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Abstract

In this paper we examine to what extent market conditions facilitating start-up
formation affect technical change and firms’ profits. We consider a model in which
R&D efforts of an incumbent firm generate partly tacit technological know-how
embodied in a key R&D employee, who might use it to form a start-up. The
availability of complementary assets influences whether new firms are created and
determine expected profits for start-up-founders. A large availability of comple-
mentary assets has the direct effect that the generation of start-ups is fostered.
However, as a strategic effect, the incentives of incumbent firms to invest in R&D
might be reduced because of the increased danger of knowledge loss occurring
through start-up formation. We fully characterize the effects of an increase in the
availability of complementary assets, showing under which conditions the effects
on innovative activities and industry profits are negative.

JEL classification: L20, M13, O32
Keywords: Tacit Knowledge, Complementary Assets, Technological Change, R&D
Effort, Start-Up Creation

1 Introduction

The main goal of this paper is to investigate the effects of the availability of comple-
mentary assets needed for start-up formation on the amount of R&D investments by
an incumbent firm, and on the creation of start-ups by former employees.

The mechanisms by which innovative technologies come about and make their way
into the economy have been the object of a large literature, arguing that the flows of
knowledge embodied in employees often facilitate technological diffusion. A particular
instance of key employees’ mobility is the creation of start-up firms. The available
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empirical evidence shows indeed that the evolution of many industries is to a large
extent driven by the entry of start-ups created by former employees of incumbents
(see, e.g., Dahl, Ostergaard, and Dalum (2010), Klepper and Sleeper (2005), Klepper
(2010)). Start-up generation is seen as an important mechanism for the determination
of market structure and the propagation of technical change (see, e.g., Acs and Plummer
(2005)). However, as pointed out by Klepper (2001, p. 639) start-ups are sometimes
seen as “parasites feeding off the innovative efforts of their parents, aided by ‘vulture’
capitalists that help them get started”, alluding to the possibility of key employees
leaving their employment to start their own firm in the same industry. Arguably, the
threat of the establishment of a start-up can have a distorting effect on the incentives
of incumbents to innovate.

This distortionary effect is amplified if the knowledge acquired by key employees is
to a large extent tacit knowledge (see Polanyi (1966), Cowan et Al. (2000)) that can
not be fully codified and therefore can only be imperfectly applied by the incumbent
after the employee has left. An extensive empirical literature has shown that tacit
knowledge is an important feature of highly innovative sectors, like the biotechnology
industry (Zucker et Al. (1998)) and the computer industry (see Saxenian (1994) or
Fallick et Al. (2006)).

Starting with Teece (1986), a number of authors have pointed out the importance
of different types of complementary assets for the creation of new firms. Numerous
examples of complementary assets, which are critical for the successful commercializa-
tion of new technologies, have been given in the literature. These include expertise and
infrastructure for product development, manufacturing, legal, sales, distribution and
customer service activities, as well as access to capital markets (see, e.g., Rothaermel
and Deeds (2004), Rothaermel and Hill (2005), Park and Steensma (2012)). More pre-
cisely, Teece (1986) proposes a taxonomy that distinguishes between generic and specific
complementary assets. The former need not be adjusted to the innovation and can fre-
quently be contracted for in the market on competitive terms, whereas the latter need
to be built over time, are often path dependent and idiosyncratic, and difficult to obtain
in the market. Building on this taxonomy, recent empirical work (see, e.g., Rothaermel
and Hill (2005)) has shown that industries differ substantially in terms of the nature
of the needed complementary assets. Rothaermel and Hill (2005) establish that the
computer industry and the steel industry rely mainly on generic complementary assets
to commercialize new technologies, while the pharmaceutical industry (biotechnology)
and the telecommunications industry (wireless telephony) rely mostly on specific com-
plementary assets. For example, new entrants in the PC market do not need to rely
on downstream assets of incumbents, such as their distribution channels. Rather they
can easily find retail partners, like value-added resellers, in the market. Conversely,
the commercialization of biotechnology innovations require regulatory knowledge and
specialized sales competencies, which are available mainly at incumbent firms in the
pharmaceutical industry (see again Rothaermel and Hill (2005)).

The trade-off between the ease of diffusion of knowledge and the incentives to in-
vest in its generation is one of the main themes of the economics of innovation (Arrow
(1962)). Understanding the outcome resulting from the instance of this trade-off de-
scribed above is the main contribution of our paper and it has important implications
for the assessment of the effects of the availability of complementary assets. In par-
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ticular, we characterize industry features such that an increase in the availability of
complementary assets has negative vs. positive overall effects on generated knowledge,
start-up formation, firms’ profits, and employees’ revenues.

Our framework builds on the three key features of innovative industries, such as
the biotechnology and the computer industries, highlighted in the discussion above:
start-up formation, the importance of tacit knowledge, and the need of complementary
assets for the creation of new firms. An incumbent firm invests in R&D to generate
new knowledge, which is embodied in a key employee (a positive externality increasing
her outside options). The latter has the opportunity to found a start-up that competes
with the incumbent in the same industry1. However, in order to create a start-up, the
employee needs to have access to complementary assets, which are provided by third
parties2. If she leaves the firm to found a start-up, only a fraction of the knowledge
generated through R&D, which is partly tacit, remains with the incumbent. The firm
then suffers a reduction in profits both because of its inability to fully appropriate the
returns from R&D investments, and because of the presence of a further competitor in
the industry. In most of our analysis, we assume that the employee can not credibly
commit ex ante not to leave the firm once she has acquired valuable knowledge. How-
ever, we explore the possibility of such a commitment at the end of Section 4, where
we allow for the introduction of non-compete clauses3.

The value of the knowledge stock generated by R&D activities is common knowl-
edge, so that the firm and the employee bargain over the size of the wage premium
that the firm is willing to pay in order to prevent the employee from leaving. In case of
disagreement, the employee leaves the firm (to found a start-up) and her payoff is de-
termined through bargaining with a provider of key complementary assets. Hence, the
value of the employee’s outside option depends ultimately on the availability of these
assets. On the one hand, by choosing the level of R&D effort, the firm influences the
employee’s incentives to create a start-up, and therefore whether a new firm will form
or not. On the other hand, R&D expenses positively affect the incumbent’s profits for
a given market structure. The interplay of these two effects determines the investment
decision of the firm, crucially depending on the availability of complementary assets.

If complementary assets in an industry are easily accessible the employee’s outside
option when negotiating employment conditions with the firm (given the employee’s op-
portunity of founding a start-up) is of high value. Potentially, this leads to disagreement
between the firm and the key employee (resulting in the formation of a start-up), or to
a larger compensation for the employee if an agreement is reached. Both effects imply
reduced incentives for the incumbent to invest in the accumulation of R&D knowledge.

1For one of the industry examples given above, the biotechnology industry, it has been pointed
out in the literature that most start-ups in the infancy of the industry in the 1990s were University
spin-offs. However, more recent evidence highlights that a large fraction of start-ups originate from
incumbent firms in the industry, see Curran et Al. (2011).

2There are situations in which the needed complementary assets can be internally provided by the
incumbent firm. We explore the possibility of a start-up forming as a spin-off of the incumbent firm in
Section 5.

3The introduction of non-compete covenants is a natural instrument to gain such commitment.
However, these covenants are not always enforceable (see, e.g., Fallick et Al. (2006)). See also Anton
and Yao (1994, 1995) for a discussion of the many instances in which property rights over R&D
knowledge are weak or absent.
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Once a start-up is formed, however, the overall bargaining power of the employee when
dealing with the provider of the complementary assets only affects the allocation of the
start-up profits between the two, without influencing any longer the firm’s innovative
efforts. Hence, the incumbent’s investment in R&D knowledge is strictly decreasing for
levels of complementary assets availability at which a start-up does not form, and it
remains constant, although inefficiently provided, for higher degrees of complementary
assets availability. Two sources of inefficiencies arise: ex ante, there is under-investment
associated to the distortions in the incumbent’s incentives to innovate; ex post, there is
the possibility that no start-up is formed even if aggregate industry profits would rise
should start-up formation occur4.

It is interesting to note that, although an increase in the availability of complemen-
tary assets harms the incumbent by improving the outside option of the key employee,
the latter does not necessarily benefit from this increase. There are two opposite effects
at work: a direct effect, implying that for a given level of R&D knowledge an increase in
the employee’s outside options rises the fraction of the incumbent’s profits she obtains;
and a strategic effect, due to the decreasing incentives of the firm to invest in R&D,
which in turn reduces its profits. Taken together the direct and the strategic effects
imply that the employee receives a larger fraction of a shrinking joint surplus, so that
the larger availability of complementary assets can indeed harm the employee as well
as the incumbent.

