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

Abstract

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 a firm 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, a firm may prefer an unembedded alliance

even if the information obtained from this tie is less precise. At some point, a firm is 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

alliance with an unembedded partner instead of forming an embedded alliance. The higher the degree

to which embedded ties are redundant, the more a firm is inclined to enter into a new alliance with an

unembedded partner. We also show that the degree of information redundancy among the existing

partners of a firm 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 previous ties and either embedded or unembedded ties is 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 a technological nature which

implies that the purpose of firms engaging in alliances (network ties) is to reduce the technological

uncertainty in their environment and to gain access to useful technological information. More in

particular, these alliances are set up for sharing, developing, 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

alliances, 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. Due to

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; Uzzi,

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 novel 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 developed 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 ties is still in its infancy.

Sorenson and Stuart (2008, p. 266) note that: “ … . (t)he most salient shortcoming in the literature

pertains to theory that can explain the emergence of ties of spatially, 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 more likely to take the risk of

forming new, non-local ties.

Our contribution provides a formal understanding of the strategic implications for a firm

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 alliances (i.e. non-local, unembedded ties)



Information value of (un)embedded R&D alliances

4

outside its existing alliance group. Using a parsimonious Bayesian learning model, we consider the

choice between to either 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, e.g. 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 model 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, a focal firm may turn to alliances with non-local partners even if

the information obtained from these unembedded ties is less precise. The level 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 model.

Another new result we obtain from our theoretical work is that the degree of technological

uncertainty a firm faces and the degree of redundancy within its alliance 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 partners is high enough. A firm is likely

to still form local ties even if uncertainty is high, if non-redundant information is readily available

within its alliance group. Likewise, a firm’s inclination to form a non-local, unembedded tie increases

significantly with the degree of redundancy within its existing alliance group only if it faces a

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 alliance 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.

The final 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 alliance ties. 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 available to 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 these ties is dissimilar.

A recent contribution by Letterie, 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 alliance 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 model 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 a focal 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 refers to this

group of partners of a firm 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 repeated 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, a firm is expected to select partners for new alliances within this existing group of

partners (Gulati, 1998; Gulati & Gargiulo, 1999). This repeated tie effect creates cohesive ties through

frequent interaction in a group of cooperating firms (Gomes-Casseres, 1996; Harrigan, 1985; Nohria

& Garcia-Pont, 1991).

When a firm invests a substantial amount of time, assets, technology, and human resources to

establish these alliances, changing partners in the short run is 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, a firm is 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 the local search for partners is 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 available to 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 technological

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 a firm operating in 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 the technology T is

reflected by the prior distribution of T, which is normal with mean µ and variance σT
2: T~N(µ, σT

2).

Hence, µ denotes the expected value of T and σT
2 reflects the degree of uncertainty a focal firm faces

prior to engaging in alliances. The value of µ and σT
2 are known to the focal firm and are firm

specific. These parameters are affected for instance by a firm’s earlier experiences in R&D and they

reflect a firm’s knowledge base concerning products and technologies. Since these may differ across

firms µ and σT
2 may be different as well for various companies.

As already well established in the alliance literature (Contractor & Lorange, 2002; Dussauge

& Garette, 1999; Gomes-Casseres, 1996; Hagedoorn, 1993; Stuart & Podolny, 1996; Walker, Kogut

& Shan, 1997), a firm can set up alliances geared towards joint technology development with its

partners to reduce technological uncertainty. The firm’s optimization problem is to choose the group

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

(1) nn cbTC +⋅= σ ,

where b>0 and cn 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 nσ . The cost of uncertainty

about the technology T is an increasing function of nσ . As a consequence, the firm is inclined to

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

firm selects a certain technology d and it is costly if it deviates from the optimal technology T. The



Information value of (un)embedded R&D alliances

9

expected error the firm is likely to make when choosing d is large if the degree of technological

uncertainty nσ the firm faces is high. As a result, 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 a formal 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 xi. The expected value of xi equals T. Hence, if the firm obtains an observation xi this

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

normally distributed and its variance is given by 2
xσ . The parameter 2

xσ reflects the precision of the

information contained in observation xi. If the information is very noisy then 2
xσ  is high.

