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THE INFORMATION VALUE OF (UN)EMBEDDED R&D ALLIANCES

Abstr act
This paper assumes that a firm sets up information generating alliances or R& D network ties that
create alliance groups to reduce technological uncertainty. Our model indicates it is only worthwhile
for afirm to establish an alliance with a new, unembedded partner outside its existing alliance group
when the value of technological information, obtained through this alliance, outweighs the cost
advantage of finding a partner embedded within its alliance group. If the information obtained from
an embedded alliance is largely redundant or very similar, afirm may prefer an unembedded alliance
even if the information obtained fromthistieis less precise. At some point, afirmis willing to
exchange precise but redundant information for inaccurate but novel information. The higher the level
of technological uncertainty in the environment, the more a firm should consider entering into an
aliance with an unembedded partner instead of forming an embedded alliance. The higher the degree
to which embedded ties are redundant, the more afirmisinclined to enter into a new alliance with an
unembedded partner. We also show that the degree of information redundancy among the existing
partners of afirm and the level of technological uncertainty faced by the firm interact, mutually
reinforcing the effect these variables have on the desirability to form an unembedded tie. Finally, we
find that information redundancy tends to be desirable (undesirable) if the degree of accuracy of
information obtained from previousties and either embedded or unembedded tiesis dissimilar

(similar).
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INTRODUCTION
We define alliances as inter-organizational entities that imply the sharing of resources and assets by
two firms. In the context of this paper, we understand alliances to be of atechnological nature which
implies that the purpose of firms engaging in alliances (network ties) is to reduce the technol ogical
uncertainty in their environment and to gain access to useful technological information. More in
particular, these alliances are set up for sharing, devel oping, and scanning new technologies with
partners (Anand & Khanna, 2000; Contractor and Lorange, 2000; Dussauge & Garrette, 1999; Gulati,
1995; Hagedoorn, 1993).

Alliances that are part of a cohesive and dense network or an alliance group, where a number
of firms collaborate with each other over an extended period of time and possibly through multiple
aliances, are considered embedded or local ties from the perspective of an individual group member.
The embeddedness of ties provides a number of advantages to a firm that engages in alliances. Dueto
trust between firms participating in embedded ties, these firms are for instance able to negotiate
lenient and less formal governance mechanisms without equity sharing (Robinson and Stuart, 2007).
Embedded, local ties may also reduce the costs of searching for new partners. Current partners of a
firm may suggest other useful future partners that have a track record of desirable behavior in
cooperative relationships. In addition, embedded, local ties enable the transfer of fine grained
knowledge and joint problem solving arrangements (Duysters, Hagedoorn, Lemmens, 2003; Uzz,
1997). However, at some point repeated interaction with members of the same alliance group may
lead to over-embeddedness when the inflow of new and nove information is hampered. In that case,
the lack of alliances with new, outside partners may reduce the exposure of firms to new innovative
ideas (Uzzi, 1997).

In recent studies by Baum, Rowley, Shipilov and Chuang (2005) and Sorenson and Stuart
(2008), two types of partners are considered to be embedded. First, prior ties are an obvious candidate
as previous alliances between firms yield relevant information about these alliance partners through
repeated interaction. Secondly, ties that are connected to the focal firm through a common partner are
indirect ties, yet through this common partner they are considered to be embedded, local ties as well.

Firms that are neither prior nor local ties are considered to be unembedded, because very little
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information is likely to travel through chains with a path length longer than two, i.e. the distance or
steps between two firms connected through a common partner (Baum et al., 2005; Sorenson and
Stuart, 2008). Allying with these non-local, unembedded new partners is not without consequences
and related costs. Forming alliances outside a firm's current group of local ties may compromise
previously formed alliances, if the existing arrangements are based on the expectation that a firm will
not turn to other, non-allied firms to limit the risk that valuable information leaks to competitors.
Maintaining the already existing alliances while at the same time engaging in these new alliances may
require costly additional managerial efforts from the focal firm to maintain or rebuild trust (Mesquita,
2007). Furthermore, new unembedded ties are likely to involve more costly governance arrangements
(Robinson and Stuart, 2007) and higher contracting costs since trust may not have been devel oped yet
(Uzzi, 1997). There are, however, also benefits of tying to unembedded partners and these benefits are
found in the potential access to novel information which may reduce uncertainty concerning relevant
technological developments. This information about new technological developments is important for
the survival of firms, in particular in a dynamic high-tech environment (Contractor and Lorange,
2000; Dussauge & Garrette, 1999; Gulati, 1995; Hagedoorn, 1993; Beckman, Haunschild & Phillips,
2004).

Research on the formation of unembedded ties or non-local tiesis still initsinfancy.
Sorenson and Stuart (2008, p. 266) notethat: “ .... (t)he most salient shortcoming in the literature
pertains to theory that can explain the emergence of ties of spatialy, relationally and socio-economic
distant actors.” So far, very few studies have focussed on this topic. Beckman et al. (2004) find that
firm-specific uncertainty induces firms to form alliances with unembedded ties whereas market
uncertainty, which is common to all industry participants, makes firms prefer repeated ties with
existing partners (see also Podolny, 1994). Baum et al. (2005) find that, if performance levels of
existing ties are below historical or social aspiration levels, firms are morelikely to take therisk of
forming new, non-local ties.

Our contribution provides aformal understanding of the strategic implications for afirm
whether it engages in ties within an already well-established alliance group of embedded ties or

whether it opts for a more venturous strategy with new aliances (i.e. non-local, unembedded ties)
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outside its existing aliance group. Using a parsimonious Bayesian learning model, we consider the
choice between to ether increase collaboration with partners through embedded ties or to set up new,
non-local, alliances. An advantage of this model is that it facilitates an explicit analysis of which
parameters determine a firm’'s potential to learn from its alliances. Our theoretical approach allows for
an investigation of how constructs like technological uncertainty, redundancy and information
accuracy jointly affect the formation of non-local, unembedded ties. As such this contribution,
advances the work of others, eg. Beckman et al. (2004) who investigate how only one of these
aspects, i.e. uncertainty faced by a firm, affects the non-local search for partners.

