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Abstract We study the formation of an entrepreneurial
network in an environment, in which entrepreneurs
who are contesting with each other for the devel-
opment of a new venture have the possibility to
collaborate. On the one hand, such bilateral knowl-
edge collaborations are beneficial because they allow
the integration of external knowledge. On the other
hand, external knowledge collaborations reduce an
entrepreneur’s incentive to invest in her internal
knowledge. We analyze this trade-off and show that
if the knowledge transfer between collaborating part-
ners is complete, the only stable entrepreneurial
network is one with exactly one collaboration of
each entrepreneur. If, however, knowledge transfers
are only partial, entrepreneurial networking becomes
more important and entrepreneurs form more knowl-
edge collaborations. Moreover, internal or external
knowledge spillovers reduce the incentives to form
knowledge collaboration. These results have several
practical implication for entrepreneurs and managers
of small- and medium-sized enterprises (SMEs) in
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their pursuit to better understand factors that influ-
ence knowledge collaborations with competitors and
to devise their co-opetition strategy.

Keywords Co-opetition · Entrepreneurial
networking · Knowledge collaboration ·
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JEL Classification C72 · D72 · D74 · L26

1 Introduction

Creating a new venture is not only the source for
innovation and economic growth, but also central
for every entrepreneur.1 As argued by Belitski et al.
(2019, p.523), successful entrepreneurship is crucially
affected by the integration of new knowledge into
the venture: “Taken together, internal investment in
knowledge, knowledge spillovers, and knowledge col-
laboration emerges as an important mechanism to
access and assimilate new knowledge for a firm.”
Internal knowledge investments are entrepreneurial

1The literature on the link between entrepreneurship and eco-
nomic growth started with Schumpeter (1934, 1939) and grew
largely over the past 25 years, see Fritsch (2013) or Acs et al.
(2018). For the creation of new jobs and employment, see
Audretsch and Thurik (2001) or Haltiwanger et al. (2013),
for the introduction of new products and markets, see Knight
(2001) and for solution of social and environment problems, see
Williams and Shepherd (2016) or York et al. (2016).
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investments in R&D or human capital through train-
ing and education, whereas knowledge spillovers and
knowledge collaborations are ways to source knowl-
edge from external environments. Knowledge collab-
orations refer to voluntary knowledge transfers with
external organizations in form of R&D agreements,
joint patents or liaisons with universities and research
labs, and knowledge spillovers are externalities that
spill over from knowledge investments of third par-
ties, such as through conference participation, patent
filings, or publications.

Whereas knowledge spillovers are exogenously
given by the entrepreneur’s external environment,
partner selection for knowledge collaborations are the
result of entrepreneurial networking. Using a series of
cases of high-growth entrepreneurial firms, the study
by Lechner and Dowling (2003) suggests that, while
the relative importance of social and reputational net-
working decreases with the firms’ development, co-
opetition networking increases over time.2 In fact,
several empirical studies on successful entrepreneur-
ship show that rival entrepreneurs are an important
partner for knowledge collaborations: In the biotech-
nology industry, for example, entrepreneurial firms
collaborate with competitors to reduce the time span
for R&D, see McCutchen and Swamidass (2004), or
to develop their product lines and their technological
diversity, see Quintana-Garcia and Benavides-Velasco
(2004). According to the conceptual framework of
Gnyawali and Park (2009), co-opetition is especially
important for entrepreneurial firms and their ability to
innovate, if the time to market is short, technological
battles are intense or technologies are complex.

Motivated by the above research, the present paper
combines all three sources of knowledge access
in a game-theoretic model to analyze successful
entrepreneurship. In particular, we consider a com-
munity of entrepreneurs who are contesting for the
development of a new venture. Each entrepreneur
can take the external knowledge of other compet-
ing entrepreneurs as a valuable source for her own
innovative activities by forming bilateral knowledge
collaborations. In this co-opetition setting we analyze
the optimal formation of an entrepreneurial network
and its implications for the optimal knowledge invest-
ments of entrepreneurs.

2The term co-opetition was coined by Brandenburger and
Nalebuff (1996) and refers to a situation where two or more
competitors cooperate at the same time as they compete.

We ask the following questions: Why would any-
one voluntarily share her knowledge with a competing
entrepreneur, the very knowledge that could be the
basis for her own future competitive advantage? And
if, how much knowledge should be shared and how
many of such knowledge collaborations are best? And
how do knowledge spillovers affect entrepreneurial
networking?

We show the following results: First, knowledge col-
laborations are beneficial because they allow the integra-
tion of external knowledge and therefore increase the
probability of winning the contest. However, knowl-
edge collaborations are not free of cost because they
reduce the incentives of the involved entrepreneurs to
invest in internal knowledge. Moreover, her knowl-
edge investments are decreasing in the number of col-
laborations an entrepreneur has formed. The underly-
ing effect is due to a free-riding problem: Knowledge
sharing implies that an entrepreneur contributes with
her knowledge investment to a public good in her rela-
tionship with each collaborating partner. This leads
to an underinvestment in her internal knowledge. As
a consequence, the probability of being successful in
the contest, as well as her expected payoff, decreases
with the number of knowledge collaborations. Sec-
ond, concerning the formation of an entrepreneurial
network, the degree of co-opetition is low: Due to
the trade-off between the benefits and costs of knowl-
edge collaborations, an entrepreneur’s incentives to
form collaborations with more than one other com-
peting entrepreneur are rather limited. This result,
however, depends crucially on the degree of knowl-
edge sharing between collaborating partners. If these
knowledge transfers are only partial, entrepreneurial
networking becomes more important. Third, knowl-
edge spillovers reduce the incentives to form knowl-
edge collaboration. This holds true for internal as well
as external spillovers. External spillovers arise from
the knowledge investments of all entrepreneurs within
the community, whereas internal spillovers arise if an
entrepreneur indirectly benefits from the knowledge
investments of those entrepreneurs with whom her
partners have formed collaborations.

Of course, the theoretical model presented in this
paper is abstract per se, and the management of knowl-
edge sharing in co-opetitive relationships in practice
is a permanent balancing of its benefits and costs, see
Ilvonen and Vuori (2013): On the benefit side, such
a knowledge collaboration mainly enables a faster
and more efficient innovation process and has poten-
tial to generate more creative innovations; on the
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cost side, knowledge sharing with a competitor at the
same time creates the risk of technology leakage, may
lead to conflicts or to opportunistic behavior of the
partner. Nevertheless, our results substantiate several
hypotheses formulated in the management literature
on entrepreneurial networking: First, entrepreneurial
firms should view competitors not only as pure rivals
but also as a potential source of additional knowledge.
In particular, entrepreneurial firms with co-opetitive
networking should be more successful than those
without any collaborations, see, for example, Lech-
ner and Dowling (2003). Second, an entrepreneurial
firm should not share all its knowledge with part-
ners. Instead, it should protect some of its knowledge
and, in turn, find an adequate balance between shar-
ing and withholding knowledge with its co-opetition
partners, see, for example, Carayannis and Alexan-
der (1999). And third, the advantages of co-opetitive
knowledge collaboration depend on the mode of com-
petition. If competition is strong, as in the case of
a contest, an entrepreneurial firm is better off by
limiting its collaborating partners, see, for example,
Bengtsson et al. (2010). In addition to this support for
already known hypotheses, the present analysis can
also be used to derive hypotheses for future empirical
research on entrepreneurial networking: For example,
entrepreneurs which operate in industries character-
ized by geographical concentration are more likely
to engage in co-opetition than entrepreneurs in other
industries where competition is spatially dispersed.
Or, entrepreneurs which operate in industries where
knowledge is easily codifiable are less likely to engage
in co-opetition than entrepreneurs in other industries
where knowledge is highly tacit.

