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7.1 Introduction

Project-based organizing of company operations is pervasive in today’s
economy (Cattani et al. 2011). The last twenty years have witnessed a
growing scholarly interest in project-based organizacions (PBOs), and
this interest mirrors the diffusion of this organizational form across a
wide range of industries, well beyond those where organizations tradi-
tionally have been organized by projects. Examples of research in this
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area have focused on film-making (Stjerne and Svejenova 201631, Zn(;?cél)a
(Manning and Sydow 2011), oil and energy (Prado and Szpsel n;
complex products and systems (Hobday 2000), software fev_e oplme i
(Grabher 2004), construction (Bresnen et al. 2004), pro essional se
vices and consulting (Semadeni and Anderson 2010), eizgu(;f(:)e;;ng
design (Cacciatori 2008}, and biotechnology (Ek?ers.and Powel Zh .e_
Project-based organizations (PBOs) are organizatlon?l fcgrns that crd -
ate temporary arrangements and systems through which 'rmj‘ provi e
services or products to their clients, by developing customized projects
(Prado and Sapsed 2016). The temporaty nature of PBOs is seen asa
response to the increasingly comﬁ)lex c;n;fg;g)ments that many organiza-
i ith today (Powell et al. .
“0;;21?;?8‘5 (12::15 to o}éér positive condition? both f(?r creating rliiw
knowledge and to foster creativity and innovation (Dav1e§ et zlﬁ 2011).
Involving autonomous and interdisciplinary teams, holf:hng flss cmrnc-l
bersome hicrarchies, and being able to find solutions in .a s (.)rt an |
intensive period of time (Bakker et al. 2‘016), PBOs achieve ;mova_—_
tion by creating and recreating organizamonal.structure de[?;l ing on
the demand of each project and responding quickly and flexibly to cus-
bday 2000). . :
tor%i;;l;:d; (E?s Sbij;ity to )realize innovation in collaboration V.Vlth dz
ents and suppliers, PBOs allow better process contr'ol (Man‘nmg zmd.
Sydow 2011), lead-time reduction (Verona and RaVE.l.SJ. 1999)', 1rr}proved
output quality (Bresnen et al. 2004), have more flexible apphcat:ionke.tln_
integration of different types of organizatlon.al know%edge.alxll s ﬂ;
improve learning within the project boundaries, provide hig erd effec.
tiveness in outward knowledge transfer (Lichtenthaler 2010), an2 cope
with emergent properties in production (Keegan and Turner 2.00 ). -
In spite of these advantages, the temporary nature of pro;l;ects rais
tensions and questions that lead to considerable drgwbac S’.OC.CL_ES
ring especially where traditional functional or matrix orgamzau?lns
are strong, i.e., in performing routine tasks and achlevmg. econon"'L:
of scale (Hobday 2000). In addition, PBOs face a recurring ten..m.o-
between the always immediate demands of the project and‘the opp
tunities for learning and disseminating best practices e%nd innovatio
(Sydow et al. 2004). Given the particular discontinuity of activitl

in intricate ways (Grabher 2004). The integration potential
in contacts and communication between projects arguably constitutes
a source of extended resources for a given single project, and could
also have an effect on its performance (Manning and Sydow 2011).
In order to achieve integration effectively, a project needs to establish
and maintain relations with other projects both within and outside the
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carried out in PROs, these have 2 weakness concerning organizational
learning from project to project {Prencipe and Tell 2001). Much of
the knowledge generated in- project activities is' embedded in the tacit
experiences of group members and it is therefore difficult to consolidate
this knowledge and spread it ourside the single project. Moreover, the
knowledge that is accumulated during the course of a project is at risk
of being dispersed in a non-productive way as projects are dissolved and
members are assigned to new tasks and teams (Prencipe and Tell 2001).

As stated by Davies and Brady (2000), the paradox is in the fact that to

make the temporary aspects of a project become part of a permanent
learning process for the organization, managers need to understand

“economies of repetition.” To learn from projects, organizations under-

take some patterns of activities that can be predictable and repeatable,

leading to a more efficient and effective performance. 'This means that

in PBOs, economies result more from the repetition of similar types of
projects than from a scale or scope (Davies and Brady 2000},

In order to handle the negative aspects of PBQs presented above,
increasing emphasis is put on inter-project coordination and learning,
€.g. in terms of multi-project management (Cusumano and Nobeoka
1998). By extending the management focus from single projects to
families or portfolios of projects, mechanisms for purposefully transfer-
ring knowledge from one project to others can be implemented, and
unnecessary redundant work can thereby be avoided. A limitation of the

multi-project management approach, however, is that it normally only
comprises the formal dimension of project-based organization. This
excludes an important part of organizational learning, namely all the
coordination and innovation that takes place informally, which—par-
ticularly in knowledge-intensive settings such as R&D-—is known to be
of great importance (Obstfeld 2005).