Our mode! reveals that a firm has an incentive to establish an alliance with a partner * outside
its set of local ties when the value of the information regarding technological development, obtained
through this non-local alliance, outweighs the cost advantage of finding an additional partner within
the group of its already existing, embedded alliances. If the information obtained from embedded ties
is largely redundant or very similar, afocal firm may turn to alliances with non-local partners even if
the information obtained from these unembedded ties is less precise. Thelevel of technological
uncertainty increases the incentive to enter an alliance with an unembedded tie, which supports
empirical findings of Beckman et al. (2004). The degree to which existing partners are redundant, has
a positive effect on the decision of a firm to enter into a new alliance with a non-local partner. To the
best of our knowledge no empirical research explicitly investigates this outcome of our modd.

Ancther new result we obtain from our theoretical work is that the degree of technological
uncertainty afirm faces and the degree of redundancy within its aliance group of local ties interact.
This implies that the incentive to form an unembedded tie increases substantially with uncertainty
only if the degree of information redundancy among existing partnersis high enough. A firmislikely
to till form local ties even if uncertainty is high, if non-redundant information is readily available
within its alliance group. Likewise, a firm’'sinclination to form a non-local, unembedded tie increases
significantly with the degree of redundancy within its existing alliance group only if it facesa
substantial degree of technological uncertainty. This interesting result implies that a focal firm will

only tolerate a moderate level of redundancy within its current group of aliance partners when
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uncertainty is high and it will quickly become interested in tying up with unembedded, non-redundant
partners when uncertainty increases.

Thefinal issue we address in our paper concerns the question of how accuracy of information
affects the desirability of information redundancy or overlap of information obtained from various
types of allianceties. We show in this paper that the disadvantages of information redundancy apply
when the accuracy of information made available by prior ties and information provided by embedded
partners have the same degree of accuracy. Under these conditions, firms are inclined to avoid
redundancy. However, if the accuracy of the embedded ties and the precision of the knowledge
already availableto the firm by prior ties differ substantially, then some overlap is beneficial. In that
case, the Bayesian learning model we adopt in this paper provides a surprising result. According to
the model we advance, the precision of one source of information (prior ties, embedded ties or
unembedded ties) may benefit the accuracy of the combination of an imprecise and a precise piece of
information obtained from alliance partners if there is a certain degree of redundancy. Likewise, we
find that information overlap between information obtained from previous partners and unembedded
partners is beneficial if the accuracy of information from thesetiesis dissimilar.

A recent contribution by L etterie, Hagedoorn, van Kranenburg & Palm (2008) focuses on
alliance formation of a firm within a set of embedded, local ties. They determine the optimal number
of partners of these embedded ties and study the choice of the type of partner if the optimal size of the
group of aliance partners has not been reached yet, while various types of partners are still willing to
join the alliance group. They also discuss the disadvantages of redundant information. The modd in
the current paper is more general as our extended model allows for a comparison of the quality (i.e.
precision) of information obtained from either embedded, local partners or non-local, unembedded
partners. It also explicitly accounts for the history of afocal firm’'s alliances before turning to others.
In addition, the present paper addresses the interaction between uncertainty and redundancy on the

dynamics of unembedded tie formation.
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INFORMATION FROM EMBEDDED TIES
When a firm uses multiple alliances to jointly explore technologies with more than one partner, it
engages in an alliance group with a multitude of partners. Social network terminology refersto this
group of partners of afirm as an extended, n-step ego-network. The more this firm and its partners,
but also these partners amongst themselves, are connected to each other, the more this generates a
densely connected alliance group of firms. This dense group of alliance partners is also characterized
by repesated interaction amongst group members during a more extended period of time (Gulati, 1998;
Nohria & Garcia-Pont, 1991). Based on experience through previous contacts within a particular
group of partners, afirm is expected to select partners for new alliances within this existing group of
partners (Gulati, 1998; Gulati & Gargiulo, 1999). This repeeated tie effect creates cohesive ties through
frequent interaction in a group of cooperating firms (Gomes-Casseres, 1996; Harrigan, 1985; Nohria
& Garcia-Pont, 1991).

When afirminvests a substantial amount of time, assets, technology, and human resources to
establish these alliances, changing partners in the short runis not very likely due to switching costs
and the reputation effect that this might have on other existing relationships with its partners (Chung,
Singh & Lee, 2000; Uzzi, 1997). In that context a firm may even experience implicit or explicit social
pressure from its partners to replicate its ties to prevent knowledge leakage to firms outside of its
existing alliance group (Duysters, Hagedoorn & Lemmens, 2003). Such an expectation of loyalty to
current partners can prevent a firm from setting up alliances outside its alliance group as this can
create a conflict of interest with its existing partners (Gulati, Nohria & Zaheer, 2000; Nohria &
Garcia-Pont, 1991). Competing alliance groups can thus block alternative partnering opportunities for
a firm with non-group members (Gomes-Casseres, 1996). As a consequence, such potential partners
are excluded from partner selection.

An advantage of building alliances with well connected and trusted partners is the reliance on
less costly governance mechanisms in inter-firm transactions. Embeddedness and proximity of
partners reduce the size and propensity of equity participation as a control mechanism (Robinson and
Stuart, 2007). Therefore, afirmis expected to prefer local search, i.e. it rather replicates its existing

ties than search for new partners outside its existing group of partners (Anand & Khanna, 2000; Dyer
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& Singh, 1998; Gulati, 1998; Kale & Singh, 1999; Walker et al., 1997). In the context of (joint)
technological development and the sharing of technological information, a firm can also use local
search to start common R& D projects based on technological characteristics that it shares with its
partners (Stuart & Podolny, 1996). An explanation for the relevance of this overlap or similarity in
R& D activities for thelocal search for partnersis found in the need to assimilate and understand the
technology that a firm develops and shares with its partners (Lane & Lubatkin, 1998; Mowery, Oxley
& Silverman, 1996; Rosenkopf & Nerkar, 2001). This similarity encourages further interaction
between firms as similarity, interaction and mutual attraction reinforce each other (Brass, Butterfield
& Skaggs, 1998). In this context of local search and similarity, firms maintain and replicate ties with
each other, which lead to the formation of densely connected alliance groups (Gomes-Casseres,
1996). As these group members focus on similar technologies, local search for partners within this
group contributes to the technological competence and information sharing of cooperating group

members (Rosenkopf & Nerkar, 2001).