The rest of the paper is organized as follows:
Section 2 shows how our results contribute to the
current literature. The basic model is presented in
Section 3. Section 4 analyzes the optimal internal
knowledge investments and external knowledge col-
laborations. In Section 5, we extend the basic model
and introduce partial knowledge transfers and knowl-
edge spillovers. Section 6 concludes. The proofs of
Section 4 are delegated to the Appendix; for the proofs
of Section 5, see the Online-Appendix.

2 Literature

The present paper and its results contribute to the
theoretical literature on network formation as well

as to the literature on knowledge management, open
innovation, and co-opetition.

Most of the recent theoretical articles on network
formation deal with abstract network games, where
agents’ efforts have spillovers on others with whom
they choose to associate, see, e.g., Hellmann (2013,
2021), Sadler (2020) or Golub and Sadler (2021).
Using different monotonicity assumptions and general
link externality conditions on the agents’ utility, these
articles investigate the architecture of pairwise stable
networks. In addition, there are also theoretical articles
which directly study the formation of entrepreneurial
networking, see, e.g., Parker (2008), Bac and Inci
(2010) or Inci and Parker (2013). However, this stream
of literature either considers formal networks between
entrepreneurs who share information to better screen
good from bad ideas, or analyzes informal networks
between entrepreneurs who convey information about
the quality of start-up projects to local financiers
for start-up financing. More closely connected to the
present paper are contributions which also study net-
work formation in contest models, see, e.g., Deroian
and Gannon (2006), Goyal and Moraga-Gonzalez
(2001), Goyal and Joshi (2006), Goyal et al. (2008) or
Telloney and Vergotez (2011). Our contribution to this
literature is threefold: First, we show that the endo-
geneity of a contestant’s investment plays a crucial
role in the formation of networks. Goyal and Joshi
(2006, p.326f), for example, consider a patent race
between firms who invest in R&D and assume that
a collaboration between two firms induces an exoge-
nously specified effect for both firms. They show that
under these circumstances either no firm forms a col-
laboration, or all firms are linked, or the network
consists of only one group of completely connected
firms while all other firms are isolated. The main dif-
ference to their model is that we study the impact
of collaborations also on the incentives to invest,
thus endogenizing the level of R&D investment. This
endogeneity then yields different network structures.
Second, our result shows that the endogenous for-
mation of networks in contests crucially depends on
the form of benefits that accrue from resource shar-
ing between partners. Telloney and Vergotez (2011),
for example, consider a contest where contestants
can form bilateral collaborations to share resources
and which increases their valuation of the winner
prize. They find that either all contestants collaborate
with each other, or that the network has a group of
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individuals that are fully linked with one another.
Our model then shows that if knowledge sharing
between partners does not influence their valuation of
the winner prize but increases the effective resources
available to them in the contest, the formation of pair-
wise collaborations differs tremendously. And thirdly,
our modelling approach shows that the nature of the
competition has an important influence on network
formation. In the context of Cournot market com-
petition, where firms can form collaborations which
are either cost-reducing or quality-improving, Goyal
and Moraga-Gonzalez (2001), Deroian and Gannon
(2006), and Goyal et al. (2008) show that all firms typ-
ically have collaborations with each other. The main
difference between these papers and the present one
is the mode of competition. Using a contest implies
that competition is of an all-or-nothing nature—either
a firms wins the contest or not. Hence, a contest
is a more aggressive mode of competition than the
moderate Cournot competition.3

Concerning network formation there is also a
stream of theoretical articles which deals with the
incentives of firms to form research joint ventures
(RJVs), see Bloch (1997) for an overview. In our con-
text, a RJV refers to an entrepreneurial network as
a collaboration of two or more entrepreneurs who
signed a multilateral agreement to share some of their
knowledge investments. Different to the present paper,
which studies the formation of bilateral knowledge
collaborations, all members of a RJV are linked with
each other and form a closed group. The equilibrium
concept for studying the endogenous formation of
RJVs therefore is completely different to the stability
concept used for studying the endogenous formation
of pairwise links: In the first case, all members of a
RJV need to agree on the accommodation of a new
member, whereas in the latter case a collaboration is
formed if it is in the interests of both parties. Never-
theless, the article by Jost (2021) on the endogenous

3The different mode of competition in the development of new
innovations is also the reason why the present analysis is set up
in the context of entrepreneurship and not in the context of well-
established firms: For entrepreneurs, competition in form of an
all-or-nothing contest is central for their success whereas devel-
opments by large established firms in general build on their
already existing product portfolios. Such a Cournot competition
for innovations, however, implies that success builds on already
existing internal knowledge. In turn, this makes networking for
well-established firms less important than for entrepreneurs.

formation of RJVs nicely complements the present
study. In an environment similar to the one studied in
this paper, Jost (2021) shows that, in general, all RJVs
have only twomembers. That is, each entrepreneur has
exactly one collaboration with another entrepreneur.
The analysis in the present paper confirms this result
but shows that entrepreneurs formmore collaborations
if knowledge transfers are only partial.

Our analysis is also closely related to the literature
on knowledge management in entrepreneurial firms
and the knowledge spillover theory of entrepreneur-
ship. The importance of internal knowledge invest-
ment and external knowledge collaboration as sources
for the accumulation and creativity inside an
entrepreneurial firm is emphasized, for example,
in Cassiman and Valentini (2016), for knowledge
spillovers, see, e.g., Jaffe et al. (1993) or Audretsch
and Lehmann (2005). However, whereas most of
the literature on knowledge management considers
firms in other markets, universities, research labs,
customers or suppliers as suitable collaborating part-
ners of an entrepreneur, horizontal collaborations with
direct competitors in the same market are less com-
mon, see, e.g., Van Beers and Zand (2014). Our
results indicate that entrepreneurs can nevertheless
benefit by collaborating with rival entrepreneurs in
order to increase their chances of winning a new ven-
ture with the external knowledge of their partners.
However, our results also indicate that partners inten-
tionally limit their knowledge transfers. This result
contributes to the research on the spillover theory
of entrepreneurship. Introduced by Audretsch (1995),
the spillover theory of entrepreneurship explains the
formation of new entrepreneurial firms as a result
of knowledge spillovers from a knowledge incubator
who did not adequately commercialized this knowl-
edge, see Audretsch and Keilbach (2007), or Acs
et al. (2009, 2013). The barriers that limit the total
conversion of the incubator’s knowledge into com-
mercialized knowledge then determine the degree of
entrepreneurial activities. According to Acs et al.
(2003) who termed these barriers knowledge filter,
the absorptive capacity of an entrepreneur determines
the success of this conversion. Although the present
model takes entrepreneurial actors as exogenously
given, it shows that an entrepreneur as knowledge cre-
ator will limit the conversion of her knowledge by
allowing only partial knowledge transfers and that
her absorptive capacities determine the integration of
external knowledge from collaborating partners.
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Our results also contribute to the literature on open
innovation research. Chesbrough (2006, p.1) defined
an open innovation as “the use of purposive inflows
and outflows of knowledge to accelerate internal inno-
vation, and expand the markets for external use of
innovation, respectively”. By collaborating with exter-
nal organizations, a firm can utilize inbound and
outbound knowledge flows to create or commercialize
innovations.4 In the context of our model, knowledge
collaborations are innovation strategies, by which a
firm leverages the internal knowledge of an exter-
nal partner as a source for her own innovation - the
inflows of knowledge—and, at the same time, hands
over her own knowledge to her external partner—
the outflows of knowledge. Our results then confirm
the findings of Alexy et al. (2013) and show that
an important potential partner for open innovation
strategies could be the innovation community of its
rival firms. Although outflows of knowledge help
rival partners, knowledge collaborations and the cor-
responding inflows of knowledge render this strategy
beneficial for both sides. In this way, our results con-
tradict the traditional closed approach to innovation
that a firm should retain ownership of her internal
knowledge and, thereby, supports the open innovation
paradigm.