The paper is organized as follows. We discuss related literature in Section 2 and
describe our model in Section 3. In Section 4 we derive our main results, investigating
the influence of complementary assets on the investment in innovation by the incumbent
firm, and the process of start-up formation. In Section 5 we extend our basic setup
by introducing the possibility that the incumbent directly provides the complementary
assets that are needed for the formation of a spin-off. Finally, in Section 6 we discuss
our main results in relation to specific industries (e.g., computers and biotechnology),
suggesting also testable empirical implications derived from our analysis. In Appendix
A, we exemplify our general framework through a standard duopoly model with linear
demand and quality improving R&D that helps developing an intuitive understanding
of the key results. All figures in the paper have been produced using this example.
Appendix B contains all proofs and technical details.

2 Related Literature

Besides the empirical literature on complementary assets briefly discussed in the Intro-
duction, two other streams of research are closely related to our analysis. The first one
looks at the role of tacit knowledge on entrepreneurship and innovative efforts of firms.
The empirical literature in this field shows that the commercialization of innovative
technologies (like biotechnology) is strongly affected by the fact that the underlying
relevant knowledge is to a large extent tacit (see, e.g., Zucker et Al. (1998) ). On
theoretical ground, the most closely related paper to ours is Spulber (2012), which
explores the role of tacit knowledge for the trade-off between entrepreneurship and

4In Section 5 of the paper we show that in the cases in which a start-up forms as a spin-off of the
incumbent firm ex post inefficiency is eliminated, while ex ante under-investment still arises.
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technology transfer. Spulber (2012) highlights how tacit knowledge affects the invest-
ment incentives of an inventor and an incumbent firm that have to decide whether
to compete or to cooperate through technology transfer. His main finding is that in
equilibrium higher quality inventions result in entrepreneurship, due to the fact that
tacit knowledge cannot be fully transferred from the inventor to the firm. Our frame-
work is substantially different than the one in Spulber (2012) in that in our setup the
R&D employee gains (tacit) knowledge based on the R&D investment of the incumbent
firm. Furthermore, again differently from Spulber (2012), we focus on the effects of
the availability of complementary assets on entrepreneurship and investments. More
generally, to the extent that in our framework the firm faces the risk of loosing part of
the knowledge generated by its R&D investment, our contribution is also related to the
debate on under-investment in general human capital stemming from Becker (1962)’s
seminal contribution.

A second stream of related literature investigates the factors influencing if and
how start-ups are formed. Several papers (see, e.g., Anton and Yao (1994, 2002),
and Anand and Galetovic (2000, 2004)) study different strategies to prevent, or to
foster and finance, the formation of start-ups by employees of an incumbent firm.
Most closely related to our setup are Anton and Yao (1995) and Baccara and Razin
(2012). Anton and Yao (1995) investigate the formation process of spin-out firms (i.e.,
employees leaving the incumbent) and internal spin-offs (stemming from the revelation
of an employee’s ideas within the firm), analyzing the contractual negotiations between
the employee and the incumbent both in an ex ante and in an ex post perspective.
Baccara and Razin (2012) add the analysis of situations in which employees may decide
not to reveal their ideas on new products to the incumbent (depending on the design of
their ex ante contract). In particular, they study how imperfect property rights affect
the incumbent’s decision making and attitude towards innovation, and investigate the
impact of information leakages during within-firm bargaining on outside options. While
these papers carefully analyze different aspects of the start-up formation process with
absent or weak property rights, they do not link them to the ex-ante incentives of firms
to invest in innovative activities. In fact, all these papers assume that a fixed amount
of R&D investment is needed to develop an innovation, and hence do not directly focus
on the level of R&D investment by incumbents. Furthermore, the consideration of the
search process for complementary assets distinguishes our approach from these papers.
The explicit analysis of the effects stemming from the availability of complementary
assets on ex ante R&D investments and ex post bargaining between the incumbent and
a key employee is indeed the main novel contribution of our paper5.

Finally, Franco and Filson (2006) study start-up formation focusing on the trans-
mission of knowledge through employee mobility. In their framework, spin-out firms

5In our setup, ex-ante contracting has no role, because the object to be traded in the bargaining
between the employee and the firm (i.e., the share of R&D knowledge embodied in the employee) is
not ex-ante verifiable or contractible. The fact that ex-ante sharing rules do not influence ex-post
bargaining if the traded object is not ex-ante contractible has been highlighted by Aghion and Tirole
(1994). Furthermore, even if the R&D knowledge were verifiable and hence ex-ante contractible, we
could still restrict attention to ex-post bargaining without loss of generality. Indeed, ex-ante sharing
rules have no impact on the outcome of the ex-post bargaining, because any ex-ante contract increasing
the incumbent’s investment incentives would be renegotiated ex-post, due to the fact that the employee
cannot commit to stay in the firm.
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can be started by former employees of incumbents, who might ‘pay’ for the possibility
of learning the know-how of their employers. This leads to Pareto optimal creation
of new firms. As in our model, the innovation effort of firms is endogenous, but con-
trary to our contribution the effects of complementary assets for start-up formation are
not studied. Gersbach and Schmutzler (2003b) and Gersbach and Schmutzler (2003a)
analyze how potential spillovers through worker mobility affects firms’ incentives for
R&D investments in Cournot and Bertrand duopolies, respectively. Similar to our ap-
proach it is assumed that the knowledge generated in a firm might be transferred to a
competitor due to workers’ mobility, which – like in our paper – depends on the wage
offers workers’ receive once they have acquired their knowledge. However, contrary to
our setting, these papers focus on mobility between competitors rather than on the
generation of start-ups, so that they do not investigate the effects of the availability of
complementary assets, which is a distinguishing feature of our contribution.

3 The Model

We consider the interaction between a firm (F) and a key R&D employee (E). The
firm invests I(K) in order to generate the new knowledge K that is embodied in the
employee. The employee may found a start-up company, which then competes with
firm F. In order to do so, complementary assets are needed, which might be provided
at a cost C(K) by a third party, or by the firm F itself. If no start-up is created the
firm earns the monopoly profit πmF (K). At least part of the knowledge of the employee
is tacit, which implies that after she left the firm to establish a start-up, only a fraction
of her knowledge stock can be exploited by the incumbent firm. We denote the profit
earned by the incumbent in this case with πsF (K), and that of the start-up founded by
the employee, gross of the costs of complementary assets, with πsE(K)6. We assume
that π(0) = 0, π′(K) > 0, for all K ≥ 0, and π = πmF , π

s
F , π

s
E . The strategic incentives

of the incumbent and of the employee are analyzed in a three-stage framework (see
Figure 1).

Stage 1. In the first stage, the firm chooses the stock of knowledge K to be generated,
bearing the costs I(K). In order to guarantee positive optimal investment and the
convexity of the industry profits with respect to K, we make the following assumption
on the shape of the cost function for generating knowledge.

Assumption 1

I ′(K) > 0, I ′(0) < πsF
′(0),

I ′′(K) ≥ max

{
∂2 (πsF (K) + πsE(K)− C(K))

∂K2
,
∂2πmF (K)

∂K2

}
.

6Throughout the paper the superscript s refers to variables corresponding to the situation in which
a start-up is created, whereas m refers to the case in which the employee remains employed at the firm.
Also, we use the subscript E to denote the profit earned by the start-up founded by the employee,
although parts of this profit is allocated to the provider of the complementary assets.
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Stage 1 Stage 2 Stage 3

Incumbent firm 
chooses K

Bargaining between the
incumbent F and the

Bargaining between the
employee E and the

employee E

Bargaining power of the

provider of complementary
assets

O ll b i i fincumbent F: ξ

Agreement? Yes / No

Overall bargaining power of
the employee E: γ

Pa offs:  ss PP

Payoffs:  mm PP

Payoffs:  s
E

s
F PP ,

Payoffs:  EF PP ,

Figure 1: The structure of the multi-stage interaction.

Stage 2. In the second stage, the size of the knowledge stock K is common knowl-
edge. The firm and the employee bargain over the size of a wage bonus that the latter
receives from the firm if she does not create a start-up. If this bargaining results in
disagreement, the employee leaves the firm and payoffs are determined according to the
interaction described in stage 3. Therefore, disagreement in stage 2 results if the total
payoff of both sides in case of start-up formation is larger than the total payoff achieved
when a start-up is not formed. If there is agreement in stage 2, then the bargaining
outcome is determined according to a generalized Nash bargaining solution, where the
bargaining power of the firm is denoted by ξ ∈ (0, 1)7.