Projects are not “islands,” but are connected to their surroundings

residing
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organization to pull in important knowledge resources t.hat can t)e;l us;cel
to improve project performance. In order to re:.ahze t}‘ns pOtEI‘l i L .
need to consider projects as being embedded in their orgamzjtllc.)nkl
surroundings, and attend to their formal and mform:ﬂ extern eil;m
ages as potential resources (Bakker et al. 2016). Drawmg upo? r ent
literature in the field of social networks, we use th.e concept o prf()J ¢

social capital proposed by Di Vincenz'o and Mascm (?012). as a lrdlll;

ful way of capturing this potential f01? integration a.nd earning rciiicang
in a project’s external linkages. The): aim of thI‘S article ;131 to T{mpl < Z
investigate the impact of projects’ social capital for their knowledg

development.

7.2 Theoretical Background

i h, we choose to use the concept of project soc‘ial capi-
iz,tg:ﬁ:‘:;a:; the overall web of interpersonal and interorgamzl:tlone;ll
relationships in which single projects are en.lbe.dded, anddt I\J/:Iougl 3
which important resources can be access.ed ([?1 Vmcel?zo al}l ?SCla
2012). The concept of project social capital aims to highlig ; a OID’;
of social capital which inheres specifically in temporary forms o |
Orglil}l:elzilrlngportance of project social capital relies upon 2 number of |
studies which have stated that projects are more .thar.l just temporary ._
systems {Arthur et al. 2001; Sydow et al. 2004.), in hght of t.he 10'rn _
plex web of interdependences they manifest W'1th social rel;vlt'mns Lps.,..-.-
localities, and corporate networks, and from which they mobilize essen -
tial resources (Grabher 2002a, b; Sydow and.Stab.er 2002). Mc;:reovezl |
social relationships are frequently project-specific since they are (f)m}:e-
around project boundaries rather than amEmd t.he bounc!arles 0 Ht belr_
respective firms. In a2 number of industr1e§, single projects co aho
rate closely with relevant external actors while, at the same time, the
become more loosely tied to the central management of the company in
which they actually take part. Grabher (20022) ];?roposed t%lf: t‘earmEll plio.._
ject ecology” to identify those interpersonal fmd interorganization r;t a
tionships from which projects draw essential resources. Projects oftett
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become locally embedded since they “operate in a milieu of recurrent
collaboration that, after several project cycles, fills a pool of resources
and gels into latent networls” (Grabher 2002b: 208).

Within PBOs, project reams fepresent groups of people aiming to
achieve well-specified objectives, in which members are aggregated in
order to draw upon the joint resources of these individuals. Among
such resources, social capital available through individual members’
social relations appears to be of critical importance given the peculiar
work performance and work processes at the project level. Whenever
project tasks require new relevant knowledge located outside the project
boundaries, individuals taking part in projects may be strongly moti-
vated to communicate and exchange knowledge with members who
take part in other projects, in order to have access to new knowledge.
Project social capital in this context has a double effect: the interper-
sonal social relationships established across different, well-focused pro-
jects enhance the absorption of innovative external information that
improves learning in the area of work and, as a result, the knowledge
development and resulting outcomes within each individual project.

An important perspective that needs to be taken into account
in project-based contexts concerns the relationship between cogni-
tive diversity of project members and knowledge development at the
project level (Cummings and Kiesler 2007). Diversity is an impaor-
tant characteristic of projects, whose members may bring diverse
knowledge, expertise, information, and perspectives in order to per-
form organizational tasks and activitics (van Knippenberg and Mell
2016). Ar an individual level, knowledge diversity s shaped by the
functional background of project members, as well as by their pre-
vious work experiences. Following the arguments of project social
capital, the discussion about cognitive diversity relates directly to the

collaborative ties that project members may establish with other col-
leagues specialized in different areas of expertise. While similarity in
the stock of knowledge owned by individuals can, to some extent,
improve communication and commonality among them, certain
levels of heterogeneity can enhance the capacity for creative prob-
lem-solving and allow individuals to share different sets of contacts,
skills, information, and experiences (Reagans and Zuckerman 2001).
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Network diversity is defined as the prevalence of ties that cross insti-
tutional, organizational, or social boundaries (Burt 1992). It does
not take into account the number of actors, but rather the number
of different types of actors. The greater the number of different types
of actors to which an individual taking part in a single project is
linked, the greater the diversity of information and social support
that the individual in question can have access to (Burt 1983). In
this research, we consider cognitive diversity in terms of both the
different project members’ areas of expertise and the degree of pres-
ence/absence of relations with heterogeneous project members. Each
area of expertise can be viewed as a distinct pool of knowledge pos-
sessed by individuals affiliated with other projects. Network diversity
reflects a property of the project social capital that takes into account
the extent to which project members’ interpersonal networks are rich
in “cognitive diversity.” Individuals are chosen and assigned to single
projects on the basis of their specific competences and past experi--
ences. Such capabilities are often represented by the functional units
that overall represent the permanent part of the organizational chart.
Projects that have connections across multiple pools of knowledge
bridge holes berween projects in the broader “community” of knowl-
edge at the organizational level, and as a result, they are exposed to
knowledge that is more diverse.