Concerning the literature on co-opetition, espe-
cially in the context of knowledge sharing, most of
the papers in this research stream focus on the general
benefits and risks of knowledge sharing with com-
petitors, see, e.g., Levy et al. (2003), Cassiman and
Valentini (2016) and the literature cited in Section 1.
Our results contribute to this literature by showing
that the degree of co-opetition crucially depends on
the mode of competition and the free-riding problem
introduced by the corresponding cooperation. More-
over, if we interpret the degree of knowledge transfers
as a measure of an entrepreneur’s absorptive capaci-
ties, our model suggests that an entrepreneur should
invest first in the assimilation and integration of exter-
nal knowledge in order to reduce the number of her
collaborating partners.

4This research started with studies in large technology-based
companies, see, e.g., Chesbrough (2003, 2006), continued with
small- and medium-sized firms, see, e.g., Lee et al. (2010) or
Brunswicker and van de Vrande (2014), and finally reached
start-ups, see, e.g., Greul et al. (2018).

3 The basic model

We consider a community of n entrepreneurs, n ≥ 3,
who are contesting for the development of a new ven-
ture of value V . This venture can be the research for
a new technology, the design of a new product, or the
innovation of a new idea.

In order to win the contest, each entrepreneur i ∈
N = {1, . . . , n} invests in knowledge for the devel-
opment of the venture. We denote by xi , xi ≥ 0, the
amount of knowledge investment by entrepreneur i,
and by X = (x1, ...., xn) the investment profile of all
entrepreneurs. By investing in her internal knowledge,
an entrepreneur increases her probability of winning
the contest.

To benefit from the external knowledge invest-
ments of other entrepreneurs, an entrepreneur can
form collaborations. Such collaborations are the result
of her entrepreneurial networking which refers to her
activities in creating and shaping links with other
entrepreneurs. In our context, a network link between
two entrepreneurs facilitates the exchange of their
internal knowledge in form of a bilateral arrange-
ment and is therefore termed knowledge collabora-
tion. Let δij = 1 if entrepreneur i has such a link
with entrepreneur j—in this case, both are termed
as partners—and let δij = 0 if entrepreneur i does
not have a link with entrepreneur j . The network of
knowledge collaborations between entrepreneurs in
the entire community then can be described by the
entrepreneurial network matrix �:

� =

⎛
⎜⎜⎜⎜⎜⎝

1 δ12 δ13 . . . δ1n
δ21 1 δ23 . . . δ2n
δ31 δ32 1 . . . δ3n
...

...
... 1

...

δn1 δn2 δn3 . . . 1

⎞
⎟⎟⎟⎟⎟⎠

For entrepreneur i ∈ N , let Ni ={
j ∈ N : j �= i, δij = 1

} ⊆ N be the set of partners,
and let ki = |Ni | denote the cardinality of this set, that
is, the number of knowledge collaborations formed by
entrepreneur i. The number of all such collaborations
in the community is denoted by K = (k1, ...., kn).

Forming a bilateral agreement between two
entrepreneurs implies that their knowledge invest-
ments are shared. For simplicity, we assume in the
basic model that each entrepreneur completely shares
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her internal knowledge with her partner without exter-
nal knowledge spillovers. Thus, the total amount
of internal and external knowledge x̃i available to
entrepreneur i in the contest is given by

x̃i = xi +
∑
j∈Ni

xj .

We call x̃i the effective knowledge of entrepreneur
i ∈ N and denote by X̃ = (x̃1, ..., x̃n) the profile of
effective knowledge in the community.

To model the contest we assume that the prob-
ability pi of entrepreneur i being successful in the
contest depends on three factors: (i) her own inter-
nal knowledge investment in the development of the
venture, (ii) her access to the external knowledge of
other entrepreneurs with whom she has formed knowl-
edge collaborations, and (iii) the knowledge of all
other entrepreneurs in the community. Of course, her
own internal knowledge xi increases the probability
of winning the contest, whereas the knowledge xj of
all other entrepreneurs reduces this probability. More-
over, due to the knowledge transfers from her partners,
entrepreneur i’s effective knowledge determines the
probability of winning the contest. To keep the con-
test as simple as possible we use the functional form
suggested by Tullock (1980),

pi (X, �) = x̃i∑n
j=1 x̃j

.

The numerator shows entrepreneur i’s effective
knowledge, whereas the denominator is the sum of
all effective knowledge within the whole community.
As we will see below, the probability of winning the
contest pi is increasing in entrepreneur i’s internal
knowledge xi but at a decreasing rate.

If entrepreneur i wins the contest, she will get the
value V of the venture, whereas the payoffs of all other
entrepreneurs in the contest are zero. Without loss of
generality, we normalize V = 1.5 Accordingly, the
expected payoff of entrepreneur i is

π∗
i (X, �) = x̃i∑n

j=1 x̃j

− xi. (1)

Note that we implicitly assume here that, although
networking allows entrepreneurs to share knowledge,

5If we would take V > 0 as a parameter, the optimal inter-
nal knowledge investments as well as the equilibrium payoffs
of each entrepreneur would depend linearly on V without
changing the results on the optimal external knowledge collab-
orations.

only the winner enjoys the value of the venture. This
assumption, however, is without loss of generality. We
could either interpret the probability pi of winning
the contest as entrepreneur i’s share of the value V of
the venture, or we could assume the venture would be
shared by all collaborating partners.6 Since in equi-
librium entrepreneurs’ investments in knowledge only
depend on the number of collaborations, entrepreneur
i’s overall expected payoff is identical to π∗

i (X, �) in
both cases.

4 Formation of the entrepreneurial network

To analyze the formation of the entrepreneurial net-
work we proceed by backward induction: We first
consider entrepreneurs’ investments in internal knowl-
edge for a given entrepreneurial network. We then
analyze the formation of knowledge collaborations
such that the entrepreneurial network is stable.

4.1 Optimal internal knowledge investments

For a given entrepreneurial network matrix �, let
(x∗

1 , . . . , x
∗
n) denote the Nash equilibrium investments

in internal knowledge. The optimal knowledge invest-
ment x∗

i of entrepreneur i ∈ N , having formed ki

knowledge collaborations with other entrepreneurs,
maximizes her payoff given the equilibrium invest-
ments x∗

j of all other entrepreneurs j �= i in the
community. Assuming an interior optimum, x∗

i then
satisfies the first-order necessary condition for a Nash
equilibrium, i.e., x∗

i equals marginal benefits and
marginal costs:

1(∑n
j=1 x̃∗

j

)2

⎡
⎣

n∑
j=1,j �=i

x̃∗
j − ki x̃

∗
i

⎤
⎦ = 1. (2)

The marginal change in the probability of suc-
cess on the left-hand side of Eq. (1) is determined
by two factors: The first term represents the marginal

6In the latter case, the expected payoff of entrepreneur i then is

x̃i∑n
j=1 x̃j

· 1

1 + ki

+
∑
k∈Ni

x̃k∑n
j=1 x̃j

· 1

1 + ki

− xi,

where the first term is entrepreneur i’s expected payoff if she
wins the contest and shares it with all other members, and the
second term is entrepreneur i’s expected payoff if she receives
a share of the contest prize won by one of her partners.
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increase in the winning probability of entrepreneur i

due to the increase of her knowledge investment. The
second term represents the marginal decrease in the
winning probability due to the corresponding increase
of her partners’ effective knowledge. Note that if
entrepreneur i increases her internal knowledge, this
investment not only affects her own effective knowl-
edge but also the effective knowledge of all her ki

partners in the contest.

