execution oflevelopment activities (e.g., prototype testing). On the
contrary, itis expected that a cooperative R&D project's fit with the partners' combined technical
skills and resources (i.e., technical fit) is positively related to marketing proficiency. The
underlying notion is that scientific expertise may contribute to thepirgtation of marketing data
which enables a proficient execution of the various marketing activities. For instance, scientific
expertise in a research field may facilitate the evaluation of competitive technologies and products

of that particular domain.
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H5: A cooperative R&D project's fit with the partners' combined marke
reseach skills and resource$.e., market research fit) positively influeng

marketing proficiency.

It is argued that the more the cooperative R&D project has closed the gap
between the required and possessed informgtiooessing capacities, the better
will be its execution of marketing and technical activities. The proficient
execution of marketing and technical activities is expected to leverage product
competitive advantage because these activities aim at developing a product that is
superior to competite offerings and meaningful to end users (e.g., potential
customers). This is in accordance with empirical studies in NPD research
reporting a positive association between proficiency in NPD activities and product

competitive advantagsdée section 2.1)3

Proficiency in marketing activities refers to how well marketretated
activities are conducted during a particular cooperative R&D project. Marketing
related activities include an initial evaluation of the R&D project, determining the
desired featuresf the biotechnological product, identifying potential markets and
trends for the biotechnological product, conducting a market study, appraising
existing and potential competitors and their biotechnological inventions, as well
as identifying characteriss that would differentiate the product and contribute to
its sale (Song/Parry 1999)hose marketingelated activities provide data, which
are transformed into information that guide the direction of the development
process. This information can be igtatedinto the development process by
matching product attributes and functionalities with the needs of end users and in
compliance with competitive offering¥hey enable researchers and managers in
cooperative R&D projects to check whether the prodiidbates and features are
indeed superior to competitive products, as well lasneficial for end users.

I nformation on end usersd needs may al so
product (Rijsdijk et al. 2011, p. 37Y.herefore,marketing activitiesrepresent
predevelopment activities, whe competent executiomprovide the basidor

proficiently conducting the actual development activities (i.e., technical

activities), as well as the efforts that enable a cooperative R&D project to position
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the new poduct as superior to competing offerings within a given market and a
meaningful to potential usendence, it is hypothesized the following:

H6: Marketing poficiency positively influencdschnical proficiency.

H7: Marketing proficiency positively infencegproduct competitive advantage.

Proficiency in technical activities refers to how well technicelated
activities are conducted during a particular cooperative R&D project. Technical
related activities include evaluating the feasibility of depglg and
manufacturing a product with the desired features, developing the product
according to the desired features, evaluating laboratory tests to determine the
actual product features, executing prototype testing, elaborating a detailed plan for
the industrial production of the product as well as continuously considering costs
and quality of the product (Song/Parry 199®roficiency in technical activities
represents the efforts to develop a product with superior quality, unique attributes
and performace characteristics. Thereforeis hypothesized the following:

H8: Technical proficiency positively influencpsoduct competitive advantage.

When considering the positive relationship between technical proficiency
and product competitive advantageijsitalso necessary to take into account the
specific characteristics of the biotechnology indusBuccessof R&D in the
biotechnology industry cannot be guaranteed per se, as it concerns highly
experimental research (De Luca et al. 2010, p. 308). Famics, the probability
that a discovered molecule will successfully pass through the entire development
process is very low. Of every 10,000 compounds tested, only 250 enter preclinical
testing. Only 2% of these smalled lead candidates make it into atali trials
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(Honek 2017, p. 6). These figures illustrate that R&D projects in the
biotechnologyindustry inherent uncertainty witlegard to their potential outcome
(Rothaermel/Deeds 2004 p. 208flherefore, it is expected that the positive
impact of techical proficiency on product competitive advantagepastially
mediated by théulfi lImentof the initial R&D objectives.

The proficient execution of technical activities (e.g., prgietyesting)
generates data that interpreted and drawn conclusiomerf (Egelhoff 1991, p.
342f.). Such informatioserves as input for the iterative process of technical R&D
activities. It is expected that the more proficient technical activities are conducted,
the more valuable informatiowill be obtained thatwill support the product
development process artldus the fulfillment of the R&D objective Under the
notion of specifying the research goal based on user preferences, market trends
and a clear understanding of #Aappeal o
product, thefulfillment of the R&D objective should be closely connected to
achieving a product competitive advantage (i.e., a product that is superior to
competitive offerings and meaningful to target users). Therefore, it is

hypothesized the following:

H9: Technical proficiency positively influencBgD objectivefulfillment

H10: R&D objectivefulfillmentpositively influenceproduct competitive

advantage.

To conclude Figure 8gives a summary of the hypotheses of this thesis.
The results of the epirical analysis of the hypotheses developed in this section

will be discussed in the following section.

c ha
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H1: A cooperative R&D project's fit with the partners’ combined technjg
skills and resources.e., technicafit) positivelyinfluencesproduct
competitive advantage

H2: A cooperative R&D project's fit with the partners' combined
marketing research skills and resour@ies, marketingesearch fit
positively influencegproductcompetitive advantage.

H3: A cooperative R&D project's fit with the partners’ combined technlc
skills and resources (i.e., technica) positivelyinfluences technical
proficiency

H4: A cooperative R&D project's fit with the partners' combined technlc
skills and resources (i.e., technica) positivelyinfluencesmarketing
proficiency.

H5: A cooperative R&D project's fit with the partners' combined
marketing research skills and resources (i.e., market research fit
positively influencesnarketingproficiency.

H6: Marketingproficiency positively influencetechnicalproficiency.

H7: Marketingproficiency positively influenceproductcompetitive
advantage.

H8: Technicalproficiency positively influenceproductcompetitive
advantage.

H9: Technicalproficiency positively influenceR&D objective
fulfillment.

H10: R&D objective fulfillment positively influenceproductcompetitive
advantage

Figure 8: Summary of hypotheses H1 through H10



71
4 Empirical Analysis of the Research Model

4 Empirical Analysis of the Research Model

The objective of the empirical alysisis to evaluate the model of determinants of
success of cooperative R&D projects between biotechnology firms and PRI from
a product competitive advantage perspective. The overall research design to
pursue this objective can be summarized as folldmwghe previous sections, the
hypotheses were derived by drawing from resctiased theory (e.g., Barney
1991, Peteraf 1993), informatigarocessing theory (e.g., Tushman/Nadler 1978),
as well as extant literature on NPD (e.g., Song/Parry 1996; Harmaneibgl.
2009). An emprically testable model wasleveloped, whichillustrates the
contributing factors, as wells their interrelationships, fachieving a product
competitive advantage in cooperative R&D projects between biotechnology firms
and PRI. The hypothess about the relationships betwedre factors that
contribute to the achievemeot a product competitive advantage (i.e., technical
fit, marketing research fit, marketing proficiency, technical proficiency, R&D
objective fulfillmeni are the bsis for the empirical analysis of the research

model.

In order to conduct the empiricahaysis of the research modekcon
4.1 defines cooperative R&D projects between biotechnology firms and PRI as
the objects of studyrhe methodology of data cotigon for the empirical analysis
of the research model is presented iecon 4.2. The hypothes about the
relationships between tHactors that contribute to the achievementgiroduct
competitive advantage in cooperative R&D projects between biodéady firms
and PRI are tested via the quantitative research mathgdof a surveySection
4.3 illustrates the operationalization of the variables of tseareh model and
Section 4.4 describes the structure of the questionnaire. Subdggqtientsample
is described in &ction 4.5 andthen analyzed descriptively ine&ion 4.6.The
statistical analysis techniquef structural equan modeling is introduced in
Section 4.7 and the corresponding evaluatibthe results is presented ie@ion
4.8. The evaluation closes with a summarytbe results Figure 9illustrates the

structure of the empirical analysis.



72
4 Empirical Analgis of the Research Model

Object of Study

-

Methodology of Data Collection

-

Operationalization of the Variables

-

Questionnaire

-

Description of the Sample

-

Descriptive Analysis

-

Structural Equation Modeling

-

Evaluation of PLSSEM Results

Figure 9: Structure of the empirical analysis
4.1 Object of Study

Cooperative R&D projects between biotechnology $éirand PRI are the objects

of study of this thesisln this thesis, cooperative R&D projects are defined as
formal collaborative arrangements between at least one biotechnology firm and at
least one PRI with the objective to cooperate on R&D activitiesy2elli 2011,

p. 310). Cooperative R&D projects are representative of R&D ventures in
knowledgeintensive industries such as the biotechnolowustry, since small

and mediumsizedenterprises need to cooperate in R&D with PRI to cope with
their strong dpendence on scientific expertise (Ortiz 2013, p. 281 The

biotechnology industry is characterized by complexity and interdisciplinarity,
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which hardly makes it possible for a single organizatiomternally unite all the
necessary copetencies andesourcesgo maser the multitude of requirednd
highly specialized techniques of biotechnology (e.g., protein synthesis; OECD
2005, p. 7 ff.).To close the gap between existing and required expertise and
resourcesgcooperative R&D projects between biotaology firmsand PRI are
initiated in order to gain accessgpecializecknowledgethatis not available in
house (Ortiz 2013, p. 281).

Such coopeative R&D projects constitute temporaryorms of
organizationin which the complementary resources and slafl the partners are
combined with the objective of creating new knowledge that can be patented
and/or results in a prototype (Rothaermel/Deeds 2004, p. 204; Ortiz 2013, p.
281f.). The anticipated outcome of cooperative R&D projects between
biotechnologyfirms and PRI is a product (i.e., a biotechnological invention),
which has the potential to raise money for the subsequent costly and time
consuming (clinical) testing efforts until a biotechnological invention results in a
marketable product (e.g., pharoeatical drug) (Rothaermel/Deeds 2004, p. 204,
Schuler 2016, p. 167 ff.).

4.2 Methodology of Data Collection

The research question of this thesis involves the investigation of factors affecting
product competitive advantagen cooperative R&D ventures beden
biotechnology firms and PRI at the project level, with pepose of providing
insights intohow cooperative R&D projects between biotechnology firms and PRI
should be designe@nd executedo support the achievement of a product
competitive advantagdn order to achieve this objective, survey research was
selected as methodology of data collection as it allows for a-taa@e test of the
research hypotheses and has been successfully applied in research on NPD (e.g.,
Harmancioglu et al. 2009) andudies on R&D cooperations between firms and
PRI (e.g., Moravalentin et al. 2004)ln particula, structural equatiomodeling

(Chin 1998b)wasidentified to bethe most advantageous appraaihce it allows

to capture the interrelationgls among determants ando assess in which ways
factors contribute to achieving a product competitive advar{tagie et al. 2016)

Data werecollected using an online survey.
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Since the focus of this thesis is on cooperative R&D projects between
biotechnology firms andPRI, datawere collected from both types of partners.
This is in consensus with Matalentin et al. (2004, p. 24yvho argue that most
studies on the topic analyze information solely about one type of partner, though
both types of partners must be incldder a comprehensive and detailed analysis.
The sampling frame &s drawn from the database of the Internet portal
biotechnology.de, which was initiated by the German Federal Ministry of
Education and Research (BMBF) in 2006. The database offers infonmatio
German biotechnology firms and PRI active in the field of biotechnology. Each
individual website of the listed biotechnology firms and RRk visited for the
purpose of collecting personal email addre€sefspotential keyinformants (i.e.,
experts hatare knowledgeable of cooperative R&IDoject between at least one
biotechnology firm and one PRIEach potentiakey informantwas asked to
participate in an online questionnaire regarding a cooperative R&D project
between at least one biotechnologynfand one PRhe or she is knowledgeable

of.

This approach of questioning key informants iscorrespondence with
extant literature in the domain of NRB.g.,Li/Calantone 1998| angeraket al.
2004 Veldhuizen et al. 20Q6Harmancioglu et al. 2009IcNally et al. 2010;
Rijsdijk et al. 2011 Slotegraaf/Atuahern&ima 2011) Questioning key
informantsis a widely used approadh the course of quantitative, largeale
investigations, which must cope with a lack of archival data with regardeto th
phenomea under investigatio(Kumar et al. 1993, p. 1633nformants do not
need to be representatsvef the members of a studied entity (i.e., cooperative
R&D project betweerbiotechnology firms and PRIRather, they are selected on
the basis of their knowtige of the issue being studiédumar et al. 1993, p.
1634). In addition, andsuggested by Kumar et al. (19935 well asregularly
applied in NPD literature (Li/Calantone 1998; Langerak et al. 2004; Veldhuizen et
al. 2006), a selfassessment of respontles 6 knowl edgeabil ity W ¢
Respondents were asked how knowledgeable they are of the cooperative R&D

project between at least one biotechnology firm and one PRI. Evidence of

8 personal email address refers to an email address which contains the name of the potential

respondent.
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knowledgeability was assessed on a sey@nt Likert scale (anchored at 'no
knowledgeable at all"/"totally knowledgeable") (Li/Calantone 1998, p. 20). This
procedureallowed to eliminatequestionnaires from thexamination due to
informants' inadequate knowledge (Hétghn 1990p. 3Q HeideMiner 1992 p.
2737

4.3 Operationdization of the Variables

This section presents the operationalization of the constafcthe research
model (i.e., product competitive advantaggghnical fit, marketing research fit,
marketing proficiency, technical proficiency, and R&D objectwiéilimeny. The
measuremengcalesdescribed belowave beemdapted from existing scalérom
the NPD literature tothe context of cooperative R&D projects between

biotechnology firms and PRY.

Product competitive advantage is a theoretical construcistwmmposed

of two components: product superiority and product meaningfulness (Rijsdijk et
al. 2011, p. 33ff.). Product superiority refers to the extent to which a product

offers unique performance characteristics, is superior in quality and in meeting the
needs of a target audience (e.g., potential investor, scientific community)
(Song/Parry 1996, p. 427; Song/Parry 1999, p. 673; Harmancioglu et al. 2009, p.
274; McNally et al. 2010, p. 1000). Product meaningfulness concerns the values,
benefits, and advaages target end users receive from using the product (Rijsdijk

et al. 2011, p. 33).The rationale of conceptualizing product competitive

advantage as a composite of both product superiority and product meaningfulness

“See Section 4.5 fADescription of tatsessm®maipl ed for
respondent sé knowledgeability.

% This adaption involvedhie rewording and modification of items which have been originally

developed to fit into the context of industrial NPD but may lead to confusion if not translated

according to the characteristics of the biotechnology industry. Please consider the foiteming

from the NPD |iterature (Song/Parry 1999) as an ex
the first review of the venture.o In the realm of
the discovery of bioactive substances (Devlin 199herefore, the item had to be reworded and

modi fied to not be misunderstood by stakeholders
evaluation of the R&D project based on criteria relevant to success (e.g., feasibility, project scope,

exploitationpotehi al ) . 0 However, the basic meaning of the i
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is that a product needs to be supeasrwell as meaningful in order to gain an
advantage over competitive offerings as a major prerequisite of product success
(Cooper 19%a, b; Cooper/Kleinschmidt 1987 Zirger/Maidique 1990;
Cooper/Kleinschmidt 1993; Parry/Song 1994; Song/Parry 1996; Song/Pa
1997b; Langerak et al. 2004; Nakata et al. 2006; Veldhuizen et al. 2006;
Li/Calantone 1998; McNally et al. 201(or instancea product may outperform
competing products (e,gin terms of quality), but it still does not have any
meaning for the usersince it is sup#or in terms of features thatave no
significance for the user (Rijsdijk et al. 2011, p. 3ing a construct composed

of two components, product competitive advantage was operationakized a
higherorder construct thas jointly formed by two loweiorder constructs (i.e.,
product superiority and product meaningfulness) (Chin 2010, p. 665f.; Hair et al.
2016, p. 281ff.).Product superiority was measured by three items adapted from
Harmancioglu et al(2009). These itemsancern aprduct 6 s uni queness
performance characteristics, as well as superiority in terms of quality and meeting
user needs. Product meaningfum&gs measured by three items wigigard to
benefits, value, and advantages of the product to the wheth were dapted

from Rijsdijk et al. (2011).

Figure 1Oillustrates the composition of the higherder construct of
product competitive advantage. The depicted operationalization assumes that each
of the two lowedevel constructs (i.e., product meaningfulness gmaduct
superiority) constitutes a certain aspect of the higherder construct ds d
Taken both these low@rder constructs together, they determine the meaning of
product competitive advantage (Rijsdijk et al. 2011, p. 33ff.). Therefore, the
direction of causality is from the lowarder constructs to the higherder
construct ® product competitive advantage addition, the composition of both
lower-order castructs is illustrated. Firsit is assumed that the indicators PM_1,
PM_2, and PM_3 rapsent the manifestation of the loweder construct of
product meaningfulness. Secorde operationalization inidgure 10 is based on
the idea that the indicators PS_1, PS_2, and PS_3 represent the manifestation of
the lowerorder construct of productuperiority. Therefore, the direction of

causality is from the lowenrder constructs to #ir respective indicatorgn sum,
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product competitive adwdiage is operationalized &s formatively measured
higherorder construcfsee ®ction 4.7 for further inflonation).

ProductCompetitive
Advantage

LV_PM LV_PS

M_1 PM_2 PM S 1 PS_2 PS

PM_ 3 PS_

'3

Figure 10: Operationalization of product competitive advantage

Technical fit refers to the adequacy of the technical capabilities and assets
possessed by a cooperative R&D project between biotechnology firms and PRI.
Categories of technical capabilities include the scientific expertise and the know
how regarding industrial production available in a cooperative R&D project
between a biotechnology firm and a PRI (Harmancioglu et al. 2009). Of actual
importance is how welt he pr oj ect partner 6s-howci enti fi
regarding industrial production match the requirementthe cooperative R&D
project(Song/Parry 1997a, p. 7). Furthermore, the construct of technical fit covers
how well the pawurces®rR&D and iodudirial prediiction éits o
with the coopgative R&D project requirement3he concern here is not on the
magnitude of R&D andindustrial production resourcebut rather on the
appropriateness of the resources given the cooperative R&[R2cprageds
(Song/Parry 1997a, p).7Technical fit was measured by four items adapted from
Song/Parry(1997a). Figure 11lillustrates the composition of the construaft
technical fit. The depicted operationalization assumes that the indicators (i.e.,

TF_ 1, TF_2; TF_3; TF_4) represent the manifestation of the construct (i.e.,
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technical fit). Therefore, the direction of causality is from the construct of
technical fit to the indidars In sum technical fitis operationalized as a

reflectively measuredonstuct (see Sectin4.7 for further information).

Technical Fit

TF1 || TFR2 || TF.3 TF_4

Figure 11: Operationalization of technical fit

Marketing research fit refers to the adequacy of the marketing research
capabilities and assets possessed by a cooperative R&D pilmgdeeen
biotechnology firms and PRI. Marketing research capabilities are complex
bundles of experience and knowledge that enable cooperative R&D projects and
its members to coordinate activities and make use of their assets (Day 1994). Of
particularimpor ance is how wel |l the project partn
expertise match the requiremers the cooperative R&D projediSong et al.
1997a, p. 58). In addition, the construct of marketing research fit captures how
wel | t he par t merces for ntadketiigi reseadch fit evish the
coopeative R&D project requirement$he focus here is not on the magnitude
marketing research resourdegt rather on the appropriateness of the resources
given the cooperative R&D project needs (Song efl@7a, p. 58)Marketing

research fit was measured by two items adapted Song/Parry1997a).

Figure 12illustrates the composition of the construct of marketing research
fit. The depicted operationalization assumes that the indicators (i.e., MRF_1,
MRF_2) represent the manifestation of the construct (i.e., marketing research fit).
Therefore, the direction of causality is from the construct of marketingrcbska
to the indicators. In sum, marketing resedrttls operationalized as a reflectively

measured construct (see Section 4.7 for further information).
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Marketing Research
Fit

MRF_1 MRF_2

Figure 12: Operationalization of marketing research fit

Proficiency in the R&D process concerns the competent execution of
various marketing and technical activities (g§tParry 1997a, p. 13). Marketing
proficiency (i.e., proficiency in marketing activities) refers to how well
marketingrelated activities are conducted during a particular cooperative R&D
project. Marketingrelated activities include an initial evaluatiami the R&D
project, determining the desired features of the biotechnological product,
identifying potential markets and trends for the biotechnological product,
conducting a market study, appraising existing and potential competitors and their
biotechnologcal inventions, as well as identifying characteristics that would
differentiate the product and contribute to its sale (Song/Parry 1999). These
activities were measured by six items adapted fsmmg/Parry(1999)

Figure 13 illustrates the composition ofhe construct of marketing
proficiency. The depicted operationalization assumes that each indicator
constitutes a <certain aspect of t he
together (i.e., MP_1, MP_2, MP_3, MP_4, MP_5, and MP_6), they determine the
meaning of marketing proficiency (Hair et al. 2016, p. 47). Therefore, the
direction of causality is from the indicators to the constrattmarketing
proficiency. In sum, marketing proficienag operationalized as a formatively
measured construct (see Sectd.7 for further information).
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Marketing
Proficiency

MP_1 MP_2 MP_3 MP_4 MP_5 MP_6

Figure 13: Operationalization of marketing proficiency

Technical poficiency (i.e., proficiency in technical activities) refers to
how well technicakelated activities are conducted during atipatar cooperative
R&D project. Technicalelated activities include evaluating the feasibility of
developing and manufacturing a product with the desired features, developing the
product according to the desired features, evaluating laboratory tegt®tmithe
the actual product features, executing prototype testing, elaborating a detailed plan
for the industrial production of the product as well as continuously considering
costs and quality of the product (Song/Parry 199®)ese activities were

measued by six items adapted froBong/Parry(1999).

Figure 14 illustrates the composition of the construct of technical
proficiency. The depicted operationalization assumes that each indicator
constitutes a certain aspect ndcétorst he
together (i.e., TP_1, TP_2, TP_3, TP_4, TP_5, and TP_6), they determine the
meaning of technical proficiency (Hair et al. 2016, p. 47). Therefore, the direction
of causality is from the indicators to the constratttechnical proficiency. In
sum technicalproficiency is operationalized as a formatively measured construct

(see Section 4.7 for further information).

on
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Technical
Proficiency

1|l TP2 || TP3 || TP4a || TP 5 || TP 6

Figure 14: Operationalization of technical proficiency

R&D objective fulfillment refers to the achievemerdf the pursued
objectives, which were defined in the early stages of the cooperative R&D project
between the biotechnology firm and the PRI. The constructmeasured by

three items taken frofmom MoraValentin et al. 2004

Figure 15illustrates the congsition of the construct of R&D objective
fulfillment The depicted operationalization assumes that the indicators (i.e.,
OF_1, OF_2; OF_3) represent the manifestation of the construct (i.e., R&D
objectivefulfillmen{. Therefore, the direction of causwglis from the construct of
R&D objectivefulfillmentto the indicators. In sum, R&D objective fulfillmeist
operationalized as a reflectivetgeasured construct (see Section 4.7 for further

information).

R&D Objective
Fulfillment

OF 1 OF 2 OF 3

Figure 15: Operationaliation of R&D objective fulfillment
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Tables 23 to 27 summarize the operationalization of the variables that

constitute the research model.