Stage 3. If there is disagreement in stage 2, the employee leaves the firm and her
payoff is determined through bargaining with a provider of the complementary assets
needed to create a start-up. If the (former) employee is not able to obtain the neces-
sary complementary assets from the current negotiation partner, she has to find another
provider. This needs search time, and therefore the payoff earned by the employee af-
ter the search has to be discounted by a factor α ∈ (0, 1). The larger the number of
potential providers of the needed complementary assets is, the shorter is the necessary
search time, and the larger is α. As for the bargaining in stage 3, we assume that the
outcome of the bargaining, which determines the distribution of the start-up ownership
between the founder and the provider of the necessary assets, is given by a generalized
Nash bargaining solution, where β ∈ (0, 1) denotes the bargaining power of the em-

7Note that the interaction between the firm and the employee in stage 2 could be equivalently
modeled as a non-cooperative game where one side makes an offer and the other side can accept or
reject it, like in an ultimatum game. In this formulation, ξ would denote the probability that the firm
makes the offer. For simplicity of exposition, we stick to the reduced form Nash bargaining formulation,
which yields exactly the same outcome.
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ployee. We denote by x the amount allocated to the employee in the bargaining and
we assume for simplicity that all potential alternative providers are identical. Thus,
considering that the provider of the complementary assets saves the cost C(K) in case
of disagreement, the threat-points of the start-up’s founder and of the provider are αx
and C(K), respectively. The joint surplus to be allocated is πsE(K). Accordingly, we
get

x = αx+ β(πsE(K)− C(K)− αx),

and hence

x =
β

1− α(1− β)
(πsE(K)− C(K)).

Given that the employee has to search for a provider of complementary assets when
deciding to found a start-up, she expects the payoff

αx = γ(πsE(K)− C(K)),

where

γ =
αβ

1− α(1− β)
∈ (0, 1)

measures the overall bargaining power of the start-up founder when dealing with a
provider of complementary assets. The parameter γ is the key parameter of our anal-
ysis8. The term (1 − γ) measures the fraction of generated profits that the start-up
founder has to give up in order to get access to the complementary assets needed for
the commercialization of her product. Note that, recalling the discussion in Section 2,
γ is likely to be small if the needed complementary assets are specific. Furthermore,
whereas the specificity of the needed complementary assets is typically determined by
the characteristics of the considered industry, also regional differences might influence
γ. In particular, the absence of a local industry base in the neighborhood of firm F
makes it more difficult to find (local) providers of the needed complementary assets,
which might imply a small value of γ.

In order to ease the exposition, we define ∆πF as the loss in profits of the incumbent
when a start-up is formed, and ∆πE as the net profit of the start-up; i.e.,

∆πF (K) := πmF (K)− πsF (K),

∆πE (K) := πsE(K)− C(K).

We make the following assumption on ∆πE and ∆πF .

Assumption 2

∆πE(K) > ∆πF (K) > 0,

∆π′E(K) > ∆π′F (K) > 0 ∀K > 0.

This amounts to assuming that the creation of a start-up harms the incumbent, and
that the marginal return on additional knowledge for the incumbent is always positive

8Although all our results will be formulated in terms of γ, the fact that γ is monotonically increasing
in α permits to immediately interpret all our findings also in terms of the fundamental parameter α
capturing the expected search time of the start-up founder.
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and larger if the employee remains with the firm than if she creates a start-up. Also,
since our focus is on the impact of the threat of start-up formation on the investment
incentives of the incumbent, we let the net profits of a start-up be positive and larger
than the losses suffered by the incumbent9. Moreover, this effect becomes stronger the
larger the knowledge stock of the employee is.

4 R&D Investment and Start-Up Formation

The main goal of our analysis is to investigate the strategic effect of the availability
of complementary assets on firm investment and start-up formation. As a preliminary
step, we characterize the outcomes of stages 2 and 3 that determine the investment
incentives in stage 1, through the following Lemma. To state the Lemma, we define

G (K; γ) := −∆πF (K) + γ∆πE(K), (1)

and let K̂ be the set of K values such that, for all K ∈ K̂, one has G (K; γ) ≤ 0.

Lemma 1

(i) A start-up forms if and only if K 6∈ K̂;

(ii) the payoff of the incumbent firm is given by

PF (K; γ) =

{
PmF (K; γ) = πsF (K)− I (K)− ξG (K; γ) if K ∈ K̂
P sF (K) = πsF (K)− I (K) otherwise

;

(iii) the payoff of the employee is given by

PE (K; γ) =

{
PmE (K; γ) = ∆πF + ξG (K; γ) if K ∈ K̂
P sE(K; γ) = γ∆πE otherwise

.

The function G(K; γ) measures the increase in the joint net profits of the incumbent
and of the start-up in case of start-up formation10. The employee creates a new firm if
and only if the joint profit increase G(K; γ) is positive.

Efficient Investment Benchmark. Before characterizing the R&D investment of
the firm, we derive the efficient investment level to be used as a benchmark in the
subsequent analysis. By Assumption 2, overall market profits are always larger when
a start-up forms. Accordingly, with a slight abuse of notation, we denote the creation
of a new firm as the efficient outcome. The corresponding efficient investment level is
given by

Keff = arg max
K

[πsF (K) + ∆πsE(K)− I(K)] .

9If this assumption is violated the bargaining between the incumbent and the employee cannot
lead to disagreement and no start-up is formed. Therefore, qualitatively the resulting outcomes would
exactly correspond to those characterized below for values of γ at which no start-up is created.

10We explicitly indicate the dependence of G on γ since our analysis focuses on variations of γ.
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In this benchmark, the firm fully internalizes the profits of the start-up, which removes
both types of inefficiencies present in our setup. An instrument to remove the ex-ante
inefficiency, resulting from the distortion of the investment incentives of the firm due
to potential start-up formation, is the introduction of non-compete clauses. However,
it has been argued (see, e.g., Franco and Filson (2006), and Anton and Yao (1995))
that such clauses are only partially effective in many industries. Therefore, most of our
analysis will rely on the assumption that workers cannot commit ex-ante not to leave
the firm. At the end of this section, we will extend our analysis in order to compare
our results with those that would emerge when non-compete clauses prevent the worker
from founding a start-up competing with the incumbent firm.

Optimal Investment and Start-Up Formation. We now turn to the determination
of the optimal choice of K by the incumbent in stage 1 and the induced pattern of start-
up formation. The presence of a provider of complementary assets – by allowing the
creation of a start-up – implies that the incumbent firm on the margin acquires less
than the full return on investment. Hence, one would expect a downward distortion in
its investment incentives.

Under Assumption 1, PmF (K; γ) and P sF (K) are strictly concave functions. Note

further that K ∈ K̂ if and only if PmF (K; γ) ≥ P sF (K). Therefore, at stage 1, the
incumbent maximizes over the upper envelope of PmF and P sF .

We define

K̄m (γ) = arg max
K

PmF (K; γ) > 0, K̄s = arg max
K

P sF (K) > 0, (2)

as the optimal investment levels when a start-up does not form and when it forms,
respectively. Note that Assumption 1 guarantees that the argmax are positive and
that P sF (K), and hence also K̄s, are independent of γ. Furthermore, we define

K∗ (γ) = arg max
K

PF (K; γ) ,

as the optimal level of the incumbent’s R&D investment, where PF is given in Lemma
1. It is easy to see that

K∗ (γ) ∈ {K̄m (γ) , K̄s}.

Note that, on the one hand, by choosing K the firm influences the employee’s incentives
to create a new firm, and therefore whether a start-up forms or not. On the other
hand, K affects the incumbent’s profits for a given market structure. The interplay
of these two effects determines the optimal investment, which crucially depends on
the bargaining power of the employee with the provider of the needed complementary
assets, γ.

The following Proposition characterizes the optimal knowledge investment of the
incumbent, as well as the resulting pattern of start-up formation for different values of
γ.

Proposition 2

(i) There exists a unique value γ̄ ∈ (0, 1] such that the optimal level of knowledge
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investment is K∗ (γ) = K̄m(γ) for all γ < γ̄, and K∗ (γ) = K̄s for all γ > γ̄. No
start-up formation occurs for all γ < γ̄, while a start-up is formed for all γ > γ̄.

(ii) ∂K∗(γ)
∂γ < 0 for all γ < γ̄, and ∂K∗(γ)

∂γ = 0 for all γ > γ̄.

(iii) For all γ, K∗(γ) < Keff .

The proposition illustrates the effects of the availability of complementary assets
on the firm’s R&D effort. If complementary assets are easy to access (large γ), then
the employee’s outside option when negotiating employment conditions with the firm
(given the employee’s opportunity of founding a start-up) is high. This has three po-
tential effects: first, it increases the possibility of disagreement, which results in the
establishment of a start-up (see part (i) of Proposition 2); second, it increases the com-
pensation that the employee receives from the firm in the case of agreement (see part
(iii) of Lemma 1); and third, it reduces the firm’s incentives to invest in the generation
of new knowledge. The last effect is formally illustrated by the observation that K̄m (γ)
is decreasing in γ (see part (ii) of Proposition 2). Note, however, that when a start-up
is created, then γ only influences the net surplus allocation between the employee and
the provider of complementary assets; hence, the incumbent’s incentives to invest in
R&D are independent of γ (i.e., K̄s is constant in γ). The third part of the proposition
shows that, no matter whether a start-up is formed or not, the firm’s incentives to
invest fall short of the efficient benchmark due to the fact that part of the total surplus
generated by start-up formation is not appropriated by the firm. This is reminiscent of
Becker’s (1962) classical result on firms’ under-investment in general human capital.