Proposition 1 Suppose that the matrix � describes
the entrepreneurial network in the community. Then,
the optimal knowledge investment x∗

i of entrepreneur
i, her probability of winning the contest, and her
equilibrium payoff, are given by

x∗
i = μ − 1

(1 + ki)
2 μ2

, p∗
i = 1

(1 + ki) μ
,

π∗
i = 1 + kiμ

(1 + ki)
2 μ2

,

with μ = ∑n
j=1

1
1+kj

.

Proposition 1 shows that entrepreneurs’ equilib-
rium investments in internal knowledge as well as
their equilibrium winning probabilities and payoffs
only depend on the number of knowledge collabo-
rations they have formed. As a consequence, sev-
eral remarks are worth noting: First, as discussed
in the introduction, the equilibrium investment of
entrepreneur i in internal knowledge is decreasing in
the number of collaborations she has formed. That is,
if entrepreneur i has formed more collaborations than
entrepreneur j , ki > kj , entrepreneur i’s equilibrium
investment is lower than the one of entrepreneur j ,
x∗
i < x∗

j . Second, the probability of success decreases
with the number of knowledge collaborations. At first
sight, this result might be surprising as the knowledge
received from the partners ceteris paribus increases the
probability of winning the contest. However, inspect-
ing the first-order condition in Eq. (2) shows that the
effective knowledge of each entrepreneur shared with
her partners is constant in equilibrium, that is, the opti-
mal effective knowledge of two entrepreneurs i and j

satisfy the equilibrium property

x̃∗
i (1 + ki) = x̃∗

j

(
1 + kj

)
.

But this implies that the effective knowledge x̃∗
i of

entrepreneur i, and as a consequence, also her winning

probability, are lower than the ones of entrepreneur j ,
if she has more partners, that is, for ki > kj ,

x̃∗
i = x̃∗

j

(
1 + kj

)

(1 + ki)
< x̃∗

j ,

And third, an entrepreneur’s expected payoff also
decreases with the number of knowledge collabora-
tions. This results from the fact, that although both the
winning probability and the knowledge investments
are decreasing in the number of knowledge collab-
orations, the first effect is smaller than the second
one,

∂

∂ki

p∗
i = − 1

μ (ki + 1)2
<

∂

∂ki

x∗
i = − 2 (μ − 1)

μ2 (ki + 1)3
.

That is, for a given entrepreneurial network,
entrepreneurs with more links earn lower payoffs than
entrepreneurs with fewer links.

Our characterization of the equilibrium payoff of
entrepreneur i can also be used to discuss her incen-
tives to unilaterally add an additional link to her
already existing knowledge collaborations. Using her
equilibrium payoff π∗

i for a given entrepreneurial net-
work matrix �, an additional link has the following
effect on her profitability,

sign

{
∂

∂ki

π∗
i

}
= sign

{
−μ3

(
k2i − 1

)

−μki (3μ − 1) −
(
2μ2 − 1

)}
.

Note that μ ∈ [1, n] with μ = 1 if the entrepreneurial
network is complete (i.e., kj = n − 1 for all j ∈ N)
and μ = n if the entrepreneurial network is empty
(i.e., kj = 0 for all j ∈ N). Hence, we can interpret
μ as a measure of the connectivity of an the following
meaning: If μ is close to one, the number of links of
each entrepreneur is high and the network is densely
connected and if μ is close to n, each entrepreneur
has only few links and the network is loosely con-
nected. Concerning the effect of an additional link,
entrepreneur i’s payoff is negative whenever she has
already formed a link, ki ≥ 1, while it is positive
if ki = 0 and the entrepreneurial network is not too
densely connected, i.e., μ > 1

2

√
5 + 1

2 . Moreover, the
effect of an additional link of entrepreneur i on her
competitors’ payoffs π∗

r is always positive:

sign

{
∂

∂ki

π∗
r

}
= sign {2 + μkr} > 0.
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4.2 Optimal external knowledge collaborations

Using the optimal internal knowledge investments
for a given entrepreneurial network, we now ana-
lyze the formation of stable external knowledge
collaborations. In its most general meaning, a sta-
ble entrepreneurial network denotes the outcome of
a non-cooperative game of link formation between
entrepreneurs. However, instead of using this strong
notion of strategic stability, we follow Jackson and
Wolinsky (1996) and take a weaker definition of sta-
bility: We call an entrepreneurial network matrix �

pairwise stable, if no pair of entrepreneurs has an
incentive to engage in further networking and no
entrepreneur has an incentive to unilaterally terminate
an existing collaboration. This definition of pairwise
stability excludes, for example, the possibility that
entrepreneurs form two or more additional collabo-
rations at once. In this sense, pairwise stability is a
necessary condition of strategic stability. Neverthe-
less, as we will see below, pairwise stability is already
strong enough to substantially narrow down the set of
stable entrepreneurial networks.

To formalize pairwise stability, let�−ij denote the
entrepreneurial network obtained from � by severing
an existing link between entrepreneur i and j , while
� + ij denotes the entrepreneurial network obtained
by adding a new link between entrepreneur i and j

in matrix �. Then, an entrepreneurial network � is
pairwise stable if, for all entrepreneurs i, j ∈ N ,

1. δij = 1 implies π∗
i (�) ≥ π∗

i (� − ij) and
π∗

j (�) ≥ π∗
j (� − ij),

2. δij = 0 and π∗
i (� + ij) > π∗

i (�) implies
π∗

j (� + ij) < π∗
j (�).

To analyze stable network formation in our model,
we use Proposition 1 and the entrepreneurs’ equi-
librium payoffs to characterize these two stability
conditions. Consider two entrepreneurs i and j . Then,
π∗

i (�) ≥ π∗
i (� − ij) iff

1 + ki

(
γ + 1

ki+1 + 1
kj +1

)

(1 + ki)
2
(
γ + 1

ki+1 + 1
kj +1

)2

≥
1 + (ki − 1)

(
γ + 1

ki
+ 1

kj

)

k2i

(
γ + 1

ki
+ 1

kj

)2 (3)

with γ = ∑n
r=1,r �=i,j

1
1+kr

. Moreover, π∗
i (� + ij) >

π∗
i (�) iff

1 + (1 + ki)
(
γ + 1

ki+2 + 1
kj +2

)

(2 + ki)
2
(
γ + 1

ki+2 + 1
kj +2

)2

>
1 + ki

(
γ + 1

ki+1 + 1
kj +1

)

(1 + ki)
2
(
γ + 1

ki+1 + 1
kj +1

)2 . (4)

Proposition 2 The only pairwise stable
entrepreneurial networks depend on the number n of
entrepreneurs in the community and are characterized
as follows:

1. If n = 3, there exist two stable entrepreneurial
networks: One in which two entrepreneurs i ∈
{1, 2} have a knowledge collaboration, k∗

i = 1
and the third entrepreneur has no collaboration,
k∗
3 = 0. And one in which each entrepreneur

i ∈ N networks with the other two, k∗
i = 2.