The property of diversity is of crucial importance for project social
capital. Intense and frequent communication among members is nor-
mally a highly desirable condition within project teams (Obstfeld
2005), and typically these are designed with the intent to achieve
homogeneiry and cohesion among individuals pertaining to the same
project. In contrast, connections with members of other projects who
have a different background enhance an individual’s capabilities to
interpret ideas from people with different knowledge in a way that
suits his or her knowledge and experiences. At the same time, through
“different” ties, individuals can more easily transfer what they know
to others with different backgrounds. The ability to transfer knowl-

edge effectively leads to higher exposure of projects to a broader set of -
perspectives and cross-fertilization of ideas, and thus to variation in
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knowledge and problem-solving approaches which can help project
teamns identify and use multiple knowledge components in their activi-
ties. In other words, projects with exposute to more diverse knowledge
through their members interpersonal networks will have access to a
wider range of knowledge components and will be able to mobilize and
exploit different intellectual resources embedded in the network, As a
consequence, it is likely that a broader diversity of social networks will
be associated with higher levels of knowledge development.

However, although networks across disciplines can be beneficial
excessively high levels of network diversity can be problematic. First toJ
the extent that knowledge is transferred across boundaries that den;ar-
cate distinct bodies of knowledge, it is unlikely that individuals on
opposite sides of a boundary will have much knowledge in common.
Cohen and Levinthal (1990) labeled the ability to assimilate and repli-
cate new knowledge gained from external sources as “absorptive capac-
ity.” In discussing how this contributes to innovation, they argued that
absorptive capacity tends to develop cumulatively and builds on priot-
related knowledge. High levels of network diversity could result in
a lack of common knowledge among linked projects, thus decreasing
absorptive capacity and making attempts to transfer knowledge across
Fhe boundaries vulnerable. A lower ability to transfer knowledge will
ln.turn reduce opportunities to gain access to different cognitive strat-
egies and others’ experiences, diminishing the potential for knowledee
development. :

Turning to other works in the broader field of innovation manage-
ment, we can also here see that the proposed effects of diversity are
not straightforward. Whereas most of the literature on creativity high-
h.ghts the importance of heterogeneous ties, some authors point to the
risk of diversity becoming a double-edged sword, where too high levels
of_ diversity can have adverse effects on creative performance as it may
brmg.about misunderstandings, and possibly also conflicts (Milliken
and Martins 1996; Pelled et al. 1999},

As pointed out already in the seminal work by Lawrence and Lorsch
(1967), high performance in organizations is achieved when there are
high levels of both differentiation and integration, and the latter is the
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result of using certain integration mechanisms. Heﬂce,' in order to man-
age a team with high diversity, there is a need ‘for 1ncr'eas‘ed 1ntfagrelk
tion. Moreover, as organizations find themselves situated in increasingly
complex environments, systems theory informs. us tha't th:c organiza-
tions in question, too, must increase their requisite variety in orc?e.r to
accommodate the resulting variation and knowledge. needs. I'n addit}on,
research highlights the importance of requisite variety for innovation,
while at the same time they argue the need for redundancy (Liebeskmfl
et al. 1996; Reagans and Zuckerman 2001). To handle these paradoxi-
cal ideas, Bhidé (2000) proposes a modification of th.e theory‘proposed
by Lawrence and Lorsch (1967), arguing that there is an optlm.al le.vel
of diversity in organizations as the costs related to increased diversity,
in terms of conflicts and/or necessary integration efforts, may actually
exceed its benefies. .
Building upon this discussion, the goal of the present refsea_rc.h is to
explore whether and to what extent the levels of project diversity car:l
have both positive and negative effects on knowledge develo!:)meflt, and
if it, therefore, appears fruitful to avoid both low levels of diversity an

excessively high ones.

7.3 Methods
7.3.1 Research Setting

To test our hypotheses, we explored structural properties of proj.ect
social capital and the degree of knowledge development o.f a populatlo.r.l
of 53 biotech R&D projects located at one of the most important sci-
ence parks in Sweden. Of all the projects considered, seven were aca-
demic and related ro different university departments, the rest related to
several pharmaceutical companies involved in the biotech mdust.rly. We
chose this particular setting for a number of reasons that we will now

explain in more detail.

tH - _

First, the adoption of “temporary systems thrOl'lgh project basedﬂ
forms of organizing is important in this field given the increas-.
ing instability and uncertainty under the environmental conditions-
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which organizations have to deal with (Whitley 2004; Zeller 2002).
Biotechnology is a high-technology industry, characterized by radical
innovation, adaptation pressures, and frequent ‘alliances between large
pharmaceutical firms and new biotechnology firms (Powell et al. 1996).
Biomedical innovation has been defined in various ways, but here we
see it as a process involving the creation and application of scientific and
technological knowledge to improve the delivery of human health care
and the treatment of disease. Biomedical innovation processes have been
described as typically nonlinear or “interactive,” comprising complex,
uncertain, high-risk, and iterative cycles of knowledge integration and
networking across diverse groups and organizations (Powell et al. 1996).
Given this backdrop, the adoption of a temporary project structire
allows strategic fexibility within organizations undertaking biomedi-
cal research and commercialization. Although it is primarily adopted by
academic institutions and start-ups and new ventures, previous studies
have also reported the “projectification” tendency for pharmaceutical
companies in this field through the establishment of cross-functional
autonomous units (Zeller 2002).