Alternatively, the focal firm may have a limited absorptive capacity due to which it finds it hard to

correctly understand the observation. Finally, the information provided by partners may largely be

tacit due to which transmission can be very cumbersome, inducing substantial noise.

Two observations xi and xj (where j) are positively correlated which is represented by a

correlation coefficient 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 2
Tσ , 2

xσ and  are known to the

focal firm. They may be perceived as an assessment of the firm about the uncertainty it faces in its

environment, the precision of the information it acquires, and the information overlap of its

observations. In reality it may be hard for a firm 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 us to describe

relevant features of a firm’s decision problem when it searches for information through alliances.
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Alliance groups and networks

In figure 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

alliance partners of the focal firm ‘a’ (here b, c, 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 same for all of the observations obtained from the firms populating the

alliance group.

*** Insert 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. Suppose the focal firm is node ‘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 a firm that is close in the network is likely to be relatively low. In particular,

alliances with prior ties (partners b, c, and d) are likely to be the 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 alliance candidates.

In this network observations are also likely to possess different degrees of information

overlap. For instance, firm ‘a’ is well connected to firm ‘b’, but it has no prior ties to firm ‘e’ to which

it is indirectly connected. Hence, the degree of information overlap associated with information

stemming from ‘b’ is likely to be higher compared to information received from firm ‘e’. Information

overlap with firm ‘i’ is even lower. Information overlap with ‘h’ is expected to be zero since firm ‘h’

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

correlation ( ) ijji xxcorr ρ=,  . The parameter ijρ  may be assumed to be approximately the same
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( ρρ ≈ij ) for observations stemming from firms considered to be close to the focal firm and that

constitute a group of embedded ties.

*** Insert figure 2 about here ***

We follow 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 firm is not likely to receive

useful information through unembedded ties as this information needs to travel a long way through

the network from the non-local tie to the focal firm. In figure 2, the focal firm (‘a’) has six

connections to firms that, according to the definition given in the above, are embedded (i.e. b, c, d, e, f

and g). In the remainder of this paper, we refer to these cases as type A firms. Potential partners that

are type B firms, i.e. unembedded and hence non-local partners, are firm ‘h’ and ‘i’. For firm ‘a’, the

network can be characterized by 6A. As soon as it connects to firm ‘h’ or ‘i’, the network can be

described as 6A+1B. Note that the network description is dependent on the focal firm: e.g. if firm ‘f’

is the focal firm, its network is indicated by 3A.

At this stage of our analysis we assume that for embedded ties (like b, c, d, e, f and g) the

informational features given by  and 2
xσ  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 values for  and 2
xσ  for different

types of partners.

Alliance groups and information overlap

Based on our understanding of the role 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 as alliance group A, this yields m observations x1 , x2 , ... , xm. The posterior variance of T

incorporates all information x1 , x2 , ... , xm obtained from alliance group A is given by
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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, the first

element of the between brackets part of the equation reflects how uncertainty is affected by the

partnering efforts of the firm. This implies that 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 see that if the number of ties in alliance group A becomes very large, uncertainty

reduction becomes very difficult as >0. In particular,

(3)
1

22
2 11lim

−

∞→ 







+=

Tx
mAm σρσ

σ .

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

countered entirely by engaging in a large number of alliances. In fact, equation (3) shows that the

variance 2
mAσ  becomes zero if the number of alliances m is very large in case =0. However, if a

certain degree of information overlap exists (i.e. >0), then it is impossible to obtain certainty

concerning the parameter T.

Equations (2) and (3) suggest that the participation of a firm in 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 turn into a

paralyzing effect when a firm becomes locked-in and overembedded. The literature also refers to this

as relational inertia which 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
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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 a firm to stay

exclusively within a certain group of embedded ties or to also link up with firms outside its existing

alliance 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 as node ‘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 a low information overlap with firms to which a focal

firm is 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 have to be a

dichotomous variable in the sense that an unembedded firm has to be completely unconnected to the

focal firm through other firms, as is the case for firm ‘h’. Firm ‘i’, which is at considerable distance

from focal firm ‘a’, could also qualify as an unembedded tie.