Technological development and uncertainty
We understand technological development to be intrinsically uncertain. This uncertainty is caused by
the wide range of technological sources availableto firms, the different patterns of diffusion and
adoption of particular technological options, and the unstable preferences of consumers and
companies (Nelson & Winter, 1982; Rosenberg, 1996). A firm confronted with this technol ogical
uncertainty has some notion of the expected direction of technology and the degree of uncertainty
surrounding technological development. In that context, one has to think of afirm operatingin a
technological space, a set of industry-specific technological opportunities which are defined by a
technological paradigm (Dosi, 1982). Somewhat similar to Kuhn's understanding of scientific
paradigms (Kuhn, 1977), this technological paradigm generates a broad search model for selected
technological problems with which firms are confronted and that provides prescriptions for which
directions of technological development to pursue and which to neglect (Dosi, 1982).
Technological paradigms will steer the search process of firms towards an optimal future

technology along technological trajectories (Dosi, 1982; Geels, 2002; Nelson & Winter, 1982). These
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technological trajectories drive technology into particular directions (Breschi, Malerba & Orsenigo,
2000; Rosenberg, 1976). The cumulative nature of these technological trajectories and the set of
search procedures are common to a technological community or a set of firms that operate within the
same technological paradigm. As a consequence an individual firm has some understanding of the
direction of technological development and the heuristics and search procedures for new technologies.

In line with the above, in our model the firm’s optimal future technology is reflected by a
parameter T. Using information that is already available, the firm determines prior expectations about
the variable T. The precise value of this parameter is unknown, uncertain and not controlled by the
firm. The uncertainty surrounding the technology T or the lack of knowledge of thetechnology T is
reflected by the prior distribution of T, which is normal with mean mand variance s T~N(m st)_
Hence, mdenotes the expected value of T and s+ reflects the degree of uncertainty a focal firm faces
prior to engaging in alliances. The value of mand s+ are known to the focal firm and are firm
specific. These parameters are affected for instance by afirm's earlier experiencesin R& D and they
reflect afirm’s knowledge base concerning products and technologies. Since these may differ across
firms mand s> may be different aswell for various companies.

As already well established in the alliance literature (Contractor & Lorange, 2002; Dussalige
& Garette, 1999; Gomes-Casseres, 1996; Hagedoorn, 1993; Stuart & Podolny, 1996; Walker, Kogut
& Shan, 1997), afirm can set up alliances geared towards joint technology development with its
partners to reduce technol ogical uncertainty. The firm’'s optimization problem is to choose the group

of aliances yielding the lowest value for the expected total cost TC

(1) TC=bxs +c,,

where b>0 and ¢, denotes the cost of building its alliance group of size n. This equation shows that the
expected cost that the firm incurs measured by TC depends on the degree of uncertainty which

remains after observations are obtained from its partners as given by s | . The cost of uncertainty

about the technology T is an increasing function of s | . As a consequence, the firmisinclined to

reduce the uncertainty it faces. The idea behind the optimization problem of the firm is that afocal

firm selects a certain technology d and it is costly if it deviates from the optimal technology T. The
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expected error thefirm s likely to make when choosing d is large if the degree of technological
uncertainty s, the firm facesis high. Asaresult, the firm has an incentive to learn about the value of

T and to reduce the amount of uncertainty surrounding it prior to selecting its choice of d in order to
avoid making big mistakes. In appendix A we provide aformal derivation for the objective function
presented in equation (1).

Each time the firm forms an alliance with a firm from the group it is embedded in, it obtains
an observation x;. The expected value of x; equals T. Hence, if thefirm obtains an observation x; this

yields some information about the desired future direction of the technology. An observation x; is

normally distributed and its variance isgiven by s f . The parameter S f reflects the precision of the

information contained in observation x. If theinformation is very noisy then s f is high.

Alternatively, thefocal firm may have alimited absorptive capacity dueto which it finds it hard to
correctly understand the observation. Finally, the information provided by partners may largey be
tacit due to which transmission can be very cumbersome, inducing substantial noise.

Two observations x and x; (where i#j) are positively correlated which is represented by a
correlation coefficient p>0. This means that knowledge obtained from these partners partly overlaps.
Hence, to a certain extent observations from these partners are similar. This information overlap may
stem from prior interaction between firms through alliances due to which their knowledge bases start

to show some similarity (see also Mowery, Oxley & Silverman, 1996).
In the remainder of the paper we assume that the parameters sT2 , S f and p are known to the

focal firm. They may be perceived as an assessment of the firm about the uncertainty it facesin its
environment, the precision of theinformation it acquires, and the information overlap of its
observations. In reality it may be hard for afirm to pinpoint an estimate for these parameters.
However, we conjecture that managers of partnering firms at least have an intuitive understanding of
the size of these parameters due to which our stylized optimization problem allows usto describe

relevant features of afirm's decision problem when it searches for information through alliances.
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Alliance groups and networ ks

Infigure 1 we present a hypothetical symmetrical network of an alliance group, with the focal firm
labeled as‘a’. In this network all firms are equally linked to each other. Here, it is likely that all
aliance partners of thefocal firm*‘a’ (hereb, ¢, and d) are equally informative, which implies that, in
line with the assumptions of our stylized model, the information overlap and accuracy of an
observation will be about the samefor all of the observations obtained from the firms populating the

alliance group.

*** |nsert figure 1 about here ***

In reality inter-firm networks are more likely to look like the one depicted in figure 2, which
represents an n-step ego-network for each firm plus one node (h) that is not connected to this alliance
group. Supposethefocal firmisnode‘a again. In this situation the cost of forming a new alliance
with some of these alliance group members will differ substantially. For instance, the cost of setting
up an alliance with afirm that is close in the network is likely to be rdatively low. In particular,
alliances with prior ties (partners b, ¢, and d) arelikely to bethe least costly ones for the focal firm
especially if such firms have built up substantial alliance experience with other firms. Our model can
easily accommodate this feature of the network shown in figure 2, by assuming different costs for all
possible aliance candidates.

In this network observations are aso likely to possess different degrees of information
overlap. For instance, firm‘a’ iswell connected to firm ‘b’, but it has no prior tiesto firm ‘€ to which
itisindirectly connected. Hence, the degree of information overlap associated with information
stemming from ‘b’ is likely to be higher compared to information received from firm ‘€ . Information
overlap with firm ‘i’ is even lower. Information overlap with ‘b’ is expected to be zero sincefirm ‘b’

stands alone. To take account for this, our model can be extended by allowing for different degrees of

correlation corr(xi ,xj)z Iy . Theparameter r;; may be assumed to be approximately the same

10
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(ry » r) for observations stemming from firms considered to be close to the focal firm and that

constitute a group of embedded ties.