2. If n ≥ 4 and n even, each entrepreneur i will have
exactly one knowledge collaboration, k∗

i = 1, for
all i ∈ N .

3. If n ≥ 4 and n odd, all but one entrepreneur j

will form one knowledge collaboration, k∗
i = 1

for all i ∈ N\ {j}, whereas entrepreneur j does
not engage in networking, k∗

j = 0.

This is a remarkable result. It shows that the set
of possible pairwise stable entrepreneurial networks is
fairly narrow in the sense that typically only a very
limited number of knowledge collaborations with a
well-defined structure can arise in equilibrium. The
result stems from the trade-off discussed above: On
the one hand, increasing the number of knowledge col-
laborations is beneficial for an entrepreneur, because it
increases the probability of winning by having access
to more external knowledge. On the other hand, her
own internal knowledge investment decreases with the
number of collaborations. The latter effect then is
sufficiently strong to restrict the payoff-maximizing
number of knowledge collaborations to one.

Note that, since the contest always has a winner,
it would be welfare maximizing if the knowledge
investments of each entrepreneur are zero. Concern-
ing entrepreneurial networking, a socially efficient
entrepreneurial network then is always complete and
each entrepreneur forms knowledge collaborations
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with all other entrepreneurs in the community: Since
this implies that ki = n − 1 for all i ∈ N , we have

n∑
j=1

1

1 + kj

= 1,

and it is then optimal for an entrepreneur not to invest
and her probability of winning the contest equals 1/n.

5 Extensions

We now extend the basic model and introduce par-
tial knowledge transfers and knowledge spillovers.7

A partial knowledge transfer refers to a situation,
in which only part of the external knowledge of
a collaborating partner can be assimilated into an
entrepreneur’s own knowledge. Knowledge spillovers
refer to situations, in which an entrepreneur sources
knowledge from the external environment via invol-
untary knowledge diffusion. We distinguish two types
of those spillovers: External knowledge spillovers,
where an entrepreneur integrates knowledge from
other entrepreneurs, although she does not have a
knowledge collaboration with them. And local knowl-
edge spillovers, where an entrepreneur not only ben-
efits from the internal knowledge of her collaborating
partners, but also from their external knowledge.

5.1 Partial knowledge transfers

In our basic model we assumed that if an entrepreneur
has formed a knowledge collaboration with another
entrepreneur, the external knowledge from her part-
ner is completely integrated into her own knowledge.
There are several reasons why in practice this knowl-
edge transfer is rather incomplete: Tacit knowledge,
i.e., knowledge which is difficult to transfer between
partners, substitutive knowledge, i.e., knowledge of
one partner which doubles in part the knowledge of
the other, or limited absorptive capacity, i.e., one part-
ner cannot completely assimilate the knowledge of the
other.

To model partial knowledge transfers, suppose that
only a fraction βI ∈ [0, 1] of the internal knowledge
investments of her partners is shared with entrepreneur

7In the following, we explain only the intuition of these exten-
sion. For the proofs of Section 5 see the Online-Appendix.

i. Then, the total amount of knowledge x̃i available to
entrepreneur i in the contest is given by

x̃i = xi + βI

∑
j∈Ni

xj .

How do partial knowledge transfers with her part-
ners affect the knowledge investment of entrepreneur i
and her incentives to form knowledge collaborations?
Concerning her knowledge investment, only a frac-
tion βI of her internal knowledge is now transferred
to her partners. Hence, whereas increasing her knowl-
edge investment is still beneficial for her own win-
ning probability as in the basic model, the marginal
increase in the winning probabilities of all her ki part-
ners is now not as high as with complete knowledge
transfers. Hence, entrepreneur i has an incentive to
invest more in her internal knowledge.

The fact that internal knowledge investments are
increasing when external knowledge cannot be com-
pletely assimilated, then makes knowledge collabora-
tions more attractive. To understand the intuition for
this finding, consider the case of complete knowl-
edge transfer as starting point. In the symmetric equi-
librium of Proposition 1, each entrepreneur forms
only one knowledge collaboration. Now suppose that
knowledge transfer is partial instead of complete.
Since knowledge investments of each entrepreneur
increase, expected payoffs decrease. This is because
in a symmetric equilibrium the winning probability
of each entrepreneur does not change because all will
increase their internal knowledge by the same amount.
To reduce knowledge investments, each entrepreneur
then has an incentive to form an additional knowledge
collaboration. This is because she benefits from the
additional external knowledge of the new partner and,
at the time, can reduce her own investments due to the
free-riding effect.

Proposition 3 The lower the fraction βI of partial
knowledge transfer between collaborating partners,
the higher the number of knowledge collaborations of
each entrepreneur.

So far we assumed that the knowledge transfers
within a collaboration are exogenously restricted by
the institutional environment. However, even in the
case in which the collaborating partners could decide
on the degree of knowledge transfer, they would
choose to transfer internal knowledge only partially to
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their partners. The reason is again due to free-riding:
If all collaborating partners of an entrepreneur com-
pletely transfer their knowledge to her, she has an
incentive to only partially transfer her internal knowl-
edge to them. This is beneficial because it increases
her winning probability and decreases the winning
probabilities of her partners. Of course, in equilib-
rium each entrepreneur only partially transfers her
knowledge.

Proposition 4 If the degree of knowledge transfer
within a knowledge collaboration can be chosen by
the collaborating partners, knowledge transfers are
always partial.

5.2 External knowledge spillovers

In our basic model we assumed that an entrepreneur can
integrate external knowledge from other entrepreneurs
only by forming knowledge collaborations. In addition
to such knowledge collaborations, however, knowl-
edge investments of other entrepreneurs spill over
without any direct collaboration. Such knowledge
externalities can arise, for example, if the community
of all entrepreneurs is geographically concentrated, as
the empirical study by Audretsch and Feldman (1996)
shows. They examine the extent to which innovative
activities clusters spatially and link this geographic
concentration to the existence of external knowledge
spillovers. In our setup, such knowledge spillovers
then are generated by the knowledge investments of
all entrepreneurs and have a public good character.

To model external knowledge spillovers, we
assume that although entrepreneur i has no knowl-
edge collaboration with entrepreneur j , j /∈ Ni ,
entrepreneur i can realize a fraction βE ∈ [0, 1]
of entrepreneur j ’s knowledge investment. We refer
to βE as the external spillover rate. For a given
entrepreneurial network �, the effective knowledge of
entrepreneur i ∈ N is then given by

x̃i = xi +
∑
j∈Ni

xj + βE

∑
r∈N\(Ni∪{i})

xr .

The external knowledge of entrepreneur i is now
the sum of two terms: The first term is the sum of
the external knowledge from all entrepreneurs with
whom she has a collaboration, the second term is a

fraction βE of the sum of the knowledge investments
of all other entrepreneurs with whom she does not col-
laborate. Note that |Ni | = ki and |N\ (Ni ∪ {i})| =
n − ki − 1.

As in our extension with partial knowledge trans-
fers, the effect of external spillovers on knowledge
investments can be seen best by considering the
marginal benefits of an increase her investments.
Whereas increasing her knowledge investment has the
same effect on her own winning probability and the
ones of her ki partners as in the basic model, an addi-
tional negative effect now occurs because the winning
probabilities of all (n − 1 − ki) entrepreneurs, which
are not her collaborating partners, are now increasing
due to the external knowledge spillover rate βE . As
a consequence, each entrepreneur has an incentive to
invest less in her internal knowledge.