Increasing and Decreasing Knowledge Effects. We can now investigate how the
incentives to invest in R&D in the start-up case compare with those in the case in
which the firm retains the employee. Intuition might suggest that the firm’s incentives
to invest are larger if no start-up is formed and all the knowledge generated stays within
the incumbent firm. In what follows, we characterize under which circumstances the
inequality K̄m(γ) > K̄s is indeed satisfied. In order to do so, we distinguish between
two situations. Denote by εF (K) the elasticity of the incumbent’s losses due to start-up
formation with respect to K, and by εE(K) the elasticity of the start-up’s profits with
respect to K; i.e.,

εF (K) =
∆π′F (K) K

∆πF (K)
, εE(K) =

∆π′E(K) K

∆πE(K)
.

The relative size of these elasticities turns out to be closely related to the way in which
the generation of new knowledge (K) influences overall market profit gains induced
by the formation of a start-up. In particular, if the total industry profit gains from
start-up formation (∆πE−∆πF ) increase with K in an elastic way (which holds true in
particular for all convex profit gains functions), then εF (K) < εE(K) for all K > 0 (see
Lemma 7 in Appendix B). As it can be seen from the dashed line in Panel (a) of Figure
2, this elasticity property implies that the net profit gains from start-up formation are
very small for low levels of K. Qualitatively, one can note that for industries in which
εF (K) < εE(K) for all K > 0, a relatively high level of knowledge is needed before
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Figure 2: Effect of R&D investments on ∆πF and ∆πE in case of increasing (a) and
decreasing (b) knowledge effects.

the creation of a start-up generates a substantial profit gain. Accordingly, we say
that there is an increasing knowledge effect on industry profit gains implied by start-up
formation – and for notational convenience we label the cases in which εF (K) < εE(K),
for all K > 0, as being characterized by an increasing knowledge effect. Conversely, if
εF (K) > εE(K) for all K > 0, then the function representing profit gains from start-
up formation (∆πE −∆πF ) is increasing in K and everywhere inelastic. As shown in
Panel (b) of Figure 2, this property implies that there are relevant effects of knowledge
generation on profit gains already for low levels of K, but the marginal effects of
additional knowledge become smaller as knowledge increases. For large levels of K,
total industry profit gains from start-up formation are almost constant with respect
to K, which means that an increase in knowledge has almost the same effect on total
industry profit for the cases with and without start-up formation. In the following, we
refer to the industries in which εF (K) > εE(K) for all K > 0 as being characterized by
a decreasing knowledge effect.

To gain a better intuition for the factors that determine whether there are increasing
or decreasing knowledge effects, consider a scenario in which all profit functions under
different market structures (i.e., πmF , π

s
F , π

s
E) share the same constant elasticity with

respect to K. This scenario may easily occur in standard oligopoly models, as it is
shown in Appendix A, where we consider a Cournot oligopoly in which consumers have
quality augmented quadratic utility functions and R&D leads to quality improvements.
Knowledge effects are increasing if the elasticity of market profits is larger than the
elasticity of the start-up costs C(K) with respect to K. Intuitively, this means that the
additional market profits originating from the creation of a start-up are more elastic
than the costs of setting up the start-up. Therefore, the profit gains from start-up
formation increase in a convex way with K. Furthermore, since only the payoff of the
start-up is affected by the costs C(K), the elasticity of ∆πE is smaller than that of
∆πF . Hence, the relative magnitude of the elasticity of market profits versus start-
up costs essentially determines whether decreasing or increasing knowledge effects are
observed, as well as the sign of εE(K)− εF (K).
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Figure 3: Optimal R&D investment for varying availability of complementary assets
(γ) in the cases of increasing (a) and decreasing (b) knowledge effects of investment.

The following proposition shows that, on the one hand, under increasing knowledge
effects, complementary assets must be easy to access in order to foster the creation of a
new firm. Furthermore, the optimal investment level of a firm that is able to prevent the
employee from leaving can be lower than the level that would be optimal if a start-up
forms. On the other hand, under decreasing knowledge effects, the minimal availability
of complementary assets that leads to the creation of a new firm is relatively small,
and the optimal investment level in the cases in which a start-up is founded is always
smaller than that in the cases in which the employee remains employed at the firm.

Proposition 3

(i) There exists a unique γ̂ ∈ (0, 1) such that K̄m (γ̂) = K̄s.

(ii) If there are increasing knowledge effects, then γ̄ > γ̂ and for all γ ∈ (γ̂, γ̄) no
start-up is created but the R&D investment of the incumbent is below the optimal
investment under start-up formation: K̄m(γ) < K̄s for all γ ∈ (γ̂, γ̄). The optimal
investment K∗(γ) exhibits an upward jump at γ = γ̄.

(iii) If there are decreasing knowledge effects, then γ̄ < γ̂. Whenever a start-up is not
formed, the R&D investment of the incumbent is above the optimal investment
under start-up formation: K̄m(γ) > K̄s for all γ ≤ γ̄. The optimal investment
K∗(γ) exhibits a downward jump at γ = γ̄.

Figure 3 illustrates Proposition 3. The upward jump depicted in Figure 3(a) might
be surprising at first, considering that for γ < γ̄ the incumbent retains all generated
knowledge in the firm, while for γ > γ̄ it partly looses it. To gain an intuition for this
finding, note that start-up formation occurs only if the induced increase in industry
profits is large enough to account for the profit share accruing to the provider of the
complementary assets. In the case of increasing knowledge effects, the additional in-
dustry profit at the optimal investment level is relatively small compared to the case
of a decreasing knowledge effect (see Figure 2). Hence, for a large range of values of
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γ, additional profits can not account for the profit share of the provider of the com-
plementary assets, and no start-up is formed. This implies that the main effect of an
increase of γ is an improvement of the employee’s position in the bargaining process
with the incumbent, which discourages the R&D investment of the latter. Such a neg-
ative incentive effect occurs for a wider interval of values of γ than under decreasing
knowledge effects. In fact, under increasing knowledge effects, γ̄ is so large that (at
γ̄) the negative incentive effect outweighs the direct effect of knowledge loss stemming
from the creation of a start-up. Hence, as at γ̄ the incumbent anticipates the creation
of a start-up, its incentives to invest in R&D increase. The opposite occurs under de-
creasing knowledge effects, since in this case (as γ̄ is small) the range of values of γ such
that no start-up forms is so small that the direct effect of knowledge loss dominates.

Observe that Propositions 2 and 3 together imply that K∗ (γ) < K̄m (0) for all
γ ∈ (0, 1], where K̄m (0) is the efficient level of R&D investment for all levels of γ for
which no start-up is formed. Moreover, it follows from Assumption 2 that the efficient
level of K is even larger than K̄m (0) when a start-up is formed. Therefore, there is
always under-provision of R&D effort by the incumbent, regardless of whether a start-
up is generated or not.

Firm and Employee Payoffs. We finally turn to the relationship between profits
and the availability of complementary assets. We denote with P ∗F (γ) and P ∗E (γ) the
sets of payoffs of the firm and of the employee resulting from the optimal investment
choice of the firm. In general, P ∗F (γ) and P ∗E (γ) are correspondences, but Lemma 8 in
Appendix B establishes that these correspondences are almost everywhere single-valued
and continuous. The following proposition characterizes the profits of the incumbent
and of the start-up’s founder with respect to the availability of complementary assets.

Proposition 4

(i) The profits of the incumbent firm are strictly decreasing in γ for γ < γ̄ and
constant in γ otherwise.

(ii) The profits of the employee are strictly increasing in γ for the range of γ-values
where a start-up is formed.

(iii) If knowledge has a decreasing effect then the employee’s profits exhibit a downward
jump for increasing γ at γ = γ̄.

There is a clear economic intuition for Proposition 4. When a start-up is formed,
the profits and the investment level of the incumbent are unaffected by γ, since this
parameter does not determine the size of the start-up’s profits, but only their alloca-
tion between the provider of complementary assets and her founder. Given that the
incumbent’s investment level does not change upon the creation of the start-up, the
profits of the start-up’s founder are obviously increasing as her bargaining power with
the provider of the required complementary assets increases. On the contrary, if no
start-up is created, γ affects the value of the employee’s outside option when bargain-
ing with the firm, and the profits of the latter are strictly decreasing in γ. The fact
that the payoff of the firm is decreasing in γ does not necessarily imply that the em-
ployee profits from an easier access to complementary assets. Two effects are at work:
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Figure 4: Firm’s and employee’s profits for varying availability of complementary assets
(γ) in the case of increasing knowledge effects of investment.