*** |nsert figure 2 about here ***

Wefollow Baum et al. (2005) and Sorenson and Stuart (2008) who define embedded or local
ties as both prior ties and those indirect ties that are connected to the focal firm by a common party.
Unembedded ties are those that do not satisfy these two criteria. A focal firmis not likely to receive
useful information through unembedded ties as this information needs to travel along way through
the network from the non-local tieto thefocal firm. In figure 2, thefocal firm (‘a’) has six
connections to firms that, according to the definition given in the above, are embedded (i.e b, ¢, d, e f
and g). In the remainder of this paper, we refer to these cases as type A firms. Potential partners that
aretype B firms, i.e. unembedded and hence non-local partners, arefirm‘h’ and ‘i’. For firm‘a’, the
network can be characterized by 6A. As soon as it connectsto firm ‘h’ or ‘i’, the network can be
described as 6A+1B. Note that the network description is dependent on the focal firm: eg. if firm*f’
isthefocal firm, its network is indicated by 3A.

At this stage of our analysis we assume that for embedded ties (likeb, ¢, d, e f and g) the
informational features given by p and s f are the same, though one can imagine that these parameters
may differ for prior and indirect ties. We will investigate a more general model in the section on
information accuracy, which allows for an assessment of different valuesfor p and sf for different

types of partners.

Alliance groups and infor mation over lap

Based on our understanding of therole of embedded and unembedded ties, we continue with the
conjecture that if the firm establishes m alliances within an existing network of partners, that we refer
to asalliance group A, thisyields m observations x; , Xz , ... , Xm. The posterior variance of T

incorporates all information x; , %, , ... , Xy Obtained from alliance group A is given by

11
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The derivation of this expression is provided in appendix B. This expression reveals that the
uncertainty faced by the focal firm contains a substantial idiosyncratic component. In fact, thefirst
element of the between brackets part of the equation reflects how uncertainty is affected by the
partnering efforts of the firm. Thisimpliesthat if the alliance activities differ substantially across
firms, the ex post assessment of technological uncertainty tends to become more heterogeneous. From
equation (2) we can seethat if the number of tiesin alliance group A becomes very large, uncertainty
reduction becomes very difficult as p>0. In particular,

+1s
S

5
(3) I|m s, 57 T
Sy 7]

This indicates that if no information overlap exists (i.e. p=0), then uncertainty about T could be

countered entirely by engaging in alarge number of alliances. In fact, equation (3) shows that the
variance S qu becomes zero if the number of alliances mis very large in case p=0. However, if a

certain degree of information overlap exists (i.e. p>0), then it isimpossible to obtain certainty
concerning the parameter T.

Equations (2) and (3) suggest that the participation of afirmin a particular group of alliance
partners creates the highest returns in terms of technology observations at the early stages of that
network formation. The emerging network environment and the growing abundance of ties increases
the probability that the firm will discover and exploit new technological opportunities. The positive
effect of an alliance group membership, as described in the above, is based on the replication of
preferential relations within a group of partners. However, this positive effect can turninto a
paralyzing effect when a firm becomes locked-in and overembedded. The literature also refersto this
asrelational inertiawhich occurs when group members are constrained in their partner choice which
prohibits them from linking up with outside partners (Gomes-Casseres, 1996; Uzzi, 1997). Our model
shows that embeddedness becomes a liability if uncertainty reduction is important. Increased

embeddedness in combination with redundancy reduces the ability of the current alliance group to

12
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provide a flow of useful novel ideas allowing for further uncertainty reduction which at some point

necessitates the search for partners outside the established alliance group.

AN ADDITIONAL EMBEDDED TIE VERSUS AN UNEMBEDDED TIE
In this section we address the question under which conditions it is either optimal for afirm to stay
exclusively within a certain group of embedded ties or to also link up with firms outside its existing
aliance group. If the firm builds an alliance with an unembedded, non-local tie (i.e. nodes *h’ or ‘i’ in
figure 2), the information obtained from this new alliance does not show overlap with observations
derived from its existing alliance group. An additional distant tie, such asnode‘i’, is to be considered
as an equally non-embedded tie as an alliance with ‘h' because this new alliance is not built on the
existing ties within the firm’s existing alliance group. In statistical terms this means that this
observation for ‘i’ or ‘h’ is uncorrelated with the observations obtained from previous alliances. This
notion reflects the idea that non-local partners, i.e. distant or unconnected partners, may yield new and
innovative information.

In empirical network studies, distant partners are identified by measuring the geodesic path
length between network members. The geodesic path length is the shortest path connecting any two
nodes in the network. Firms with high distance according to the geodesic path length may be
considered non-local firms in terms of our model as well. What is important is that firms with a high
distance or firms that are unconnected have alow information overlap with firms to which a focal
firmis closely connected and hence they are non redundant ties. For instance, firms‘h’ and ‘i’ in
figure 2 may satisfy this condition. Therefore, in principle embeddedness does not haveto bea
dichotomous variable in the sense that an unembedded firm has to be completely unconnected to the
focal firm through other firms, asis the casefor firm*h’. Firm ‘i’, which is at considerable distance
fromfocal firm*‘a’, could also qualify as an unembedded tie

An aliance with such a non-local firm yields an observation y, which is normally distributed
with mean T and variances 5 1 1f the firm establishes alliances with m firms from its existing alliance

group, i.e. alliance group A, and one alliance with a non-local tie, its new alliance group is indicated

13
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by mA + 1B.2 It follows straightforwardly that the variance of the parameter T after establishing mA +

1Bisequal to

e 1 10
4 2 s =& m —+=7 .
@ S gsf(l+(m-l)r)+sf+sjg

Suppose now that an alliance group consists of mfirms of type A. The expected net change of the loss

due to adding one dliance of type A equals Ly, =0S ()4 = DXS 1n + Cpyrpa Where Cyma denotes

the marginal cost to be made when expanding the alliance group of size m by one alliance with atype
Afirm. In principle the cost of adding atie from alliance group A may vary with the number of prior

ties and hence does not have to be same for each additional tie. In line with equation (2):