Table23: Summary of the operationalization of the variables (1)

ltem Formul ation

Selected Sources

Variable Indicator

The scientific expertise
available in the project was

Item developed by Cooper
(1979a) and used by
Calantone et al. (1996), Sor

TF 1 -1 etal. (1997b), Song/Parry
more g;;g adequate forthis (1997a,b), Sovet et al.
' (1997), Song/Parry (1999),
Harmancioglu et al. (2009)
Item developed by Cooper
The resources available in | (1979a) and used by
the project for R&D (e.g., | Calantone et al1@96), Song
TF 2 technical equipment) were | et al. (1997b), Song/Parry
more than adequate for thi§ (1997a,b), Song/Parry
Technical fit R&D project.* (1999), Harmancioglu et al.
(2009)
The knowhow available in | Item developed bZooper
the project for industrial (1979a) and usedylSong et
TF_3 production was more than | al. (1997b), Song/Parry
adequate for this R&D (1997a), Souder et al. (1997
project.* Harmancioglu et al. (2009)
The resources available in
the project for industrial Item developed by Cooper
TF 4 production were more than| (1979a, b) and usduy
adequate for this R&D Song/Parry (1997a)
project.*
. .| Item developed by Cooper
e i | G073 and used by
marketing research (e.g., fc Cdantone et al. (1996), Son
MRF_1 analyzing market pote.nt.i’al) et al. (19974, b), Song/Parry
(1997a), Souder et al. (1997
was more than adequate fqg
this R&D project.* Song/Parry (1999),
Marketing ' Harmancioglu et al. (2009)
research fit
The resources available in
: . Item developed by Cooper
the project for conducting
marketing research (e.g (1979a, b) and used by Son
MRF_2 2 | etal. (1997a), Song/Parry

financial resources) were
more ttan adequate for this

R&D project.*

(1997a), Song/Parry (1999)
Harmancioglu et al. (2009)

Note: * Item reworded or modified to fit in the context of cooperative R&D projects
between biotechnology firms and PRI.
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Table24: Summary of the operationalization of the variables (II)

Iltem Formulation

Selected Sources

Variable ‘ Indicator ‘

Marketing
proficiency

An initial evaluation of the
R&D project basedn
criteria relevant to success

Item developed by Cooper
(1979a, b) and used by
Cooper/Kleinschmidt (1987

MP_1 | (e.g., feasibility, project Song/Parry (1996),
scope, exploitation Song/Parry (1997a),
potential) has been done | Song/Parry1999),
more than adequately.* Harmancioglu et al. (2009)
A determination of desirabl
features of the Item developed by
MP 2 biotechnological material of Song/Parry (1996) and useq
- process under developmen by Song/Parry (1997a),
has been done more than | Song/Parry(1999)
adequately.*
An identification of item developed by
potential markets and their Song/Parry (1996) and use
trends for the
MP_3 . . : by Song et al. (1997a),
biotechnological material o
Song/Parry (1997a, b),
process has been done mo Song/Parn(1999)
than adequately.* 9
Item developed by Cooper
(1979a, b) and used by
Conducting a market study| Cooper/Kleinschmidt (1987
A detailed analysis of Calantone et al. (1996),
MP 4 market potential, Song/Parry (1996), Song et
- preferences of potential al. (1997b), Song/Parry
users, etc. has been done | (1997a, b), Souder et al.
more than adequately.* (1997), Song/Parry (1999),
Bstieler (2005),
Harmancioglu et al. (2009)
An appra|sal of enstmg and om developed by
potential competitors and
o . Song/Parry (1996) and useq
their biotechnological
MP_5 |. . . by Song et al. (1997a),
inventions (materialsr ,
Song/Parry (1997a, b);
processes) has been done Song/Parry (1999)
more than adequately.* 9 y
An identification of
characteristics that would
differentiate the Item developed by
MP_6 | biotechnological matal or | Song/Parry (1997a, b) and

process and contribute to it
sale has been done more
than adequately.*

used by Song/Parry (1999)

Note: * Item reworded or modified to fit in the context of cooperative R&D projects

between biotechnologyrms and PRI.
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Table25: Summary of the operationalization of the variables (111)

Iltem Formulation

Selected Sources

Variable ‘ Indicator ‘

Technical
proficiency

TP_1

An evaluation of the
feasibility of developing an
manufacturing a
biotechnological material of
process with the desired
features has been done mg
than adequately.*

ltem developed by
Song/Parry (1999)

TP_2

The development of the
biotechnological material o
process according to the
desired features has been
done morehan
adequately.*

Item developed by
Song/Parry (1996) and use(
by Song/Parry (1997a, b),
Song/Parry (1999)

TP_3

An evaluation of laboratory
tests to determine the actu:
features of the

biotechnological material o
process has been done mo
than adequatg.*

Item developed by
Song/Parry (1996) and useq
by Song/Parry (19974, b),
Song/Parry (1999)

TP_4

Tests on prototypes of the

biotechnological material o
process have been carried
out more than adequately.*

Item developed by Cooper
(1979a, b) and used/b
Cooper/Kleinschmidt (1987
Calantone et al. (1996),
Song/Parry (1996),
Song/Parry (1997a, b),
Souder et al. (1997),
Song/Parry (1999), Bstieler
(2005), Millson/Wilemon
(2008)

TP_S5

An elaboration of a detaileg
plan for the industrial

production of thanaterial or
for the industrial application
of the process has been do
more than adequately.*

Item developed by
Song/Parry (1997a) and usg
by Song/Parry (1999)

TP_6

The consideration of the
costs and quality of the
biotechnological material o
procesas been done mor
than adequately throughou
the entire R&D project.*

ltem developed by
Song/Parry (1997a, b) and
used by Song/Parry (1999)

Note: * Item reworded or modified to fit in the context of cooperative R&D projects

between biotechnology firmsd PRI.
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Table26: Summary of the operationalization of the variables (1V)

Variable

Indicator

Item Formulation

Selected Sources

We are satisfied with the

Item developed by Mora

OF_1 project results.* Valentin et al. (2004)
The project results have
R&D OF 2 | fulfilled the initial ltem developed by Mora
objective : . Valentin et al. (2004)
fulfillment expectations. .
The project has provided item developed by Mora
OF_3 satisfactory results for all . P y
) . Valentinet al. (2004)
project partners involved.*
The biotechnological R
LV_PM | material or process is of Ietteg: Oé%ilf)ped by Rijsdijk
(lower- | great benefit to the user.* )
order The biotechnological —
construct) | material or process is of Iet;e;r; d(%ilf)ped by Rijsdijk
great value to the user.* '
(PM_11 | The biotechnological R
PM_3) | material or process has item developed by Rijsdijk
et al. (2011)
many advantages.*
Item developed by Cooper
(19794, b) and used by
Cooper/Kleinschmidt
. 1987)
The developed material or ( ’ . .
process has unique featurg Cooper/KIeln/schmldt
or performance (1993), Song/Parry (k1)996),
Product characteristics that are not 2829 /E:;:y 888;? ’La)lﬁ erd
competitive available from t alg ZOOZ Naka:[a ot gl ]
advantage biotechnological inventiong ?200'6() VeI()j,huizen ot al '
(higherorder of the competition.* ' : '
construct) LV_PS (2006), Harmancioglu et al.
(lower- (2009), McNally et al.
order (2010), Slotegraaf/Atuahens
construct) Gima (2011)
Item developed by Cooper
(PS_OILi (19794, b) and used by
PS_03) Cooper/Kleinschmidt

The developed material or
processs superior to
competingbiotechnological
inventions in terms of
meeting the needs of users

(1987),
Cooper/Kleinschmidt
(1993), Song/Parry (1996),
Song/Parry (1997a, b),
Song/Parry (199), Langerak|
et al. (2004), Nakata et al.
(2006), Veldhuizen et al.
(2006), Harmancioglu et al.
(2009), McNally et al.
(2010), Rijsdijk et al. (2011)

Note: * Item reworded or modified to fit in the context of cooperative R&D projects
between biotechnologyrms and PRI.
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Table27: Summary of the operationalization of the variables (V)

Variable Indicator Item Formulation Selected Sources
Item developed by Cooper
(1979a, b) and used by
LV_PS Cooper/Kleinschmidt
3 (1987,
Ecr)(r)r(lj;ectti tive (‘I)c;\évs: The quality of the_ Cooper/Kleinschmidt
advantage constuct) | developed material or (1993), Song/Parry (1996),
(higherorder process is hqwever Song/Parry (1997a, b),
construct) quality is de_flned by the | Song/Parry (1999),
(PS_01i user- superior to Langerak et al. (2004),
pS_03) competingbiotechnological| Nakata et al. (2006),
. - inventions.* Veldhuizen et al. (2006),
(continued) Harmancioglu et al. (2009),
(Continued) McNaIIy et al. (2010),
Slotegraaf/Atuahen&ima
(2011)
Note: * Item reworded or modified to fit in the context of cooperative R&D projects
between biotechnology firms and PRI.

4.4 Questionnaire

After the variables rhbeen operationalizedhe questionnaire was developed by
means of the respective items. The quesidire was divided into six parts:

The first part included a brightroductionto the subjectof the study.
Afterward, the respondents were assured that all informdtieyprovide serves
purely scientific purposes and will be treatestricly confidental, as well as
anonymously.n addition, respondents were asked to consider an R&D project
between at least one biotechnology firm and at least one research institution
(university and/or nofuniversity research institution) when answering the
questionnae. In particular, @rticipantswere advised thatll answers should refer
to an R&D projectheyhadbeen involved irmndwhich wascompleted within the

last five years

The second part included statemé&htegarding the theoretical constructs
of marketng and technical proficiency. These statements involved marketing and

technical activities that afeequently pad of an R&D processRespondents were

%1 Statements represent the items used to measure the constructs, see section 4.3.
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asked how well or adequately Heeactivities have been executed in the
cooperative R&D projest they vere reporting. Participants were instructed to
indicate the degree of their agreement with the statements by selecting a number
bet ween 1 (fAdonodt agree at all o) and 7
statement. Numbers between 1 and 7 correspondedifferent degrees of

agreement.

The third part included statements regarding the theoretical constructs of
marketing research fit, technical &nd R&D objectivefulfi liment Respondents
were asked to what extent these statements ded¢hiedr&D progpctsthey were
reporting. Participants were instructed to indicate the degree of their agreement

with the statementsn the above mentionedpbint scale.

The fourth part included statements regarding the theoretical constructs of
product superiority andrpduct meaningfulnesf®espondents were asked to what
extent these statements described the biotechnologiedérial or process
resulting from the R&D projects they were reportidggain, participants were
askedto indicate the degree of their agreemeithwthe statementsn the 7point

scale described above.

The fifth part asked participants to provide information on the R&D
project they were reporting in order to categorize their answers. This included
i nformation r egar dibtecignolgical ereaRok aztiviy (eaj, ect 6 s
health/medicine, agricultural biotechnology, or industrial biotechnojogynber
of R&D project partnerssize of the R&D project (i.e., average number of project
members) R&D project budget R&D project duration responderst dusiness
units at thetime of thereported R&Dprojects re s p o n gosition a theime of
the reported R&D projects and type of biotechnological productn addition,
respondents were asked to give an assessment of how knowledgeable they felt in
arswering the question of the survey by means of Likggré Zpoint scale (1 =

Anot knowl edgeable at all, 7 = Atotally

In thesixth andfinal part the respondentsere asked whether they wished
to receive gracticeoriented evaluation dhe study resultsr not In this regard,

participants had the choice of providing their name and email address and were



88
4 Empirical Analysis of the Research Model

assured thato informationwill be published that allows conclusions to be drawn
about individual persons, institutions and/or comesutinally, respondents were

thanked for participating in the study.

Figure 16visualizes the structure of the questionnaire.

Part Il Part IlI
: Marketing
Int t .
ntroduction Marketing Research Fit
Proficiency
Notice on
Confidentiality Technical Fit
andAnonymity
Technical
R&D Project Proficiency R&D Objective
Selection Fulfillment /

\ \L =%
| (|

Area of Activity
Product No. of Partners Subscriptiorto
Superiority ReceiveResults
| ProjectSize |
ProjectBudget
| Project Position | .
Product Concluding
Meaningfulness | Type ofProduct | Remarks

\ / \KnowledgeabilitU K /

Figure 16: Structure of the questionnaire

4.5 Description of the Sample

A total of 15,13 potential repondents were contacted througérsonalied
emails and invited to take part in the survey. Of th&@s®#}1 persons responded,

which corresponddo a response rate of 12.83fsee Table 28 Feedback
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received from contactegokersons who did not participatethe surveyshowedthat

a major reason for the difference between the ta@hple and the number of
individualswho responded is that not all persons who were intdeghrticipate

in the surveyhad prior experience with cooperative R&D projects betwee
biotechnology firms and PRIThe experience of a potential informant with
cooperative R&D projects between biotechnology firms and PRI could not be

examined in advance, as no corresponding databases exist.

It has to be noted thabme of the respondentsly viewed the first pages
of the questionnaire (e,gfor reasons of curiosity) but did not complete the
survey. As a consequence, 1,337 questionnaires which had not been fully
compleed were removed from the sampfeMoreover the data were adjusted
with - regard t o -assessmenha &nowlesigeabiktye (Kumar et al.
1993; Li/Calantone 1998Respondents were asked how knowledgeable they are
of a cooperative R&D project between at least one biotechnology firm and one
PRI. Evidence of knowledmblity was assessed on apoint Likert scale
(anchored at "not very knowledd®a'/"very knowledgeable™) L{/Calantone
1998, p. 20)Only cases with a seissessment of knowledgeability value of 4 or
higher were included in the empirical analyJibus, atotal of 517 questionnaires
were induded in the empirical analysis, which corresponds to a net response rate
of 3.42%.

Table28: Field report

Field Report Absolute Numbers Percent
Total sample 15,134 100.00
Responses 1,941 12.83
Final sample 517 3.42

%2 This does not refer to missing values concerning control variables.
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Table @ depictsthe distributionby r e s p o n d e n ¢rgardzatiangatp e o f
the time of the reported R&D projectWith a share 062.42%, about half of all
participants were members of a university at the time of the reportedratiop
R&D project, followed by members of namiversity researcltorganiations
(30.75%) and biotechnology firms (15.86%)ess than 1% of the respondents
were affiliated with other types @frgankzations(e.g. management consultancies)
at the time of th reported cooperative R&D projedthis distribution is in line
with the large number of PRI compared to the approximately 600 biotechnology
firmsin Germany (BIOCOM AG 2017).

Table29: Dist ri buti on by ofroganigatiom at ¢he tinwe f they p e
reported R&D projects

Respondent s

Organisation Frequency Percent
Biotechnology firm 82 15.86
Un_lvers_lty (|ncl_. 271 52 42
universityhospita)

Non-university research 159 30.75
institution

Other typeof organkiation | 5 0.97
Total 517 100

Table 3 shows the distribution by biotechnological area of actigftyhe
reported R&D projectsin accordance to the dominating number of biotechnology
firms active in the development of therapeutics and/or diagnostics for theffield
human medicine, drug delivery, human tissue replacement (BIOCOM AG 2015,
p. 10), more than half of the reported cooperative R&D projects between
biotechnology firms and PRI involved R&D activities in the area of
health/medicine. 19.15% of the reportsmbperative R&D projects were located
in the area of industrial biotechnology (i.e., development of biotechnological
materiat and processes for the handling of waste or sewage, for chemical
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synthesis, for the extraction of raw materials and energy d@CBM AG 2017,

p. 13), 10.06% in the area of agricultural biotechnology (i.e., development of

A[ g] enetically modi fi ed pl ant s, ani mal s
nongenetically modified plants grown using biotechnological procedures, for use

in agricultue or forestry; BIOCOM AG 2017, p. 13), and 5.61% in the area non
specific applications (i .e., devel opment
biotechnological principles, for research or provision of services in this field
(6ancil |l ary iohtdeurepdrtedyc@opetalive R&D .pr®jdct involved

activities that were not assignable to a specific biotechnological area and only

3.29% of the reported cooperative R&D projects were located in the area of

animal health.

Table30: Distribution by biotechnological area of activity

Biotechnological Area of

Activity Frequency Percent
Health/medicine 295 57.06
Animal health 17 3.29
Agricultural biotechnology, 52 1006
Industrial biotechnology | 99 19.15
Non-specific applicatios | 29 5.61
Not (yet) assignable 25 4.84
Total 517 ~100

Table 3lillustrates the distribution bgumberof R&D project partnersf
the reported R&D projecEach reported cooperative R&D projexinsistef at
leastof onebiotechnology firm and one PRThe majority of reported cooperative
R&D projects included two partners (40.43%gllowed by three project partners
(27.85%), and five or more project partners (20.12%). 11.41% of the reported
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R&D projects involved four project partners. One respondent digpecify the
number of R&D project partners.

Table31: Distribution by number of R&D project partners

Number of R&D

Project Partners Frequency Percent
2 209 40.43

3 144 27.85

4 59 11.41

5 or more 104 20.12
Not specified 1 0.19
Total 517 100

Table 32provides information on the distribution by sizetbé reported
R&D projects. Most of the reported cooperative R&D projects consisted of 5 to
10 projectteam members (47.23), followed by projects with less than 5
members (327%), and projects with 11 to 15 projgeammembers (10.64%).
Cooperative R&D projects with more than 20 projetmmemberg4.84%)and
16 to 20(4.06%)projectteammembers were the least common group of reported

projects.
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Table 32 Distribution bysizeof R&D project (average number of projetéam
members)

Average Number of

Wﬁequency— Percent
<5 172 33.27
5-10 244 47.20
115 55 10.64
16-20 21 406
>20 25 4.84
Total 517 ~100

Table33 depids the distribution by R&D project budgewWith a share of
37.52%, most cooperative R&D projects between biotechnology firms and PRI
had a budget 01000007 499999 euros, followed by projects with a budget of
1,0000007 10,000,000 euros (19.92%), of05,00071 999999 euros7.79%), of
less than 100,000 euros (16.05%), as well as more than 10,000,000 euros (2.71%).
6% of the respondents did not specify the budget of the reported cooperative R&D

projects.
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Table33: Distribution by R&D project budgst

R&D Project Budget (in

euros) Frequency Percent
< 100000 83 16.05
1000007 499999 194 37.52
5000007 999999 92 17.79
1,0000007 10,000000 | 103 19.92
> 10000000 14 2.71
Not specified 31 6.00
Total 517 ~100

Table 34 presentsthe distribution byduration of the reported R&D
projects. The majority of the reported R&D projects ldsbetween 25 to 36
months (40.81%), followed by projects with a duration of 12 to 24 months
(28.82%), of 37 to 48 months (11.80%nd of less than 12 months (7.93%).
Projects with a duration of 49 to 60 mon{bs80%)or even more than 60 months

(4.84%)do not appear very frequently in the sample examined.
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Table34: Distribution byduration ofR&D project

R&D Proj ect Duration

(in months) Frequency Percent
<12 41 7.93
12-24 149 28.82
2536 211 40.81
37-48 61 11.80
49-60 30 5.80

> 60 25 4.84
Total 517 100

Table 35 shows the distribution withhegard to the business units the
respondents were affiliated witt the time of the reported R&D projecEince
the unit of analysis is the cooperative R&D project between biotechnology firms
and PRI, the vast majority of the respondents were members of the R&D
department (73.11%)followed by members othe managementdepartment
(8.70%), ad professional active in the medical field (8.51%; i.e., members of
university hospitals). Only a few respondents were members of the production
department (0.97%), marketing and sales department (0.58%6)well as
professionals othe controlling (0.39%) and accounting business (hit9%)at
the time of the reported cooperatiR&D project. Approximately 7% of the
respondents belonged to business units not mentioned in the questionnaire, and
two respondents did not specify theslmess units they were working at the time
of the reported R&D projects.
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Table35: Distribution by r es ponde mttthe dimelolutilseirepateds uni t
R&D projects

Respondent s

Unit Frequency Percent
R&D 378 73.11
Production 5 0.97
Purchase 0 0.00
Marketing and sales 3 0.58
Controlling 2 0.39
Accounting 1 0.19
Management 45 8.70
Health/medical field 44 8.51
Other business unit 37 7.16
Not specified 2 0.39
Total 517 100

Table 36depicts the distribution bysepondent sé position at
reported R&D projects. Most of the respondents were directly responsible for the
reported cooperative R&[project by holding the position oproject manager
(43.91%), followed by respondents where projectmembers §7.14%), and
professionals in the general R&D management (10.64%). A minority of the
respondents reported that they were not directly involved in the reported R&D
project (4.26%) or were holding a position not mentioned in the questionnaire
(4.06%)such asnedical doctors or consultants.
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Table 36: Distribution by respondentsd positioc
projects

Respondent s Frequency Percent

Project Member 192 37.14
Project Manager 227 43.91
General R&D 55 10.64
Management

Not directly involved 22 4.26
Other position 21 4.06
Total 517 ~100

Table 37illustrated the distribution by type ofdtbiotechnological product
thatwas developed in the reported R&D projedikost of the projects involved
both the development of a biotechnologicahaterial and process (391%),
followed by projects thatolely focused on the development of a biotechnological
process (35.01%) or biotechnologicahterial(27.08%).

Table37: Distribution by type of biotechnological product

Type of Biotechnological

Product Frequency Percent
Biotechnologicamaterial | 140 27.08
Biotechnological ppcess | 181 35.01
Both 196 37.91

Total 517 100
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4.6 Descriptive Analysis

Tables 38 to 41 illustratehe descriptivestatisticsconcerningthe variables of the

model. In particulart he model 6 s ¢ on s withuegardéo ther e consi
mean(i.e., the mean latent variable scqresd the standard deviation (i.the

mean absolute deviatiprEach item was measured arLikerttype 7point scale.

Respondents were askéal indicatethe degree of their agreement by selecting a

number bet ween 1 (Adonoét agree at all o)
statement on the scale, where the numbers between 1 and 7 corredpotiged

different degrees of agreement.

Most of the variablegi.e., technicalfit, R&D objective fulfillment and
product competitive advantage mean valuesare in the range of Hoints
indicating a high level of agreement with the respective statenfelitsyed by
marketing proficiency andtechnical proficiency with valuesin the range of 4
points, as well amarketingresearctiit, which has a mean value of approximately
3.6. For all constructs,tandard deviationsange betweed and 2 with technical
fit having the lowest (1.068) amdarketingproficiency (1.966) having the highest
standard deviatioft’

¥ASmal |l standar dtothevalieattheanaan itsélfj iedicatet thaivttee data points
are close to the mean. A large standard deviation (relative to the mean) indicates that the data
points are distant from the mean (i.e., the mean is not an accurate representation of the data).

standard deviation of 0 would mean that al | of t he
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Table38: Descriptive statistics (1)

Variable Indicator ltem Formulation Mean Star)dgrd
Deviation

Thescientific expertise available
TF_1 |inthe project was more than
adequate for this R&D project.

The resources available in the
project for R&D (e.g., technical
equipment) were more than

adequate for this R&D project.

TF_ 2

Technical
fit The knowhow avaable in the
TE 3 project for industrial production
- was more than adequate for this
R&D project.

5.273| 1.068

The resources available in the
project for industrial production
were more than adequate for thig
R&D project.