Second, biotech R&D is an ideal setting to study project social capi-
tal because it has widely been recognized as a context in which the
social capital is an important performance determinant (Maurer and
Ebers 2006). The social exchange relationships that are supported by
trustworthy behavior “...play an important role in promoring organi-
zational learning and in fostering organizational flexibility” (Liebeskind
etal. 1996: 438) through increasing knowledge integration and reduc-
ing rivalry among rescarch actors. Ample evidence has been provided
that such benefits concern actors of different types and at different lev-
els, such as scientists and academic researchers (Liebeskind et al, 1996),
individual firms and organizations (Powell et al. 1996), as well as single
projects (Zeller 2002; Whitley 2004). Networks of project teams rep-
resent, in particular, an important mechanism through which organi-
zations involved in innovation processes acquire and create relevant
expertise,

In this sector, technology development is particularly boundary
spanning since sources of expertise are widely dispersed (Powell er al. ‘
1996). Firms often take the decision to delocalize project units in order
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to better benefit from the relationships they may establish with other
important knowledge sources. Proximity to actors external to firms
serves these firms’ capability to scan and absorb externally prod.uced
knowledge and technologies, which are extremely localized. The litera-
ture on localized knowledge spillovers and regional innovation suggests
that research projects and teams in close geographical proximity are
likely to be more productive than more dispersed teams (Audretscl.l and
Feldman 1996). Especially in the biotech industry, knowledge, ideas,
and innovation appear to be extremely localized spatially (McKe%vey
et al. 2003). Hete, personal networks seem strongly rooted in a particu-
lar locality, giving rise to a number of benefits for organizat‘ional project
units, e.g., the reduction of communication costs and a higher efhcacy
in the transmission of tacit knowledge as a result of the possibility of
having frequent face-to-face interaction (Ebers and Powell 2007). .

Projects often become highly embedded in a complex web of inter-
dependences manifested in social relationships, localities, and corpo-
rate networks, from which they mobilize essential resources (Sydow
and Staber 2002). In light of these interdependences, which projects
frequently exhibit in this specific sector, it is likely that “organizational
boundaries of projects operating within or across different firms (...)
are more often decisive as boundaries of the respective firms” (Grabher
2002a: 246). )

In this chapter, we analyze project social capital in a particular “pro-
ject ecology” (Grabher 2002a) which comprises all exchange rela-
tionships established between co-located projects in one o.f the most
important science parks in Sweden. Science parks are regional ingo-
vation policy instruments that aim for the effective transfer of pubh‘c
knowledge to high-technology-based firms in a well-defined geographi-
cal area (Storey and Tether 1998). A number of instruments and tools
are often put in place to increase the concentration of knowledge-based
actors and in turn the production of innovation at the local level,
Facilities can, for instance, be set up to facilitate the location of research
units in close vicinity of important universities or public laboratories,
and business services are provided for those who aim to start or already
have established new technology-based firms. Firms are encouraged to
locate laboratories, research units, or entire projects in science parks
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because of the increasing possibility to collaborate with important aca-
demic institutions, around which science parks are usually established,
as well as to gather prestige and visibility in the business community
(Felsenstein 1994).

7.3.2 Data Collection

In the present study, the single temporary project is the unit of analysis.
The present analysis is developed both with the support of primary data
collected through a questionnaire-based survey and with the use of sec-
ondary data already available. In particular, primary data relate to the
collection of information about the structure of single projects’ social
capital. In this vein, pilot interviews with project leaders allowed us to
make assumptions, develop the methodology of investigation, and make
a pre-test of the subsequently administered questionnaires.

A sociometric questionnaire, structured into different sections, was
administered during the summer and late fall of 2003 to project man-
agers and team members in order to gather relational data about each
investigated project. In the first section, each project manager was
found to indicate inter-project exchange relationships. We developed a
set of questions in order to see how the project units exchanged infor-
mational resources with other actors in the science park. An example of
the questions we asked is: “Has your project unit conducted repeated
exchanges of information/resources with other on-park tenants through,
for example, shared research programs, rotation of researchers or Ph.DD.
students, joint presentations, or meetings? If yes, please indicate the
name of organizations, specific projects, or other tenants within the sci-
ence park that were involved in this collaboration.” The questionnaire
was designed to gather data about technical inter-project relationships.
The project members were given a questionnaire and asked to indicate
with whom they usually discussed three predefined matters integral to
project activities: (1) the major source for the development of the project
activities, (2) the current dialogue and exchange of opinions about the
development of the project, and (3) the wrilization of specific knowledge
to develop specific parts of their work. We obtained valued relational
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data between members of each project, since the average frequency of
the interaction on a weekly basis during the last year was also checked.
There are a number of proxies for the success of biotechnology pro-
jects, including measures such as net margin, revenue growth, emploljlr_
ment growth, and patenting rate (Maurer :a\nd I?,bers 200.6). In t ©
present study, given the R&D nature of the investigated project activi-
ties, we considered the number of patents grante.d by each prmec:ll as
a proxy for project knowledge development. FJsm.g patent dz‘lta $0
allowed us to identify project members contribution to the innova-

i ject, rather
tion performance, measuring knowledge development at project, .

than organizational, level. Data on patents of biomedical projects were
obtained through direct interviews with project leaders, and later com-
plemented by two major patent databases. AnotheF .archwal -materlal
available from project leaders was used to coﬂef:t additional project data
concerning tenure and project teams’ composition.