An alliance with such a non-local firm yields an observation y, which is normally distributed

with mean T and variance 2
yσ .1 If 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
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by mA + 1B.2 It follows straightforwardly that the variance of the parameter T after establishing mA +

1B is equal to

(4) ( )( ) .11
11

1

222
2
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+ 


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++
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=

yTx
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m
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σ

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

due to adding one alliance of type A equals ( ) mAAmAAmmAA cbbL |1| +⋅−⋅= + σσ where cA|mA denotes

the marginal cost to be made when expanding the alliance group of size m by one alliance with a type

A firm. In principle the cost of adding a tie 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
1

1
1

22
2

1

−

+ 







+

+
+

=
Tx

Am m
m

σρσ
σ  Marginal costs have to be distinguished from total costs cmA+1B for

setting up a group consisting of m alliances of type A firms and one alliance with a type B firm,

characterized as a non-local tie. This expansion of the alliance group is sensible if LA|mA<0. If LA|mA=0,

then the alliance group has reached the optimal number of type A firms. The expected net change of

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

mABmABmAmAB cbbL |1| +⋅−⋅= + σσ  where cB|mA denotes the marginal cost of adding a type B firm to

the alliance group of m type 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 LA|mA<0 and

LB|mA<0, the decision to add a type A firm and the decision to expand the alliance group with a type 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 a type A firm may be desirable even when LA|mA<0, if LB|mA <0

and LB|mA <LA|mA. The latter condition holds if ( ) mAAAmmABBmA cbcb |1|1 +⋅<+⋅ ++ σσ . Hence, to assess

whether m observations from alliance group A and one observation based on an unembedded tie with

a type B firm are more desirable than m+1 observations from embedded ties in alliance group A, the

firm should calculate



Information value of (un)embedded R&D alliances

15

(5) ( )( ) mAAmABAmBmA ccbL ||11 −+−⋅= ++ σσ ,

where L compares, on the one hand, the features of information obtained from the two different

decisions, as given by (m+1)A and mA+1B, whereas, on the other hand, the focal firm evaluates the costs

associated with these different options. These costs are given by cB|mA and cA|mA. It is optimal to switch

to a non-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.3

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. cB|mA > cA|mA) 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 relatively 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 alliances may have been set up under the assumption that

a firm will 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

alliances (Gulati, 1995; Kale & Singh, 1999), maintaining the existing alliances, while also engaging

in an alternative alliance, will ask additional managerial effort from the focal firm to maintain or

rebuild trust (Mesquita, 2007). Hence, these efforts will create additional costs for the firm in order to

continue its relationships with its ‘older’ partners (Gomes-Casseres, 1996; Parkhe, 1993).4 Third,

alliances with embedded, local ties are likely 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 likely 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 alliance with a

distant or unconnected, non-local firm are higher than the costs of forming an additional tie with a

firm from the current alliance group of a focal firm: cB|mA > cA|mA. Due to this, from an informational

point of view, allying 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 a firm’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

alliance with this firm is compensated with the more precise estimate of the parameter T: mA+1B <

(m+1)A . This is the case if

(6)
( ) ( )( )

ρ
ρρσσ

−
−++

<
1

11122 mm
xy .

An interesting 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

a firm belonging to the present alliance group (i.e. 22
xy σσ > ) because

( ) ( )( )
ρ

ρρσσ
−

−++
<

1
11122 mm

xx . This possibility becomes more likely the higher the degree of

redundancy in the current alliance group as measured by , since the right hand side of equation (6)

increases with . A firm may be willing to form an unembedded tie even if information obtained from

that firm is less accurate ( 22
xy σσ > ). This result reflects that an alliance with a distant or unconnected

firm (a type 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.