TF_4

The knowhow available in the
project for conducting marketing
MRF_1 | research (e.g., fanalying
market potential) was more than

Marketing adequate for this R&D project.

researchif

3.653| 1.645
The resources available in the
project for conducting marketing
MRF_2 | research (e.g., financia¢sources)
were more than adequate for thig
R&D project.
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Table39: Descriptive statistics (Il)

Variable Indicator ltem Formulation Mean Star)dgrd
Deviation

An initial evaluation of the R&D
project base on criteria relevant
MP_1 | to success (e.g., feasibility, proje
scope, exploitation potential) has
been done more than adequately

A determination of desirable
features of the biotechnological
MP_2 | materialor process under
development has beeione more
than adequately.

An identification of potential
markets and their trends for the
MP_3 | biotechnologicamaterialor
process has been done more thg
adequately.

Marketing
proficiency Conducting a market study: A
detailed analysis of market
MP_4 | potential, prefeences of potential
users, etc. has been done more
than adequately.

4.723| 1.966

An appraisal of existing and
potential competitors and their
MP_5 | biotechnological inventions
(materiab or processes) has bee
done more than adequately.

An identification ofcharacteristics
that would differentiate the
biotechnologicamaterialor
process and contribute to its salg
has been done more than
adequately.

MP_6
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Table40: Descriptive statistics (l11)

Variable Indicator ltem Formulation Mean Stan_da_lrd
Deviation

An evaluation of the feasibility of
developing and manufacturing a
biotechnologicamaterialor
process with the desired features
has been done more than
adequately.

TP_1

The development of the
biotechnologicamaterialor

TP_2 | process according to the desired
features has been done more th:
adequately.

An evaluation of laboratory tests
to determine the actual features
TP_3 | the biotechnologicahaterialor

process has been done more thé

Technical adequatly. 4.782| 1210

proficiency

Tests on prototypes of the
biotechnologicamaterialor
TP_4 .
- process have been carried out
more than adequately.

An elaboration of a detailed plan
for the industrial production of th
TP _5 | materialor for the industrial
application of the pragss has
been done more than adequately

The consideration of the costs af
quality of the biotechnological
TP_6 | materialor process has been don
more than adequately throughou
the entire R&D project.

We are satisfi@ with the project

OF 1
- results.

R&D OF 2 The project results have fulfilled
objective - the initial expectations. 5.157| 1.419

fulfi llment

The project has provided
OF_3 | satisfactory results for all project
partners involved.
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Table41: Descriptive statiscs (V)

Variable Indicator ltem Formulation Mean Star)dgrd
Deviation

The biotechnologicahaterialor
process is of great benefit to the
user.

The biotechnologicahaterialor

LV_PM process is of great value to the
user.
The biotechnologicahaterialor
process has many advantages.
The developedhaterialor process
COF:TZO(;:;&@ has unique features or
advgnta o performance characteristitisat
hi hng are not available from 5.534| 1.128
(o?der biotechnological inventionsf the
competition.
construct)
The developedhaterialor process
LV _PS is superior tacompeting

biotechnological inventions in
terms of meeting the needs of
users.

The quality of the developed
materialor process is however
quality is defined by the user
supeior to competing
biotechnological inventions.

4.7 Structural Equation Modelling

Strudural equatiormodeling(SEM) is used to tedghe hypothesizedkelatiorships
between latent variablgdcDonald/Ho 2002, p. 6440e 2008, p. 76; Haiet al.

2016, p.328). Latent variableare the theoretical or conceptual elements in the
structural modeli.e., technicalfit, marketingresearckHit, technicalproficiency,
marketing proficiency, R&D objective fulfillment and product competitive
advantagein the presenstudy) (Hair et al. 2016, p. 320Yhe special feature of

SEM is its ability to evaluate the measurement of latent variables and at the same

time to test the relatiships between latent variables (Hair et al. 2014, p.106).
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There are tw types of SEM:oone is covariancéasedSEM (CBSEM),
and the other is variandmasedSEM (i.e., PLSSEM). CB-SEM and PLSSEM
have been developed to pursue different objectiBesroso et al. 2010, p. 429
see Figure )7

1 CB-SEM is used to confirm (or reject) theories yamining how well a
structural model can estimate the covariance matrix of a datalaietet
al. 2016, p. 315)The algorithm seeks to estimaltemo d el 6 s par amet e|
(i.e., loads and path values) in an attempt to minimize the difference
between the sang covariance and those expected by the conceptual
model.Thus, the algorithm tries to reproduce the covariance matrix of the
observed measures to see how wedl ¢orceptual model fits the dat@€B-
SEM focu®s onoverall model fit, which means this appcbais aimed at
testing a strong theoryCB-SEM is therefore particularly suitable for
confirmatory research (Barroso et al. 2010, p. 429f.).
1 PLSSEMis astatistical analysis technigie estimate structural equation
modelsby maximizing the explained xiance of the endogenous latent
variabled* (Hair et al. 2016, p. 324)Since PLSSEM focuses on the
explanation of variances, it has a predictwiented charactefi.e., the
objective is to predict output values through input values; Sarstedt et al.
2014, p. 155) Focusing primarily on predictidh PLSSEM is
Aparticularly wuseful for studies on th
and success driver stuce @air et al. 2016, p. 86)'he concept of PLS

SEM is applied in the current analysis.

“AA |l atent variable that only explains other | ate
structural model) is called exogenous, while lateariables with at least one incoming

relationship in the structural model are called endoggno ( Hai r et al . 2016, p. 320
% Prediction is an essential part of theory assessment (Colquit/Zage@| ands 2007, p . 172
Bagozzi/Yi 2012, p. 23), a charadstic of a strong theory (Bagozzi/Yi 2012, p. 23), as well as the

foundation to provide guidelines for decisioraking (Sarsted et al. 2014, p. 155).
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Criterion CB-SEM PLS-SEM
Best possible reproductiony Best possible prediction of
Objective of the empirical variance | the data matrix with regard
covariance matrix to the target variables
Focus Theorytesting Prediction
Factor analytical approachl Regressioranalytical
with simultaneous approach for twestep
Methodology estimation of all estimation of measuremen
parameters of the causal | models and structural
model model
Database Variancecovariancematrix | Datamatrix
Structuralmodel Recurglveandnon Only recursivemodels
recursivemodels
Measumenmodels | Primarily reflective Reflectiveandformative
Distributional Normaldistribution None

assumptions

Quality assessment

Global and local inferentia
statistical quality measure

Partial quality criteria
regarding the prediction of

q the data matrix

Figure 17: Fundamental differences between-SBM and PLSSEM®

PLSSEM was developed by Herman O.A. Wold (1974, 1980, 1882)
predictive and abust statistical analysis techniq(2ijkstra 2010, p. 24). Since
then, PLSSEM has been useth a broad number of disciplines including
marketing Hair, Sarstedt, Ringle, & Mena 20jXtrategic managementdir,
Sarstedt, Pieper, & Ringle 2012nanagement information systems (Ringle et al.

2012), operations management (Feag2012), and accauing (Lee et al. 2011).

The core of thestatistical analysis technique the PLSSEM algorithm,
which estimates the scores of all latent variables based oprdpesedpath

modef’ and the available empirical data (i.e., the indicator*8at@ihe scoresof

% Figure adapted from Weiber/Miihlhaus (2014, p. 74).
Pat h d i a g rhypatlseses dnch tariabie relatianshipsythad i s p | ay

are examined when structural equation moddakrapplied ( Hai r 2016, p.

model s far e

et al .

32
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the latent variablethenserve to estimate the relationships in the path model (Hair
et al. 2016, p. 325)n the beginning, the relationshipstiveen the latent variables
(i.e, the path coefficienfS) are not yet known. To estimate the petiefficients,

the algorithm will calculatea scorefor each latent variable on the basis of its
respective indicator dataAfter the algorithm has calculated the scores of the
latent variables, these scores are uaedinput to conduct partial regression
calculatins. A partial regression model is calculated for each endogenous latent
variable. The result of these calculations is the estimation of all relatipsshi

the measurement modele(i.outerloading$® and weights') and all relationsips

in the structuramodel (ie., the path coefficients). All partial regression models
are estimated bgn iterative algorithmic procedyr&hich ends when the change
in the outer weiglst between two consecutive iterations is smaller than a
predefined stop derion (Hair etal. 2016, p. 83ff.)If the research objective is
concerned with gediction and involves explaininthe variance of important
target constructs (e.g., competitive advantages) by reiffe explanatory
constructs (@., different sources focompetitive advatages), PLSSEM will be

the appropriatestatistical analysis techniqgu&einartz et al. 2009, p. 346tair,
Sarstedt, Pieper, & Ringle 20112 321).

Another important consideration when selectirije appropriate SEM

techniqueis the type of measuremenpexification ofthe latent variablesA

¥l ndicators are Adirectly measured observations (r
manifest variables, regsented in path models as rectangles. They are also available data (e.g.,

responses to survey questions or collected from company databases) used in measurement models

to measure the latent variables; in SEM, indicatorofien called manifest variables ( Hair et al .
2016, p. 319)

®pPath coefficiencts fare estimated path relations
constructs in the model). They correspond to standardiiets in a regression analysis ( Hai r et

al. 2016, p. 324).

““Outerlo@li ngs fare the estimated relationships in ref
from the | atent variable to its indicators). They
assigned construct. Loadings are of primary interest in the evaluatiaflective measurement

models but are also interpreted when formative measuresvateédd ( Hair et al . 2016, p
“Outer weights fare the results of a multiple reg
Weights are the primary criteriono assess each indi inagdrmoativés r el ati v

measurement modéls ( Hair et al. 2016, p. 323).
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distinction is made between two different types of measurement specifications:
reflective and formative measurement modelReflective measurement miels

are based on the idéaat the indicators represent the effe@r manifestations) of

an underlying latent variabl&he direction of causality is from the latent variable

to the indicators. The reflective indicators function as a representative sample of
all the possible indicators available within the domairheflatent variable. Thus,

the reflective indicators should be highly correlated and dropping an indicator
should no change the conceptual domain of the latent variable (Jarvis et al. 2003,
p. 203 see Figure 18 In the current analysisechnicalfit, marketingresearchHit,
andR&D objectivefulfillmentare reflectively measured constructs.

Construct
(Latent Variable)

Indicator_01 Indicator_02 Indicator_03

A Direction of causaltyist from constructto
indicator

A Indicatorsexpectedo be correlated

A Droppinganindicatorfrom the measurement
modeldoesnot alterthe meaningof the construct

Figure 18: Reflective measurement mod&ls

Formative measurement models are based on the idea that the indicators
are defining charactetiss of the latent variable (Jarvis et al. 2003, p. 203j)e
direction of causality isrom the indicators to the latent variablghe indicators

Aform the construct by means of l' i near

Each formative indicatorcaptr es a certain aspect. of

“2 Figure adapted from Jarvis et al. (2003, p. 201).

t

he

C

Q
|
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Taken together, the indicators determine the meaning of the latent vkialnie

et al. 2016, p. 47)Thus, the formative indicators do not need to be coeglatt
dropping an indicator mighthang the conceptual domain of the latent variable
(Jarvis et al. 2003, p. 203ee Figure 1P Formative constrcts are particularly
useful when multidimensional constructs (e. g. the sources of competitive
advantages) are to be investigateli(, SarstedtPieper, & Ringle 2012p. 321;
Hair et al. 2014, p. 117)n the current analysisechnicalproficiency, marketing
proficiency, and product competitive advantage are formatively measured

constructs.

Construct
(Latent Variable)

Indicator_01 Indicator_02 Indicator_03

A Direction of causaltyis from indicatorto
construct

A No reasorto expectthatindicatorsarecorrelated

A Droppinganindicatorfrom the measurement
modelmay alter the meaningof the construct

Figure 19 Formative measuraent modef$

One of the central advantages of PISEM is the easy integration of
formative measurement models. Although-6BM is in principle able to deal
with formative measurement models, their inclusion can be problematic and
entails extensivelimitations on the modelMacCallum/Browne 1993 Instead,
PLS-SEM is the recommended technique that should be fmgsechodels with

formative measurement mod€hin 199&, p.ixf.).

“3 Figure adapted from Jarvis et al. (2003, p. 201).
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4.8 Evaluation of PLS-SEM Results

Evaluating the PLSSEM results entails an extgive evaluation procedure (Gotz

et al. 2010, p. 693ff.)which can be described as a tstep process (Hair et al.
2016, p. 106 see Figure20). The first step imolves the evaluation of the
(reflective and formativemeasurement modéfs The ratonale ofthis initial

quality assessmerns the essential prerequisite that the measures adequately
represent the constructs of interests before using them to investigate the structural
relationships (i.e., the relationships between the constructs) (Hair etlal. 20

144). The second step includes the actual evaluation of the structural model
estimates (i.e., hypotheses testifty)

4 Latent variables are either specifiedreectiveor formative measurement modetfghich need

to fulfill different quality criteriaA measur ement mod el Afiis an el ement
contains the indicators and their relationships wi
not e that the terms filatent variabled and Aconstruc

5 The research model was estimated using SmartPLS 3 (Ringle et al. 2015).
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Evaluation of the Measurement Models

Reflective MeasurementModels Formative Measurement Models

Internal ConsistencyReliability CollinearityAssessment
ACr onbaAlgha 6s
A CompositeReliability |l ndi catorsdé Rel 3
the Constructs: Indicator Weights &
Convergenvalidity Significance of Weights

A Indicator Reliability
A AverageVarianceExtracted

DiscriminantValidity
A Crossloadings
A Fornell-Larcker Criterion
A HeterotraitmonotraitRatio

Evaluation of the Structural Model

CollinearityAssessment
StructuralModel PathCoefficient
Coefficientof Determination (RValue)

Effect Size £

Prediction Relevance?@nd Effect Size g

Figure 20: Evaluation of PLSSEM result®

4.8.1 Evaluation of the Measurement Models

4.8.1.1 Reflective Measurement Models

A reflective measurementmod@li s a type of measur ement
measures represent the effects (or manifestations) of an underlying construct.
Causality is from the construto its measures (indicatoss) ( Hai r e.t al
326). The current analysis includehkree latent variableghat are specified as
reflective measurement modetgchnicalfit, marketing researchfit, and R&D
objectivefulfillment The evaluation of reflective measurement models comprises

the evaluatia of internal consistency reliability, convergent validity, and
discriminant validity (Hair et al. 2016, p. 104fee Figure 21

“ Figure adapted from Hair et al. (2016, p. 106).



110
4 Empirical Analysis of the Research Model

Evaluation of Reflective
MeasurementModels

Internal ConsistencyReliability
ACr onbAlgha 6 s
A CompositeReliability

Convergendalidity
A Indicator Reliability
A AverageVarianceExtracted

DiscriminantValidity
A Crossloadings
A Fornell-Larcker Criterion
A HeterotraitmonotraitRatio

Figure 21: Evaluation of reflective measurement modlels
4.8.11.1 Internal Consistency Reliabilty

I nternal consistency reliability ni s a f
consistency of results across items on the same test. It determines whether the

items measuring a construct are similar in their scores (i.e., if the comslatio

between thdtems are larg® ( Hai r et a To. evaidielisternal p . 320)
consistency reliability Cr onbacho6s al pha and composite

The most commonmeasure of internal consistency reliability is
Cr o n I3 alghh G6tz et al. 2010, p. 69%jair, Sarstedt, Ringle, & Mena 2012
p.424).Cr onbachdés al pha evaluates how wel |l a
variable (Gotz et al. 2012, p.698))r onbachés al phaOandl,l ues var)
with higher values indicating higher levels of reiidy. A common threshold for
sufficient values of Cronbacdé s a | pC(Alunnally 19@8, @. 245)The
resul ting Cronbachos a |Table a42 Wha bpedis ar e pr
Cronbachods al p htechnicafit, @833 forhabketingPedeach fa, r
and 0.934 folR&D objectivefulfillmeni) are all abovehe 0.70thresholdvalue
Thus, t he anal ysi s of Cronbachos Al pha

reliability has been established.

" Figure adapted from Hair et al. (2016, p. 106).



111
4 Empirical Analysis of the Research Model

Table42: Cronbach's alpha

Construct Cronbachos
Technical fit 0.724
Marketing research fit 0.830
R&D objectivefulfillment 0.934
Composite reliability is a common alte

measure of internal consistency reliability (Hair et al. 2016, p. 1iZpntast to
Cronbachodés alpha, composite reliability c:
instead of equal weighting (G6tz et al. 2010, p. 6@9mposite reliabilityalues

vary between 0 and 1, with higher values indicating higher levels of reliaBility.

common theshold for sufficient valuesf composite reliabilitys 0.7 (Bagozzi/Yi

1988, p. 82Hair et al. 2012b, p. 429The resulting composite rebdity values

are presented in Table 48l composite reliability values exceed the threshold

valueof 0.70. With values of 0.82&€chnicalfit), 0.920 (arketingresearcHit),

and 0.958 R&D objective fulfillmeni), all three reflective constructs have high

levels of internal consistency reliabilityhus, the analysis of composite reliability

suggest that internal consistency reliability has been established.

Table43: Composite reliability

Construct Composite Reliability

Technical fit 0.826
Marketing research fit 0.920
R&D objective 0.958
fulfi [lIment




112
4 Empirical Analysis of the Researbtodel

4.8.1.1.2ConvergentValidity

Convergent validitys defined ashe extentto which a measurg@.e., an indicator)
correlateshighly with other methods designed to measure the same consguct

latent variable) (Churchill 1979, p. 70h the rationale of reflective measment
models, indicators of a latent variable are understood as alternative measures of
the same construct (Jarvis et al. 2003, p. 203; Hair et al. 2016, p. 112f.). Thus, the
indicators of a latent variable should be positively correlated, since alatodsc

are supposed to baterchangeablaneasures of the same reflective construct
(Jarvis et al. 2003, p. 203)0 evaluateconvergentvalidity, indicator reliability

and average variance extracted are examined.

Indicator reliability isa measure to asses whi ch par't of an i
variance can be explained by its latent variable (Gotz et al. 2010, p.A94).
indicatos variance can be explained by its latent variable and variance of
measurement erroBufficient indicator reliability meanshat at last 50% of an
indicatois variance is explained by its latent variable (Hair et al. 2016, p. 113f.).
Since indicator reliability is the square
(Hair et al. 2016, p. 319), the common threshold value of an indidate | oadi ng
should be above 0.7 (Hulland 1999, p. 19B)e resultingindicator relidility
values are presented in Table A4l outer loadings of the reflective construcis
marketingresearcHit andR&D objectivefulfillmentare well above the threslo
value of 0.70. Regarding the reflective constrottechnicalfit, the indicators
TF_1 (outer loading: 0.646) and TF_2 (outer loading: 0.642) are below the
threshold. However, it is not uncommon to retain indicators with outer loadings
between 0.4 an@.7 (Hulland 1999, p. 198f.) on the basis of their contribution to
content validity® (Hair et al. 2016, p. 113f.). According to Hair (2016, p. 113f.),
indicators with outer loadings between 0.4 and 0.7 should only be removed if the
indi cat or 0 s incredsedoomposite irediability above the suggested
threshold. Since the corogite reliability value oftechnicalfit is well above the
threshold and internatonsistency reliability has already been establis{sed
Section 4.8.1.1.}1 the indicators TF_&nd TF_2 are retaineth sum, the analysis

of indicator reliability suggests that convergent validity has been established.

““Content validity fAis a subjective but systematic

construt is captured by its indicatays ( Hair et al . 2016, p. 315).
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Table44: Indicator reliability

Indicator  Indicator Reliability

TF 1 0.646
TF 2 0.642
TF 3 0.869
TF 4 0.792
MRF_1 0.946
MRF_2 0.899
OF 1 0.945
OF 2 0.951
OF 3 0.924

Average variance extracted (AVE a measure to assess the degree to
which a latent variable explains the variance of its indicators (Hair et al. 2016, p.
312). The AVE measure is conptualized fias the grand mean value of the
squared loadings of the indicators associated with the construct (i.e., the sum of
the squared loadings divide¢ b t he number of indicators)o
115). A common threshold for sufficient values AYE is 0.5 (Bagozzi/Yi 1988,

p. 82). An AVE value of less than 0.5 indicates thihe variance due to
measurement error is larger than theiarmre captured by the wstruct
(Fornell/Larcker 1981, p. 46 he resultng AVE values are presented in Table
45. The AVE values otechnicalfit (0.547), marketingresearcHit (0.852), and
R&D objectivefulfillment (0.884) are well above the required minimum level of
0.50. Thus, the analysis of AVE suggests that convergent validity has been
established.
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Table45: AVE

Construct

Technical fit 0.547
Marketing research fit 0.852
R&D objective 0.884
fulfi [lment

4.8.1.1.3Discriminant Validity

Discriminant validity is a methodological complement to convergent validity
(Hulland 1999, p. 19Di scr i mi nant wvalidity Ais the ex
truly distinct from other constructs, in terms of how much it correlates with other

constructs, as well as how much indicatorpresent only a single constract

(Hair et al. 2016, p. 316When discriminant validityis not established, latent

variablesmight havean effect on the variation of more than just thariablesto

which they araelatedto in a theoretical model (Farrell 2010, p. 325). In such a

situation,i r e s e a&anwohbe cewin whether results confirming hypothesized

structural paths are real or whether they are dtre§statistical discrepancies

(Farrelll 2010, p. 324).To evaluatediscriminantv al i di t vy, i-ndi cator
loadings, the FornélLarcker criterion, and théeterotratmonotrait ratio are

examined.

Crossl oadi ngs represent an i ndicator ds
variables in the model (Hair et al. 2016, p. 315d establish discriminant
val i dity, an indicator 6s dintended latenb di ng (i
variable should be higher than any of its cAmsglings (i.e., its correlation) on
other latent variables in the model (Hair et al. 2016, p. Il&)le 46showsthe
loadings and cros®adings for every indicator. For example, indwaiF_1 has
the highest value for the loadingttviits corresponding construct technical it
(0.646), while all crostoadings with other constructs are considerably lower

(e.g., TF_1 omarketingresearcHit: 0.197). The same finding holds for the eth
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indicators oftechnicalfit as well as the indicators measurimgrketingresearch
fit and R&D objectivefulfillment Thus, the analysis of cro$#sadings suggests

that discriminant validity has been established.

Table46: Crossloadings

Marketing R&D Product
objective | competitive
fulfi lment  advantage

Technical Technical Marketing
research

fit fit proficiency proficiency

To satisfy the requirements of discriminant validity, the Forhealicker
criterion (Fornell/Larcker 1981, p. 46) demands that the square root of the AVE of
each | atent wvariable i s higher taman the | @
other construct in the structural model (Hair et al. 2016, p. 129). The ratafale
the FornelLarcker criterion is thaa latent variable shares more variance with its

own indicators than with any other latent variable (Hair et al. 2016, p. 116).