7.3.3 Variables and Measures

Dependent variable Our dependent variable is represented by project
knowledge development, measured as the number of patents granted.
Prior studies consistently suggest that the number of patents is a key
indicator of innovation performance, whenever performance is inves-
tigated at different levels of analysis. In a study of 258 R&D profes-

sionals, Keller and Holland (1982) found that the number of patents

granted to each surveyed individual was positively and signiﬁca.ntiy
associated with both superiors’ ratings of performance and self-ratings
of performance. In a recent study of 1200 companies, Haged(')orr.l and
Cloodrt {2003) documented that the number of patents is an indicaror
that captures the organizational innovation perforxr}ance. The usage of
the number of patents has also been shown to be fairly appropriate as a
performance indicator at the project level (Linton et al. 2002). "
Data were gathered by querying two large international databases Whlii
contain a large amount of detailed information about patents grante :
the European Patent Office (EPO) and the World Organization for

Intellectual Property (WIPO). We collected patent data by counting
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the number of patents for each surveyed project during years 2003 and
2004. To evaluate project performance more accurately, we recorded the
patent application date rather than the time of invention. ‘The time that
elapses between the date of a completed invention and the patent appli-
cation date has been shown to be no more than 2-3 months, and thus
the patent application date is a good time proxy for when the invention
occurred. We note hete that, in both of the abovementioned databases,
application dates are recorded only for those patents that are finally
granted, and thus that all patents recorded by application date are pat-
ents that were also granted. Extant research suggests that even the total
number of submitted patent applications is an ideal proxy of knowledge
development at project level (Cummings and Kiesler 2007). We thus
decided to complement our analysis by using as dependent variable the
number of submitted patent applications in the period 2003-2004.
Data on submitted patent applications were self-reported by project
leaders in the course of interviews we conducred. The findings (not
shown) obtained from a separate analysis conducted on these additional
data were qualitatively similar to those described below.

Independent variable Our indicator measuring the level of diversity of
project social capital is Network range (Burc 1983). Projects are sur-
rounded by a “diverse” network to the extent that thejr members spread
their network ties across multiple areas of expertise and the connections
within contacted areas are weak. Network range has two distinct com-
ponents, The first is a function of how project members’ ties are spread
across different areas of knowledge and expertise. The second is a func-

tion of the strength of connections with projects working in those areas.
Thus, network diversity is defined as:

N
NR; =1-— Zk:] Viva

where v, is the strength of the network connection from member ; to
area #, and v, describes the strength of the connections berween projects
in area &, while v, is in turn defined as;
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Ne
Zj=1 Xij
Vik = N
q=1"ig, q=/

where IV, is the number of ties thar project i has with other projects

working in area £, /V is the total number of network relationships of

project #, and x, is the number of ties that project 7 has with project ;.
i .

Tie strength v, within area £ can be expressed as follows:

My
_ Zj:]_ Xij
L
Zq=1xtq,qzj

where S, is the number of contacts that a givenl pr.oject maintains i-n
area b, M , is the number of projects with expertise in tht? area %, x, s
the intensity of the relationship between a given project in area k and
any project, and x, g 1 the intensity of the relation:shlp. between a pro-
ject member in area 4 and a project member working in the same area
of research. Therefore, increasing #, indicates the absence of d.wr';:rse
knowledge inside a knowledge network. We test curvilinfi:ar association
by including Network range squared. For further discussion abf')ut this |
measure, see Burt (Burt 1992) or refer to the application provided by

Reagans and Zuckerman (2001).