Before we discuss the influence of external
knowledge spillovers on the formation of a stable
entrepreneurial network, note that the optimal knowl-
edge investments of each entrepreneur tend to zero,
if the external spillover rate tends to one. The intu-
ition is straightforward: Since each entrepreneur com-
pletely shares her knowledge investment with all other
entrepreneurs in the community, the probability of
winning the contest is independent of her own invest-
ment, identical for all entrepreneurs and equal to 1/n.
But then it is optimal not to invest at all.

This limit result also points to the connection
between external knowledge spillovers and the sta-
bility of an entrepreneurial network. Suppose that
the spillover rate is (sufficiently) large. Then, the
external knowledge an entrepreneur receives from a
non-partner via external spillovers is almost as high
as the ones she receives from her partners via knowl-
edge collaborations. As a consequence, the advantage
of a knowledge collaboration with other entrepreneurs
vanishes. In the limit, for complete external spillovers,
there is no need to collaborate with any partner. The
next proposition confirms this mechanism.

Proposition 5 If the fraction βE of external knowl-
edge spillovers between entrepreneurs is sufficiently
high, no entrepreneur engages in networking for n >

3. For n = 3, the complete entrepreneurial network
is always stable. Moreover, for a given spillover rate
βE , no entrepreneur engages in networking, if the
number n of entrepreneurs in the community becomes
sufficiently large.
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In light of our previous discussion, this proposi-
tion is not surprising and shows that in the pres-
ence of external knowledge spillovers the number of
entrepreneurs in the community becomes a crucial
factor that determines the formation of entrepreneurial
networks. Of course, as soon as knowledge spillovers
are relevant, the total amount of knowledge that
spills over from an entrepreneur to her non-partners,
depends on the number of entrepreneurs in the contest.
Hence, for a given number of knowledge collabora-
tions, the relative fraction of effective knowledge that
comes from non-partners becomes greater, the higher
the number of entrepreneurs in the community. But
this implies that the relative advantage of forming
a knowledge collaboration with other entrepreneurs
is lower, the higher the amount of external knowl-
edge the entrepreneur receives from a non-partner, i.e.,
the higher the number of competitors. On the other
hand, the problem of underinvestment in knowledge
is higher if an entrepreneur has complete access to
another entrepreneur’s knowledge in case they have
formed a collaboration compared to the case in which
she only receives some fraction of knowledge when
not collaborating. In fact, the probability of win-
ning the contest is increasing in the spillover rate βE

for entrepreneurs with few knowledge collaborations,
while the winning probability is decreasing in βE for
entrepreneurs with many collaborations.8 This disad-
vantage of knowledge collaborations becomes more
important the higher the number of entrepreneurs in
the community.

5.3 Local knowledge spillovers

In our basic model we assumed that an entrepreneur,
when collaborating with another entrepreneur, only
benefits from the direct knowledge investment of
this partner. However, given the other entrepreneur
has formed knowledge collaborations with third par-
ties, her partner accumulates additional knowledge via
these collaborations. If, for example, an entrepreneur
is faced with a specific problem, she can activate her
partner to identify the sources that are likely to be
well informed about the specific issue at hand. Using
patents as a measure of innovative output, the empir-
ical study by Ahuja (2000), for example, shows that
R&D collaborations not only allow firms with access

8See the Online-Appendix for this statement.

to the knowledge held by its partners but also to the
knowledge held by its partner’s partners. In addition
to external knowledge collaborations, we therefore
extent the basic model by considering such indirect
links which are termed as local knowledge spillovers
by Goyal and Joshi (2006).

To model local knowledge spillovers, we assume
that an entrepreneur i can indirectly benefit from other
entrepreneurs’ knowledge investments because these
entrepreneurs are linked to her own partners. That is,
if entrepreneur j collaborates with entrepreneur i and
entrepreneur k, i.e., i, k ∈ Nj , but entrepreneur i is not
linked to entrepreneur k, i.e., k /∈ Ni , entrepreneur i

not only benefits directly and fully from entrepreneur
j ’s knowledge investment but also indirectly from
entrepreneur k’s investment. This spillover is only par-
tial and given by a fraction α ∈ [0, 1). We refer to α

as the local spillover rate.
Consider entrepreneur i’s effective knowledge in

the contest. For a given entrepreneurial network �,
this effective knowledge is given by

x̃i = xi +
∑
j∈Ni

xj + α
∑
r∈Nii

xr ,

where Nii ⊆ N is the set of entrepreneurs with
whom all partners of entrepreneur i are linked. That
is, Nii = ⋃

j∈Ni
Nj\ (Ni ∪ {i}). The external knowl-

edge of entrepreneur i is the sum of two terms: The
first term is the sum of the knowledge investments
spent by all entrepreneurs with whom entrepreneur i

collaborates, the second term is a fraction α of the
sum of the knowledge investments of all entrepreneurs
with whom a partner of entrepreneur i has formed a
knowledge collaboration.

To analyze the effect of local knowledge spillovers
on network formation, note that an entrepreneur only
benefits from the knowledge investments of non-
partners if these are linked to an entrepreneur with
whom she is also collaborating. An immediate conse-
quence of this fact is that local knowledge spillovers
can only be realized if at least one entrepreneur has
formed two or more knowledge collaborations with
others. According to Proposition 1, such a network-
ing, however, cannot be part of a stable entrepreneurial
network, at least if knowledge transfers within col-
laborations are complete. In case knowledge transfers
between collaborating partners are only partial, local
knowledge spillovers decrease entrepreneurs’ incen-
tives to form knowledge collaborations. Consider, for
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Fig. 1 Two entrepreneurial
networks

example, the following two entrepreneurial networks
and suppose that both are stable, see Fig. 1:

Without local knowledge spillovers, all
entrepreneurs behave identically in the entrepreneurial
network on the left and right-hand side. In the pres-
ence of local knowledge spillovers, however, the
behavior of entrepreneurs in both networks differ:
In the entrepreneurial network on the left-hand side
entrepreneurs’ behavior does not change when com-
pared to the case without local spillovers, since each
entrepreneur with whom a partner has formed a col-
laboration is already a partner of this entrepreneur.
Hence, no entrepreneur benefits from local knowledge
spillovers. This is different in the entrepreneurial net-
work on the right-hand side. Here, each entrepreneur
benefits from the other partner of her partners. This, of
course, changes an entrepreneur’s incentive to invest
in knowledge. Take entrepreneur i as member of this
circle network. Then, her trade-off between marginal
costs and benefits from increasing her knowledge
investment is given by

1(∑n
j=1 x̃j

)2

⎡
⎣

n∑
j=1,j �=i

x̃j − 2βI x̃i − 2αx̃i

⎤
⎦ = 1.

The interpretation of the first and second terms is as
in the case of partial knowledge transfers with two
partners. The third term is now an additional negative
effect of entrepreneur i’s increase of her knowledge
investment because the winning probability of two
entrepreneurs which are collaborating partners of her
partners is now increasing due to the local spillover
rate α. As a consequence, each entrepreneur in the
entrepreneurial network on the right-hand side has
an incentive to invest less in her internal knowl-
edge, which in turn might reduce their incentives to
collaborate with one of the two other entrepreneurs.

Proposition 6 If knowledge transfers between col-
laborating partners are complete, the presence of
local knowledge spillovers does not change the stable
entrepreneurial network of Proposition 1. If knowl-
edge transfers between collaborating partners are
only partial and lead to a stable entrepreneurial
network with more than one bilateral knowledge col-
laboration of each entrepreneur, see Proposition 3,
the presence of local knowledge spillovers reduces
networking.