Table 47 presents the results of the Forredircker criterionevaluation
with the square root of the reflective ¢
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correlations between the constructs in thedudigonal position. For example, the
reflective construcof technicalfit has a value of @40 for the square root of its
AVE, which needs to be compared with all correlation values in the column of
1.%° Overall, the square roots of the AVEs for the reflective constoit¢echnical

fit (0.740), marketingresearh fit (0.923), andR&D objective fulfilment(0.940)

are all higher than the correlations of these constructs with other latent variables
in the model, thus indicating all constructs are valid measures of unique concepts
(Hair et al. 2016, p. 128f.)To canclude, the analysis of the Fornklrcker
criterion suggests that discriminant validity has been established.

“9 Note that for other reflective specified latent variables, you need to consider theticorsela

both row and column.



117
4 Empirical Analysis of the Research Model

Table47: Fornell-Larcker Criterion

%tTechnicaI 0.740

2 Marketing
research fit 0.4191 0.923

3 Technical
proficiency 0.558| 0.470

4 Marketing
Mbsabuilpall 0.481| 0.513) 0.712

5R&D
objective 0.329| 0.173] 0.475| 0.392| 0.940
fulfil Iment

6 Product
eIl 0.295| 0.213| 0.467| 0.479| 0.477
advantage

7 Number
project -0.065| -0.060| -0.060| -0.028| -0.076 | -0.074 | 1.000
partners

8 Project
duration 0.000| 0.050(| 0.052| 0.028| -0.038| 0.062| 0.333| 1.000

9 Size
project team

0.050( 0.063| 0.063| 0.114| -0.014 | 0.001| 0.001| 0.415]| 1.000

Note: Table shows the results of theall-Larcker criterion assessment with {
sqguare root of the reflective con
correlations between the constructs in thedidigonal position.

Though the examination of creksadings and the Forndlarcker
criterion are the dominant means for assessing discriminant validity in extant

research, prior research has shown that these evaluation approaches do not
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reliably detect lack of discriminant validity in some research situatideageler

et al. 2015, p115). As a consequence, it is recommended to additoexdmine

the heterotraitmonotraitratio (HTMT) (Henseler et al. 2015, p. 115f.; Hair et al.
2016, p.118). HT MTis am estimate of what the true correlation between two
constructs would be, ihey were perfectly measured (i.e., if they were perfectly
reliable). HTMT is the mean of all correlations of indicators across constructs
measuring different constructs (i.e., theterotratheteromethodcorrelations)
relative to the (geometric) mean olfiet average correlations of indicators
measuring the same construct (i.e., thenotraitheteromethodcorrelations)
(Hair et al. 2016, p. 318According to Henseler et al. (201p. 123, a HTMT
value of above 0.90 indicates a lack of discriminant validibe resultingdTMT

ratio values are presented in Table A8 can be seetthe HTMT ratio values are

all clearly under the threshold value of 0.90.addition, all HTMT values are
significantly different from F° Thus, the analysis of the HTMT ratio ggests

that discriminant validity has been established.

®The level of significance was tested by using th
resampling technique that draws a large number of subsamples from the original data (with

replacement) and estimates models fachesubsample. It is used to determine standard errors of
coefficients to assess their statistical signi ficé

(Hair et al. 2016, p. 313). As recommended by Hair, Sarstedt, Ringle, & Mena (2012, p. 429) and
Hair et al. (2016, p. 160), the following options were selected using the bootstrapping procedure in
SmartPLS 3 (Ringle et al. 2015): the selected number of bootstrap samples was 5000

(subsamples); the no sign change option was chosen to obtain the neestvative results (sign

change option); the number of bootstrap cases equalled the number of valid observations (i.e., 517

observations).
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Table48: HTMT ratio

1 2 5 7 8 9
1 Technical
fit
2 Marketing 0510

research fit

5 R&D objective 0.390 0.186

fulfil Iment

7 Number

Gl 0078 | 0076 | 0.079

8 Project
duration 0.017 0.015 0.040 0.333

9 Size project 0.072 0.096 0.021 | 0.455 | 0.415

team

4.8.1.1.4Conclusion

The evaluation of the reflective measurement models included analyses of internal
consistency reliabilit (i.e.,analgingCr onbachdés al pha and compo
convergent validity (i.e.analyzing indicator reliability and AVE), as well as

discriminant validity (i.e.analying crossloadings, ForneiLarcker criterion, and

HTMT). A summary of the mults is presented ihable 49 The evaluation of the

reflective measurement models suggests tthatreflective measures are reliable

and valid. To conclude, the assessment provides evidence that the measurement

qguality of the reflective measured laterdriables(i.e., technicalfit, marketing

researchfit, and R&D objective fulfillmen) complieswith the requirements of

PLSSEM.
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Table49: Reflective measuremambodelsevaluation

Internal Consistenc
Con\{ergent o 4 Discriminant Validity
Validity Reliability
Indicator Composite Cr on b . _ _
Latent ... | AVE . CrossLoading Fornell Larcker Criterion HTMT
Indicator| Reliability Reliability Alpha

Variable

Squareoot of each

construct 6s| HTMT below
than its highest correlatio 0.90?

with any other construct?

Outer loadings
>0.70 |>0.50| >0.7 >0.70 higher than all its
crossloadings?

TF_ 1 0.646

TF 2 0.642
Technical fit 0.547 0.826 0.724 Yes Yes Yes
TF 3 0.869

TF_4 0.792

Marketing MRF_1 0.946

research fit 0.852 0.920 0.830 Yes Yes Yes
MRF_2 0.899
OF 1 0.945
R&D
objective OF 2 0.951 0.884 0.958 0.934 Yes Yes Yes
fulfil Iment

OF_3 0.924
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4.8.1.2 Formative Measurement Models

A formative measurementmodéli s a type of mem@awhiche ment
the direction of the arrows is from the indicator variables to the construct,
indicating the assumption that the indicator variables cawseneasurement of
theconstruet ( Hair et al . 2016, pdestltdeeTaent T h e
varnables that are specified as formative measurement modédshnical
proficiency, marketing proficiency, and product competitive advantage. The
evaluation of formative measurement models comprises aggessmenof
collinearity of the indicators, as welkdhe assessment of indicator weights and

the significance of weighidair et al. 2016, p. 137ffsee Figure 22

Formative Measurement Models

Collinearity Assessment

I ndi catorsdé Rel at
Constructs: Indicator Weights &
Significance of Weights

Figure 22: Evaluation of formative measurement modfels
4.8.1.2.1Collinearity Assessment

Collinearity of formatve indicators arises whewo indicator variables are highly
correlated. However, and unlike reflective indicafdiormative indicators cause

or fornP? the measurement of the latent variable they are assigned to. Formative
constructs (latent variables) amegarded as linear combinations of their
indicators Each formative indicator captures a certain aspect of the latent
variabl ebéds domai n. Taken together, t he
latent variable (Hair et al. 2016, p. 47). Thus, formaigkcators do not need to

*1 Figure adapted from Hair et al. (2016, p. 106).

2 There is an ongoing discussing of whether formative indicatarsecar form a latent variable.

This subtle difference can be negl-agetdt 88M i n t he
techniques model latent variables as composites; that is, they create proxies as lingstioomb

of indicator variabled ( Her etsale 2016, p. 408). For more information on that topic, please

see Heemeler et al. 2016.
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be correlated (Jarvis et al. 2003, p. 208)tact, high levels of collinearity might
even produce an incorrect estimation of outer weightdemonstrated lyair et

al. (2016, p. 142f.).A measure ofcollinearity is the variare inflation factor
(VIF). The VIF is a measure to show how much the variance of the coefficient
estimate (i.e., of the formative latent variable) is being inflated by
(multi)collinearity (Midi et al. 2010, p259). According to Hair et al. (2011, p.
145),each indicatorés VIF value shoul d
issues.The resulting VIF values are presentedTable 50 According to the
results, LV_PM (2.342) and LV_PS (2.342) have the highest VIF values. Hence,
VIF values are uniformly belv the threshold value of $hus, the results provide

evidence that no collinearity issues arise in the formative measuremensmodel
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Table50: Collinearity assessment

Formative Indicator VIF Value

TP 1 1.601
TP 2 1.92
TP_ 3 1.785
TP 4 2.017
TP 5 2.213
TP_6 2.110
MP_1 2.142
MP_2 2.066
MP_3 2.154
MP_4 2.108
MP_5 2.084
MP_6 1.940
LV_PM 2.342
LV_PS 2.342
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48122 ndi cat or sobtrib&ien tath e Censtrudds; Indicator
Weights & Significance of Weights

Outerweightsfiar e the results of a multiple regr
i ndicator s. Wei ghts are the primary <crite
importancein formative measurement modéls ( Hai r et aQuter 2016, p
weights ae standardized and can be compared with each other. Each weight
represent s ralative contibutionatd dsr assgd latent variable

Therefore, a formative specified latent variable is explained in full by its

formative indicators (i.e., 100%f the latent variable is explained by its

indicators; Hair et al. 2016, p. 145fT. he resul ting indicators
presented ifable 51

A

Al ow indicatorbdés outer weiahpbor shoul d
measurement model specificationlead tathe elimination of thaindicator, since
every indicator represents aubstantial (norrinterchangeable)part of the
const r uc t(dsent diaidity) i(Gotz et al. 2010, p. 698). Instette
question to be investigateduhether formative indicatorsuly (i.e., if the outer
weights significantly differ from zera)ontributet o causi ng (Afor mi ngo)
variable (Hair et al. 2016p. 146). In PLSSEM, tests of significance are
conducted using the bootstrapping procetfugxamiring the significane levels
in Table 51 showthat all formative indicators are significant at a 5% level,
exceptTP 4, TP_5, and MP_3.

*“The terms fiouter weighto and fAindicator weighto a
*Bootstrapping fAis a resampling techrmintee that dr
original data (with replacement) and estimates models for each subsample. It is used to determine

standard errors of coefficients to assess their statistical significance withoutgreiyin

distributional assumptioss ( Hai r et al recol@nteddéd, by Hair, S&stedt)Ringled s

& Mena (2012, p. 429) and Hair et al. (2016, p. 160), the following options were selected using the
bootstrapping procedure in SmartPLS 3 (Ringle et al. 2015): the selected number of bootstrap

samples was 5000 (subsples); the no sign change option was chosen to obtain the most

conservative results (sign change option); the number of bootstrap cases equalled the number of

valid observations (i.e., 517 observations).
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Table51: Indicators' weights and loadings

. Formative Outer Weight

Formative Construct Indicator (Outer Loading) t-Value
TP_1 0.282 (0.751) 4.654**+*
TP_2 0.240 (0.783) 3.608***
TP_3 0.159 (0.661) 2.504*

Technical proficiency
TP_4 0.116 (0.693) 1.790
TP_5 0.142 (0.766) 1.923
TP_6 0.370 (0.829) 5.817***
MP_1 0.176 (0.735) 2.667**
MP_2 0.249 (0.727) 3.865***
MP_3 0.098 (0.752) 1.664

Marketing proficiency
MP_4 0.216 (0.760) 3.475%**
MP_5 0.297 (0.818) 5.106***
MP_6 0.266 (0.810) 4.632***

LV_PM 0.481 (0.924) 4.170***
Product competitive
advantage

LV_PS 0.585 (0.949) 5.170%***

Note: *Significant for p < .05. @value 1.96) **Significant for p < .01.-{talue

2.58) ***Significant for p < .001. (value 3.29)
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These nonsignificant outer weights are not to be interpreted as poor
measurement model quality. Instead, Hair et al. (2016, p. 148nneendto
examinet he f or mati ve i ndiQutartloadingdpresenisheer | oad i
absolute contribution of a formative indicator to its latent varigbke, the
information an indicator provides without considering other indicators assigned to
thelatent variable)l f an i ndicatoro6s outer weight IS
loading is above the threshol@lue of 0.50, the indicator will beetained and
interpreted as absolutely important (Hair et al. 2016, p. T48)le 51shows that
the valies ofthe indicator loadingdor TP_4 (0.693), TP_5 (0.766), and MP_3
(0.752) are all well above the thresheialue of 0.50. Thus, e analysis of the
formative i ndi cat or santributienl aa twellv & thaim d absol
significance provides evidenceof an adequate formative measurement model

quality.

4.8.1.2.3Conclusion

The evaluation of théormative measurement models includéake analyses of
collinearity and the indicatorso6éAcontribu
summary of the resulis presented iTable 52 The evaluation of théormative

measurement models suggesiat no collinearity issues arised eachformative

indicator contributs to its related latent variabléTo conclude, the assessment

provides evidence that the measneat quality of thdormative measured latent

variables (i.e., technical proficiency, marketing proficiency, and product

competitiveadvantagg complieswith the requirements of PLSEM.

*“The terms fiouter | oa dafenspdiintachamgedblyndi cator | oadingo
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Table52: Formative measurement modelzaluation

Formative

Formative

VIF

Outer Weight (Outer

Construct Indicator  Value Loading) t-Value
TP_1 1.601 0.282 (0.751) 4.654***
TP_2 1.924 0.240 (0.783) 3.608***
TP_3 1.785 0.159 (0.661) 2.504*
Technical
proficiency
TP_4 2.017 0.116 (0.693) 1.790
TP_5 2.213 0.142 (0.766) 1.923
TP_6 2.110 0.370 (0.829) 5.817***
MP_1 2.142 0.176 (0.735) 2.667*
MP_2 2.066 0.249 (0.727) 3.865***
MP_3 2.154 0.098 (0.752) 1.664
Marketing
proficiency
MP_4 2.108 0.216 (0.760) 3.475%**
MP_5 2.084 0.297 (0.813 5.106***
MP_6 1.940 0.266 (0.810) 4.632***
Product LV_PM 2.342 0.481 (0.924) 4.170%**
competitive
advantage LV_PS | 2.342 0.585 (0.949) 5.170%**
Note: *Significant for p < .05. {value 1.96) **Significant for p < .01.{talue
2.58) ***Significant for p < .001. @alue 3.29)
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4.8.2 Evaluation of the Structural Model

After the successful evaluation of the measurement models (i.e., reliable and valid
measurement model estimat8pnthe structural model (i.e., the latent variables

and their path relainships) is evaluated (Henseler et al. 2009, p. 30Bs

i ncludes the study of the model 6s predi c
relationships between the latent variables (Hair et al. 2016, p. [tOparticular,

the assessment involves testfog collinearity issues, evaluatirtge significance

and relevance of the structural model relationships, the coeffcieht

determination R the f effect sizs, the predictive relevance?Qand the geffect

sizes (Hair et al. 2016, p. 190ffsee Figue 23.

Evaluation of the Structural Model

Collinearity Assessment
StructuralModel PathCoefficient
Coefficientof Determination (RValue)
Effect Size £

Prediction Relevance?@nd Effect Size g

Figure 23; Evaluation of the structural modél
4.8.2.1 Collinearity Assessment

Collinear ity vdriables asedighlywdirelated t(woai r et al . 20
313). Collinearities between exogenous latent varialdas lead toproblems

since the estimated path coefficients can become unstabfardnain their target

values. As a consequence, predictions by the structural model turn out to be of

poor quality (Wold et al. 1984, p. 73%s outlined byDormann et al(2013, p.

28), collinearity among independent constructs can be consideeedpecial case

of model noridentifiability: if two highly correlatedexogenous constructs are

both related wh an endogenous construct, it wilbt be possible to identify the

Atrueo predictor wiThelefore tHairfeual @di& p. 209N f or ma't

*% Figure adapted from (Hair et al. 2016, p. 106).
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advocateexaminingeach exogenous latent variable for collineariyparticulay

the authors suggest that eadnstrucd s VI F val ue should be bel
valueof 5.0 to avoid collinearity issues (Hair et al. 2011, p. 145; Hair et al. 2016,
p. 209). Table 53showsthe VIF values of allcombinations of endogenous
constructs (represented by the columns) and corresponding exogenous (i.e.,
predictor) constructs (remented by the rows). The following constructs are
assessed for collinearityechnicalfit and marketingproficiency as predictors of
technical proficiency, technicalfit and marketing researchfit as predictors of
marketing proficiency, technical proficiency as predictor ofR&D objective

fulfil Iment technicalfit, marketingresearclfit, technicalproficiency, marketing
proficiency, andR&D obijectivefulfil Imentas predictors oproduct competitive
advantage. As depicted ihable 53 all values are cleayl below the threshold
valueof 5.0.To conclude, the results demonstrate that collinearity is not an issue
in the present structural path model.
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Table53: Collinearity assessment

1 Technical

fit 1.307 | 1.217 1.550

2 Marketing

research fit 1.227 1.473

3 Technical

e 1.016 | 2.539
proficiency

4 Marketing

o 1.319 2.272
proficiency

5R&D
objective 1.333
fulfi llment

6 Product
competitive
advantage

7 Number
project 1.317| 1.322| 1.317 | 1.325
partners

8 Project
duration

1.247 | 1.247 | 1.250 | 1.258

9 Size

project team 1.425| 1.422 | 1.407 | 1.433

4.8.2.2Structural Model Path Coefficients

Path coefficients fAare esti made@e,path r el
bet ween the constructs in thand thardel ) 0 (F
estimation can be consideradthe basis for hypothesis testing (Kock 2014, p. 3).

In the present study, each path coefficient reéatiserto a hypothesior to a
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contol path to account for effects not suggested in the hypoth€abks 54 to

56 display the standardized path coefficients and respectivalues. The

bootstrapping procedureasused to asseske significancef path coefficients’

Path estimation indates that technical if has no direct effect onproduct

competitive advantage( b 601, 0.s°®), rejecting hypothesi$i1. Likewise,

marketing research if does not enhanceroduct competitive advantage( b - =

0.052, ns), rejecting hypothesi#i2. Confirming hypothesidH3, technical fit

positively affecs technicalproficiency ( b 0.279, p < 0.001)Technicalfit also

increasse marketingproficiency( b = 0. 3 2 AsuppoptinghypOtheidd.1 )

Furthermore marketingresearcHit enhance marketingproficiency( b = 0. 37 1, p

< 0.001) supporting hypothesi#d5. Confirming hypothsis H6, marketing

proficiency directly affecs technical proficiency ( b = 0.578, p < 0.

Supporting hypothesidH7, marketing proficiency positively affectsproduct

competitivead vant age (b = Téchnk&pBiicienry h&noGirebt0 1) .
effecton productcompetitiveadvantagd b = 0s.), fiejécling hypothesis8.

Confirming hypothesi$d9, technicalproficiency directly affects R&D objective

fulfillment( b = 0. 4 7 7. Supporting the) laso lydothesi$l0, R&D

objective fulfilment enhance product competitive advantage( b 307, p <

0.001) Regarding the control paths, onpyoject duration ha a significant-

however extremely weak direct effect onproduct competitvead vant age (b =
0.096, p < 0.01).

" As recommended by Hair, Sarstedt, Ringle, & Mena (2012, p. 429) and Hair et al. (2016, p.
160), the following options were selected using the bootstrapping procedure in SmartPLS
(Ringle et al. 2015): the selected number of bootstrap samples was 5000 (subsamples); the no sign
change option was chosen to obtain the most conservative results (sign change option); the number
of bootstrap cases equalled the number of valid obsengati@., 517 observations).

% n.s. = not significant.
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Table54: Standardized path coefficients and significances (1)

Hypothesized Path

Hypothesis

Path
Coefficient

Supported

Technicalfit A Product

. H1 0.001 0.021 No
competitive advantage
Marketing research fA
Product competitive H2 -0.022 1.071 No
advantage
Tec_hr_ucal fitA Technical H3 0.279 7 9 Hkr Yes
proficiency
Technical fitA, Marketing H4 0.321 | 6.968%* |  Yes
proficiency
Marketingresearchiit A H5 0.371 | 8.295** |  Yes
Marketingproficiency
Marketing proficiencyy H6 0578 |15.888*| Yes
Technicalproficiency
Marketing proficiencyh
Productcompetitive H7 0.293 4.5471*** Yes
advantage
TechnicalproficiencyA
Productcompetitive H8 0.131 1.938 No
advantage
TechnicalproficiencyA ok
R&D objectivefulfillment H9 0.477 11.486 ves
R&D objective fulfillment
A Productcompetitive H10 0.307 5.920*** Yes

advantage

Not es: b =

standardi zed

pat h-vaue 1e96)]
**Significant for p < .01 (tvalue 2.58); ***Significant for p < .001 {talue 3.29).
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Table55: Standardized path coefficients and significancgs (|

Path
Coefficient

Hypothesized Path Hypothesis

Supported

Numb_erprOJe_c'FpartnerSA, Control -0.033 1.086
technicalproficiency Path

NumberprojectpartnersA Control i
MarketingProficiency Path 0.017 0.455
NumberprojectpartnersA Control i

R&D objecive fulfilIment Path 0.026 0.588

NumberprojectpartnersA Control

Productcompetitive -0.047 1.104
Path

advantage

ProjectdurationA Control

Technicalproficiency Path 0.057 1.660
ProjectdurationA Control

Marketingproficiency Path -0.002 0.042
ProjectdurationA R&D Control

objective fulfilment Path -0.049 1.151

Projectduration” Product | Control 0.096 o 707k

competitiveadvantage Path

?Zcehﬁirgzja?;rto:‘ieg?ncy ng’;[]ol -0.025 0.723
Varetngprofidency | patn | 0074 | 1700
Speproectamm ReD | Contal | oon1 | 0229

Not es: b = standardi zed pat h-vauele9b)]

**Significant for p < .01 (tvalue 2.58); ***Significant for p < .001 {talue 3.29).
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Table56: Standardized path coefficients and significangk}

Path
Coefficient

Hypothesized Path Hypothesis

Supported

Size project team,
Product competitive Control | 050 | 0.723

advantage Path

Notes: b = standardized path coefficieriSignificant for p <0.05 (t-value 1.96)
**Significant for p <.01 (tvalue 2.58)***Significant for p < .001 (tvalue 3.29)

Figure 24illustrates the research model including the respective path

coefficients.
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Technical ) b OAT7T™ R&D Objective
Proficiency Fulfillment
A
- b 08307***
Technical Fit 0.001
Product
b 0321 Competitive
Marketing ] Advantage
Research Fit b -8.052
- b 0578
b 07_371*** ) b 0;293***
Marketing
Proficiency
Notes: *significant at the p = 0.05 level; **significant at the p = 0.01 level; **significant at the p = 0.001 level.

Figure 24: Research model including path coefficients and pathifsignces
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I n addition to examining one | atent wvar
et al. (2016, p. 197f.) recommem/estigatingits indirect effects through one or
more mediating latent variableBhe sum of direct and indirect effects represent
the total effect of a particular construct otaegetconstruct. The interpretation of
total effects is advised for studies aiming to explore the differential influence of
several driver variables on a target variable through @nmore mediating
variables (Hair et al. 2016, p. 197f.).

Table 57 displays the total effect values and respectivalties. The
bootstrapping procedurgasused to assess the significance of path coefficiénts.
First, this procedure allowsxploringwhetherthe driver construodf technicalfit
(ultimately) influencs the key target construcf productcompetitiveadvantage
via the constructsof technical proficiency, marketing proficiency, andR&D
objectivefulfillment Though thedriver construchas no significantdirect efect
on the target construct, results demonstrate téncinicalfit ultimately ha an
impact onproduct competitive advantage(0.224, p < 0.001)Second it can be
investigatedwhetherthe driver construcbf marketing researchfit (ultimately)
influences the key target construatf product competitive advantage via the
constructsof technical proficiency, marketing proficiency, andR&D objective
fulfillment It can again be found thahdugh the driverconstruct has no
significant direct effect on the taej construct,the results demonstrate that
marketingresearcHit ultimately ha an impact orproductcompetitiveadvantage
(0.116 p < 0.®). Finally, and with regard to the key target variabpeoduct
competitiveadvantage, ibecomes apparetitat amonghe four driver constructs,
marketing proficiency ha the strongest total effect oproduct competitive
advantage (0.454, p < 0.001), followed bgchnical proficiency (0.278, p <
0.001).