-1

10
+ —2: . Marginal costs have to be distinguished from total costs cpas«1s for

siirmr) s

2 & m+l
S(m+l)A_

setting up a group consisting of m alliances of type A firms and one aliance with a type B firm,
characterized as anon-local tie. This expansion of the alliance group is sensible if Lama<O. If Lama=0,
then the alliance group has reached the optimal number of type A firms. The expected net change of

the loss function as aresult of adding atype B firm rather than a type A firm equals

Lo = DS ais = DS 1a + Cgpa Where Cgima denotes the marginal cost of adding atype B firm to

the alliance group of mtype A firms. The cost of adding a type B firm may depend on the number of
prior ties. The expected benefit from the expansion of the alliance group is determined by the
reduction of uncertainty, measured by the change in the posterior variance. When Lama<0 and
Lgma<O, the decision to add a type A firm and the decision to expand the alliance group with atype B
firm (or equivalently to set up a new group with one type B firm) are both sensible. Adding a type B

firm to the alliance group rather than atype A firm may be desirable even when Lama<O, if Lgma <O

and Lgima <Lama. The latter condition holds if DS x.15 + Cgmp DS (44 + Cpma - HENCE, tO aSSESS

whether m observations from alliance group A and one observation based on an unembedded tie with
atype B firm are more desirable than m+1 observations from embedded ties in alliance group A, the

firm should calculate

14
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) L=b "(5 ma+1B T S (m+1)A)+ Coima = Camas
where L compares, on the one hand, the features of information obtained from the two different
decisions, as given by o(m:1)aand omas+ 18, Whereas, on the other hand, the focal firm evaluates the costs
associated with these different options. These costs are given by Cgjma @and Cama. It is optimal to switch
to anon-local, unembedded partner if L < 0. In that case the net value of information obtained from a
distant or unconnected partner is higher than the value associated with information obtained from
embedded, local alliance partners.®

In line with the literature on alliance formation, our model incorporates the idea that for a
focal firm the cost of setting up a distant or unconnected, i.e. unembedded, non-local, alliance is
higher than the costs of an additional alliance with a firm from its present, closely connected alliance
group (i.e. Cgma> Cama) for three main reasons. First, as explained in the previous section, it is likely
that building up an additional alliance with a firm that is already well connected within the focal
firm's existing alliance group involves reatively low search costs. Also, through referral, other
partners may hint at valuable alliance contacts within the existing alliance group. Second, by turning
to a new distant partner through an unembedded tie, the focal firm may compromise its alliances with
firms from its existing alliance group. Such aliances may have been set up under the assumption that
afirmwill not turn to other firms to avoid valuable information leaks to firms that may harm the
competitive position of firms in the present alliance group. Given the already substantial costs of
aliances (Gulati, 1995; Kale & Singh, 1999), maintaining the existing alliances, while also engaging
in an alternative alliance, will ask additional managerial effort from thefocal firm to maintain or
rebuild trust (Mesquita, 2007). Hence, these efforts will create additional costs for thefirmin order to
continue its reationships with its ‘ older’ partners (Gomes-Casseres, 1996; Parkhe, 1993).4 Third,
alliances with embedded, local ties arelikdy to involve less costly governance mechanisms. Trust
between well connected partners reduces the need for extensive control mechanisms based on equity
(Robinson and Stuart, 2007). Furthermore, contracting costs between embedded ties are likdly to be
small because trust between these ties ensures that payoffs will be distributed equally between

partners (Uzzi, 1997).
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PREFERENCE FOR AN UNEMBEDDED TIE
In the previous section we observed that it is likely that the costs of establishing an aliance with a
distant or unconnected, non-local firm are higher than the costs of forming an additional tiewith a
firm from the current alliance group of afocal firm: Cgjma> Cama. Dueto this, from an informational
point of view, alying with an unembedded, non-local tie becomes a viable option only if the
information yields a more precise estimate of the desired future technology than an observation from a
new, indirectly connected, partner in afirm’'s existing alliance group. However, at some point the
firm's alliance group may become over-embedded. Our model indicates that this happens if changing
to an alliance with an unembedded firm (a type B firm) yields a net benefit and the higher cost of an
aliance with this firm is compensated with the more precise estimate of the parameter T: omar1s <
oma. Thisisthe caseif

(1+ mr )1+ (m- 1)r).

2 2
6 S2<s} o

Aninteresting feature of the condition presented in the above equation is that it may even be satisfied

if information obtained from the unembedded tie contains more noise than information received from

afirm belonging to the present alliance group (i.e.5 ; > ;) because

(1+mr)1+(m- 2)r)

2 2
Sx S5y 1-r

. This possibility becomes more likely the higher the degree of

redundancy in the current alliance group as measured by p, since the right hand side of equation (6)
increases with p. A firm may be willing to form an unembedded tie even if information obtained from
that firmis less accurate (S 5 >s f )- This result reflects that an aliance with a distant or unconnected
firm (atype B firm) yields information that does not overlap with information obtained previously
from firms in alliance group A and hence provides the focal firm with valuable new innovative
information.

Oneissuethat islikely to affect the choicefor staying in a certain group of partners or to

engage in alternative alliances outside this alliance group refers to the degree of technological
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information overlap between current members (Mowery, Oxley & Silverman, 1998). To address this
topic we determine how the firm’s decision rule given by equation (5) is affected by the parameter p
in our moddl. It reflects the information similarity of the observations obtained from the alliances due
to overlap of for instance knowledge and technology amongst the firms in an alliance group. Wefind

after some straightforward derivations that®

L _ bm&s a1 (m } 1) S (3m+1)A (m + 1)9

Ir 25280+ (m-20r? (@)

(7)

This expression indicates that if ties are partly redundant (the observations obtained from the current
alliance group are correlated) it is more likely the focal firm will choose an unembedded tie.
Empirical findings by Mowery et al. (1998) indicate that firms prefer repeated ties with previous
partners with which they share atechnological information overlap which then leads to an increased
post-alliance overlap. However, as also found in that research, if the technological information
overlap of partnersincreases further, it has a curvilinear, inverted U-shaped, effect on future alliance
formation between these firms.

We also find that with higher uncertainty it is probably desirable to select an unembedded,

non-local partner since

ﬂ'—_b(g 3

(8) ﬂSTZ = 23¢ mA+1B S(m+1)A)< 0.