One issue that is likely to affect the choice for 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

in our model. 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. We find

after some straightforward derivations that5

(7)
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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 a technological information overlap which then leads to an increased

post-alliance overlap. However, as also found in that research, if the technological information

overlap of partners increases 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

(8) ( )( ) .0
2

3
1

3
142 <−=

∂
∂

++ AmBmA
TT

bL
σσ

σσ

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, there is little

need to engage in new alliances with firms outside its alliance group (Rowley, Behrens & Krackhardt,

2000). However, with increasing levels of technological uncertainty, when a firm is 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 et 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 alliance group may look for new opportunities outside this
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existing group. This argument is reflected in Rowley et al. (2000), where it is argued that a high

network density of ties with a small set of long-term partners is not positive for a firm 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 trajectories.

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 model there is an interaction effect between the degree of redundancy  and

the degree of uncertainty 2
Tσ  faced by the firm. We find that:6

(9)
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This result implies that, if redundancy increases, the effect of uncertainty on the desirability of tying

with a distant or unconnected, unembedded partner (a type 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. Obviously, 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 the firm is

likely to establish an alliance with a relatively close tie or local partner, because it is less 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

firm is inclined to form unembedded ties even if the degree of redundancy is moderate. This indicates

that a firm is more likely to avoid redundancy in its alliance group if the uncertainty it faces is 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 a firm 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 a focal firm that has prior

information concerning a technology T. The precise value of this parameter is uncertain and normally

distributed with mean µ and variance σT
2: T~N(µ, σT

2). This prior distribution reflects the knowledge

of the firm before it engages in alliances. Next, we assume that the firm has already established one

alliance and that the information resulting from this alliance is given by a univariate variable z, which

is normally distributed with mean T and variance σz
2. 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.

The focal firm faces two options. First, it can enter an alliance through a direct or indirect

embedded tie. This yields an observation x which is normally distributed with mean T and variance

σx
2. However, the variables x and z are correlated with correlation coefficient . Hence, the parameter

 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 σy
2. The variables y and z are uncorrelated.7 One advantage of

the model presented in this section is that it can be used to investigate the benefits of a range of

different partners. Hence, we can deal here with different potential partners that might have different

values for σx
2, σy

2,  (and *, which we define later as the correlation between y and z).

The posterior variance after the observation obtained from the embedded, local tie (i.e. x) is
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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) is identical to (2) in case m=2 and zx σσ = .

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

(11)
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Note that equation (11) is a special case of equation (4) if m=1 and zx σσ = .The firm will prefer a

non-local tie if, analogous to equation (5),

(12) ( ) 0|| <−+−⋅= ++ zxzyzxzy ccbL σσ ,

where L compares the features of information obtained from the two different decisions, as given by

y+z and x+z, with the costs associated with these different options: cy|z and cx|z. It is optimal to switch

to a non-local, unembedded partner if L < 0. We first investigate how the degree of information

overlap affects the preference for y (i.e. an unembedded tie) or x (i.e. an embedded tie). We find that
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This equation implies that if variable z and x are equally precise ( z x,), then 0<
∂
∂
ρ
L

. This means

that in that case a higher degree of information overlap measured by  induces the firm to prefer an

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

precise than the other one (either z  >> x or z  << x), then 0>
∂
∂
ρ
L

and a higher degree of

redundancy will make the 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 < < 0, the right-hand side is negative. This implies 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.

As in our previous analysis we find that higher uncertainty increases the benefits of an

unembedded tie (i.e. y) since it yields non-redundant information:8

(14) ( ) .0
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We also find that the interaction between redundancy and uncertainty depends on the relative size of

the information accuracy given by z x:
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This equation reflects once more that the benefits of redundancy depend on the accuracy of

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

*.  The results in equations (13)-(15) would not be affected. In addition, we would be able to show

that 
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. Hence, the

benefits of unembedded ties or non-local alliances (i.e. y) also depend on the relative accuracy y and z.

If the accuracy is similar, then observation y become less attractive if redundancy measured by *

increases. However, if the accuracy of z (i.e. σz
2) and y (i.e. σy

2) differ substantially, a higher degree of

redundancy (i.e. a higher *) 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 the literature on alliances and inter-firm networks with some clear implications for the

understanding of the particular choices that a firm 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 alliance 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 partners in this alliance group of embedded ties. Under these conditions, it

pays for an individual 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 a firm 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 a firm is restricted in choosing a new non-local partner outside its alliance group due to peer

pressure for continued local search based on group loyalty. In terms of our model this peer pressure

could be reflected in higher costs of forming an unembedded tie. The other limitation follows from

long-term technology cooperation within the same group of partners. Due to this long-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

firm will ‘ceteris paribus’ prefer to enter into an additional local tie. It is only worthwhile for a firm to

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 largely redundant or very similar, a focal 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 a firm is willing to

exchange precise but redundant information for inaccurate but novel information.