6 Conclusion

In this paper we have considered the formation of
entrepreneurial networks in an environment, in which
a community of entrepreneurs compete for the devel-
opment of a new venture and have the possibility to
collaborate with each other. Such knowledge collab-
orations allow each entrepreneur to integrate external
knowledge to her own internal knowledge investment
and thereby increases the probability of winning the
contest. Our analysis has shown that entrepreneurs’
knowledge investments are decreasing in the number
of collaborations they have formed, due to a free-
riding effect. Using this result, we then examined the
formation of a pairwise stable entrepreneurial net-
work and found that, in general, each entrepreneur
networks with exactly one other entrepreneur. We
then analyzed the effect of three extensions on net-
work formation: partial knowledge transfers between
collaborating partners and external, respectively
local, knowledge spillovers. In the first case, we
saw that the incentives for networking increase,
whereas the opposite is true with local and external
spillovers.

The model of entrepreneurial competition we
have used in this paper is quite simple and should
be regarded as a first step in the analysis of
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entrepreneurial networking. Several modifications are
worth considering.

First, although our predictions on entrepreneurial
network formation are clear-cut, our modelling does
not allow for asymmetries in the entrepreneurial net-
work structure, which are prominent in reality as
well as in theory. For example, a closed group of
entrepreneurs which are solely collaborating with each
other, or a star network with one central entrepreneur
linked to all other entrepreneurs, could not arise as
an equilibrium in our model. One reason for this dis-
crepancy could be our assumption of ex ante identical
entrepreneurs with respect to their costs and outputs
of their knowledge investments. Thus, a natural exten-
sion of the present model would be the introduction
of ex ante asymmetric entrepreneurs. In this case, one
would expect that such asymmetries also result in
asymmetries in the entrepreneurial network structure.
Entrepreneurs with a higher knowledge competence,
for example, then might prefer to act as single-
tons, whereas entrepreneurs with a lower knowledge
competence might have an incentive to form a com-
pletely connected sub-network. Asymmetries between
entrepreneurs also make an equal sharing of the ven-
ture suboptimal, in that an entrepreneur with a higher
knowledge competence might not be willing to share
her knowledge on equal rate with a less competent
entrepreneur. Monetary compensations might then be
a necessary pre-condition for knowledge collabora-
tions.

Second, it would be interesting to analyze how
the entrepreneurial network structure depends on the
properties of the underlying competition. In this paper,
we considered an extreme case of competition in the
sense that any increase in one entrepreneur’s probabil-
ity of succeeding is exactly offset by a decrease in the
other entrepreneurs’ probabilities of winning the ven-
ture. In order to model a contest with different degrees
of competition one could, for example, introduce a
competition parameter, which measures the effect of
an entrepreneur’s investment on other entrepreneurs’
probabilities of winning the venture when they are not
collaborating partners, see Godwin et al. (2006).

Thirdly, the stability concept used in this paper per-
mits deviations by one entrepreneur only. As long
as the only stable entrepreneurial network consists
of exactly one knowledge collaboration for each
entrepreneur, this weak notion of stability is not crit-
ical. However, if multiple network structures arise

in equilibria, for example in the presence of par-
tial knowledge transfers, a stronger notion of sta-
bility is necessary to restrict the set of equilibrium
network structures. This refinement could be along
the lines proposed in the industrial organization lit-
erature on endogenizing merger and research joint
ventures activities, see, e.g., Gonalez-Maestre and
Lopez-Cunat (2001) or Greenlee (2005): A stable
entrepreneurial network is the outcome of a non-
cooperative bidding game for link formation.

Appendix

Proof of Proposition 1 Using Eq. (2) for different
entrepreneurs i, j ∈ N the optimal effective invest-
ments x̃∗

i and x̃∗
j satisfy the following equilibrium

property

x̃∗
i · (1 + ki) = x̃∗

j · (
1 + kj

)
. (A.1)

Then, the sum of all optimal effective investments
within the entire community is given by

n∑
j=1

x̃∗
j =

n∑
j=1

(
1 + ki

1 + kj

· x̃∗
i

)
= x̃∗

i (1 + ki)

n∑
j=1

1

1+kj

,

(A.2)

which proves the winning probability p∗
i . Using (A.2),

the first-order condition (2) reduces to

(1 + ki) x̃∗
i ·

n∑
j=1

1

1+kj

− (1 + ki) x̃∗
i = (1 + ki)

2 x̃∗2
i

⎛
⎝

n∑
j=1

1

1 + kj

⎞
⎠

2

.

Solving for x̃∗
i shows that the optimal effective invest-

ment x̃∗
i of entrepreneur i in the contest are given

by

x̃∗
i =

(∑n
j=1

1
1+kj

)
− 1

(1 + ki)
(∑n

j=1
1

1+kj

)2

Note that
∑n

j=1
1

1+βkj
≥ ∑n

j=1
1
n

= 1 implies x̃∗
i >

0; hence, the Nash equilibrium (x∗
1 , . . . , x

∗
n) is indeed

an interior solution.
To calculate the equilibrium knowledge investment

x∗
i of entrepreneur i we can use the entrepreneurial
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network matrix � to write equilibrium effective
investments X̃∗ = (

x̃∗
1 , ..., x̃

∗
n

)
as

(
X̃∗)t = �

(
X∗)t (A.3)

with X∗ = (
x∗
1 , ...., x

∗
n

)
. Moreover, we can write

(1+K)t = �(1)t (A.4)

where (1+K) = (1 + k1, ...., 1 + kn) and (1) =
(1, ...., 1). From equilibrium condition (A.1) we know
that x̃∗

i ·(1 + ki) is constant. Let x̃∗
i ·(1 + ki) = c, then

(1)t = 1

c
· EX̃∗ (1+K)t (A.5)

where EX̃∗ is the n × n unit matrix E with the x̃∗
i ’s in

the diagonal instead of Ones. Inserting (A.4) in (A.5)
we have

(1)t = 1

c
· EX̃∗�(1)t .

Depending on whether the matrix � is invertible or
not we distinguish two case:

1. � is invertible: When � is invertible, the inverse
is �−1 = 1

c
·EX̃∗ . Then, Eq. (A.3) reduces to

(
X∗)t = 1

c
· EX̃∗

(
X̃∗)t

, that is cx∗
i = (

x̃∗
i

)2
.

Using the definition of c together with the charac-
terization of optimal effective effort then proves
the first part of the proposition. Inserting the
optimal efforts in entrepreneurs’ payoff function
proves the last part of the proposition.

2. � is not invertible: In this case there exists at
least one closed group C ⊆ N in the sense
that each entrepreneur i ∈ C has formed bilat-
eral collaborations with all other group members
but not with an entrepreneur outside the group.
That is, |C| columns of � are identical. To prove
that all group members choose identical knowl-
edge investment in equilibrium consider first the
special case |C| = 2 and let δ13 = δ31 = 1,
δ1j = 0 for j �= 3, δ3j = 0 for j �= 1. That is,
entrepreneur i = 1, 3 form a closed group and the
first and third column of � are identical. Consider
the following network matrix �(ε) with an ε-link
δ12 = δ21 = ε ∈ [0, 1] and all other links of �(ε)

identical to the ones of �. Then, �(ε) is invert-
ible for ε > 0 and �(0) = �. A similar argument

as in the proof for invertible matrixes then shows
that

x∗
i = V

(1 + ki)
2

· (f (ε)) − 1

(f (ε))2

for i > 3 and

x∗
i = V

(1 + ki + ε)2
· (f (ε)) − 1

(f (ε))2

for i = 1, 2, where

f (ε) =
⎛
⎝

2∑
j=1

(
1

1 + kj + ε

)
+

n∑
j=3

(
1

1 + kj

)⎞
⎠ .