With lower levels of technological uncertainty, when a firm has a clear perspective on the relevant
technological trajectory, based on the observations made from within its alliance group, thereislittle
need to engage in new alliances with firms outside its aliance group (Rowley, Behrens & Krackhardt,
2000). However, with increasing levels of technological uncertainty, when afirmis confronted with
an increasing number of alternative technological trajectories (Bower & Christensen, 1995;
Burgelman & Grove, 1996; Tushman & O'Reilly, 1996), new partners outside a firm’'s existing
alliance group might create better opportunities than those provided by repeated ties with an extant
group of partners (Beckman e al., 2004). As such this may have a negative effect on the
attractiveness of alliances in an existing group, which can lead towards a more outward orientation in

partner selection as a firm embedded in an aliance group may look for new opportunities outside this
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existing group. This argument isreflected in Rowley et al. (2000), whereit is argued that a high
network density of ties with a small set of long-term partnersis not positive for afirm operating in a
technologically uncertain environment when it is interested in widening its technological options. This
point also echoes the ‘structural holes' argument made by Burt (1992) which we interpret in terms of
the benefits for a firm that forms bridges among previously unconnected parts of the overall alliance
network as it gains access to new and non-redundant information about new technological tragjectories.
Also, Park & Ungson (1997) found that firms operating in dense networks (or alliance groups in our
terminology) within the US electronics industry were more inclined to enter into alliances with new
partners, outside their existing alliance group, which would offer new opportunities for their
collaborative efforts.

According to our mode thereis an interaction effect between the degree of redundancy p and

the degree of uncertainty sT2 faced by the firm. Wefind that:®

T7°L _ 3bm E\eernAﬂB(m- )_ SFm+1)A(m+1)9<

ris? 2sis2§@+(m-1)r)* @+ ) 3

(9)
This result implies that, if redundancy increases, the effect of uncertainty on the desirability of tying
with adistant or unconnected, unembedded partner (atype B firm) becomes stronger. For instance, if
the degree of redundancy is very minor among the participants in the alliance group of a focal firm,
then a higher degree of uncertainty will hardly affect the desirability of forming an alliance with an
unembedded firm. Obvioudly, this reflects the idea that the need to establish an unembedded tie is low
when local ties can provide non-redundant information. Then, even with high uncertainty thefirmis
likely to establish an alliance with areatively closetie or local partner, becauseit isless costly.
Similarly, the higher the degree of uncertainty, the stronger the effect of redundancy on the
information benefits of a distant or unconnected partner. So with a very high degree of uncertainty a
firmisinclined to form unembedded ties even if the degree of redundancy is moderate. Thisindicates
that afirm is more likely to avoid redundancy in its alliance group if the uncertainty it facesis high.
These results indicate that the effects of uncertainty and information redundancy on unembedded tie

formation are contingent. We find that there are first order effects according to the findings depicted
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in equation (7) and (8). However, second order effects as found in equation (9) may explain why the
effects of uncertainty and or redundancy may vary across firms even within an industry if the
characteristics of an alliance group of a firm vary with respect to information redundancy or if
technological uncertainty faced by afirm contains an idiosyncratic component. Theoretically, these
results provide an explanation why some firms within an industry are more inclined to form bridging

ties outside their alliance group than others.

INFORMATION ACCURACY
We now investigate to what extent our previous results depend on the accuracy of information
provided by the different types of partners. As before, we consider afocal firm that has prior
information concerning atechnology T. The precise value of this parameter is uncertain and normally
distributed with mean mand variance s+* T~N(m s1°). This prior distribution reflects the knowledge
of thefirm before it engages in alliances. Next, we assume that the firm has already established one
aliance and that the information resulting from this allianceis given by a univariate variable z, which
is normally distributed with mean T and variance s,°. This variable z can also be thought of as the
average of the observations obtained from embedded, previous alliances of the focal firm. We adopt a
univariate setting in this section to facilitate tractability of the derivations.

Thefocal firm faces two options. First, it can enter an alliance through a direct or indirect
embedded tie. Thisyields an observation x which is normally distributed with mean T and variance
s,2. However, the variables x and z are correlated with correlation coefficient p. Hence, the parameter
p reflects a certain degree of redundancy due to the formation of an embedded alliance. Secondly, it
can form an alliance through an unembedded tie and this yields an observation y which is normally
distributed with mean T and variance s,’. The variables y and z are uncorrelated.” One advantage of
the model presented in this section is that it can be used to investigate the benefits of arange of
different partners. Hence, we can deal here with different potential partners that might have different
valuesfor s,%, 5,2, p (and p’, which we define later asthe correlation between y and 2).

The posterior variance after the observation obtained from the embedded, local tie(i.e. X) is
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a52- 2 +s2 16
2 _ ;- &S, s, +s, =

100 s2, = +— %
ST b et st

Note that equation (10) is a generalization of equation (2) in case m=2, because the variance of z

differs from the variance of x. Equation (10) isidentical to (2) incasem=2and s, =S

The posterior variance if the firm obtains an observation from an unembedded tie (i.e. y) is

, @®2+s? 10
(11) S +—2;

y+z = 2a2 -
Note that equation (11) is aspecial case of equation (4) if m=1and s, =S, .Thefirmwill prefer a
non-local tie if, analogous to equation (5),

(12) L:b><(s -sx+z)+cylz-cX|z<O,

y+z
where L compares the features of information obtained from the two different decisions, as given by
oy+zand oy 5, With the costs associated with these different options: c,;;and cy;,. It is optimal to switch
to anon-local, unembedded partner if L < 0. Wefirst investigate how the degree of information

overlap affects the preferencefor y (i.e. an unembedded tie) or x (i.e. an embedded tie). Wefind that

L, o=, &, 0
SR Tt

L

This equation implies that if variable z and x are equally precise (o, = oy,), then ‘IT_ < 0. Thismeans
r

that in that case a higher degree of information overlap measured by p induces thefirm to prefer an

observation from the set of unembedded ties as indicated by y. However, if z or x is much more

L
precise than the other one (either o, >> oy Or g, << gy), then —:IlTT > 0 and a higher degree of
r

redundancy will makethe firm prefer an either direct or indirect embedded tie (i.e. x). Our finding
indicates that if one of the sources of information (x or z) is very precise, a higher degree of
correlation between x and z is beneficial, because the overall accuracy of the combination of x and z
improves with a higher degree of information overlap. We also note that equation (13) indicates that if

-1 <p <0, theright-hand side is negative. Thisimplies that if a new partner from the set of embedded
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ties yields some information that contradicts previous information (i.e. z), then this tie becomes more
beneficial.
Asinour previous analysis we find that higher uncertainty increases the benefits of an

unembedded tie (i.e. y) sinceit yields non-redundant information:®

ﬂl—_b(s3 3

14 =
19 3577550

We also find that the interaction between redundancy and uncertainty depends on the relative size of

the information accuracy given by o,/ox:

°L u_ae;x_r@ssz_r
15zt Es, s,

This eguation reflects once more that the benefits of redundancy depend on the accuracy of

(15)

Q-l--0:

information sources.