The level of technological uncertainty that a firm faces also has an impact on its preference

for setting up either an alliance with a local 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 a firm, the more a firm should consider entering into an alliance with a new, non-local partner

instead of forming an embedded alliance. The degree to 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.

Another 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, a higher 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 the focal 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 alliance groups within a certain industry may be very different, depending on the history
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of alliances 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 role 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 the information 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 a firm through

alliances. 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 a firm 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 technological

paradigm with major technological changes over time. Technology could be assumed to be either

shaped through R&D by firms in 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 developing 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 technological

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)
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Appendix A

Derivation of Equation (1)

Suppose the technological direction ultimately chosen by the firm is given by the decision parameter

d, where it is costly to implement a technology d that does not match T. The costs, when choosing d,

are given by C(T,d)=a|T-d| , a>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 dopt, which is determined by ),(min dTCE
Td

,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 dopt solves ),(min
,

dTCE
nTd

. The n under the

expectations operator denotes that 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 are jointly 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

n and variance 2
nσ and therefore it is symmetrically distributed around its mean. As a consequence,

the optimal strategy of the firm is, given its posterior distribution, given by dopt=µn, i.e. the expected

value of T.  Following DeGroot (1970: 233), the minimized value of ),(min
,

dTCE
nTd

is given by

n
n

nTd
badTCE σ

π
σ

⋅==
2

,

2
),(min . In this expression the parameter b collects terms which are

constant. Equation (1) does present the expression for nσ , but not for n since it does not play a role

in our analysis.
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Appendix B

Derivation of Equation (2)

The covariance matrix mA
xΣ for the observations x1 , x2 , ... , xm is

. ( ) ( ) ( ) mxmxmxmxx
mA
x EJmIJm ρσρρσρσρσ
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where mm J
m

J 1
=  and Jm is an m by m matrix with all elements being equal to 1. The matrix

mmm JIE −=  where Im is the m by m identity matrix. To derive the posterior variance 2
mAσ  we first

note that mmm JJJ =⋅ , 0=⋅ mm EJ , and mmm EEE =⋅ . Using a variance decomposition method

well known in the analysis of panel data with random effects (Baltagi, 1995: 14) we find that
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. Therefore, the posterior distribution function
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where  is an m by 1 vector whose elements contain the number 1 and x is an m by 1 vector containing

the observations xi.  To determine the posterior variance of T it suffices to collect all terms that

involve T2. These are ( ) 2
2

1 1 T
T
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T
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Therefore, the posterior variance of T is equal to
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1 The information provided by an unembedded tie is imprecise for the same reasons we mentioned in

the context of noise surrounding an observation from the existing alliance group.

2 The covariance matrix of the observations is given by
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3 It is straightforward to derive the optimal number of unembedded ties by determining

( )mAuBuBmAu
cb |min ++σ  where ( ) ( )
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σ and *

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

4 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 are likely to feel betrayed and hence a return to the former alliance

group may be cumbersome, with learning alliances this is less likely to occur.

5 It can be shown that

( ) ( )( ) ( )( ) ( ) ( ) 0112211111 222 >−−−+=+−−−++ ρρρρ mmmmmm since 10 <≤ ρ which

ensures validity of the inequality sign in equation (8).

6 Footnote 3 applies here as well.

7 The covariance matrix in case of an embedded tie is 







=Σ 2

2

zzx

zxx
xz σσρσ

σρσσ
. Its inverse is
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. Those for an unembedded tie are equivalent but

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

be obtained using parts of the procedure depicted in appendix B.
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8 We assume here that the focal firm will look for a potential non-local tie satisfying σxz
2 >

σyz
2.