Control variables We used several control variables to capture the effects
of other factors that are potentially important to explain projects
knowledge development, bur not theoretically interesting in :EhlS spe-
cific study. We controlled for the amount of annual budger available fo.r
each project, as it is likely that the availability of resources would ena-
ble research teams to have broader access to technologies, external sup-
port, or other important resources ultimately important fm:“ knowledge:
development. This variable is expressed as the (natural logarithm) of' the’
amount of the annual R&D budget expressed in Swedish Kronor. .Smcei
the size of projects might also affect the level of performancfe a(‘:hleved::
at the project level, we controlled for the dimension by considering th .
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number of scientists and/or corporate researchers affiliated with cach
project. Also, project duration may affect the level of performance
achieved, and in the current study, we controlled for the number of
months passed since the starting date of the project. A number of the
behaviors and outcomes of the project are subject to variation on the
basis of their type of ownership. In spite of those owned by private
corporations, academic projects are more likely to be oriented toward
streams and purposes that reflect those of open-end research {(McKelvey
et al. 2003). For this reason, we included a dummy variable labeled
Corporation that equals 1 for projects pertaining to private corpora-
tions, and 0 for projects affiliated with academic organizations. Recent
studies have shown that patenting can be hindered by the amounr of
scientific material that scientists publish in peer-reviewed journals or
conference proceedings etc. (Blumenthal et al. 1996; Czarnitzki et al.
2009). For this reason, we finally controlled for the Number of publi-
cations achieved by researchers in each sampled project. Lastly, three
control variables concerned the dimension and the general structure of
projects’ social capital. Since larger nerworks tend to be less cohesive
and also less constrained (Burt 1992), we controlled for these possi-
bilities by controlling for the number of other projects to which single
projects are directly connected (Degree). ‘The second variable included
was the Total Number of ties calculated as the total number of inter
project relations connecting projects thar compose the focal project’s
network, leaving out the ties that the latter has with all the others.
Given two networks of the same size, composed of the same number of
alters, the network with the highest number of ties is characrerized by
a greater level of interaction. A third, final measure takes into consid-
eration Network constraint, along with its squared term, which indicates
the general level of cohesion and redundancy characterizing the social
capital of each project (Burt 1992). The inclusion of the squared term
seems appropriate in light of the hypothesized U-shaped relationship
regarding network diversity.

Table 7.1 summarizes our discussion by reporting the descriptive sta-
tistics of all the variables included in our empirical model specifications.
Table 7.1 also reports the first-order correlation coefficients among all

_the relevant variables.
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Table 7.1 Descriptive statistics and correlation matrix for variables

Std dev Min Max 1

00323 6

Mean

6,65 1

6.0111

1 Budget (log})
2 Dimension
3 Duration

1

03777 6 25 0.00894
~0.2514 0.0222

0.4921
0.2301

5 #Publications 11.9448 8.9694

6 Degree

01717
0.4074
0.1717

1

34

1

"
0
1

—0.0397 1

0.1191
0.2337
0.4096
0.3901

0.0257
0.1236
0.0145
0.3310

4 Corporation

1

—-0.1301

0.0769
0.0019

0.1895
0.1333
0.2971

37

1

0.1989
0.1527

33

49714 0

421616 319721 0

8.2020

1

0.5421

98

7 Number of

ties
8 Network

—0.0036 -0.2386 —0.2301 —0.1203 —0.0411 —0.6964 —0.2133 1

1

0

0.1927

0.3310

constraint

9 Network

—0.0133 1

0.1235

0.0082

~0.1062 0.0306

—0.1308 -0.0553 0.1838

1

-1

-0.0512 0.5956

range
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We used negative binomial regression to estimate the effect that project
social capital closure and range have on the number of patents (Long

and Freese 2006). The results are displayed in Table 7.2.

Model 1 in Table 7.2 regresses the number of patents on the set
of control variables. Overall, the inclusion of the control variables
results in a model that is significantly different from a null model. All
of the control variables are significant, As expected, surveyed projects

Table 7.2 Negative binomial regression estimates (standard error in
parentheses)
Model 1 Model 2 Model 3
Constant —0.8774% %% —0.3212 —0.1236
{0.1642) {0.3113} (0.3246)
Budget 1,9837%*%* T.8812%** 1.8921%%*
{0.0838) (0.0791) (0.0863)
Dimension 0.9494%*=* 0.9075%** 0.8788%**
{0.0776) (0.0712) (0.0895)
Duration 0.6589%** 0.6012%** 0.7148*%%*
(0.0810) (0.0839) (0.0779)
Corporation 0.5763%** 0.5623%%* 0.5100***
{0.0597) {0.0599) (0.0509)
Number of Publications —0.0314*%* ~0.0376%** —(.0291%**
{0.0039) (0.0035) (0.0042)
Degree 6.0211 0.0206
(0.0190} (0.0194)
Total number of ties 0.0410%= 0.0512
(0.0199) (0.0272)
Network constraint 2484775+
(0.8444)
Network constraint squared —~3.1864%**
(0.9856)
Network range 0.4180%*=
(0.0910)
Network range squared —0,2473%%%*
(0.0497)
Number of Obs 53 53 53
Log-likelihood -1068.9640 —1060.5611 -1036.9011
Pseudo R squared 0.3359 0.3401 0.3671

*p<0.1; **p < 0.05; ***p < 0.01
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characterized by higher tenure and dimension are more likely to achieve
higher levels of knowledge development. This makes sense since tenure
indicates the previous experience developed at the project level, which
in turn can influence the projects patenting activity. Also, the dimen-
sion variable is positively and significantly associated with the num-
ber of patents. Even in this case, it is reasonable to expect that projects
with many team members perform better, at least in terms of num-
ber of patents. The positive and significant coefficient for the variable
“Corporation” indicates that the institutional profile of projects also
matters for the levels of knowledge development achieved by projects
in our sample. In particular, we can see that corporate projects are more
Jikely to develop new knowledge than academic projects. Our findings
also document that the coeficient for the variable “# Publications” is
negative and significant, which indicates that the propensity to publish
research results of a project is negatively associated with the levels of
new knowledge developed at the project level. Although there is no gen-
eral consensus about this in the extant literature, our results are in line
with the evidence provided by recent studies in this field (Czarnitzki
et al. 2009).