Throughout this section we assumed that an unembedded tie (i.e. y) yields non-redundant
information. In the above we can also introduce a nonzero correlation between y and z measured by

p . Theresults in equations (13)-(15) would not be affected. In addition, we would be able to show

L & &, L0 L s &, .0
ﬂ* Y _r %_z r :;andthat%u — - r %—Z I =.Hence the
Ir s, s, p s S, Sy g

that

benefits of unembedded ties or non-local alliances (i.e. y) aso depend on the relative accuracy y and z.
If the accuracy is similar, then observation y become less attractive if redundancy measured by p°
increases. However, if the accuracy of z (i.e. s,°) andy (i.e. s,”) differ substantially, a higher degree of

redundancy (i.e. a higher p) is beneficial for forming an unembedded, non-local alliance.

DISCUSSION AND CONCLUSIONS
The model that we developed in the above generates a number of interesting new results that are
consistent with, yet elaborating on stylized facts regarding the uncertainty of technology development,

inter-firm alliances, the information value of ties and, the level of accuracy and redundancy of these
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ties. As already indicated in the individual sections, these theoretical findings are relevant in the
context of theliterature on alliances and inter-firm networks with some clear implications for the
understanding of the particular choices that afirm makes when it sets up a new alliance.

Given the uncertainty of technological development surrounding firms, a firm operating in
such an environment can use alliances through which it gathers information, undertakes joint R& D,
and develops new technologies with its partners, to reduce this technological uncertainty. By setting
up multiple alliances a firm creates an aliance group for which it is expected to choose an optimal
configuration with the lowest possible cost for setting up this multiple partner group. When firms
form alliances with the same group of partners during an extended period of time, they and their
partners establish a cohesive alliance group characterized by repeated ties, local search for partners,
and shared technological resources with technological information overlap and a significant degree of
technological similarity of partnersin this alliance group of embedded ties. Under these conditions, it
pays for anindividual firm to reduce the technological uncertainty with which it is confronted by
entering into an additional alliance through a tie with a partner from this already well-embedded
alliance group. However, it may also be beneficial for afirm to enter into an alliance with a non-local
partner, if that partner yields more precise new information on the relevant technology than could be
obtained from an embedded partner.

Once a firm becomes embedded in its alliance group, it faces two major limitations when it
comes to choosing new partners. One limitation follows from the consequences of over-
embeddedness. In that case, a cohesive group of partners can gradually create lock-in effects through
which afirm s restricted in choosing a new non-local partner outside its alliance group due to peer
pressurefor continued local search based on group loyalty. In terms of our model this peer pressure
could bereflected in higher costs of forming an unembedded tie. The other limitation follows from
long-term technology cooperation within the same group of partners. Dueto thislong-term
technology cooperation, the technological profiles of firms converge, learning opportunities from
partners diminish and firms begin to suffer from some degree of technological inflexibility which will
ultimately block their view on interesting new technological opportunities that may very well lie

outside their existing alliance group.
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Our model indicates that, given relatively low search costs for additional local alliances, a
firmwill ‘ ceteris paribus’ prefer to enter into an additional local tie. It is only worthwhile for afirmto
establish an alliance with a non-local partner when the value of the information regarding
technological development, obtained through this non-local alliance, outweighs the cost advantage of
finding an additional embedded partner. However, we also find that if the information obtained from
embedded ties is largdly redundant or very similar, afocal firm may turn to alliances with non-local
partners even if the information obtained from these unembedded ties is less precise. This result,
which highlights one of our new theoretical insights, indicates that at some point afirmiswilling to
exchange precise but redundant information for inaccurate but nove information.

Thelevel of technological uncertainty that a firm faces also has an impact on its preference
for setting up either an alliance with alocal partner or establishing an alliance with a new, non-local
partner. Our model indicates that the higher the level of technological uncertainty in the environment
of afirm, the more afirm should consider entering into an aliance with a new, non-local partner
instead of forming an embedded alliance. The degreeto which local partners are redundant, i.e. the
degree to which technology observations gained through alliances are correlated, has a positive effect
on the decision of a firm to enter into a new alliance with a non-local, unembedded partner.

Ancther new theoretical insight from our analysis is that we show that the choice for a non-
local partner depends on the interaction between technological uncertainty and the information
overlap or redundancy of partners. The benefits of choosing an unembedded partner increases with
higher uncertainty, but only if redundancy among the alliance group members is substantial .
Similarly, ahigher degree of partner redundancy increases the benefits if a firm opts for a non-local
tie, but only if the degree of uncertainty is high. This interaction between uncertainty and redundancy
implies that the effect of uncertainty on the utility of non-local tie formation is firm specific. The
effect depends on thefocal firm's group of alliance partners and in particular its degree of
redundancy. Also, the effect of redundancy on tie formation through the set of unembedded ties may
vary with the firm if technological uncertainty contains a firm specific component. Hence, the

evolution of aliance groups within a certain industry may be very different, depending on the history
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of aliances of particular firms as this shapes the degree of uncertainty and technological information
redundancy among the firms in these alliance groups.

The Bayesian learning model we employ allows us to investigate the rol e played by
information accuracy on the benefits of information overlap. If information from a previous tie and
information from both an embedded or an unembedded tie are equally accurate, then when these
information sources exhibit overlap, the combination of these two sources of information deteriorates
the precision of the estimate of the desired future technology. In addition, the model we advance in
this paper reveals that if theinformation provided by previous ties is much more accurate than the
information from an embedded or an unembedded alliance or vice versa, redundancy improves the
precision of the estimate of the desired future technology if the two sources of information are
integrated. Hence, information redundancy matters for the learning performance of afirm through
aliances. Our analysis indicates that an empirical study of the effect of information redundancy of
alliances on innovative performance should also incorporate data concerning the accuracy of
information provided by alliances. This accuracy is a crucial determinant of whether redundancy is
beneficial for afirm or not. Empirical work on information redundancy may also benefit from
incorporating uncertainty faced by the firm as a contingency factor as we have shown that the effect
of redundancy depends on the degree of uncertainty encountered by the firm.