(i) a direct effect, implying that for a given level of K an increase in the employee’s
outside option raises the fraction of the firm’s profits πmF (K) she obtains; (ii) an indi-
rect strategic effect, due to the fact that as γ increases the incentives of the firm to
invest in R&D, and accordingly its profits πmF (K), diminish. Together, the direct and
the strategic effects imply that the employee receives a larger fraction of a shrinking
joint surplus, so that the net effect can be negative and a larger availability of com-
plementary assets can harm the employee. Although for low and high values of γ the
employee’s payoff rises if the availability of complementary assets increases, there is an
intermediate interval of values of γ in which increasing γ exerts a negative effect on
P ∗E (γ). Since the incumbent’s profits are strictly decreasing in γ, making the access to
complementary assets more difficult would induce an increase in the profits of both the
incumbent and the employee in that range. This effect is illustrated in Figure 4, from
which it is also evident that, when knowledge has an increasing effect, raising γ across
the threshold γ̄ might induce an upward jump of the employee’s profits. Contrary to
the case in which knowledge has a decreasing effect (see part (iii) of Proposition 4),
however, the direction of the jump in the employee’s profits can not be determined in
general.

When knowledge has a decreasing effect, the relevance of the indirect strategic effect
becomes particularly apparent if the parameter γ moves from the range in which no
start-up forms to the start-up region. In this case, in fact, the strategic effect induces
a downward jump in the firm’s R&D effort that, as it is shown by the third claim of
Proposition 4, results in a discontinuous reduction of the employee’s payoff.
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Non-Compete Clauses. Although ex post, given the investment in R&D by the
incumbent, the employee has an incentive to establish her own firm, one may conjecture
that the employee could be better off by committing ex-ante not to form a start-up.
However, such a commitment would affect the bargaining between the employee and
the incumbent determining the employee’s wage bonus. To further explore this issue we
conclude the section by investigating the effect of the introduction of a non-compete
clause preventing the employee from working in the same industry if she leaves the
incumbent firm11. In order to ease the analysis, we also assume that the employee
cannot profit from the knowledge she gains through the firm’s R&D investment in an
alternative industry, so that her payoff upon leaving is given by πsE(0) = 0, regardless of
the chosen value of K. If the employee leaves the incumbent, the firm still remains the
monopolist in the market, but its knowledge is reduced to δK. As a consequence, the
bargaining between the employee and the firm as well as the firm’s investment incentives
are influenced by the existence of the non-compete clause. The following proposition
shows that the existence of a non-compete clause positively affects the R&D investment
and the profits of the firm.

Proposition 5

Assume that the employee is committed to a non-compete clause and that δπmF
′(δK) >

πsF
′(K). Denote by Knc∗ the optimal R&D investment and by Pnc∗F and Pnc∗E the

corresponding payoffs of the incumbent and of the employee, respectively.

(i) The bargaining between the firm and the employee never results in disagreement.

(ii) Knc∗ > K∗(γ) ∀γ ∈ [0, 1]

(iii) Pnc∗F > P ∗F (γ) ∀γ ∈ [0, 1].

The assumption that δπmF
′(δK) > πsF

′(K) captures the natural idea that the marginal
effect of an increase in K for firm F is larger if it is a monopolist with knowledge δK
compared to the case in which it is a duopolist with the same knowledge δK and the
knowledge of the competitor is K. This is a standard feature of oligopoly models,
which holds also for the linear specification described in Appendix A. There is a clear
intuition for Proposition 5. In the presence of a non-compete clause, two of the effects
negatively affecting the incumbent’s investment incentives are absent. First, since the
the employee does not profit from K when leaving the firm, her threat-point in the
bargaining with the incumbent is not increasing in K, contrary to what it would be
in the absence of the non-compete clause. Second, because the incumbent remains a
monopolist for any γ, it benefits from a larger marginal effect of K on profits than it
would if the employee were to found a competing start-up. Hence, both the investment
in R&D and the profits of the incumbent are larger under a non-compete clause than
under the threat of start-up formation. Concerning the payoff of the employee, no gen-
eral statements about the effect of the non-compete clause can be made. Although it
is easy to see that for a given level of investment the weakening of her threat-point and

11We abstract here from any potential bargaining between the incumbent and the employee over the
distribution of the surplus generated by the adoption of the non-compete clause.
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the inability to profit from the knowledge by starting a new firm is costly for the em-
ployee, she profits from the increase in R&D investment triggered by the non-compete
clause. Which of these effects dominates depends on the details of the model.

5 Start-Ups as Spin-Offs of the Incumbent

In the analysis developed so far, three different parties are involved in the start-up
formation process: the incumbent firm, the key employee and an external provider of
complementary assets. The latter is needed to realize the potential benefits associated
to the formation of the start-up, but his presence negatively influences the results of
the bargaining between the incumbent and the employee in the sense that for γ < γ̄ no
start-up is formed although total industry profits would be higher in the presence of a
start-up. In the following, we explore whether the efficiency of the start-up formation
process can be improved if no third party is involved. In order to address this issue,
we consider a situation in which the incumbent is able and willing to directly provide
the needed complementary assets to the employee. The resulting start-up is therefore a
spin-off of the incumbent firm. In this case, the employee has the option to bargain with
the incumbent the conditions of spin-off formation, instead of having to turn necessarily
to an external provider of complementary assets. For analytical simplicity, we assume
that the firm and any external provider face exactly the same cost C (K) to provide the
required complementary assets. To incorporate the option that the firm can enable a
spin-off, we alter the bargaining between the firm and the employee in such a way that
the agreement between the two can lead either to no spin-off formation with a bonus
for the employee, or to the generation of a firm-enabled spin-off in which the employee
obtains a certain fraction of the profits. Which of these two options is chosen depends
on the relative size of the joint surplus that is generated.

Recall from Section 3 that the bargaining power of the firm is given by ξ. In stage 2
of the altered bargaining game , the outside options of the firm and of the employee are
again P sF (K) and P sE(K), respectively. However, based on our considerations above,
the joint surplus is now given by

S = max [πmF (K)− I(K), πsF (K)− I(K) + ∆πE(K)].

Since by Assumption 2 total industry profits are larger if a start-up (spin-off) is formed,
the maximum in the expression above is always attained for the case of spin-off forma-
tion, so that

S = πsF (K)− I(K) + ∆πE(K).

It is easy to see that S always exceeds the sum of the outside options. Hence, a spin-off
forms, and the amount allocated to the firm in the Nash bargaining solution is given
by P̃ sF (K; γ), with

P̃ sF (K; γ) = πsF (K) + ξ(1− γ)∆πE(K)− I(K).

Accordingly, the optimal investment level of the firm in the case in which it has the
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resources to support a spin-off is

K̃s = arg max
K

P̃ sF (K; γ) . (3)

In the following proposition, we compare optimal investment levels and spin-off
formation conditions under internal provision with the case of external provision of
complementary assets, and with our efficiency benchmark.

Proposition 6

(i) Given that spin-off formation is efficient, then it always occurs under internal
provision of the required complementary assets.

(ii) The optimal level of R&D effort with internal provision of complementary assets
is strictly decreasing in γ and always larger than the optimal level of R&D without
internal provision, but lower than the efficient level Keff .

As it is to be expected, the possibility of internal provision improves the efficiency
properties of the outcome. More precisely, the efficient outcome in terms of spin-off
formation is reached, and the investment level increases compared to the scenario in
which the incumbent lacks the assets to enable a spin-off. However, investment falls
short of the efficient amount.

With the option of internal provision of complementary assets the firm and the em-
ployee can freely decide upon the market structure without loosing any of the industry
profits to a third party. Hence, they always choose the efficient structure, which in
our case is one with spin-off formation. When the potential start-up has to rely on an
external provider of complementary assets, choosing to form a start-up implies a loss
of part of the overall surplus to a third party, and therefore the firm and the employee
may agree not to do so even if their choice is not efficient.

There are two reasons for an inefficient level of investment to arise. First, even
with internal provision, the firm appropriates only a fraction ξ of the generated overall
surplus; a problem that remains unresolved also when internal provision is allowed for.
Second, investment improves the outside options of the employee, causing a reduction
of the incumbent’s incentives to invest ex ante, and hence reducing the net surplus.
It is worth stressing that the latter effect is stronger the larger is the availability of
complementary assets, which explains why (even with internal provision) investment
levels are decreasing in γ.