Compared to the vatiables of Model M1, Models M2 and M3
incdlude measures characterizing the network structure of the pro-
ject social capital. Model M2 includes the “Degree” and “Total num-
ber of ties.” Whereas Degree was not significantly associated with the
dependent variable, the positive coefficient for the Total Number of Ties
highlights that a greater number of relationships between projects com-
posing the project social capital corresponds to a higher level of knowl-
edge development.

In Model 3, we include two variables that directly speak about the
structure of projects’ social capital, namely “Nerwork constraint” and
“Network range,” along with their squared terms are labeled “Nerwork
constraint squared” and “Network range squared.”

Model 3 in Table 7.2 shows that the coefficient for “Network con-
straint” is positive and significant, and the coefficient for “Network

constraint squared” is negative and significant, suggesting an inverted -
q & & £B g

U-shaped curvilinear relationship that maximizes the number of pat-
ents at moderate levels of network constraint. Results also document
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that the coefficient for “Network range” is positive and significant and
the coeficient for “Network range squared” is negative and significant.
These results support the hypothesized inverted U-shaped relationship
betx‘fveen the range of project social capital and the number of patents
achieved at the project Jevel. This pattern of results implies that even
tI.lough the creation of collaborative ties with other projects operating in
different areas of expertise enriches the effectiveness of projects (Reagans
and Zuckermann 2001), there are also costs for projects that seek other
units to add and integrate new know-how to their knowledge stock
(McFayden and Cannella 2004). As further collaborative ties which cut
across areas of expertise boundaries are added, the costs of assimilating

absorbing, and combining diverse information eventually outweigh thé
benefits (Zahra and George 2002). Hence, the logical reasoning used b

B'hidé (2000) regarding costs and benefits of diversity at the organiza}j
tional fevel appears to be applicable also at the level of project networks.

7.5 Discussion and Conclusion

Drawing upon the recent literature in social capital, we used the con-
struct of project social capital in order to investigate its influence on
knowledge development in R&D projects in the biotech field. Our
reSLJ:Its suggest that certain structural configurations of project social
capital maximize the level of effectiveness in knowledge development
More specifically, the empirical observations show that moderate leveis.
of project diversity are correlated with higher knowledge development
performance. i
The level of diversity of project social capital relates to how different
the partners involved in social exchanges are, taking into account the
prevalence of cross-boundary social interactions between projects. Our
findings show an inverted U-shaped relationship between projects’ net-
W.Nork diversity and their level of knowledge development, demonstrat-
ing that intermediate levels of diversity maximize project knowledge
development. i
‘The present study contributes to previous research in several ways
First, the empirical results underscore that project social capital is :;
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useful concept to capture the embeddedness of projects and highlight
the importance of external links for project knowledge development.
With the exception of a few cases (Arthur et al. 2001; Grabher 2002a;
Di Vincenzo and Mascia 2012), there is to our knowledge a lack of
studies exploring analytically and with empirical data the interdepend-
ences between projects and the network of personal relationships built
around projects (Grabher 2002a). In this study, we extend the exist-
ing literature on social capital examining how resources and knowledge
are channeled through network relations that involve the project level.
Project social capital adapts and exvends the more established notions
of social capital to the specific context in which PBOs operate and per-
form {Di Vincenzo and Mascia 2012}, a setting which is characterized
by a number of particularities that bring the importance of social capi-
tal to the foreground. Indeed, projects are formed by multiple members
who are engaged in frequent communication with other individuals
within and outside the project. In addition, projects often involve peo-
ple working together on complex innovative tasks for a well-defined
limiced period of time. Finally, it is likely that projects will become
highly embedded in a set of project-specific relationships in addition to
those that their individual members develop.

The second point of this chapter is that it makes a contribution to
the debate among scholars regarding what kind of network structure is
the “best” for knowledge development. On the one hand, the theory
on structural holes states that individuals who hold heterogeneous ties,
connecting two ofr more otherwise disconnected actors, have more social
capital than other individuals (Burt 1992), even though this theory does

not specify whether these benefits can be realized under all conditions.
On the other hand, a different approach to social capital instead recog- |

nizes the advantages of homogeneous social networls and strong ties,

which (among other things) should result in a more effective exchange
of knowledge (Obstfeld 2005). Our empirical findings support the-
view that, at least within a project-based context, the more effective
network structure seems to be a combination of these two, scemingly-
incommensurable, structures. A possible explanation for a third way

out of these conflicting ideas may be provided by the cognitive distance

theory, and specifically by Noteboom et al. (2007), who state that “che.
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challenge is to find a partner at a sufficient cognitive distance to rell
.son:;ething new, but not so distant as to preclude mutual understand-
ing” (p. 1017). At first, as cognitive distance increases, it has a positive
cffect on knowledge development. When people with different knowl-
edge and perspectives interact, they stimulate and help each other to
stretch their knowledge for the purpose of bridging and connecting
diverse knowledge. However, at a certain point, the cognitive distance
becomes so large that it precludes the mutual understanding needed to
utilize those opportunities.