%9 As recommended by Hair, Sarstedt, Ringle, & Mena (2012, p. 429) and Hair et al. (2016, p.
160), the following options were selected using the bootstrapping procedure in SmartPLS 3
(Ringle et al. 201p the selected number of bootstrap samples was 5000 (subsamples); the no sign
change option was chosen to obtain the most conservative results (sign change option); the number

of bootstrap cases equalled the number of valid observations (i.e., 517 tbesjva
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Table57: Significance testing results tfe total effects

Path Total Effect t-value

Technical fitA Product competitive advantage 0.224 4,293 **

Marketing research fi4 Product competitive

0.116 2.446
advantage

Marketing proficiencyd Product competitive

0.454 8.219**
advantage

Technicalproficiency”A Product competitive

0.278 4.220**
advantage

Notes: *Significant for p < 0.05 fvalue 1.96); **Significant for p < .01 talue
2.58); ***Significant for p < .001 @value 3.29).

4.8.2.3Coefficient of Determination (R? Value)

The predomant criterion for the evaluation of predictive power of PREM is

the coefficient ofdetermination(R?) (Hair, Sarstedt, Ringle, & Mena 201p.

426; Sarstedt et al. 2014. 156) The coefficient of determination is computed as

the squared correlationelt we e n an endogenous | atent %
predicted value and therefof@ measure of the proportion of an endogenous
construct 6s v anedbyits predictorftamgtrucis s( Heaxi prl aeit al . 2
p. 313). In other words, the Rvalue embodes the exogenous <coO

combined effects on the endogenous construct (Hair et al. 2016, p. 198).

As a prediction orientedpproach, the objective of PLSEM is to
maximize the Rvalues of the endogenous constructs in the structural path model
(Hair et al. 2016, p. 209)R? values vary between 0 and 1, with higher values
indicating a larger pecentage of variance explaing¢@otz et al. 2010, p. 701).
However, there is no generally valid threshold value, since thelRes depend
on a large extent othe research context (e.g., highly exploratory reseatih)
role of the latent variables (e.g., mediator or target varialdey model
complexity (Hair, Sarstedt, Ringle, & Mena 201@. 43Q Hair et al. 2016, p.
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198f). In the present study and degidtinTable 58 technicalproficiency ha the
highest R value (0.570), followed bymarketing proficiency (0.354),product
competitiveadvantage (0.347), ariR&D objectivefulfillIment(0.230).

Table58: Coefficient of determinatio (R value)

Technical
proficiency

Marketing
proficiency

R&D
objective
fulfi [Iment

Product
competitive
advantage

4.8.2.4Effect Size f

While the coefficient of determination indicates the explained proportion of an
endogenous construct 6¢ can her dpgliedceevaluatth e ef f e
whether arexogenous latent variable exerts a significant influence (effect) on an
endogenous latent variable (Weiber/Miihlhaus 2014, p. 328)f*Tftect sizeis

defined adh aneasure used to assess the relative impact of a predictor construct

NS

on an endogenous constructo (Hair et al

The effect size’fof an endogenous construgmonstrates how much the
R? value (of thatendogenous construct) changes whenassoiated exogenous
construct is not used for estimating the coefficient of determination
(Weiber/Miihlhaus 2014, p. 328)o be more precise, the change in tfev&ue
of the endogenous construct is computed by estimating the path model twice: the
first time with the associated exogaums construct, and the second gimvithout
the associated exogaums construct (Gotz et al. 2010, p. 702hin (1998b, p.
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317)classifies effect sizéf al ues of 0.02, 0.15, 0.35 as
small, medium, or Ime effect (respectively)on a particular endogenous

construct (Gotz et al. 2010, p. 70Epllowing the guidelines oHair et al. (2016,

p. 201f.),an effect size*value of less than 0.02 indicates that there is no relative

impad of a predictor congiict on arendogenousonstruct.

Table 59 shows the % values for all combinations of endogenous
constructs (represented by the columns) and corresponding exogenous (i.e.,
predictor) constructs (represented by the rowsgkhnicalfit has a small toan
almast medium effect size of 0.13&n technical proficiency and 0f0.131 on
marketing proficiency. In correspondencavith the identified nonsignificant
relationship of hypothesidl, technicalfit has no effect onproduct competitive
advantage (0.000Markeing researcHit has a medium effect size of 0.174 on
marketing proficiency but no effect omproduct competitive advantage (0.003).
Again, the latter supports ehresults ofhypothesisH2, which revealed a nen
significant relationship between these condgBuTechnical proficiency ha a
medium effect size of 0.290 oR&D objective fulfillment but no effect on
productcompetitiveadvantage (0.010). The latter is in accordance with the results
of hypothesis 18 that there was no significant relationship beémethese
variables.Marketing proficiency ha a large effect size of 0.589 dechnical
proficiency and a small effect size of 0.058 product competitive advantage.
Finally, R&D objective fulfillment has a small effect size of 0.108 gmwoduct
competitive advantage.
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Table59: Effect size%

1 Technical
fit

2 Marketing

research fit 0.174 0.003

3 Technical

e 0.290| 0.010
proficiency

4 Marketing

- 0.589 0.058
proficiency

5R&D
objective 0.108
fulfil Iment

6 Product
competitive
advantage

project 0.002| 0.000| 0.001| 0.003
partners

8 Project
duration

0.006 | 0.000| 0.003| 0.011

9 Size project

0.001| 0.006/| 0.000/| 0.003
team

48.2.5Prediction RelevanceQ?and Effect Sizeg?

The StoneGeisser criterion & (Geisser 1974 Stone 197} can be applied to

assess the predictive relevance of an endogenous construct that has a reflective
measurement specificatio(Chin 1998b, p. 317f.) This measure evaluates

whet her a model Aaccurately predicts dat a
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parameter so ( Ha ibymearts oféhk blind®Ifirg rocedure. B8 2 5)
applying this technique, part of the original data matrix is systemgteessumed

to be missing during parameter estimatidhen the obtained parameter values

are used to predict thmissingraw data(Weiber/Muhlhaus 2014, p. 329)hus,

the Q° value is a measure ofutof-sample predictive power or predictive

relevance (Hi et al. 2016, p. 325A Q? valuelarger tharD represents predictive

relevance of the model, whereasQ? value smaller thanO implies a lack of

predictive relevance (Chin 1998b, p. 318; Henseler et al. 20@®3).The only

endogenous construct inetimodel that has a reflective measurement specification

is R&D objective fulfillment This construct lma @& value of 0.188 which
supports the modelHowevep the @valug anly enpliese | evanc e
that the endogenous latent variable (ilR&D objective fulfilmen) can be

predicted but does not alloawvaluatingthe quality of the predictiofSarstediet

al. 2014 p. 156).Therefore, the effect siz€q s app | i ethe ralabve assess |
predictive relevance of a predictor canst on an endogmwus construét  ( Hai r et

al. 2016, p. 325).

In analogy to the effect sizé’,fthe change in the?qvalue of the
endogenous construct ealculatedby estimating the path model twice: the first
time with the associated exogers construct, and the seconuhdi without the
associated exogens construct (Weiber/Muhlhaus 2014, p. 330)the proposed
model, technical proficiency is the only predictor variable &&D objective
fulfillment The ¢ effect size oftechnical proficiency on R&D objective
fulfillment is 0.23Q which implies a moderate predictive relevance of the
predictorvariable on the endogenous constr(ldair, Sarstedt, Ringle, & Mena
2012 p. 430).

4.8.2.6Conclusion

In correspondence withHair et al. (2016, p. 190ff.),he evaluation of the
structural modelincluded an initial investigation of collinearity issues the
assessment of the significance and relevance of the structural model relationships
the level of the coefficient of determinatiorf, Rhe f effect size, the predictive
relevance @ and the geffect size Data analysis showed that collinearity was no

concern all endogenous variables were well explained (averdge ®38) and
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the model had predictive relevance. Path estimation indicated that all hypotheses
were supported, exceptypotheses H1, H2, and8HIn sum, the assessment
demonstrated thaharketingproficiency had the strongest total effect gnoduct
competitive advantage, followed byR&D objective fulfillment technical

proficiency,technicalfit, andmarketingfit.

4.8.3 Additional Analysis

4.8.3.1Mediation Analysis

PLSSEM is a powerfulstatistical analysis technigder testing hypothesesi
complex models whiclare ofexploratory naturgReinartz et al. 2009; Dijkstra
2010;Hair, Sarstedt, Pieper, & Ringle 2QX2air, Sarstedt, Ringle, & Mena 2012
Ringle et al. 2012; Hair et al. 2016; Nitzl et al. 201idpwever, in complex
models it is important to ensure that effects that do not diyeetVealthemselves

are not neglectedNot only direct effects have to be ex@nedbut also potential
indirect effectqHair et al. 2016, p. 227ff.)-he consideration and investigation of
indirect effectsare necessary for a proper interpretation of the empirical results.
Otherwise, there is a chance that certain iatationshi inherent in research
data will not be recognizé, and thereforenot be taken into accounth the
evaluation of the research mod@itzl et al. 2016, p. 1849)in particular, a
mediation analysis is to be conducted in order to capgheewhole range of
interrelationship e t we e n s eonstructs (Blair &t al. 2016, p. 227f)On | y
when the possible mediation is theoretically taken into account and also
empirically tested can the nature of the caeffect relationship be fully and
accuratelyundetsodd ( Hair et al . 2016, p. 232).

Medi ati on I s Aone way that a researctht
mechanism by which one variableaft t s anot her 06 200Mapc Ki nnon
594). Mediation analysis focuses on a sequence of relationships in which an
independent variable influences a mediation variable, which then influences a
dependent variabl@itzl et al. 2016, p. 1850)Thus, a third variable exists in
mediation, which takes on an intermediate role in the relationship between the
independent and depaent variablegHair et al. 2016, p. 227f.) Teghnically

speaking, the effect of the independent variable X on the dependent variable Y is
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mediated by a third variable, M, called timediating variable or mediato(NitzI
et al. 2016, p. 185kee Figureb).

Independent ] P3 Dependent
Variable X Variable Y
P1 P2
Mediating
Variable M

Figure 25; Generalmediation modéf

In the conceptual developmeunitthe research model of this thedtswas
assumed that marketing proficienggrtially mediates the effect of technical fit on
technical proficiency, R&Dobjective fulfillment partially mediates the effect of
technical proficiency on product competitive advantage, marketing proficiency
partially mediates the effect of marketing research fit on product competitive
advantage, technical proficienpartially mediates the effect of technical fit on
product competitive advantage, and finally technical proficiempartially
mediates the effect of marketing proficiency on piidcompetitive advantage
(see &ction 3.2).

Figure 26illustrates the guidelines for cdocting a mediation analysis
according tazhao et & (2010), Hair et al. (2016), as well as Nitzl et al. (2011%).
the processof the mediation analysis,hé bootstrapping procedure (5,000
replications)is appliedto assess the significance of tieectandindirect effects
(Preacher/Hayes 2004, p. 717ff.; Preacher/Hayes 2008, p. 878iffet al. 2016,
p. 228ff.).

% Figure adapted from Nitzl et al. (2016, p. 1851).
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Isp, * P,
significant
Yes 2 No
Is ps
significant
Yes ? No
Yes significant
?
A 4 A 4
Complementary Competitive Indirect No
(partial (partial only (full mediation
mediation mediatior) mediation

Figure 26: Mediator analysis procedufé

The first step of the mediator angl/ involves determining the
sigrificance of the indirect effecti.é., pr * p2) of the relationship under
investigation (Zhao et al. 2010, p. 201; Hair et al. 2016, p. 233; Nitzl et al. 2016,
p . 1853) . AThe one and only requirement t
indirect efedd0 ( Zhao et al . 2010, p . 200) . Ther e
relationships in the research model of this thesis inherent no mediation effects:
technical proficiency does not mediate the effect of a) technical fit on product
competitive advantage and bf marketing proficiency on product competitive
advantagé® The underlying reason is th#éte relationship betweetechnical
proficiency andoroductcompetitive advantage is not significant at a level of 0.05

(t = 1.938; see é&ction 4.8.2.2). It can beoncluded that technical proficiency

®1 Figure adapted from Zhao et al. (2010, p. 201), Hair et al. (2016, p. 233), and Nitzl et al. (2016,
p. 1853).
%2 please note that the remaining hypothesized relationships in the research niodéhhérent

mediation effects are discussed later in this section
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does not function as a mediator in any of the relationships in the research model.
The remaining fouhypothesized relationships in the research model of this thesis
inherent mediation effects and will be discussed itaitleafter this brief

description of the mediator analysis procedure.

The second stepf the analysigletermines the type of mediation (Zhao et
al. 2010, p. 201, Hair et al. 2016, p. 233; Nitzl et al. 2016, p. 186@ationship
which hasalready beerconfirmed to hold asignificant indirect effect isnow
tested for theignificance of adirect effect (g) between the independent variable
and the dpendent variable (see Figure).2b the direct effect is not significant,
the relationship undenvestigtion will be characterized as futhediation. The
effect from the independent variable to the dependent variable is completely
passed via the mediating variable (Zhao et al. 2010, p. 200; Hair et al. 2016, p.
234; Nitzl et al . Sedkbhg, thepvarialde8X=ektracts hiss Te c hni
influence only undea certain condition of Mon& ( Ni t z | et al . 2016
When <cl assi fyi ngmeadinaetdiioantdi,o nt haes rfofluel lof t F
alsoto be considered (Rucker et al. 2011, p. 36Mitzl et al. 2016, p. 1855).
According to Rucker et al . (2011, p . 364)
likely mediation (when present) is to ladeledfull as opposed to partial, because
[the direct ef fect] i s mo rweverethescasesy r end e |
which are included in the empirical analysis of this thesis (i.e., the sample size)
are 517, and shalthereforepe regarded aa sufficient sample size (seecdion
4.5; for a discussion on sample size in the context of theSHN algaithm, see
Henseler et al. 2016, p. 8).

When the direct effect is significant, the relationship under investigation is
characterized as partial mediation, whereby it is distinguished between
complementary partial mediation and competitive partial medigifinao et al.
2010, p. 200f.; Hair et al. 2016, p. 234; Nitzl et al. 2016, p. 1856).

®For a simple mediation model such as that shown
quite low, starting with 30 cases to detect strong effects, which is often the case intéx¢ aon

experimental research (small sample per group and analyzing strong effects). Notwithstanding, a

medi um and small effect size would require a sampl
al. 2016, p. 1855).



146
4 Empirical Analysis of the Research Model

In case of a complementary partial mediation, the significant indirect
effect and the significant direct effect point in the same direction (Zhao et al.
2010, p. 200f.; Hir et al. 2016, p. 234; Nitzl et al. 2016, p. 1856). The product of
the indirect effect and the direct effece(, p.*p2*p3) is positive (Hair et al. 2016,
p. 234). The mediator variable explains or falsifies the relationship between
independent and depdent variables (Nitzl et al. 2016, p. 1856). Technically
speaking, Afa portion of the effect of X o

still explains a portio of Y that is independentoféd ( Ni t z| et al . 2016,

In case of a competitive partiatediation, the significant indirect effect
and the significant direct effect point in opposite directions (Zhao et al. 2010, p.
200f.; Hair et al. 2016, p. 234; Nitzl et al. 2016, p. 1856). The product of the
indirect effect and the direct effedte(, p1*p2*p3) is negative (Hair et al. 2016, p.
234). Again, fAa portion of the effect of
still explains a portio of Y that is independent of® ( Ni t z | et al . 2016
The mediator variable reduces or increases niagnitude of the relationship

betweerindependenand dependent variables (Nitzl et al. 2016, p. 1856).

The remaining relationships of the research model are now analyzed for

mediating effects in accordanegth the abovedepictedprocedure.

The first rdationship under investigation is tirdfluence of technical fit on

technical proficiency and the mediating role of marketing proficieseg Figure

27).

% For more details and an exampégyarding competitive partial mediation, it is recommended to
see Nitzl et al. (2016, p. 1856).
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Technical
Proficiency

A

Technical Fit b=0.578

Marketing
Proficiency

Figure 27: Relationship between technical fit and technical proficienay tie
mediating role of marketing proficiency

The empirical value of the indirect effect (0.136 f or t he techni ca
technical proficiency relationship is 6.952elding a pvalue of <0.001(i.e., the
indirect effect is significant As shown inTable 6Q the direct effect from
technical fit ontechnical proficiency i9.279 and statistically ignificant ¢ =
7.211; p= <0.001).In correspondencwith the mediation analysis presented in
Figure 25 it can be concluded thatarketing proficiency partially mediatdise
relationshipbetween technical fit and technical proficien@w identify the tpe
of partial mediation, the product of the direct effect and the indirect effect is
calculated The sign of their product is positive (i.8.279 * 0.186 = 0.051894),
therefore, it can be concluded that marketing proficiency represents
complementary medtion of the relationship fromechnical fit to technical
proficiency. In sum, higher levels of technical fit increase technical proficiency
directly but also increase marketing proficiency, which in turn leadsigioer
levels of technical proficiency. Hee, some of theffect of technical fit on

technical proficiency is explained by marketing proficiency.

The results of the mediation analysis support the notion of information
processing theory (e.g., Tushman/Nadler 1978; Daft/Lengel 1986; Sinkula 1994;
Song et al. 2005)which asserts that the informatipnocessing capabilities (e.qg.,
the ability to gather, interpret, and utilize technological information) must fit the

informationprocessing requirements facing an R&D project in order to
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proficiently comuct the various technical and marketing \atés
(Tushman/Nadler 1978). Withregard to the mediating role of marketing
proficiency, marketingelated activities provide data, which are transformed into
information that guide the direction of the devetmmt process and foster the

proficient execution of technical activities.

Table 60: Significancesof the direct and indirect effects ithe relationship
between technical fit and technical proficiency

Direct t-Value Significant Indirect t-Value Significant

Effect for p Effect for p

Technical
fit A
Technical
proficiency

The second relationship under inveatign is the influence of technical
proficiency onproduct competitive advantage and tmediating role of R&D
objectivefulfi lIment(see Figure 28

Technical ] b=0.477 R&D Objective
Proficiency Fulfillment

Product
Competitive
Advantage

Figure 28 Relationship between technical proficiency and product competitive
advantage and the mediating role of R&D objective fulfillment

The empirical value of he indirect effect (0.146) for the technical
proficiency Y product competitive advanta
value of <0.001 (i.e., the indirect effect is significant). As showhahble 61 the
direct effect from technical proficiency @noductcompetitive advantage is 0.131
and sétistically nonsignificant (t= 1.938; n.s.). In correspondence with the

mediation analysis presentedrigure 25 it can be concluded that R&D objective
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fulfillment fully mediates the relationship between teichal proficiency and
product competitive advantage.

In sum, the analysis provides empirical support for the mediating role of
R&D objectivefulfillmentin the research model of this thesis. In particular, R&D
objective fulfillment represents a mechanisthat underlies the relationship
between technical proficiency and product competitive advantage. High levels of
technical proficiency lead to high levels of R&D objectiwudfillment and high

levels of R&D objectivdulfillmentlead to product competitivedvantage.

The results of the mediation analysis demonstrate the importance of
considering the specific characteristics of the biotechnology indusatnich
involves highly experimental research (De Luca et al. 2010, p. 308). R&D
projects in the biotechihagy industry inherent uncertainty wittegard to their
potential outcome (Rothaermel/Deeds 2004208f.). However, it is expected
that the proficient execution of technical activities (e.g., prototype testing)
generates data which is interpreted andvdraonclusions from (Egelhoff 1991,
p. 342f.).This gained informatiorserves as new input for the iterative process of
technical R&D activities. Therefore as it was hypothesized and eventually
supported by the datathe more proficient technical actids are executed, the
more valuable informatiorwill be obtained that will supporthe product
development process and thus the fulfilment of the initial R&D objecBusce
research goals are expected to be based on user preferences, market trends and a
clear understanding of ARappeal o characte
product, the fulfilment of the R&D objective is shown to be positively related to
the achievement of a product competitive advantage (i.e., a product that is

superior to compéive offerings and meaningful to target users).



150
4 Empirical Analysis of the Research Model

Table 61: Significancesof the direct and indirect effects ithe relationship
between technical proficiency apdoduct competitive advantage

Direct Significant Indirect Significant
Effect | U Value for p Effect U value forp

Technical

proficiency
A Product
competitive
advantage

The third relationship under investgion is the influence omarketing
reseach fit onproduct competitive advantagedathe mediating role of marketing

proficiency 6ee Figure 29

Product
Competitive
Marketing Advantage
Research Fit
b=0.371 b=0.293
Marketing
Proficiency

Figure 29: Relationship between marketing research fit and product competitive
advantage and the mediating role of marketing proficiency

The empirical dvalue of tle indirect effect (@09) for the marketing
research fit Y product c o &34 vieidihgiaywe advant
value of <0.001 (i.e., the indirect effect is significant). As showhahble 62 the
direct effect from marketing research fit pnoductcompetitive advatageis -
0.052and statisticallyhonsignificant ¢ = 1.072, n.s). In correspondenceith the
mediation analysis presented kiigure 25 it can be concluded thamarketing
proficiency fully mediatesthe relationshipbetween marketing research fit and
product competitive advantagén sum,the analysis provides empiricalpport
for the mediating role of marketing proficiency in the research model of this
thesis.In particular, marketing proficiency represents a mechanism that underlies
the relationship keeen marketing research fit and product competitive

advantage. High levels of marketing research fit lead to high levels of marketing
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proficiency and high levels of marketing proficiency lead to product competitive
advantage.

The resultsof the mediatia analysissupport the notion of Day/Wensley
(1988, p. 7)who argue thasuperior resources and skills are not automatically
converted into competitive advantages. It is shown that the relationship between
anR&D pr oj ect 6s fit wit heseardthekill@and iedowded e
and product competitive advantage is mediated byptieicient execution of
marketing activities (e.g., marlkt researchwhich characterize the cooperative
R&D project (Song/Parry 1997a, p. 3).