Finally, to understand why investment incentives improve compared to the case
in which the incumbent can not enable a spin-off, it is useful to distinguish between
the situation in which a start-up would form without internal provision and that in
which it would not. In the former, allowing for internal provision shifts part of the
profits generated by the spin-off from the external provider of complementary assets
to the incumbent; hence, the incentives to invest increase. In the latter, the results
follow directly from the observation that the marginal return on investment is larger if
a spin-off is formed.
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6 Discussion and Concluding Remarks

In this paper, we study the effects of the availability of complementary assets on the
process of start-up formation and on the R&D investments of parent firms. Start up
formation requires complementary assets that need to be searched for in the market.
We show that the existence of search frictions in the complementary assets ‘market’
may exert a positive effect on incumbents’ innovative investments leading to an increase
in total industry profits. This implies that, contrary to the common view, frictions may
improve efficiency, where with a slight abuse of notation (given that we focus on the
supply side) we refer to maximal total industry profits as an efficiency benchmark.

The main result of this paper is to fully characterize under which conditions search
frictions exert positive effects. We show that different implications arise depending
crucially on the effect that an increase in knowledge stemming from R&D investment
has on the losses of the incumbent and on the profits of the employee upon start-up
formation. We find that for industries where substantial R&D knowledge is needed
for profitable start-up formation, the creation of a start up also requires easy access
to complementary assets. Conversely, when a low level of R&D knowledge suffices for
the creation of a successful start-up, start-up formation occurs even if complementary
assets are difficult to obtain.

Two different types of inefficiencies may arise in our framework. If limited appro-
priability of the R&D investment returns by the incumbent leads to under-investment,
we face ex-ante inefficiencies occurring before the decision about start-up formation
is made. If no start-up is created although total industry profits could be increased
by founding one, ex-post inefficiencies occur. Interpreting our results with respect to
these efficiency considerations, more refined implications arise. Standard arguments
establish that the possibility of start-up formation always lead to ex-ante inefficien-
cies. We argue that there are situations in which the presence of search frictions may
reduce the amount of under-investment. When complementary assets are scarce (so
that search frictions are large), a gradual increase in their availability has strictly neg-
ative effects on efficiency, since ex-ante inefficiencies increase and ex-post inefficiencies
persist (because start-up formation does not occur). Ex-post inefficiencies disappear
when potential start-up founders have easy access to complementary assets (γ > γ̄),
so that start-up formation occurs. However, for industries characterized by decreasing
knowledge effects, such an easy access to complementary assets induces larger ex-ante
under-investment in R&D than in all cases in which the employee remains employed
at the firm. Therefore, for these industries, if search frictions are sufficiently strong to
prevent the formation of a start-up (γ < γ̄), the extent of ex-ante under-investment
by the incumbent is reduced. This does not hold true for industries characterized by
increasing knowledge effects, since in this case an increase of γ across the γ̄ threshold
leads both to the elimination of ex-post inefficiencies and to a reduction of the ex-ante
under-investment.

Based on the results summarized above, a number of interesting conclusions can be
drawn for specific industries. In order to do so, it is important to note that the analysis
in the paper focuses on the interaction between a single firm and its key R&D employee.
From an industry perspective, however, the heterogeneity among firms and employees
has to be taken into account. In particular, it should be noted that the threshold value
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of search frictions that leads to start-up formation (γ̄) differs across firms, which means
that some profitable start-ups might be prevented by these frictions although start-up
formation is observed in the industry. Since industries differ substantially in the nature
of the complementary assets that are needed to create a start-up, different implications
of our model arise for different industries.

As already noted in the Introduction, in the biotechnology industry highly specific
complementary assets are required for the commercialization of innovations, which to a
large extent have to be obtained through alliances with incumbent firms. As it has also
been noted by practitioners in the industry12, this implies that for the biotechnology
industry access to the needed complementary assets is relatively difficult and a major
obstacle for start-up formation. In terms of our analysis, this corresponds to an indus-
try with a low value of γ. Our analysis suggests that in this case a small increase in
the accessibility of complementary assets has negative implications for existing firms’
incentives to invest in R&D, without eliminating the problem that profitable start-ups
may not be founded. Hence, a substantial increase in the availability of complementary
assets is needed for start-ups increasing total industry profits to be actually founded.
This implies that policy measures and private initiatives facilitating the access of poten-
tial founders to the required resources need to be large in order to be effective. Specific
examples in this respect might be large scale programs aimed at easing access to clini-
cal trials and regulatory capabilities, either by creating open facilities or by providing
the necessary financial means. At the same time, however, our analysis also calls for
caution with such large programs, since the induced reduction in R&D investments
by incumbents might outweigh the positive effects of additional start-ups in terms of
generated total industry profits (see Figure 4).

Different conclusions are reached if one looks at the computer industry, where the
needed complementary assets are known to be generic (see Rothaermel and Hill (2005)
for a discussion) and therefore readily available. Interpreting this as an indication that
for many potential start-ups in the industry the availability of complementary assets
are above the threshold γ̄, our results imply that no negative effects on R&D incentives
of incumbents should be expected if the availability of complementary assets in the
market is further improved.

More generally, our results lead to a number of testable implications that can be
taken to the data. The strategic effect linking the incumbent’s innovative efforts to
the key employee’s outside option lies at the hearth of the paper, predicting a negative
relationship between the incumbent’s incentives to invest in R&D and the availability
of complementary assets 13. Colombo et Al. (2013) investigate the empirical relevance

12For example J. Dixon, a former scientist and founder of several biotechnology companies states
(see http://blogs.nature.com/tradesecrets/2011/08/09/strategic-issues-facing-biotech-start-ups) “The
hard reality is that drug development is an expensive process and access to capital is a massive con-
straint. The high costs are largely driven by the high quality standards inherent in clinical trials and
manufacturing in order to pass stringent regulatory hurdles that stand between our innovations and
commercializing a product. And for the most part, we need access to assets that are outside of our
companies such as clinical and regulatory capabilities, manufacturing, sales and marketing infrastruc-
ture and the like. Financial constraint often impairs our ability to build these assets internally, some
of which may be needed to deal with regulatory burden.”

13This negative relationship should not be observed if γ is larger than γ̄, in which case complementary
assets are so abundant that the R&D effort of the incumbent is no longer affected by them.
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of the above strategic effect using a panel of Italian firms, finding strong support for
the existence of such a negative relationship in the data. Further testable implications,
to be addressed in future research, arise when focusing on the degree of availability
of complementary assets. First, in industries where the availability of complementary
assets is scarce, we expect a negative effect of the increase in complementary assets
on investments in R&D and on incumbents’ profits14. Conversely, in industries with
easy access to complementary assets, an increase in the availability of complementary
assets should have no effects both on investments in R&D and on incumbents’ profits.
Second, our theoretical model predicts that the amount of knowledge needed to observe
the creation of profitable start-ups in industries characterized by increasing knowledge
effects is larger than the one needed in industries with decreasing knowledge effects.
An empirical strategy to classify the two types of industries according to the effects of
R&D knowledge is therefore to estimate the knowledge base of newly founded start-
ups. We can then use such an empirical proxy as an indicator of the presence of
increasing or decreasing knowledge effects in different industries and bring to the data
a second testable implication of our model. According to our theoretical analysis, for
intermediate levels of complementary assets availability (i.e., those levels for which
start-up formation is observed, but missing access to complementary assets prevents
formation of some start-ups that would otherwise be created), programs aimed at easing
the access to complementary assets should have a negative impact on R&D investments
in the industries characterized by increasing knowledge effects, while they should bear
no implications for R&D industries with decreasing knowledge effects.

Finally, on theoretical grounds, our setup can be extended in several directions. In
particular, a main drawback of our static model structure is that the dynamic effects
of start-up formation on the evolution of competition and industry structure, as well
as future knowledge flows, can not be captured. Developing and analyzing models
combining dynamic features with the strategic effects considered here is a challenging
area for future research. A first step in this direction has been made by Colombo et Al.
(2012), in which the strategic effects at play in the start-up formation process have
been embedded in an industry evolution model.
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Appendix A

In this Appendix, we use a quality-augmented duopoly model with linear demand (see
Symeonidis (2003)) to qualitatively exemplify the effects characterized in our general
analysis and gain a better understanding of the differences between increasing and
decreasing knowledge effects.

We consider a market in which, without start-ups, the incumbent acts as a mo-
nopolist. Consumers are characterized by quality augmented Dixit-Stiglitz-type utility
functions. The corresponding inverse market demand is given by

pmF = 1− 2
qmF
umF

2 ,
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where umF denotes the quality of the good offered. Marginal costs are constant and
denoted by 0 < cF < 1. The optimal behavior of the monopolist yields the profit

π̃mF =
(1− cF )2u2

8
.