Another plausible explanation concerns the disadvantages associated
with highly closed and overly embedded networks. One important risk
especially in knowledge-intensive work, is that subjects may start t(;
trust their group judgment more than information from the surround-
ing scientific world. Known as “group-think,” group cohesion tends
to generate mutually aflirming effects that can reduce or restrict access
to the more diverse resources and innovative information that might
be available beyond the closed group (McCauley 1989). In particular,
the resources and information that flow through external ties mighe be
ignored or discounted when they enter a closed project, or more gener-
ally. the lack of information utilization might be due to the develop-
ment of strong positive intra-project biases and negative extra-project
blases that prejudice a project’s members against absorbing and using
information from outside their project (Oh et al. 2004 use similar argu-
ments about groups). Furthermore, the findings corroborate some of
the existing ideas on creativity in organizations (Milliken and Martins
1996) by indicating both the potential positive and the possible nega-
t%ve sides of diversity, pointing out the value of a balanced use of diver-
sity in project portfolios and networks.

The findings of this study also have a number of direct implications
for ‘project management. One is that it highlights the need to regard
projects as embedded entities, and that project managers should delib-
erately consider project network aspects in order to betrer leverage the
resources available in project team members’ formal and informal refa-
tionships, both inside a single project and between different projects.
Consequently, there is a need to build and use relationships in a fruitful
way, calling for the development of appropriate competences.
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Moreover, we see that deliberately managing project social capital is
largely about handling the paradox of simultaneously allowing mO(.ier—
ate levels of project network diversity and project network constraint,
two things that at first sight seem incommensurable, Even though these
two dimensions of project social capital may somewhat counteract each
other, the pragmatic managerial solution is to accommodate tl‘1e1f coex-
istence by using a suitable set of integration mechanisms within and
between projects, in order to create prerequisites in terms of levels of
redundancy and absorptive capacity. By extending the view of’ the r_ei—
evant system boundaries to include other projects and the relatlonsh{ps
to them, managers can reveal opportunities to move beyond the earhef
perceived trade-offs and thereby reach new levels of performance (Di
Vincenzo and Mascia 2012). Arguably, an important contingency factor
to consider in relation to the effects of project social capital is the extent
to which projects aim at generating new knowledge through crea.tive
processes, and the extent to which they are vehicles for efhciently bring-
ing together already existing knowledge. - '

The study has a number of limitations that invite further investiga-
tion. As with most network research, the design was cross-sectional,
preventing determination of causality. Although we'have argued that
a project’s configuration of social capital determines its level of knowl-
edge development, future longitudinal research might be able to deter-
mine the direction of causality. Recent studies have documented that
the analysis of the evolution of collaborative patterns is especially essen-
tial for better understanding of a number of relevant project-based out-
comes such as learning and innovation (Manning and Sydow 2011).
Longitudinal data would allow us to explore in depth the links between
project social capital and knowledge development. Such data'would also
enable us to examine how different inter-project relationships emerge,
evolve, or are abandoned, in accordance with a truly dynamic process

(Guimera et al. 2005). However, such longitudinal models face consid-
erable challenges in terms of data collection, notably as far as neework
data are concerned.

Another limitation is that our analysis of the structural aspects of
project social capital is limited to those collaborative relationships estab-
lished by, and among, projects localized within the science park. We are
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aware that projects’ relationships with actors localized in different con-
texts also play an important role for project behavior and performance.
However, there is ample evidence about the importance that co-loca-
tion has for research actors in highly uncertain and complex industries
such as biotech R&D (Liebeskind et al. 1996). In this context, the rise
of trustworthy, frequent, and reciprocal exchange of relevant resources,
which is strictly related to the possibility to achieve important out-
comes, dramatically depends upon the availability of potential partners
in the immediate network around a project, A deeper understanding of
how projects develop new knowledge in this field strongly relies on the
way they build upon existing networks with other projects to generate
and use resources, which is a fruitful avenue for future research.

A third limitation concerns the proxy we adopted for the measure-
ment of knowledge development at the project level. Previous studies
have indicated that, other than the number of patents granted, there
are a multitude of project aspects that may be referred to as project
knowledge outcomes—such as new grants achieved, new spin-off pro-
jects, development of models or approaches in the field (Cummings
and Kiesler 2007). In addition, in this study, we focused on short-term
outcomes in research collaboration, rather than the quality of a particu-
lar outcome or long-term outcomes. Notwithstanding this limitation,
extant research has largely documented that patents granted can be con-
sidered a proxy of knowledge development at the project level in bio-
tech R&D (Maurer and Ebers 2006). Future work would benefit greatly
from exploring whether the hypothesized structural configurations of
project social capital do play the same role for other project outcomes
achieved in this industry.

A final limitation refers to a number of idiosyncrasies pertaining to
the non-random choice of the research setting adopted in this study. As
the specialized literature has recently theorized, project-based forms of
organizing are not homogeneous: they differ in a number of important
respects (Whitley 2004). The data employed in this study refer to only
53 projects in biotech R&D, leaving open the question of whether our

results would generalize to a broader population of projects in different
industries.
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