Table 62 Significancesof the direct and indirect effects ithe relationship
between marketing research fit and product competitive advantage

Direct | Significant Indirect Significant
Effect t-value forp Effect t-Value forp

Marketing

research fit
A Product
competitive
advantage

The fourth and finakelationship under investgion is the influence of
technical fit on product competitive advantage and the mediating role of

marketing proficiencydee Figure 30

R b=0.001 Product
Technical Fit Competitive
Advantage
b=0.321 b =0.293
Marketing
Proficiency

Figure 30: Relationship between technical fit and product competitive advantage
and the mediating role of marketing proficiency

mar k
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The empirical value of the indirect effect (@94) for the technicaf i t Y
product competitive advantage relationshi.i838 yielding a pvalue of <0.001
(i.e., the indirect effect is significant). As shown Tiable 63 the direct effect
from technicalfit on productcompetitive advantage &001and statistically non
significant ¢ = 0.02% n.s.). In correspondence with the mediation analysis
presented inFigure 25 it can be concluded that marketing proficiency fully
mediates the relationshifpetween technicalfit and product competitive
advantage. In sunthe analys again demonstratemmpirical support for the
mediating role of marketing proficiency in the research model of this thesis. In
particular, marketing proficiency represents a mechanism that underlies the
relationship between technicéit and product comgéive advantage. lgh levels
of technicalfit lead to high levels of marketingroficiency and high levels of

marketing proficiency lead to product competitive advantage.

The resultof the mediation analysidemonstrate once more that superior
resourcesand skills are not directly tied to the achievement of competitive
advantages (Day/Wensley 1988, p. 7). Instead, it is the competent exeamfution
marketing activities in cooperative R&D projéex (e.g., market research) that
mediates the relationship bewmvean R&D pr oj ect 6s fit wi th th

technical skills and resourcaad product competitive advantage.

Table 63: Significancesof the direct and indirect effects ithe relationship
between technical fit and product compe#itadvantage

Direct Significant Indirect Significant
Effect U Vvalue for p Effect 1 Value for p

Technical

fit A
Product

competitive
advantage

4.8.3.2Comparison of Effects in Subsamples

PLS-SEM applications typically alyze the entire data set, implicitly considering
that the data used originate from a single homogeneous population (Hair et al.
2016, p. 290). However, one might argue that the assumption of homogeneous

data characteristics does not hold for the dateoGdhis thesis because of the
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diverseand interdisciplinary nature dfiotechnology. For instance, R&D in the
biotechnological area of human health and medicine is heavily sdiaseel and
considered to be tedious, risky and expensive (Schiler 20167{b). Tthere is
actually no other product that is as complex to tgvas drugs, especially due to
extensive human testing studies and very strict market approval requirements
(Schiler 2016, p. 167). Hence, the proposed relationghegs path coefficiets

and their significancesin the research model (seecBon 3.2) might differ
between the biotechnological area of human health/medicine and other
biotechnological areas of activity. Disregarding potential data heterogeneity may
threaten the validityof PLSSEM results andentail misleading conclusions
(Sarstedt et al. 2009, p. 185ff.; Sarstedt et al. 2011, p. 197; Hair et al. 2016, p.
290).

Therefore, a multigroup analysis to compare the hypothesized paths in the
research model and to detect poterdiierences across data groups is conducted.
A multigroup analysis can be consideish special case ahoderation analysis
(Sarstedt et al. 2011, p. 198; Hair et al. 2016, p. 322). A moderation occurs when
a (moderator) var i alahdbor stiedghf df the tektiont h e
between an independent or predictor variable and a dependent or criterion
variabl ed6d6 ( Bp ). IKreultigroup ahd&@ly8ehe moderator
variable is categorical and potentially affects all the relationshiplseimesearch
model (Henseler/Chin 2010, p. 83; Hair et al. 2016, p. 322). In particular, it is
tested whether parameter estimates differ significantly between groups (Sarsted et
al. 2011, p. 198; Hair et al. 2016, p. 322).

In the following multigroup angkis, two groups or subsamples are under
investigation: a) the subsample of responses regarding cooperative R&D projects
in the biotechnological area of human health and medicine (HHM subsample),
and b) the subsample of responses regarding cooperative dR&€xts in other
biotechnological area®f activity (nonHHM subsample). The latter group
involves responses concerning the biotechnological areas of industrial
biotechnology, agricultural biotechnology, nspecific applications, not (yet)
assignable apigations, and animal health (see Section 4.5). As described in
Section 4.5, 517 usable questionnaires were returned in total. The HHM
subsample includes 295 cases, anchtireHHM subsample contains 222 cases.

di
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The first prerequisite when comparing modgtiraates across subsamples
Is to verify that construct measures are invariant across the two groups under
investigation (see #ction 4.8.3.2.1). The secoptkrequisite is that the qualitf
the measurement modatempies with the requirements of F=SEM for both
subsamples (seee&tion 4.8.3.2.2). Eventually, the multigroapalysis can be
conducted (seee$tion 4.8.3.2.3).

4.8.3.2.1Measurement Invariance Tests

When conducting comparisons of model estimation results across different groups

of responders, the first step involves the assessment of measurement invariance

(Henseler et al. 2016). Following the definition of Henseler et al. (2016, p. 406),
measur ement i nvariance 1S concerned with
conditions of observing andustying phenomena, measurement operations yield
measures of the same attributed (Horn/ McA
measurement invariance, it is ensured that (possibly different) -gpmegfic

model estimates (e.g., different relationships betwme v ar i abl es) Ado nc
from distinctive content and the meanings
(Henseler et al. 2016, p. 409). In other words, it is ensured that potential variations

in the relationships between constructs do not redattinstance from different

understandings of R&D activities or product competitive advantage between
respondents active in the biotechnological area of health/medicine and
respondents active in other areas of biotechno(&gystedt et al. 2011, p. 214)

Therefore, a prerequisite for conducting multigroup comparisons is data

equi val ence, ensuring that nany differenc
the phenomena of interest, and are not simply a reflection of issues such as scale

use tendencies andffdrencesin construct conceptualizatioms ( Hu | t et al . 2
p. 1028). Without having established measurement invariance, the power of

statistical assessments of hypotheses is questionable and misleading conclusions

might be dawn (Hult et al. 2008, p.(028; Henseler et al. 2016, p. 409).

In the context of PLSSEM, Henseler et al. (2016) introduced a hon
parametric, threstep procedure to analyze the measurement invariance of

composite models (MICOM). The procedure includes an evaluatioordigural
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invariance, compositional invariance,danf the equality of a constricts me a n

value and variance across groups (Henseler et al. 2016, p. 412ff.).

The evaluation otonfiguralinvariance involves a qualitative analysis of
the construct s & greupse(tlenselerced tali 2006, pa 413f9.s
Regarding the two subsamples under investigation, all of the necessary
requirements are fulfilled: i.e., across groups, each measurement model is
specified through the same indicators, the data treatment iscalgjetig., missing
value treatment), and the PLS algorithm settings are identical. Thus, it can be
concluded that configural invariance has been established.

Compositional invariance entails that the prescription for combining the
indicators into construstis the same for all groups. Therefore, compositional
i nvariance requests that a constructods sc
(Henseler et al. 2016, p. 414). Henseler et al. (2016, p. 414f.) suggest conducting a
(non-parametric) permutation testver the correlation c (i.e., the correlation
between the constructs scores) in order to test for this type of invariance.
Compositimal invariance is established wharonstruct has a correlation ine

subsamples that is not significantly lower than @tenseler et al. 2016, p. 421).

Table 64shows the results of 5,000 permutations. With a value of 0.970,
which is very close to one, marketing proficiency has the lowest ¢ value of all
constructs in the research model. The permutation test substantétesrike of
the c values are significantly different from one. It ,ctrerefore be concluded
that compositional invariance has been established for all constructs (Henseler et
al. 2016, p. 421).
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Table64: MICOM results of thenodel (1)

95% confidence =~ Compositional

Construct C value (=1) . : :
interval invariance?

Technical fit 0.998 [0.985; 1.000] Yes
Marketing 0.999 [0.998; 1.000] Yes
research fit
Technical 0.985 [0.947; 1.000] Yes
proficiency
Marketing 0.970 [0.958 1.000] Yes
proficiency

RE&D objective 1.000 [1.000; 1.000] Yes
fulfil Iment

Product

competitive 0.992 [0.952; 1.000] Yes

advantage
Finally, the constructsé equalitsge of me an

Table 65and Table 66 The permutation test resu(s,000 permutations) confirm
that the mean value and the variance of a coctsinithe HHM subsampléo not
significantly differ from the results in theonHHM subsamplé® This finding
holds for all constructs in the researamodel. Therefore the outcoras of
MI COMOG s falsosadportsneasysement invariang¢enseler et al. 2016,
p. 421).

®APlease note that MI-Gaellcohfidende thervats.rFor phis reasant taet i o n
sentence on page 416 in the article by Henseler et al. (20i@he confidence intervals of
differences in mean values and logarithms of variances between the construct scores of the first
and second group include zero, the researcher can assume that the composite mean values and
variances are equal.", needs tochanged. The more precise and corrected version of this sentence

is as f ol |l ows :-baset tonfilence intpreals wfuiffexendesin mean values and
logarithms of variances between the construct scores of the first and second group include the
obtained difference, the researcher can assume that the composite mean values and variances are

e q u a | .htfps://wwé.smartpls.com/documentation/algorithamgitechniqueshicom lag

accessed August 2019).


https://www.smartpls.com/documentation/algorithms-and-techniques/micom
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Table65: MICOM results of the model (II)

Difference of the 95%

Construct construc confidence Equal mean
; values?
value (=0) interval

Technical fit 0.018 [-0.176; 0.175] Yes
Marketing 0.077 [-0.176; 0.176] Yes
research fit
Technical ,

- 0.009 [-0.174; 0.173] Yes

proficiency
Marketing 0.022 [-0.174; 0.174] Yes
proficiency

RE&D objective -0.124 [-0.177: 0.178] Yes
fulfil Iment

Product

competitive 0.122 [-0.173; 0.179] Yes

advantage

Table66. MICOM results of the model (l1I)

Logarithm of the 95% Equal
Construct constructs _ qua
variance ration confidence variances?
(=0) interval '
Technical fit 0.127 [-0.256; 0.266] Yes
Marketing -0.017 [-0.185; 0.195] Yes
research fit
Technical 0.159 [-0.233; 0.242] Yes
proficiency
Marketing 0.102 [-0.229; 0.252] Yes
proficiency
R&D objective -0.082 [-0.255; 0.270] Yes
fulfil Iment
Product
competitive 0.002 [-0.307; 0.84] Yes
advantage

In sum, all analyses ofthe MICOM procedure introduced by Henseler et al.
(2016) support measurement invariance. Therefore, it can be concluded that full

measurement invariance has been established for the two groups of luata.
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results of the MCOM procedure have two implications: Firgte results provide
statistical evidenc¢hat it was justified to pooboth subsample§.e., the HHM
subsample and the ndtHM subsample)n the original sample of 517 cases as
the basis for hypotheses testifiienseler et al. 2016, p. 4285econd, the results
fulfill the initial prerequisitefor conducting comparisons of model estimation
results across the two different groups of respondents (i.e., the HHM subsample
and the norHHM subsample).However, having established measurement
invariance is a necessary but not sufficient precondition for multigroupSEM
analysesThe evaluation of theneasurement models of both subsamples remains
a requirement forcomparisons ofmodels estimation results across groups
(Henseler et al. 201®. 409; see &:tion4.8.3.2.2).

4.8.3.2.2Evaluation of the Measurement Models

The second step involves the assessment of the measurement ofoldeth
subsamplegi.e., reflective and formative measurement models; Hair et al. 2016,
p. 104ff.). Three latent variables are specified as reflective measurement models
(i.e., technical fit, marketing research fit, R&D objectfuéfi llmenf), and another

three latent variables are specified as formative measurement models (i.e.,

technical poficiency, marketing proficiency, product competitive advantage).

The evaluation of reflective measurement models comprises testing for
internal consistency reliability (i.e., composite reliability), convergent validity
(i.e., indicator reliability, AVE),and discriminant validity (i.e., crodsadings,
ForneltLarcker criterionHTMT ratio) (Hair et al. 2016, p. 106).

The first criterion to be evaluated is internal consistency reliabiity.
measure for internal consistency reliability is composite ndiliab which
Rdetermines whether the i1 tems measuring a
(i .e., if the correlations betwesa the ite¢
Section 4.8.1.1.1).Regarding theHHM subsample,all composite reliability
values exceed the thresholdlue of 0.70 (Bagozzi/Yi 1988, p. 82Hair et al.
2012b, p. 429 With values of 0.841 (technical fit), 0.9Zfarketing research
fit), and 0.954(R&D objective fulfillmeni, all three reflective constructs have

high levels ofinternal consistency reliabilityThe specific composite reliability
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values in the noiHHM subsamplg0.804 for technical fit, 0.919 for marketing
research fit, and 0.962 for R&D objectitidfi Imeni are also all above the @.7
threshold Thus, the angbis of composite reliability suggests that internal

consistency reliability has been establisfmdooth subsamples

The second criterion to be evaluated is convergent validitye first
measureapplied to tesfor convergent validity is indicator rebdity. Indicator
reliability is a measuré¢ o assess which part of an ind:
explained by its latent variable (G6tz et al. 2010, p. 68¢ &ction 4.8.1.1.2.1).
Regarding the HHM subsamplal] outer loadings of the reflective constts of
marketing research fit and R&D objectifdfi Imentare well above the threshold
value of 0.70 (Hulland 1999, p. 198Foncerning the reflective construct of
technical fit, the indicators TF_1 (outer loading: 0.636) and TF_2 (outer loading:
0.687) are below the thresholddowever, and in accordance with existing
literature(e.g., Hulland 1999, p. 198f.; Hair et al. 2016, p. 113/¢ indicators
are retained see ®ction 4.8.1.1.2.1)In the nonHHM subsamplethe outer
loadings of the constructd marketing research fit and R&D objectifdfi lIment
are above the threshold value of 0.70. Again, the atdis TF_1 (outer loading:
0.652 and TF_2 (outer loadingd.536) are below the threshold but will be
retained $ee ®ction 4.8.1.1.2.1).

The seond measurapplied to tesfor convergent validity is AVEAVE
is a measuref convergent validityo assess the degree to which a latent variable
explains the variance of its indicators (Hair et al. 2016, p., 382 $ction
4.8.1.1.2.2 Concerning theHHM subsamplethe AVE values of technical fit
(0.574), marketing research fit (0.853), and R&D objedhiNeliment(0.874) are
well above the required minimum level of 0.50 (Bagozzi/Yi 1988, p. 8A&
threshold value is also mé&ir the AVE values ofhe reflective constructs the
non-HHM subsarple (0.514 for technical fit, 0.850 for marketing research fit, and
0.895for R&D objectivefulfillmeni. Thus, the analyses of indicator reliability
and AVE suggest that convergent validity has been estalllisbr both

subsamples.

The third criterion to be evaluated is discriminamglidity. The first

approach used to assess t arecrosdoadisgs.r uct so6 d
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Crossl oadi ngs represent an indicatsamr 0s
the model (Hair et al. 201¢. 315; see &tion 4.8.1.1.3.1f0r both subsamples,

the examinatiomo f t h e icrosdloadirsravealthat no indicator loads
higher on an opposing constrysee Table 67 and Table )68 hus the analyses

of crossloadings suggest that discriminant validity has been established for both
subsamples.

Table67: Crossloadings (HHM subsample)

R&D Product
objective | competitive
fulfillment  advantage

Marketing

Technical Technical Marketing
research

fit fit proficiency proficiency

corr ¢
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Table68: Crossloadings (noAHHM subsample)

Marketing
research

R&D Product
objective | competitive
fulfillment  advantage

Technical Technical Marketing

fit proficiency proficiency

The secondmpr oach used to assess tkke constr
the ForneHlLarcker criterion. The FornelLarcker criterion (Fornell/Larcker
1981, p. 46) demands that the square root of the AVE of each latent variable is
hi gher t han t highestcartelationt withvaayrother bohserutsn the
structural model (Hair et al. 2016, p. 12@e &ction 4.8.1.1.3 2 The analyses of

both subsamples indicate that tbenstructs exhibidiscriminant validity gee
Table 69 and Table 70



162
4 Empirical Analysis of the Research Model

Table69: Fornell-Larcker criterion (HHM subsample)

%tTechnical 0.758

2 Marketing

research fit 0.479| 0.924

3 Technical
proficiency 0.553| 0.493

4 Marketing
proficiency 0.424] 0.516| 0.711

5R&D

objective 0.313] 0.199] 0.436| 0.372| 0.935
fulfil Iment

6 Product
eIl 0.252| 0.184| 0.442| 0.480| 0.461
advantage

7 Number
project -0.040| -0.111| -0.074| -0.045| -0.065 | -0.036| 1.000
partners

8 Project
duration -0.013| -0.032| 0.011| 0.038]| -0026 | 0.124| 0.371| 1.000

9 Size
project team

0.075| 0.067| 0.034| 0.109| 0.039| 0.039| 0.488| 0.440| 1.000

Note: Table shows the results of the Forhalicker criterion assessment with {
sqguare root of the reflective andthe
correlations between the constructs in thedidigonal position.
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Table70: Fornell-Larcker criterion (norAHHM subsample)

%tTechnical 0.717

2 Marketing

research fit 0.348| 0.922

3 Technical
proficiency 0.580| 0.451

4 Marketing
proficiency 0.577] 0.525| 0.716

5R&D
objective 0.353| 0.148]| 0.536| 0.426| 0.946
fulfil Iment

6 Product
[elnlelNilN- I 0.369| 0.241| 0.510| 0.485| 0.514
advantage

7 Number
project -0.088 | -0.004 | -0.059| -0.003| -0.111| -0.110| 1.000
partners

8 Project
duration 0.026| 0.078| 0.120| 0.018] -0.058| -0.047 | 0.292| 1.000

9 Size
project team

0.009| 0.104| 0.093| 0.111]| -0.074| -0.092| 0.470| 0.380| 1.000

Note: Table shows the results of the Forhalicker criterionassessment with th
sqguare root of the reflective con
correlations between the constructs in thedidigonal position.

The third approach used to asisess
the HTMT raio (Henseler et al. 2015, p. 115f.; Hair et al. 2016, p. k&g
Section4.8.1.1.3.3 For both subsamples, the HTMT ratio values are presented in
Table 71and Table 72, respectivelyAs can be seen, the HTMT ratio values are

all clearly under the threshd value of 0.90. In addition, all HTMT values are

t

he
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significantly different from £° Thus, the analysis of the HTMT ratio suggests that

discriminant validity has been established.

Table71: HTMT ratio (HHM subsample)

1 2 5 7 8 ?
1 Technical

fit

2 Marketing

research fit 0.588

5 R&D objective 0.370 0.216

fulfil Iment

7 Number project
parmers 0.079 | 0.128 | 0.065

8 Project 0.042 0.037 0.028 0.371

duration

9 Size project 0.092 | 0.073 | 0.040 | 0.488 | 0.440

team

% The level of significance was tested by using the bootstrapping procedure. As recommended by
Hair, Sarstedt, Ringle, & Mena (2012, p. 429) and Hair et al. (2016, p. 160), the following options
were selected using thedtstrapping procedure in SmartPLS 3 (Ringle et al. 2015): the selected
number of bootstrap samples was 5000 (subsamples); the no sign change option was chosen to
obtain the most conservative results (sign change option); the number of bootstrap cdlss equa

the number of valid observations.
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Table72: HTMT ratio (norHHM subsample)

1 2 5 ! N
1 Technical
fit
2 Marketing
research fit 0.433
5 R&D objective 0.423 0.155

fulfil Iment

7 Number project
partners 0.116 | 0.034 | 0.116

8 Project
duration 0.036 | 0.097 | 0.061 | 0.292

9 Size project 0.065 | 0120 | 0.078 | 0.470 | 0.380

team

A summary of the results is presentedieible 73and Table 74 Overall,
these results provide clear support for the mea8uediability, as well as the
measured convergentand discriminantvalidity. To conclude, the assessment
provides evidence that the measurement quality of the reflective measured latent
variables (i.e., technical fit, marketing research fit, and R&D objective

fulfillmen?) complies vith the reuirements of PLSEM for both subsamples.
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Table73: Reflective measurememiodelsevaluation (HHM subsample)

o Internal Consistency L -
Convergent Validity N Discriminant Validity
Reliability
Indicator Composite _ , o
Latent o AVE o CrossLoading Fornell Larcker Criterion HTMT
Indicator | Reliability Reliability
Variable
. . Squareoot of each
Outer loadings highe N
>0.70 >0.50 >0.70 than all its cross | €. Or?. ?] tru Clt 0s 'h/ HTMT bSIOW
loadings? its highest correlation wit 0.907
' any other construct?
TF 1 0.636
TF 2 0.687
Technical fit 0.574 0.841 Yes Yes Yes
TF 3 0.887
TF 4 0.797
, MRF_1 0.942
r'\é';"g;?é'ﬁ%t 0.853 0.921 Yes Yes Yes
MRF_2 0.905
OF_1 0.934
R&D
objective OF 2 0.947 0.874 0.954 Yes Yes Yes
fulfil Iment
OF_3 0.924
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Table74: Reflective measurememiodelsevaluation (hofHHM subsample)

Convergent Validity

Internal Consistency

Discriminant Validity

Reliability
Indicator Composite _ , o
Latent o AVE o CrossLoading Fornell Larcker Criterion HTMT
Indicator | Reliaklity Reliability
Variable
. . Squareoot of each
Outer loadings highe N
>0.70 >0.50 >0.70 than all its cross | ©. Or?. ?] tru Clt 0s 'h/ HTMT bglow
loadings? its highest correlation wit 0.907
' any other construct?

TF_ 1 0.652
TF 2 0.536

Technical fit 0.514 0.804 Yes Yes Yes
TF 3 0.851
TF 4 0.786
, MRF_1 0.953

Marke“;‘%.t 0.850 0.919 Yes Yes Yes
research it | yrp 2 0.890
OF_1 0.957

R&D
objective OF_2 0.956 0.895 0.962 Yes Yes Yes
fulfil Iment

OF_3 0.925
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The evaluation of formativemeasurement modelgncompasseshe
assessment of collinearity of the indicators, as well as the assessment of indicator
weights and the significance of weights (Hair et al. 2016, p. 137ff.).

The approach used to assess collinearity of formative indicators is the VIF
(Midi et al. 2010, p. 259see $ction 4.8.121 Each i nWIFevalue or s
should be less than 5.0 to avoid collinearity issues (Hair €0all, p. 145). For
both subsamplesll VIF values are uniformly below the threshold value of 5.
Thus, the results provide evidence that no collinearity issues arise in the formative

measurement modsfor both subsamples.

The indicatorérelative contribution to the constructs is measuhedugh
indicator weights and the significance of these weights @{al. 2016, p. 145f.).
Eachindicator represents a substantialmaft t he c on s(teeBctonds domai
4.8.1.2.2) The question to be investigated is whether formative indicatdss tru
(i.e., if the outer weights significantly differ from zera@ntribute to causinthe
latent variable (Hair et al. 2016, p. 146-or the HHM subsample, all formative
indicators aresignificant at a 5% level, exceptPr_2, TP_3, TP_4, MP_1, and
MP_3. However, the indicators are retained and interpreted as absolutely
important, since their outer loadingeeabove the threshoblklueof 0.50 (Hair et
al. 2016, p. 148)For the nomHHM subsample, all formative indicators are
significant at a 5% level, expeTP_4, TP_5, MP_2, MP_3, and MP Again, the
indicators are retained and interpreted as absolutely important, since their outer
loadings are above the thresheidueof 0.50 (Hair et al. 2016, p. 148).