Hence, in the limit for ε = 0, efforts of
entrepreneur i = 1 and i = 3 are identical,

x∗
1 = x∗

3 = V

4
·
(∑n

j=1
1

1+kj

)
− 1

(∑n
j=1

1
1+kj

)2 .

For a closed group with more than two members,
|C| > 2, or with a network with several closed
groups C1, .., Ck a similar argumentation can be
made. In this case, |Ci | − 1 columns of � have to
modified with ε-bilateral links.

Proof of Proposition 2 To analyze pairwise stability
we consider first the first stability condition π∗

i (�) ≥
π∗

i (� − ij). Rearranging this inequality implies that

γ 3A + γ 2B + γC + D ≥ 0 (A.6)

has to be satisfied, with

A := −kik
3
j

(
kj + 1

)3
(ki + 1)

(
k2i − ki − 1

)
(
βki (β (ki −1) + 1)2 − β (ki −1) (βki + 1)2

)

B := −k2j
(
kj + 1

)2
(2k2i

(
2kikj − 1

)

+kikj

(
3k3i − 5ki − 6

)
+ k2j

(
k2i − 1

)

+3kik
2
j (ki −1) (ki + 1) +

(
k3i

(
kj − ki

) − 1
)

× (
ki + kj

)
)

C := kj

(
kj + 1

)
(12kik

2
j + 6k2i kj + 8kik

3
j + 2k3i kj

+kik
4
j + 4k4i kj + 2k5i kj

+4k2j +k4i + 6k3j + k5i + 2k4j + 3k2i k
2
j − 8k2i k

3
j

−6k3i k
2
j − 3k2i k

4
j

−8k3i k
3
j + k4i k

2
j + 4kikj )
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D := kj

(
kj + 1

)
(5kik

2
j + 6k2i kj + kik

3
j + 5k3i kj

+3k4i kj + k3i + 4k2j + 3k4i

+4k3j +k5i +k4j −2k2i k
2
j −3k2i k

3
j −k3i k

2
j +4kikj )

Calculation shows that A < 0 always, B < 0
whenever kj > 2, ki > 0, and C < 0 for all
ki > 2, kj >

ki

2 . Hence, for ki > 2 and kj >
ki

2 the
LHS of condition (A.6) is decreasing in γ . Note that
the smallest γ is characterized by a network in which
every entrepreneur r ∈ N\ {i, j} has collaborations
with all other entrepreneurs, that is kr = n − 1. In this
case γ = n−2

n
. Calculation then shows that the LHS

of condition (A.6) is negative for all n > 2, ki > 2 and
kj >

ki+1
2 . Hence, condition (A.6) can only be satis-

fied if C > 0, that is, if kj <
ki

2 . As condition (A.1)
has to be satisfied for entrepreneur j , too, we must
have ki <

kj

2 because of symmetry. However, kj <
ki

2

and ki <
kj

2 cannot be satisfied simultaneously. As a
consequence, the RHS of condition (A.6) can only be
positive if ki , kj < 3. Calculation for ki = 1 shows
that the RHS of condition (A.6) is positive for all kj

and γ . Moreover, the RHS of condition (A.6) is posi-
tive for ki = 2 only if kj = 2 and γ < 0.4. Note that
γ < 0.4 is possible only if n = 3 and kr = 2 (then
γ = 1

3 ). In sum, there are only two candidates for a
stable network left: Either an entrepreneurial network
in which all entrepreneurs have at most one bilat-
eral collaboration or, in case of three entrepreneurs
in the community, everyone has exactly two
links.

Consider now the second stability condition
π∗

i (� + ij) > π∗
i (�). Rearranging this condition

then implies that

γ 3A′ + γ 2B ′ + γC′ + D′ > 0 (A.7)

has to be satisfied, with

A′ := −(k4i k
4
j + 6k4i k

3
j + 13k4i k

2
j + 12k4i kj + 4k4i

+4k3i k
4
j + 24k3i k

3
j + 52k3i k

2
j

+48k3i kj + 16k3i + 4k2i k
4
j + 24k2i k

3
j + 52k2i k

2
j

+48k2i kj + 16k2i − kik
4
j

−6kik
3
j −13kik

2
j −12kikj − 4ki − 2k4j − 12k3j

−26k2j − 24kj − 8)

B ′ := −( − k5i k
2
j − 3k5i kj − 2k5i + 3k4i k

3
j + 7k4i k

2
j − 4k4i

+4k3i k
4
j + 36k3i k

3
j

+90k3i k
2
j + 78k3i kj + 20k3i + 13k2i k4j + 90k2i k3j

+205k2i k
2
j + 180k2i kj + 52k2i

+11kik
4
j + 63kik

3
j + 121kik

2
j + 87kikj + 18ki

+k4j − 15k2j − 30kj − 16)

C′ := 2k5i kj + 3k5i + k4i k
2
j + 16k4i kj + 21k4i − 8k3i k

3
j

−26k3i k
2
j + 10k3i kj + 42k3i

−3k2i k
4
j − 44k2i k

3
j − 123k2i k2j − 70k2i kj + 28k2i

−5kik
4
j − 52kik

3
j

−122kik
2
j − 60kikj + 24ki − 2k3j + 8k2j + 40kj + 32

D′ := k5i + 3k4i kj + 11k4i − k3i k
2
j + 15k3i kj + 39k3i

−3k2i k
3
j − 14k2i k

2
j + 20k2i kj +

62k2i − 5kik
3
j − 17kik

2
j + 24kikj + 56ki + k4j

+6k3j + 18k2j + 40kj + 32

Calculation shows that A′ < 0 for ki ≥ 1, kj ≥
0, B ′ < 0 always, and C′ < 0 for all ki ≥ 1, kj >
ki

2 . Hence, for ki > 0 and kj >
ki

2 the LHS of
condition (A.7) is decreasing in γ . Again, the small-
est γ is characterized by a network in which every
entrepreneur r ∈ N\ {i, j} has collaborations with all
other entrepreneurs, that is kr = n − 1 and γ = n−2

n
.

Calculation then shows that the LHS of condition
(A.6) is negative for all n > 2, ki > 0 and kj >

ki+1
2 .

Hence, condition (A.7) can only be satisfied if C′ > 0,
that is, if kj <

ki

2 . Now suppose, that an additional link
between entrepreneur i and j would improve the pay-
off of both entrepreneurs. Then, condition (A.7) has
to be satisfied for both entrepreneurs and kj <

ki

2 as

well as ki <
kj

2 . But then kj <
kj

4 , a contradiction.
As a result, if π∗

i (� + ij) > π∗
i (�) is satisfied for

entrepreneur i, π∗
j (� + ij) ≤ π∗

j (�) is always sat-
isfied for entrepreneur j . That is, the second stability
condition always holds. Calculation for ki = 1 shows
that the RHS of condition (A.7) is negative for all kj

and γ ; hence, condition (A.7) is never satisfied. More-
over, the RHS of condition (A.7) is negative for ki = 2
if kj ≥ 2. Finally, for ki = 0 the RHS of condition
(A.7) is positive for kj = 0.
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