We assume that the relationship between product quality and the knowledge K is given
by

umF = Kµ, µ > 0,

and the investment needed to generate K by

I(K) = ιKν , ν > 1, ι > 0.

Accordingly, the profit function can be written as

πmF (K) = π̃mF =
(1− cF )2K2µ

8
. (4)

In case a start-up is formed, the quality of the product the incumbent’s can offer on
the market is

usF = (δK)µ, (5)

whereas the quality of the start-up’s product is

usE = Kµ. (6)

Furthermore, the two products are horizontally differentiated. Denoting by (psF , p
s
E)

and (qsF , q
s
E) the prices and quantities of the incumbent and of the start-up in case a

start-up is crated, the inverse demand system can be written as

psF = 1− 2
qsF
usF

2 −
σqsE
usFu

s
E

psE = 1− 2
qsE
usE

2 −
σqsF
usFu

s
E

.

The parameter σ ∈ [0, 2] determines the degree of horizontal differentiation, where lower
values of σ correspond to a higher degree of differentiation. The constant marginal
production costs of the start-up are denoted by cE and we assume that, due to the
presence of learning curve effects, the start-up’s marginal production costs are larger
or equal than those of the incumbent; i.e., cE ≥ cF . Assuming that the two firms
engage in quantity competition, standard calculations yield the following profits in the
Cournot equilibrium:

π̃sF = 2

(
4(1− cF )usF − σ(1− cE)usE

(4− σ)(4 + σ)

)2

π̃sE = 2

(
4(1− cE)usE − σ(1− cF )usF

(4− σ)(4 + σ)

)2

.

24



Inserting (5) and (6) into these expressions, we obtain

πsF = 2K2µ (4(1− cF )δµ − σ(1− cE))2

(4− σ)2(4 + σ)2
(7)

πsE = 2K2µ (4(1− cE)− σ(1− cF )δµ)2

(4− σ)2(4 + σ)2
. (8)

From (4) and (7), we get

∆πF = 2K2µ

(
(1− cF )2

16
− (4(1− cF )δµ − σ(1− cE))2

(4− σ)2(4 + σ)2

)
. (9)

For the sake of simplicity, we assume also that the cost of providing the complementary
assets required to found a start-up is given by the following polynomial in K,

C(K) = aKλ,

which gives

∆πE = 2K2µ (4(1− cE)− σ(1− cF )δµ)2

(4− σ)2(4 + σ)2
− aKλ. (10)

It is easy to check that these functional forms satisfy all assumptions made in our
general analysis.

The elasticity of ∆πF is constant and given by

εF (K) = 2µ, (11)

whereas the elasticity of ∆πE is

εE(K) =
4µK2µ (4(1− cE)− σδµ(1− cF ))2 − (4− σ)2(4 + σ)2λ a Kλ

2K2µ (4(1− cE)− σδµ(1− cF ))2 − (4− σ)2(4 + σ)2 a Kλ

= 2µ
2K2µ (4(1− cE)− σδµ(1− cF ))2 − λ

2µ(4− σ)2(4 + σ)2 a Kλ

2K2µ (4(1− cE)− σδµ(1− cF ))2 − (4− σ)2(4 + σ)2a Kλ
.

It is then easy to conclude that εF (K) ≤ εE(K) if and only if

µ ≥ λ

2
. (12)

It should be noted that the Condition (12) for an increasing knowledge effect is inde-
pendent from the values of all demand and cost parameters, as it depends only on the
elasticity of the product quality and of the cost of providing the complementary assets
with respect to the stock of knowledge K. If the elasticity of product quality with
respect to knowledge is large relative to that of the cost of the complementary assets,
market profits (monopoly and duopoly profits) are growing with K at a higher rate
than the costs of the required complementary assets. Therefore, the marginal positive
effects of knowledge investment on net industry profits are smaller for low than for high
investment levels, and we have an increasing effect of knowledge. For small values of µ
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these effects are reversed, and we have a decreasing knowledge effect.
Figures 2 to 4 in the main text are based on the linear example described above

with parameter values

a = 0.005, λ = 1.5, ι = 0.05, ν = 3, σ = 0.7, cF = 0.2, cE = 0.25, δ = 0.9, ξ = 0.5.

The condition for an increasing knowledge effect is µ ≥ 0.75. In the figures, we set
µ = 1 to illustrate cases with an increasing knowledge effect, and µ = 0.5 for the cases
with a decreasing knowledge effect.

Appendix B

Lemma 7

(i) If ∆πE(K) − ∆πF (K) is everywhere elastic, then εE(K) > εF (K) holds for all
K.

(ii) If εE(K) < εF (K) for all K, then ∆πE(K)−∆πF (K) is everywhere inelastic.

Proof
We first consider Claim (ii). To prove it, we need to show that

(∆π′E(K)−∆π′F (K))K

∆πE(K)−∆πF (K)
< 1 (13)

for all K. Inequality (13) is equivalent to

K∆π′E(K)−K∆π′F (K) < ∆πE(K)−∆πF (K)

⇔ εE(K)− ∆πF (K)
∆πE(K)εF (K) < 1− ∆πF (K)

∆πE(K)

⇔ ∆πF (K)
∆πE(K)(1− εF (K)) < 1− εE(K).

Since εF (K) > εE(K) and ∆πF (K)
∆πE(K) < 1 by Assumption 2, the last inequality holds for

all K, and therefore (13) holds.
In order to prove Claim (i), assume that there is a K̂ such that εE(K̂) < εF (K̂).

Then, from the proof of Claim (ii) it must be that

(∆π′E(K̂)−∆π′F (K̂))K̂)′

∆πE(K̂)−∆πF (K̂)
< 1.

This contradicts the statement that ∆πE(K)−∆πF (K) is everywhere elastic. 2

Proof of Lemma 1
Note first that in case of agreement the total profit of the two bargaining parties is
given by πmF (K) − I(K). Furthermore, the threat points of the two parties are given
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by their payoffs if the game moves to stage three, which are P sF for the incumbent and
P sE for the employee. Therefore, the bargaining results in disagreement if and only if

πmF − I(K) < P sF + P sE = πsF (K)− I(K) + γ∆πE .

This inequality is equivalent to G(K; γ) > 0, which proves part (i) of the Lemma. Part
(ii) follows directly from the generalized Nash bargaining solution, which allocates

PF = P sF + ξ(πmF (K)− I(K)− P sF − P sE)

to the incumbent firm in case of agreement. In case of disagreement, the payoff of the
firm is given by its threat point P sF . Part (iii) of the Lemma can be proven in the same
way. 2

Proof of Proposition 2
(i) K∗ (γ) = K̄m if and only if PmF

(
K̄m; γ

)
−P sF

(
K̄s

)
≥ 0. Notice that, for γ = 0,

we have

PmF
(
K̄m; 0

)
− P sF

(
K̄s

)
≥ PmF

(
K̄s; 0

)
− P sF

(
K̄s

)
= ξ∆πF (K̄s)

> 0,

where the last inequality follows from Assumption 2. Furthermore, using the envelope
theorem, we get

d
(
PmF

(
K̄m; γ

)
− P sF

(
K̄s

))
dγ

=
∂
(
PmF

(
K̄m; γ

)
− P sF

(
K̄s

))
∂γ

<
∂PmF

(
K̄m

)
∂γ

< 0.

If PmF
(
K̄m; 1

)
− P sF

(
K̄s

)
> 0, we set γ̄ = 1 and K∗ (γ) = K̄E,m for all γ ∈ (0, 1].

Otherwise, there exists a unique γ̄ ∈ (0, 1] such that PmF
(
K̄m; γ̄

)
− P sF

(
K̄s

)
= 0, and

the first claim of the proposition follows.
(ii) Given that K̄s is independent from γ, the claim follows directly from ∂K̄m

∂γ =

−∂2Pm
F

∂γ∂K /
∂2Pm

F
∂K2 , the concavity of PmF and part (ii) of Lemma 1.

(iii) Using the definition of K̄m and Keff and Assumption 2, from

∂(PmF (K; γ)− (πsF (K) + ∆πsE(K)− I(K))

∂K
= ξ∆π′F (K)− (ξγ + 1)∆π′E(K)

< 0,

it follows that K̄m < Keff . Analogously, we obtain K̄s < Keff . These two inequalities
combined lead to K∗(γ) < Keff , which proves the claim. 2
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Proof of Proposition 3

To prove part (i) we show that K̄m > K̄s for γ = 0 and K̄E,m < K̄s for γ = 1.