Overall, the evaluation of the formative measuneimeodels suggests that
no collinearity issues arise and each formative indicator contributes to its related
latent variable. For both subsamples, the assessment provides evidence that the
measurement quality of the formative measured latent variablestéichnical
proficiency, marketing proficiency, and product competitive advantage) complies
with the requirementsf PLSSEM. The results are summarizedTable 75 and

Table 76 respectively.

%7 Tests of significance were conducted using the bootstrapping procedure (5,000 replications).
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Table75: Formative measurement mod@valuation (HHM subsample)

Formative

Formative

VIF

Outer Weight (Outer

Construct Indicator  Value Loading) t-Value
TP_1 1.651 0.321 (0.787) 3.834***
TP_2 2.136 0.179 (0.769) 1.944
TP_3 1.919 0.102 (0.623) 1.094
Technical
proficiency
TP_4 2.142 0.124 (0.702) 1.368
TP_5 2.436 0.222 (0.822) 1.962*
TP_6 2.312 0.330 (0.837) 3.546%**
MP_1 1.997 0.031 (0.637) 0.386
MP_2 1.954 0.310 (0.704) 3.713***
MP_3 2.232 0.090 (0.762) 1.044
Marketing
proficiency
MP_4 2.342 0.242 (0.802) 2.473**
MP_5 2.262 0.300 (0.827) 3.939***
MP_6 2.039 0.299 (0.838) 3.720***
Product LV_PM 2.635 0.422 (0.921) 2.347**
competitive
advantage LV _PS | 2.635 0.634 (0.966) 3.692%*+

Note: *Significant for p < .05. {value 1.96) **Significant for p < .01.{talue

2.58) ***Significant for p < .001. (value 3.29)
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Table76: Formative measurement models evaluation {ribiM subsample)

Formative

Formative

VIF

Outer Weight (Outer

Construct Indicator  Value Loading) t-Value
TP_1 1.557 0.221 (0.693) 2.504**
TP_2 1.760 0.316 (0.793) 3.254**
TP_3 1.714 0.198 (0.690) 2.280*
Technical
proficiency
TP_4 1.908 0.138 (0.681) 1.149
TP_5 1.981 0.093 (0.697) 0.990
TP_6 1.934 0.371 (0.812) 4.281***
MP_1 2.488 0.370 (0.843) 3.564**+*
MP_2 2.354 0.129 (0.742) 1.342
MP_3 2.167 0.108 (0.725) 1.262
Marketing
proficiency
MP_4 1.897 0.217 (0.704) 2.511*
MP_5 1.958 0.283 (0.802) 2.965**
MP_6 1.873 0.177 (0.756) 1.868
Product LV_PM 2.052 0.610 (0.945) 3.642%**
competitive
advantage LV_PS | 2.052 0.468 (0.90% 2.639%
Note: *Significant for p < .05. {value 1.96) **Significant for p < .01.{talue
2.58) ***Significant for p < .001. (value 3.29)
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4.8.3.2.3Multigroup Analysis

After the successful evaluation of measuremewariance and the measurement
models, the multigroup analysis procedure in PLS path modeling is conducted
(Sarstedt et al. 2011). Before comparing the path coefficients of the two
subsamples, it is advised to test for collinearity issues in order to ensure the
quality of the predictiorfsee #ction4.8.2.1). As depicted ifiable 77and Table

78, all VIF values are clearly below the threshelue of 0.50 Garstedtet al.

2011, p. 145; Hair teal. 2016, p. 209). Hencdhe results demonstrate that

collinearity is not an issue in the sttural path model for both subsamples.

Table77: Collinearity assessment (HHM subsample)

1 Technical

fit 1.226 1.302 1.594

2
Marketing 1.326 1.583
research fit

3 Technical
proficiency

1.012 2.556

4
Marketing 1.238 2.238
proficiency

5 R&D
objective 1.272
fulfi [Iment

6 Product
competitive
advantage
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Table78: Collinearity assessment (ngtHM subsample)

1 Technical

fit 1.524 1.149 1.660

2
Marketing 1.153 1.443
research fit

3 Technical
proficiency

1.035 2.722

4
Marketing 1.530 2.556
proficiency

5 R&D
objective 1.490
fulfi llment

6 Product
competitive
advantage

Table 79shows the results of the structural model evaluationbfith
subsamples. The bootstrap procedure using 5,000 samples and a number of cases
equal to the specific subsample sizes (using the individual sign change option)
was appliedPath estimation indicates that technical fit has no direct effect on
product o mpetitive advantage ( HfMhonHHMsampl e:
subsampl e: b = 0.029, n.s.), rejecting hy,|
marketing research fit does not enhance product competitive advantage (HHM
subsampi0403, n.; neiHHM s u b s a mPIO@L; n.s.h rejecting
hypothesis 2 for both subsamples. Confirming hypothesis 3 for both subsamples,
technical fit positively affects technical
p <0.001; noHHM subsampl e: b =Tedbnical 3iYalso p < 0. (

% n.s. = not significant.
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i ncreases marketing proficiency (HHM subs

HHM subsampl e: b = 0.453, p < 0.001), S
subsamples. Furthermore, marketing research fit enhances marketing proficiency
(HHM subsamp : b = 0.400-HHNM sul®s d@dl;e:nom = 0. 3

0.001), supporting hypothesis 5 for both subsamples. Confirming hypothesis 6 for
both subsamples, marketing proficiency directly affects technical proficiency

(HHM subsampl e: b norkHIOM 584dbs amp<l e0:. 00 1
0.001). Supporting hypothesis 7 for both subsamples, marketing proficiency

<1}
o
o

positively affects product competitive ad\
0.001; noAHHM subsampl e: b = 0.219n¢cyhpsn&x 0. 05) .

direct effect on product competitive adva

nonHHM subsample: b = 0.185, n.s.), rejecti
Confirming hypothesis 9 for both subsamples, technical proficiency directly

affectsR&D objective fulfllment ( HHM subsample: b = 0.43
HHM subsampl e: b = 0.5514, p < 0.001). Su

both subsamples, R&D objective fulfilent enhances product competitive
advantage (HHM subs@OpheHHM s=ubG.a3npld.e: p b
0.301, p <0.001).

The presented path estimations demonstrate that both subsamples comply
with the results of the path analysis conducted using the complete data set of 517
cases at least for a significance level of p <50(0e., all hypotheses are
significant, except for H1, H2, and H8; see@ion 4.8.2.2). The next question
that emerges in the context of multigroup analysis is whether numeric differences
between subsample specific path coefficients are statisticatlifisaqnt (Sarstedt
et al. 2011, p. 210).
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Table79: Standardized path coefficients and significances for the subsamples

Path Coefficient (+-Value)

Path Relationship HHM Subsample Non-HHM Subsample
Technical fit, Product 0.003 (0.040) 0.029 (0.290)
compeitive advantage
Marketing research fid
Product competitive -0.103 (1.526) -0.001 (0.010)
advantage
Technical fitA Technical 0.309 (5.998)*** 0.239 (3.982)***
proficiency ' ' ' '
Technical fitA Marketing 0.227 (3.48+ 0.453 (7.854)**
proficiency ' ' ' '
Marketing research f# 0.400 (6.151)*** 0.363 (6.025)***
Marketing proficiency ' ' ' '
Marketing proficiencyy 0.584 (12.345)%* 0.574 (9.626)***
Technical proficiency ' ' ' '
Marketing proficiencyd
Product competitive 0.333 (4.107* 0.219 (1.970)*
advantage
Technical proficiencyy
Product competitive 0.118 (1.233) 0.185 (1.803)
advantage
Technical proficiencyy xk -
R&D objective fulfilment 0.431 (7.414) 0.554 (9.536)

R&D objective fulfilment

A Product competitive 0.310 (4.41)*** 0.301 (4.052)***
advantage

Notes: b = standardi zed pat hvaled.8d),l
**Significant for p < .01 (tvalue 2.58); ***Significant for p < .001 {talue 3.29).
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In correspondence with the nonparametric nature of$EBI, Sarstedt et
al. (2011, p195) and Hair et al. (2016, p. 294f.) propose two igndup analysis
approaches thado not rely on distributional assumptions: the permutation test
(Dibbern/Chin  2005; Chin/Dibbern 2010) and the FMISA approach by
Henseler et al. (2009). However, therrher is limited in that this approach
requires the grouppecific sample sizes to be similar (Sarstedt et al. 2011, p.
201), which does not apply to the two subsamples under investigation. Therefore,
the PLSMGA approach (Henseler et al. 2009hich doesnot inheiit such a
limitation (Sarstedt et al. 2011, p. 202fiy chosen in order to conduct the
multigroup analysis.

The PLSMGA approach relies on the bootstrapping procedure and
compares each estimate of group one with all other estimates of the same

parameter in group two (Henseler et al. 2009, p. 307; Sarstedt et al. 2011, p. 202;

Hai r et al . 2016, p . 294) . ABy counting
bootstrap estimate of the first group is larger than those of the second group, the
approach deves a probabily value for a ondailed tesb ( Hai r et al . 20
294).

Table 80provides the results ahe multigroup comparisons based on
Hensel er 6 sMGA208pbh&ch (5,600 &plications). The analysis shows
that there are no significant difences between the path coefficients of the two

subsamples.
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Table80: Multigroup comparison test results

Path Relationship |diff| PHenseler

Technical fitA Product

- 0.026 0.581
competitive advantage

Marketing research fid,
Product competitive 0.103 0.854
advantage

Technical fitA Technical

. 0.070 0.189
proficiency

Technical fitA Marketing

- 0.226 0.995
proficiency

Marketing research fid

Marketing proficiency 0.037 0.336

Marketing proficiency®

Technical proficiency 0.010 0.447

Marketing proficiency®
Product competitive 0.114 0.204
advantage

Technical proficiencyy
Product competitive 0.067 0.683
advantage

Technical proficiencyy

R&D objectivefulfi llment 0.123 0.932

R&D objective fulfilment
A Product competitive 0.009 0.466
advantage

In sum, it is shown that there is no data heterogeneity regarding the two
groups (i.e., the HHM subsample and the -kt}tM subsample)which would
have threatesd the validty of the PLS-SEM results and led taonisleading
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conclusiongSarstedt et al. 2009, p. 185ff.; Sarstedt et al. 2011, p. 197; Hair et al.
2016, p. 290). The MICOM analysis (Henseler et al. 2016) provideermrce that

it was justified withregard to measurement invariance to pool both subsamples in
the overall samplef 517 cases as the basis for hypotheses testing (Henseler et al.
2016, p. 421). Then, the PUBGA approach Kenseler et al.2009) also
demonstrated that the relationships (i.e., path coefficients and their significances)
in the research model of this #ie do not differ between the biotechnological area

of human health/medicine and other biotechnological areas of activity.

4.8.4 Summary of the Results of the Empirical Analysis of the Research
Model

This sction summarizes the main findings of the emalriavestigation of the
research model. The initial evaluation of the measurement models demonstrated
that the reflective measures (i.e., technical fit, marketing research fit, and R&D
objective fulfillmen)) are reliable and valid, the formative measures ot
subjects to collinearity issues and each formative indicator contributes to its
related latent variable. Therefore, all regments for conducting a PLSEM

analysis were fully satisfied.

The evaluation of the structural model involved variouscedares for
hypotheses testing. The resulting conclusions regarding this assessment are now

briefly summarized:

Rejecting hypothesis H1, technical fit has no direct effect on product
competitive advantage (b = 0. 9ifditatesn. s .
that technical fit ultimately (i.e., via mediating constructs) has an impact on
product competitive advantage (0.224, p < 0.001). Subsequent mediation analyses
illuminated the indicated association between technical fit and product
competitiveadvantage. Mediation analysis showed that technical proficiency does
not directly mediate the effect of technical fit on product competétheantage
since technical proficiency is associated with product competitive advantage only
through the mediatingconstruct of R&D objectivefulfillment (this will be
discussed later in this section). Nevertheless, mediation analysis demonstrated that

marketing proficiency represents a mechanism that underlies the relationship
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between technical fit and product compeé advantage. High levels of technical

fit lead to high levels of marketingroficiency and high levels of marketing
proficiency lead to product competitive advantage. TlaasR&D pr oj ect 6 s
with the available skills and resources does not autortigtiead to competitive

advantages (Day/Wensley 1988, p. 7).

Rejecting hypothesis H2, marketing research fit does not enhance product
competitive -9052 a3.) Amalgzing tbtal effects indicates that
marketing research fit ultimately (i.e., via mediating constructs) has an impact on
product competitie advantage (0.11¢ < 0.05). Mediation analysis showed that
marketing proficiency fully mediates the relationship between marketing research
fit and product competitive advantage. High levels of marketing research fit lead
to high levels of marketing pficiency, and high levels of marketing proficiency
lead to product compiéve advantage. Thus, it is onegain shown thadn R&D
projectodos fit with the available skil
competitive advantages (Day/Wensley 19887).

Confirming hypothesis H3, technical fit positively affects technical

proficiency (b = 0.279, p < 0.001). I

almost medium effect size?(fof 0.138 (i.e., its relative impact; Hair et al. 20186,

p. 317) on technical proficiency. Technical fit also increases marketing
proficiency, supporting hypothesis HA4
technical fit has a small to almost medium effect si2eoff0.131(i.e., its relative
impact; Hair et al 2016, p. 317) on marketing proficiency. Furthermore,

marketing research fit enhances marketing proficiency, supporting hypothesis H5

(b = 0.371, p < 0.001). Specifically,

size (f) of 0.174 (i.e., its relativemipact; Hair et al. 2016, p. 317) on marketing
proficiency. In correspondence with informatiprocessing theory (e.g.,
Tushman/Nadler 1978; Daft/Lengel 1986; Sinkula 1994; Song et al. 2005), the
results demonstrate that the abilities to gather, intergnet,utilizetechnicaland
marketing information need to match the informafwocessing requirements of

an R&D project in order to proficiently conduct the various technical and

marketing activities (Tushman/Nadler 1978).
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Confirming hypothesis H6, markat) proficiency directly affects technical
proficiency (b = 0.578, p < 0.001). I
large effect size fj of 0.589 (i.e., its relative impact; Hair et al. 2016, p. 317) on
technical proficiency. An additional miadion analysis revealed that marketing
proficiency partially mediates the relationship between technical fit and technical
proficiency. Higher levels of technical fit increase technical proficiency directly
but also increase marketing proficiency, whichturn leads to higher levels of
technical proficiency. Hence, soragtentof theeffectof technical fit on technical
proficiency is explained by marketing proficiency. The mediating feature of
marketing proficiency illustrates the importance of marketeigted activities
which provide data that are transformed into information that guide the direction
of the development process and foster the proficient execution of technical

activities.

Supporting hypothesis H7, marketing proficiency positively affect
product competitive advantage (b =
proficiency exhibits only a small effect sizé)(6f 0.058 (i.e., its relative impact;
Hair et al. 2016, p. 317) on product competitive advantage. Nonetheless,
marketing proficieng has the strongest total effect on product competitive
advantage (0.454, p < 0.001) of all predictor variables in the research model. The
rationale of these findings (i.e., small relative impact of marketing proficiency on
product competitive advantage Wehsimultaneously exhibiting the strongest total
effect on the target construct) is that marketing proficiency is positively associated
with technical proficiencywhich in turnhas an impact on product competitive
advantage via the mediating constructR&D objectivefulfi llment (this will be
discussed later in this section). The proficient execution of marketlated
activities generates information that can be integraitd the development
process by matching product attributes and functionaktiés the needs of end
users and in compliance with competitive offerings. These predevehbpme
activities provide the basifor proficiently executing the actual development
activities (i.e., technical activities), and represent the efforts that enable a
cooperative R&D project to position the new product as superior to competing

offerings within a given market and as meaningful to potential users.

0.

n
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Rejecting hypothesis H8, technical proficiency has no direct effect on
product compet it i3}y es.)aHbwesen teehgial plofitiensy 0. 1
has the second strongest total effect on product competitive advantage (0.278, p <
0.001) through its association with R&D objectifidfiIment Regarding this
association and confirming hypothesis H9, technicafigency directly affects
R&D objectivefulfillment( b = 0. 477, p < 0.001). Mor eo v e
has a medium effect siz€)bf 0.290 (i.e., its relative impact; Hair et al. 2016, p.
317) on R&D objectivefulfillment Supporting the finahypothesis H10, R&D
objectivefulfillmente nhances product competitive adyv
0.001) while exhibiting a small effect siz&)(bf 0.108 on the target construct. A
corresponding mediation analysis showed that R&D objedtilfellment fully
mediates the relationship between technical proficiency and product competitive
advantage. High levels of technical proficiency lead to high levels of R&D
objectivefulfillment and high levels of R&D objectivalfi lImentlead to product
competitive advatage. Thus, the proficient execution of technical activities
creates valuable data and information for the iterative process of R&D, which
assist in thefulfillment of the initial R&D objectives. Having defined the
objectives of the research venture basaduser preferences, market trends and
ARappeal 06 characteri st i c sfulfiliheatofthd R&Df er ent i a

objective leads to the achievement of a product competitive advantage.
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5 Summary, Conclusion, and Outlook

The concluding section ofhis thesis involves an overview of its findings,
theoretical contributionsand implications, practical implications, as well as
limitations and avenues for future research. The first section 5.1 begins with an
overall summary of this thesis. The secoadt®n 5.2 addresses the contributions
and implications for theory. The third section 5.3 presents practical impheati
with respect to the drivers foachievinga product competitive advantage in
cooperative R&D projects between bidteology firms andPRI. The fourth
section 5.4discusses the limitations of the investigation along with further

research needs.

5.1 Overall Summary

The overall objective of this thesis was to identify and empirically test the
determinants of success of cooperative R&D mtsjebetween biotechnology
firms and PRI from a product oetitive advantage perspective. particular,

subjectof this thesisvasthe following three research objectives:

1 Research objective 1: The elaboration lué theoretical foundations that
explain he achievement of a product competitive advantage in cooperative
R&D projects between biotechnology firms and PRI.

1 Research objective 2: The identification and eatibn of determining
factors forachieving a product competigé advantage inooperative BD
projects between biotechnology firms and PRI.

1 Research objective 3: To show how cooperative R&D projects between
biotechnology firms and PRI should be designed and executed to support

the achievement of a product competitive advantage.

The motivation othe current thesis was the conclusion that though extant
literature contributes to the understanding of the influence of cooperative R&D
project characteristics and factors related to knowledge transfer on different
measures of success, thdéad been nmvestigation ofcooperative R&D project
success between firms and PRI from a produetpsiitive advantage perspective.

There was a significant research gap related to the achievement of a product
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competitive advantage in cooperative R&D projects betweers and PRI and
the need foan empirical investigation withegard to the respective determinants

of succas and their interrelationships.

The investigation of the determinants of success of cooperative R&D
projects between biotechnology firms and PRdnf a product competitive
advantage perspective was divided into four procedural steps, which successively

pursued the objectives of this thesis:

In the first step, conceptual principles were discussed as a prerequisite for
developing a model of determirtanof success of cooperative R&D projects
between biotechnology firms and PRI from a product competitive advantage
perspective. The close association of superior and meaningful products with
sucessful NPD ventures (Cooper 7BB; Cooper/Kleinschmidt 1987;
Zirger/Maidique 1990; Cooper/Kleinschmidt 1993; Song/Parry 1996; Song/Parry
1997b; Li/Calantone 1998; Song/Parry 1999; McNally et al. 2010; Langerak et al.
2004; Nakata et aR006; Veldhuizen et al. 2006) as wellthe role of project
related variablesi.€., fit of available resources and skills with theoject
requirements) angrocesselated factors (i.e., the proficient execution of NPD
activities) for achievinga product competitive advantage were presented
(Song/Parry 1996; Song/Parry 1997b; Nakat al. 2006; Harmancioglu et al.
2009). Subsequently, the characteristics of the biotechnology industry were
described (e.g., Schiler 2016), and stdtthe-artresearch on R&D cooperations
in biotechnology reviewed (e.g., Rothaermel/Deeds 2004; Gifi3)2

The second step involved the development of the research model and the
formulation of the hypotheses of the thesis. In particular, the undgrlyi
theoretical foundations thaxplain the achievement of a product competitive
advantage in cooperative&® projects between biotechnology firms and PRI
were elaborated. These theoretical foundations involved resbasesl theory
(e.g., Barney 1991; Peteraf 1993) and informapoocessing theory (e.g.,
Tushman/Nadler 1978). According to resoubased thegr, competitive
advantages are hypothesized to be the consequence of resources and skills a
cooperative R&D project possesses. Informapoocessing theory suggests that a

fit of possessed resources and skills

Wi

t
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proficient execution of R&D activitieswhich fosters the development of a
superior and meaningful product (i.e., product competitive advantage). Based on
the theoretical framework, the research model of determinants of success of
cooperative R&D projects betwr biotechnology firms and PRI from a product
competitive advantage perspective was presented. In this regard, the hypotheses of
the thesis were discussed. In total, ten caffext relationships were proposed.

The empirical analysis of the research magdas in the center of the third
step. Cooperative R&D projects between biotechnology firms and PRI were
determined as the object of study. These cooperative R&D ventures were defined
as formal collaborative arrangements between at least one biotechrnatlogyd
at least one PRI with the objective to cooperate on R&D activities (Petruzzelli
2011, p. 310)SEM (Chin 1998bWwas chosen for the empiricalauation of the
research modelsince this approach allowed to capture the interrelationships
among deteminants as well as to assess in which ways factors contribute to
achieving a product competitive advantage (Hair et al. 2016). Data collection was
accomplished by means of an online survey. Therefore, the variables of the
research model were operationatizen the basis of existing NPD literature and
the corresponding items were summarized in a questionnaire. A total of 517
guestionnaires were included in the empirical analysis. The data were analyzed
using variancébased SEM (i.e., PLSEM) in order to coduct hypotheses
testing. This evaluation of the empirical data included an additional mediation
analysis and the comparison of effects in subsamples (i.e., a multigroup analysis
to compare the hypothesized paths in the research model and to detectlpotentia

differences across data groups).

The fourth and final step is part of this concluding section, that is, an
overall summaryof the thesis, the discussion wittegard to theoretical
contributions and implications, practical implications, as well as idtisg

limitations of the present study in combination with avenues for future research.
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5.2 Theoretical Contributions and Implications

This section highlights the theoretical cobtiiions and implicationsf this thesis.
Corley/Gioia (2011, p. 12) categoe theoretical contributions into two
dimensions, originalitgndutility.

Originality in the context of theoretical contributions refers to theoretical
insights that advance the understanding of management and organizations
(Corley/Gioia 2011, p. 16) bjfof f er i ng a <cri ti cal redirect
by offering an entirely new point of view
Though existing literature greatly contributed to the understanding of the
influence of cooperative R&D project charactdds and factors related to
knowledge transfer on different measures of success (e.g.-\kabeatin et al.
2004; Petruzzelli 2011; Schwartz et al. 2012), cooperative R&D project success
between firms and PRI had not been investigated before from a produc
competitive advantage perspective. However, the importance of such an
investigation is inherent in the underlying motivation that leads to the formation
of cooperative R&D projects between biotechnology firms and PRI (i.e., R&D
project success in the for of a meaningful and superior biotechnological
product).