A natural extension of the framework adopted in this paper, that would however go beyond
the scope of the current contribution, could consist of allowing for an alternative technol ogical
paradigm with major technological changes over time. Technology could be assumed to be aether
shaped through R& D by firmsin a particular alliance group or to be truly exogenous to that group. In
the latter case, firms within that group might have an additional incentive to form alliances with firms
involved in devel oping the new technology based on an alternative technological paradigm. What
matters then is the type and amount of information on the radically new technology that the focal firm
receives from local and non-local partners and the costs at which this information is obtained. Major
changes in technology through alternative trajectories based on a new technological paradigm then
induce the focal firm to focus on alliances that provide access to these alternative technol ogical

developments. Another interesting avenue for further research concerns the question how learning
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opportunities derived from embedded and unembedded ties, as considered in this paper, affect the
dynamics and structure of the overall network. As with the other potential extension of our

framework, we leave this interesting topic for future theoretical and empirical work.
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Figure 1 An alliance group as a symmetrical network of connected alliance partners
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Figure 2 An alliance group as an extended network of directly and indirectly connected alliance

partners (with one unconnected firm)

L =2
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Appendix A

Derivation of Equation (1)

Suppose the technological direction ultimately chosen by the firmis given by the decision parameter
d, whereit is costly to implement atechnology d that does not match T. The costs, when choosing d,
aregiven by C(T,d)=a|T-d| , 0. A quadratic cost function could be used as an alternative. The costs
are influenced by the extent to which the technology d chosen by the firm fits with the unknown

optimal technology represented by the parameter T. The firm minimizes the expected value of C(T,d)

by choosing d*, which is determined by mdin ITE C(T,d) ,where E denotes the expectations operator

with respect to T. If T were known with certainty, it is obviously optimal to select d=T. However, T is

unknown and uncertain. The firm's optimal direction d*" solves mdin TE C(T,d) . Then under the
n

expectations operator denotesthat d is chosen, using the posterior distribution of T after obtaining
observations from its environment indicated by n. The firm has the opportunity to collect information
about the properties of T by forming alliances with other firms. The observations obtained by the focal
firm from its partners arejointly normally distributed with mean T and a particular covariance

structure that we depict in sections 2 and 3. Then the posterior distribution of T is normal with mean
un and variance s f and thereforeit is symmetrically distributed around its mean. As a consegquence,
the optimal strategy of thefirm is, given its posterior distribution, given by d®=mm, i.e. the expected

value of T. Following DeGroot (1970: 233), the minimized value of mdin TE C(T,d) isgivenby
n

2
mdinTE C(T,d)=a ™ =bxs . Inthis expression the parameter b collects terms which are
n p

constant. Equation (1) does present the expression for s, , but not for u, sinceit does not play arole

in our analysis.
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Appendix B

Derivation of Equation (2)

The covariance matrix SI" for the observations x; , X , .. , Xn iS

el r ru
é a
A 1 . — —
ST*:sfg rH:sfmer+sf@=lﬂhn:sf@-r+wmﬂJm+sf@-r)Em
é a
& ro1g

where ﬂ = i J,, and Jy, is an m by m matrix with all elements being equal to 1. The matrix
m

E,=1,- x where |, is the m by midentity matrix. To derive the posterior variance s 2, wefirst

note that J_m >O_m :J_m, J_mem =0,and E_ xE_, = E,_ . Using a variance decomposition method
well known in the analysis of pand data with random effects (Baltagi, 1995: 14) we find that

(SX'“A)'l =— 1 >O_m +2; XE, . Therefore, the posterior distribution function
sZ1- r+mr) s2(1-r)

. 2 A
F (XX, T) = £ (XX, | T) % (T) 1t exp Lix- Ty (s™)* (- /T)mepg EMQ
e 2 g 2 s P

Lreees Xy
:
where: isan mby 1 vector whose elements contain the number 1 and x is an m by 1 vector containing

the observations x.. To determine the posterior variance of T it suffices to collect al terms that

involve T2 Th&seare?T (SXmA)'li +i2%2. Using the above, /' (I) =mand /" (E, ) =0, we
St o

. Erfomy1. 10, o m 10,
find th S 7%= -
e S e )

Therefore, the posterior variance of T is equal to

o1 o1
m 4 10
2+

® m L 10 e
s2(1- r +mr) sTZB gsf(l- r)+mrs? sty

s@:g
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! The information provided by an unembedded tie isimprecise for the same reasons we mentioned in
the context of noise surrounding an observation from the existing alliance group.

% The covariance matrix of the observationsis given by

gesf rsy . rsg 09
crsz . : : o+
Sye :g : : . rs; 0 :
¢rs: . rs; s; 0%
Eo . 0o o0 s

%1t is straightforward to derive the optimal number of unembedded ties by determining

min(bs +C )wheres2 = + Y +—:L 2 and
* * - P
y mA+uB uB|mA mA+uB ésf(l- I’) mrsf 55(1_ r ) 2 2 =

denotes the correlation coefficient of the observations of type B firms.

* It is also straightforward to extend our model to a case where a firm cannot return to its previous
alliance group once it forms an alliance with a non-local partner. However, this situation is more
likely to apply when alliances are formed with firms in order to set a certain industry wide technology
standard. Then earlier partners arelikely to fed betrayed and hence a return to the former aliance
group may be cumbersome, with learning alliances this is less likely to occur.

® It can be shown that

(m+1)1+(m- 21)r)*- (m- )@+ mr)? =2+2(m- 1)r - (m- 2)r? >0since O£ r <Iwhich
ensures validity of the inequality signin equation (8).

® Footnote 3 applies here as well.

<. Itsinverseis

e
" The covariance matrix in case of an embedded tieis S, = g T
[}

rs. s S

XT z

rs.s,o0
2
z

a1 1 ® s’ -rs.ss,0 , _
(sz) = 5 o , = Thosefor an unembedded tie are equivalent but
‘1- r jxsxsZ -rs.,s, S, g

with subscript x replaced by y and p=0. The posterior variances given in equations (10) and (11) can

be obtained using parts of the procedure depicted in appendix B.

35



Information value of (un)embedded R& D alliances

8 We assume here that the focal firm will look for a potential non-local tie satisfying s,.> >
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