If γ = 0 then
d(Pm

F −P
s
F )

dK =-ξG′ (K; 0) > 0 by Assumption 2. Hence,
d(Pm

F (K̄s;0))
dK > 0,

which implies K̄m > K̄s. If γ = 1 then
d(Pm

F −P
s
F )

dK = −ξG′ (K; 1) < 0 again by Assump-

tion 2. Hence,
d(Pm

F (K̄s;1))
dK < 0, which implies K̄E,m < K̄s. Claim (i) follows from the

monotonicity of K̄m − K̄s with respect to γ.

To prove parts (ii) and (iii) we first establish that G′(K̄s; γ̂) = G′(K̄m(γ̂); γ̂) = 0.
For γ = γ̂, we have that K̄m = K̄s. Therefore, PmF

′(K̄s; γ̂) = P sF
′(K̄s; γ̂) = 0, which

implies
PmF
′(K̄s; γ̂)− P sF

′(K̄s; γ̂) = −ξG′(K̄s; γ̂) = 0.

Accordingly, it must be that G′(K̄s; γ̂) = 0 and therefore also G′(K̄m(γ̂); γ̂) = 0.
Consider now the case in which knowledge has an increasing effect. Taking into

account Proposition 2, all we have to show is that γ̄ > γ̂. Note first that, under the
assumption of an increasing knowledge effect, we have

∆π′F (K)

∆π′E(K)
<

∆πF (K)

∆πE(K)
(14)

for all K > 0. Furthermore, it has been shown above that G′(K̄s; γ̂) = G′(K̄m(γ̂); γ̂) =
0, which implies that

γ̂ =
∆π′F (K̄s)

∆π′E(K̄s)

by definition of G.
Hence,

PmF (K̄m(γ̂); γ̂)− P sF (K̄s)

= PmF (K̄s; γ̂)− P sF (K̄s)

= ξ
(
∆πF (K̄s)− γ̂∆πE(K̄s)

)
= ξ

(
∆πF (K̄s)−

∆π′F (K̄s)

∆π′E(K̄s)
∆πE(K̄s)

)
> 0,

where the last inequality follows from (14). Accordingly, for γ = γ̂ no start-up is
formed, and it must be γ̄ > γ̂. Since K̄m(γ̂) = K̄s and K̄m is decreasing with respect
to γ, the optimal investment K∗(γ) exhibits an upward jump at γ = γ̄.
The proof that γ̄ < γ̂ when knowledge has a decreasing effect proceeds along the same
lines as above, where it has to be taken into account that if knowledge has a decreasing
effect then

∆πF (K̄s)−
∆π′F (K̄s)

∆π′E(K̄s)
∆πE(K̄s) < 0.
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The claims concerning K̄m and the downward jump of K∗(γ) follow directly. 2

Proof of Proposition 4
We first state and prove the following Lemma.

Lemma 8

(i) P ∗F (γ) is single-valued and continuous on (0, 1];

(ii) P ∗E (γ) is single-valued and continuous for γ 6= γ̄.

Proof
(i) For γ 6= γ̄ there is a unique optimal investment level for the firm, and therefore
P ∗F (γ) is single-valued. For γ = γ̄, there are two optimal investment levels, one with
and one without start-up formation, but the profit of the firm is the same in both
situations, due to the definition of γ̄. Hence, P ∗F (γ) is single-valued and continuous.
(ii) The fact that P ∗E (γ) is single-valued follows immediately from the uniqueness of
the optimal investment level for γ 6= γ̄. Continuity follows directly from the continuity
of P sE and PmE . 2

We can now turn to the proof of the proposition.
(i) Note that

P ∗F (γ) =

{
PmF (K̄m(γ); γ) for γ < γ̄

P sF (K̄s) otherwise.

Using the envelope theorem, for γ < γ̄, we obtain that

∂P ∗F (γ)

∂γ
=
∂PmF (K̄m(γ); γ)

∂γ
= −ξ∆πE(K̄m(γ)) < 0.

For γ ≥ γ̄, the claim follows from the independence of P sF from γ.
(ii) The claim follows directly from Lemma 1, as for γ > γ̄ a start-up is formed,
the firm’s investment level is constant in γ and the corresponding employee’s payoff is
given by P sE .
(iii) If γ < γ̄, the employee’s payoff is given by

P ∗E (γ) = PmE

= γ∆πE(K̄m)− (1− ξ)G
(
K̄m; γ

)
.

Taking this into account, we have that

lim
γ→γ̄−

P ∗E (γ) = γ̄∆πE(K̄m(γ̄))− (1− ξ)G
(
K̄m(γ̄); γ̄

)
lim
γ→γ̄+

P ∗E (γ) = γ̄∆πE(K̄s).
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From Proposition 3, we know that if knowledge has a decreasing effect then K̄m(γ̄) >
K̄s. Furthermore, it is

G
(
K̄m(γ̄); γ̄

)
=
−1

ξ
(PmF (K̄m(γ̄); γ̄)− P sF (K̄m(γ̄))

≤ −1

ξ
(PmF (K̄m(γ̄); γ̄)− P sF (K̄s)

= 0,

where the inequality follows from the definition of K̄s and the last equality from the
definition of γ̄. Taking G

(
K̄m(γ̄); γ̄

)
≤ 0 into account, the strict monotonicity of ∆πE

with respect to K establishes that

lim
γ→γ̄−

P ∗E (γ) > lim
γ→γ̄+

P ∗E (γ) ,

which proves the claim. 2

Proof of Proposition 5
(i) The joint surplus in the bargaining between the firm and the employee is given
by πmF (K)− πmF (δK) > 0, and therefore the bargaining never results in disagreement.
(ii) In the presence of a non-compete clause, the payoff of the firm is given by

PncF (K) = ξπmF (K) + (1− ξ)πmF (δK)− I(K)

and Knc∗ is the value of K maximizing this expression. Taking into account parts (i)
and (ii) of Proposition 2, it is sufficient to show that Knc > K∗(0) = K̄m

F (0). The first
order condition satisfied by K̄m

F (0) reads

PmF (K̄m
F (0); 0)′ = ξπmF (K̄m

F (0))′ + (1− ξ)πsF (K̄m
F (0))′ − I ′(K̄m

F (0)) = 0.

Due to the assumption that δπmF (δK)′ > πsF (K)′, we obtain

PncF (K̄m
F (0))′ = ξπmF (K̄m

F (0))′ + (1− ξ)δπmF (δK̄m
F (0))′ − I(K̄m

F (0)) > 0,

and therefore Knc∗ > K̄m
F (0).

(iii) First, note that, since δπmF (δK)′ > πsF (K)′ by assumption, we can write

πmF (δK)− πsF (K) =

∫ K

0
(δπmF (δx)′ − πsF (x)′)dx > 0,

for all K > 0. Considering the payoff of the incumbent firm, using Lemma 1, we have
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that

P ∗F (γ) < P ∗F (0) = ξπmF (K∗(0)) + (1− ξ)πsF (K∗(0))− I(K∗(0))

< ξπmF (K∗(0)) + (1− ξ)πmF (δK∗(0))− I(K∗(0))

= PncF (K∗(0)

< PncF (Knc∗)

= Pnc∗F ,

for all γ ∈ [0, γ̄]. Furthermore, we have that

P ∗F (γ) = πsF (K̄s)− I(K̄s)

< ξπmF (K̄s) + (1− ξ)πmF (δK̄s))− I(K̄s)

= PncF (K̄s)

< PncF (Knc∗)

= Pnc∗F ,

for all γ ∈ (γ̄, 1]. Hence, we obtain that Pnc∗F > P ∗F for all γ ∈ [0, 1]. 2

Proof of Proposition 6
(i) The claim follows directly from the discussion in the main text.
(ii) To check that K̃s(γ) is decreasing in γ we just have to verify that

∂2P̃ sF (K, γ)

∂K∂γ
= −ξ∆π′E(K)

is negative, which follows from Assumption 2.
In order to show that K̃s(γ) > K∗(γ) for all γ ∈ (0, 1), we note first that

P̃ sF (K; γ)− P sF (K) = ξ(1− γ)∆πE(K).

By Assumption 2, we have

∂(P̃ sF (K; γ)− P sF (K))

∂K
= ξ(1− γ)∆π′E(K) > 0.

This implies that K̃s(γ) > K̄s. Furthermore,

P̃ sF (K; γ)− PmF (K; γ) = ξ(∆πE(K)−∆πF (K))

that, again by Assumption 2, implies K̃s(γ) > K̄m(γ). Hence, we have that K̃s(γ) >
K∗(γ) for all γ ∈ (0, 1).
Finally, by taking into account the definition of K̃s and Keff , and noting that direct
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calculation shows that

∂(P̃ sF (K; γ)− (πsF (K) + πsE(K)− I(K)))

∂K
= ξ(1− γ)∆π′E(K)− πsE

′

< (ξ(1− γ)− 1)∆π′E(K)

< 0,

it follows that K̃s(γ) < Keff . 2
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