In general, cooperative R&D projects between firms and PRI are initiated
with the goal of achieving specific objectives and success of such ventures is
determined by the achievement of the pursabptctives (Moravalentin et al.
2004, p. 18). In cooperative R&D projects between biotechnology firms and PRI,
the objective or anticipated outcome is a product (i.e., a biotechnological
invention; Rothaermel/Deeds 2004, p. 204) which is meaningful tos wsel
superior to competitive offerings (i.e., product competitive advantage) (Ernst &
Young 2013, p. 31; Ernst & Young 2014, p. 11). Thus, the appraisal of product
competitive advantage is essential in order to know to what degree the initially
defined djective in cooperative R&D projects between biotechnology firms and
PRI have been met. Under the premise that projects must be planned and executed
with its objectives in mind (Shenhar et al. 2001, p. 713f.), it is of special interest
in the context of stcess of cooperative R&D projects beem biotechnology
firms and PRWwhich projectrelated and processlated factors are beneficial for



185
5 Summary, Conclusion, and Outlook

obtaining a product competitive advantage. By addressing this research need, the
presented thesis not only extends tturrent understanding of cooperative R&D
projects between (biotechnology) firms and PRI but offers completely new points
of view by applying the novel perspective of product competitive advantage on

the phenomenon alucces®f such cooperative R&D venes.

Regarding utility in the context of theoretical contributions, the insight of a
study must be useful as well (Corley/Gioia 2011, p. 17f.). It must have the
potential to Ai mprove the current researctht
1990, p. 58 ) . Aln a very practical sense, good
should be studiednal how and why they are related ( Hi t t / Smi t h 2005,
order to identify the predictors of product competitive advantage in cooperative
R&D projects between btechnology firms and PRI, this thesis wirérom the
theoretical foundationsf resourcebased theory (e.g., Barney 1991; Peteraf 1993)
and informatiorprocessing theory (e.g., Tushman/Nadler 1978).

The resourcdased theory represents a theoretical ambrahat aims to
explain how competitive advantages of organizations can be realized. Essentially,
it is suggested that an organization can be conceptualized as an assembly or set of
resources and capabilities characterized by a certain degree of hetgyogene
(Eisenhardt/Martin 2000, p. 1105). For a resource or capability to be regarded as a
potential driver of competitive advantages, it is supposed to support the
organization in its efforts to create greater value, as well as be rare among the
competition,imperfectly imitable and difficult to substitute (Peteraf/Barney 2003,

p . 316) . Such critical resources are assu
to produce more economically and/or better satisfy end user (e.g., customer) needs
(Barney 1991, p.a1,; Peteraf/Barney 2003, p. 311ff.).

In correspondence witthe assumptions aksourcebasedtheory, it was
hypothesized in the research model that a fit beteed®&D pr oj ect 6 s needs
the partnersd combined res auwrnakeingand s ki
research fit) has a positive direct impact on product competitive advantage. Such
positive relationships were expected in the research meuele the principal
criteria for selecting a partner in the biotechnology industry are scientific

excellence, professional expertise as well as technical and human capacities in a
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specific field of research (Ortiz 2013, p. 231ff.). The criterion of scarce resources
is reflected in the tacit knowledge and expertise of researchers from PRI and
biotechnolog firms, which are difficult to imitate and to substitute (Coff 1997, p.
374).

However, the empirical analysis of the research model did not confirm the
hypothesized relationship betweéme fit of resources and skills and product
competitive advantagen Iparticular, neither technical fit nor marketing research
fit has a positive direct effect on product competitive advantage in the context of
cooperative R&D projects between biotechnology firms and PRI. In contrast to
the notion of resourebased theorythese results do not indicate that resources
and capabilities have a share in obtaining a product competitive advantage.
Nevertheless, analyzing total effects (i.e., the sum of direct and indirect effects)
denonstrated that technical fit and marketingeagh fit ultimately have an
influence on product competitive advantage. The interpretation of direct effects is
explicitly recommended by Hair et al. (2016, p. 197f.) for studies aiming to
explore the differential influence of several driver variablesadarget variable
through one or more mediating variables. Therefore, the evaluation of the total
effects provides support for the positive relationship between the fit of resources
and capabilities with the R&D ventures needs and product competitivetaggan
An additional mediation analysis also confirmed that the association between
marketing research fit, as well as technical fit, and product competitive advantage
is mediated by marketing proficiency. Therefore, the results provide support for
the noton of resourcebasedtheory that competitive advantages derive from

resources and capabilities which are

isca

ot herso (Peteraf/ Barney 2003, p . 311) . A

available resources amdpabilities raisgits efficiency in the senghat they (i.e.,
resources and capabilities) enabteR&D venture to conduct the tasks of R&D
more proficiently and eventually foster the development of a superior and

meaningful biotechnological productd(, product competitive advantage).

Informationprocessing theory casts light on the relationship between a
cooperative R&D projectods fit with t

competitive advantage. As argued by Day/Wensley (1988, p. 3id )results

he av
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demonstrated that superior resources and skills are not automatically transferred
into competitive advantages.

Informationprocessing theory (Galbraith 1974) focuses on the
relationships between information and the execution of activitieseaptiins
how the quality of activities can be improved through the processing and use of
information (Schultz 2006, p. 40). From an informatmocessing view,
cooperative R&D projects can be regaradednterpretation systems which scan
and collect datdi.e., the process of monitoring the environment and providing
environmental data), interpret that data (i.e., giving meaning to the data), and
finally, learn by drawing conclusions upon the interpretation (Daft/Weick 1984,
Keller 1994, p. 168).

In the paticular process of cooperative R&D projects, activities such as
market research, business analysis, prototype develo@ameéitnials produce data,
which need to be converted into informat:.
and pur poseo0; .48)x The konversich Df8data from a specific
domain (e.g., knowledge of a specific scientific domain) into information requires
knowledge of that specific subject domain (Drucker 1988, p. 46; Gray 2000, p.
179). The greater the knowledge an individual ¢faa subject domain, the better
he or she will be able to grasp meaning inherent in data drawn from that domain
(Cohen/Levinthal 1990, p. 128; Gray 2000, p. 179). The ability of cooperative
R&D project members (either individually or collectively) to gatland interpret
data, as well as utilizing the resulting information for the purpose of R&D is
represented i n t hpeocessemqdapabiliey Egelhofnl®od,rpmat i on
346). From a theoretical perspective, the informagioscessing capability kao
fit the informationprocessing requirements facing a cooperative R&D project in
order to be effective (Tushman/Nadler 1978).

In correspondence witthe assumptions of informatiggrocessing theory,
it was hypothesized in the research model that befitveenan R&D pr oj ect 6 s
needs and the partnersodo combined resourc
marketing research fit) has a positive direct impact on the proficient execution of
the various R&D activities thatharacterize cooperative R&D projedbetween

biotechnology firms and PRI. Confirming the hypothesized relationships,
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technical fit positively affects the proficient execution of technical and marketing
related activities. Furthermore, marketing research fit enhances the competent
execution of marketingrelated activities. Thus, the results of the empirical
investigation showed that the abilities to gather, interpret, and uglibaicaland
marketing information need to match the informafpyocessing requirements of

an R&D project in ordr to proficiently conduct the various technical and

marketing activities (Tushman/Nadler 1978).

Moreover, this thesis highlights the importance of marketatgted
activities in cooperative R&D projects between biotechnology firms and PRI.
Overall, the ompetent execution of markethnglated activities has the strongest
total effect on product competitive advantage of all predictor variables in the
research model. The proficient execution of marketeigted activities generates
information that can bentegratedinto the development process by matching
product attributes and functionalities with the needs of end users and in
compliance with competitive offerings. These predevelognagtivities provide
the basisfor proficiently executing the actual ddepment activities (i.e.,
technical activities), and represent the efforts that enable a cooperative R&D
project to position the new product as superior to competing offerings within a

given market and as meaningful to potential users.

The second strongesotal effect on product competitive advantage is
shown by technical proficiency. High levels of technical proficiency lead to high
levels of R&D objectiveulfillment and high levels of R&D objectivialfi [Iment
lead to product competitive advantag@us, the proficient execution of technical
activities creates valuable data and informationthe iterative process of R&D
and thereby contributes tbe fulfillment of the initial R&D objectives. Having
defined the objectives of the research venturedas user preferences, market
trends and fdAappeal 0 char act efdlfillmantofc s t hat

the R&D objective leads to the achievement of a product competitive advantage.

In summary, this thesis contributes to the existing litgeaton R&D
cooperations by conducting research sutcessof cooperative R&D projects
between biotechnology firms and PRI from the perspective of achieving a product

competitive advantage. The central contribution is to conceptuallysliokes®f
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cooperéive R&D projects between firms and PRI to achieving a product
competitive advantage, which is essential to attract investors and thus to survive
in the biotechnology industry (Ernst & Young 2013, p. 317; Ernst & Young 2014,
p. 118). By identifying projeetelated and processelated factors affectmn
product competitive advantagend empirically testing their relationships, the
implications of the results should be interesting to both academicians and

practitioners.

5.3 Practical Implications

This thesis povides new and valuable insights intmw cooperative R&D
projects between biotechnology firms and PRI could be designed (i.e., in terms of
partner selection) and executed (i.e., in terms of conducting R&D activities) to
support the achievement of a protwompetitive advantage. The empirical
analysis has demonstrated a significant impact of having adequate resources and
skills on performing marketingelated and technical activities. The competent
execution of these activities is beneficial for fulfitinthe objectives of the
cooperative R&D venture, and, finally, leads to the development of a unique,
superior and meaningful biotechnological invention (i.e., achieving a product
competitive advantage).

Regarding the design of cooperative R&D projects,ciimpirical analysis
confirmed that R&D ventures benefit from establishing a match between the
projectds needs and available resources ar
finding corresponds with the notion that cooperative R&D projects are éuittat
gain access to resources and specialized knowledge, which is needed to perform
the tasks of R&D (Ortiz 2013, p. 281). Thus, special attention shoulcidetq
the appropriate (i.e., witregard to the R&D objective) selection of R&D project

partners

The findings of the empirical analysis also point out that it is important not
only to conduct marketingelated activities in the process &&D but to
competently execute these various activities. This includes the proficient

execution of the initial waluation of the cooperative R&D project, the proficient



190
5 Summary, Conclusion, and Outlook

determination of desirable features that differentiate the biotechnological

invention, as well as competently conducting marketing research.

In the early stages of the cooperative R&D project, spattention should
be paid to the initial evaluation of the R&D project based on criteria relevant to
success (e.g., feasibility, project scope, exploitation potential). In particular, the
evaluation of the R&D venturndid askindea or o
the process of R&D (Rochford 1991, p. 287; Calantone et al. 1999, p. 65;
Soukhoroukova et al. 2012, p. 100). Since the initial evaluation of ideas or
objectives is a relatively less costly stage in the R&D process (with regard to
investmentsn time, money, and personnel), it is advised to manage that process
in the most effective and efficient way (Rochford 1991, p. 287). R&D objectives
may be very diversavith respect to their level of innovativeness, chances for
successful developmentdegee of profitability, and so forth (Calantone et al.
1999, p. 66)R&D ventures that are characterized by high probabilities of failure
should be considered for elimination before substantial investments are made and
opportunity costs occursince they mipt prevent other products from being
developd (Calantone et al. 1999, p. 66). Negligently conducting the initial
evaluation of the R&D project may result in significant investmentniRkR&D
venture with low chances of success. This is particularly akjtes empirical
research has shown that many managers are reluctant to shut down failing NPD

projects with the consequence of increasing costs (Schmidt/Calantone 1998).

Special attention should also be paid to the identification and
determination of demable features, as well as characteristics that would
differentiate the biotechnological invention and contribute to its sale. The
introduction of new features or attributes is a common way to differentiate an
invention or product from competitive offerimgNowlis/Simonson 1996, p. 36;
Mukherjee/Hoyer 2001, p. 462; Thompson et al. 2005, p. 431). However, project
managers should be aware of the circumstance that too many new features can
make a product overwhelming for users and difficult to use (Thompsah e
2005, p. 431ff.). Three studies conducted by Thompson et al. (2005) showed that
overly complex products do not maxi mi ze L

Afeature fatigueo. Therefore, the authors
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tailored poducts with a limited number of features in order to enhance user
satisfaction (Thompson et al. 2005, p. 441)

Furthermore, the results suggest that R&D projects would benefit from
competently conducting market research (i.e., identification of potentigdets
and trends, anal ysis of usersodo needs,
This involves the identification of potential markets and their trends (e.g.,
Pavlou/Reichert 2004which may serve as a starting point in taluation of
u s e mesd8 andhe competitive situation. Of special importance for a -goal
oriented R&D process is an understanding of how potential users perceive
biotechnological products, how their needs are shaped and influenced and how
they select products based on the&ferences (van Kleef et al. 2005, p. 182). The
attempts to illuminate and understand user needs take on a key role in new

product development projects (Narver et al. 2004, p. 334f.). By understanding

app

userso needs, wor ki ng dat habei adaweltahce of| ogi c al

success in the first instance may be avoided. In addition, it ensures that potentially
successful product concepts cannot be overlooked easily. Therefore, conducting
research on (potential) us e représents @are d s
inexpensive approach in contrast to the risk of product failure (van Kleef et al.
2005, p. 182).

Of equal importance for a geatiented R&D process should be the
evaluation of existing and potential competitors and the search for a favorable
position the biotechnological invention might take on (Radder/La988, p.

549). Existing techniqueso analyze the competitive situation include, for
example, the SWOT (Strengthgeaknesse®pportunitiesThreats) analysis
(Hill/Westbrook 1997 46ff.), Pot er 6 s fi ve forces model
SPACE (Strategic Position and Action Evaluation) matrix (Radder/Louw 1998, p.
549ff), as well as the Competitive Profile Matrix (Capps Ill/Glissmeyer 2012, p.
1059).

In addition to marketingelated agvities, the empirical analysis
demonstrated the importance of competently conducting technical activities in the
R&D process. This involves the proficient execution of a preliminary technical

assessment, the proficient incorporation of information in deeelopment

(Por
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process, the proficient execution of product tests, the proficient planning for
industrial production, as well as constantly controlling for quality and costs.

Before starting a timeonsuming development process, cooperative R&D
ventures in th biotechnology industry would benefit from a preliminary technical
assessment involving an appraisal regarding the feasibility of developing and
manufacturing the proposed biotechnological invention (Cooper 1990, p. 52).
Determining the required biotechHogy techniques (OECD 2005, p. 7 ff.) serves
the reduction of uncertainty and is essential before investing time and money into
the development of a product theventually might not be feasible to develop
(Murmann 1994, p. 247; Verworn 2008, p. 11ff.;félw et al. 2018, p. 420).

With regard to the actual development of the proposed biotechnological
invention, cooperative R&D project teams would benefit from incorporating the
information gained through market research (i.e., information about potential
mak et s and trends, userso6 preferences, an
NPD showed that organizations do not always use the information they have
gathered. For instance, Ottum/Moore (1997) found a strong association between
product success and infoation use. In 80 percent of the product successes
surveyed, the ventures ultimately had and used an abmrage amount of
market information. In 75 percent of the product failures, the project team knew
less than the average amount of market informatlaring the development
project (Ottum/Moore 1997, p. 258). Thus, information about markets and trends,
userso6 preferences, and competitors may [k
making to support the development of a meaningful and superior prathrety(
et al. 2004, p. 657ffYeldhuzen et al. 2006, p. 353ff.)

Given the importance of technical activities in the R&D process, the
proficient execution of laboratory and prototype tests, elaborating plans for
industrial production, as well as quality amasts control must not be neglected as
well. These activities involve an understanding of who the potential users are,
what their values are, what the key technologies are and how they can be used to
me et userso6 expectations dthusameaclhselBoyl e 20/

related to the aforementioned marketing activities.
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Overall, this thesis contributes to managerial practice by investigating the
achievement of a product competitive advantage in cooperative R&D projects
between biotechnology firms ar@RI. The relative importance of the factors
leading to product competitive advantage suggested some important insights for
managers seeking to support their research and product development process.
Managers should be aware tlihere isno one planwhich will guarantee the
success of NPD or cooperative R&D ventures (Song et al. 1997b). Nevertheless,
the empirical analysis suggests that improved management of the factors
discussed above will increase the chances of success. Therefore, the implication
presered in this section might be of considerable value and interest to executives
faced with the complex task of managing cooperative R&D projects between

biotechnology firms and PRI.

5.4 Limitations and Future Research Avenues

While this thesis provides sewrimportant contributions to the literature and
sheds light on the determinants of success of cooperative R&D projects between
biotechnology firms and PRI from a product competitive advantage perspective,
the conclusions must be qualified in several walhis section addresses

limitations in combination with suggestions for future research directions.

First, as with any study, the results of this thesis must be taken into
account in terms of the research method and the respective data sample (Brutus et
al. 2013, p. 48ff.). This thesis involved a craextional study (i.e., surveys
completed by a single respondent at a single time; Rindfleisch et al. 2008, p. 262).
In certain situations, crossectional research is considered to be sensitive to
common metbd varance bias and questioned witbgard to causal inference
(Lindell/Whitney 2001, p. 114; Rindfleisch et al. 2008, p. 262). Common method
variance bias refers to Asystematic met ho
single sour cet al 2008 ipn2ab1).l Seurcescdi common method
variance bias may be, for instance, transient states (e.g., moods) or response styles
(e.g., answering questionnaire items in a consistent fashion; Podsakoff/Organ
1986, p. 534). Such states or response stylight potentially lead to artificial
relationships between variables and theutcome (Rindfleisch et al. 2008, p.

263). In order to minimize common method variance bias concerns in the survey
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of this thesis respondents were offered anonymity and conidiey to reduce
socially desirable responses (i.e., answering questions in a consistent manner)
(Slotegraaf/Atuahen&ima 2011, p. 100).

Causal i nference refers to Athe abilit
empirical rel ati o®8sp 26{).Riausal indestigatoooshare a t al
common component of empirical studies in the realm of marketing and
management research (Mackie 1965, p. 262; Rindfleisch et al. 2008, p. 263). A
prerequisite of causal inferences is a chronological sequence betagss and
effect (Granger 1980, p. 329ff.; Einhorn/Hogarth 1986, p. 3ff.; Rindfleisch et al.

2008, p. 263). A widespread assumption is that esesfional research has a
limited ability to identify causal relationshigsecause it does not capture tempora
order by assessing the dependent variables at a time subsequent to its cause (Zhou
et al. 2005, p. 55; Griffith/Lusch 2007, p. 141; Rindfleisch et al. 2008, p. 264).
However, surveys in NPD and in the present investigation of cooperative R&D
projects assss projects which inherit a natural temporal order between a cause
(e.g., proficiency in executing technical activities) and its effect (e.g. product
competitive advantage) that can be captured by a-ssxd®nalresearch design
(Rindfleisch et al. 2008>. 264)

Nevertheless, future research on cooperative R&D projects between
biotechnology firms and PRI and the achievement of a product competitive
advantage might benefit from applying longitudinal data collection methods
through indepth case studieso i ndi vi dual R&D projects. F
comprise repeated observations over tioe each of many individuals
(Zeger/Liang 1992, p. 1825). Therefore, conducting research by investigating
longitudinal data is a solutioto reduce common meiod variance bias and
enhancing causal inference (Rindfleisch et al. 2008, p. 262). Longitudinal studies,
though, require considerable further time and financial (e.g., in the form of human
resources) investments, and may suffer from a reduction in sampldue tdhe
fluctuationo f respondent s. AConsequentl| 1y, l ongi t

to advocate than to implement ( Ri ndf |l ei sch et al. 2008, p.

Second, the data collected on cooperative R&D projects between

biotechnology firms and PRI retrospective in nature (Miller et al. 1997), with
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the possibility that respondents’ memories of the project may be distorted. In order
to address this potential limitation at an early stage, respondents were asked to
give an assessment of how knowlealgle they were in answering the questions
during the survey. For the empirical evaluation, only data of respondents with a

high degree of reported knowledgeability were included.

Future research might also be exposed to the problem of retrospective data,
as it is difficult atthe projectlevel to obtain data from sources other than surveys
(e.g. databases) (Rindfleisch et al. 2008, p. 262). In order to counteract a possible
distortion of the interviewees' recollections, the use of a longitudinal study
methalology (Pettigrew 1990; Rindfleiscet al. 2008), in which data are
collected at different points in time in the cooperative R&D project, can be

regarded as a potential solution in this issue as well.

Third, the method of questioning key informamias usel in this study,
which is a common approach when conducting surveys at the piejette.qg.,
Veldhuizen et al. 2006). Although the respondents were knowledgeable of the
cooperative R&D project they were reporting about, future research could provide
further valuable insights into the achievement of a product competitive advantage
in such ventures if multiple participants with different functional backgrounds

were interviewed for each R&D project.

Fourth, future research could extend the developed réseaociel by
incorporating additional factors that impact the achievement of a product
competitive advantage in cooperative R&D projects between biotechnology firms
and PRI. Besides focusing on the factors on the prtgeet, factors on the level
of the oganization (i.e., the firm and/or the PRI) could also be considered for
investigation. Organizational factors, such as organizational culture, might

interact with projectevel determinants of product competitive advantage.

Fifth, future research might neider the environmental context as a
moderator variable in research on determinants of success of cooperative R&D
projects between biotechnology firms and PRI. R&D ventures in the
biotechnology industry involve new and unexplored fields of research apd ma

therefore, be confronted with environmental uncertainties. Environmental
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uncertaintiesnclude technological and marketncertainty (Chen et al. 2012, p
292). Technol ogi cal uncertainty refers to
or accurately prdict some aspect of the technological environment as it relates to
NPD project deci s-Wass s2001, (p.S®4h gSouvtesn bfo y a
technological uncertainty include, for example, technological newness (Shenhar et
al. 2002),complexityof technology (Sanhar 1993), the rate at which technology
changes in an industry (Chen et al. 2012), and lack of understanding the
underlying scientific knowhow ( Song/MontoyaVeiss 2001). Market uncertainty

can be understood as the inability to completely understaadooirately predict

some aspect of the market environment as it relates to NPD project decisions.
Sources of market uncertainty include, for example, market newness
(Tatikonda/MontoyaVeiss 2001), instability of markets (Bstieler 2005),
unpredictabilityof competitors, and the rate at which products are getting obsolete

in an industry (Miller/Drége 1986).

Finally, this thesis focused on cooperative R&D projects in a science
based industry (i.e., biotechnology industry). Sciemased industries are
characterzed by complexity, interdisciplinarity, and a heavy reliance on scientific
expertise (Ortiz 2013, p. 281ff.). Future research should extend the study to other
sciencebased enabling technological industries, such as the nanotechnology
industry (Niosi/Reid2007; Nikulainen/Palmbgr 2010). Of particular interest
would be to investigate the developed model and its path relations in the context
of other sciencdased industries, andthicsse val uat e t he model 6s ge
across different technologicalsdiplines. Understanding the achievement of a
product competitive advantage in cooperative R&D projects between PRI and
firms of different sciencéased industries could provide a useful benchmark for
managerial decisions in those emerging industries r@$mective findings may be
of considerable value and interest to executives faced with the complex task of

managing such R&D ventures.
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