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Appendix A: Extended Literature Review

Following a period of off-shoring manufacturing jobs to low wage countries in the 1980s,
off-shoring of white-collar jobs, including engineering and development, has been a major
trend since the 1990s. There exists recent research (e.g. Joglekar and Rosenthal 2003,
Joglekar and Anderson 2005, Sosa et al. 2002, Gomes et al. 2005, Anderson et al. 2006)
on this topic and the interested reader is referred to Anderson et al. (2006) for an excellent
review. Open Innovation in the context of innovation tournaments is different from out-
sourcing and off-shoring. It is different from off-shoring as participants in the innovation
tournament can well be in the same geographic area as the company hosting the tour-
nament. It is different from outsourcing, as it does not ex ante specify the participating
innovators. For example, outsourcing a software development project creates a 1:1 rela-
tionship between the customer and the developer similar to a classical contracting model.
In contrast, at the beginning of the innovation tournament, the seeking company does
not know which solvers will participate. Green and Stokey (1983) conduct a comparison

between labor tournaments and contracts.

We need to turn to auction models to capture heterogeneous solvers. Moldovanu and
Sela (2001) study the optimal allocation of awards in deterministic contests. They show
that when the contestants’ effort cost functions are linear and concave, it is optimal to
allocate the entire prize to a single first prize. When the cost functions are convex, it
may be optimal to offer multiple prizes. Moldovanu and Sela (2006) study the optimal
contest architecture with fixed prizes. They find that when the objective is to maximize
expected total effort, the optimal contest architecture is a single round static contest,
while it is optimal to split the contestants into two sub-contests and run a final contest
between the sub-contest winners, if the objective is to maximize expected highest effort.
Che and Gale (2003) develop an auction-based model to study the optimal mechanism
for deterministic research contests. Similar to Taylor (1995) and Fullerton and McAfee

(1999), they also suggest limiting the pool of solvers, potentially all the way down to



two to improve the efficiency of the contest. Snir and Hitt (2003) model a procurement
auction for software development services - a firm seeking external help posts a project
description and then chooses the coder that offers an attractive price. In these auction
models, solvers are heterogenous. Unfortunately, the solver heterogeneity comes at the
price of a deterministic performance function. To the best of our knowledge, no model in
the Economics literature includes both heterogeneity in solver expertise and a stochastic

relationship between effort and performance.

Our paper differs from this prior work along three important dimensions. First, we
consider different problem types, a prominent feature identified in the product development
literature, which has not been studied in the Economics literature. Specifically, we show
that the type of problem has a major impact on the optimal design of the innovation
contest. Second, the above mentioned papers focus on competition as the only benefit
of the tournament. We show how solver heterogeneity is another important benefit of
Open Innovation. Specifically, we show that there exist problems in which the seeker
benefits from increasing the pool of potential solvers (i.e. true Open Innovation similar
to the case of Innocentive) as opposed to limiting the pool of solvers. Third, we compare
the innovation contest with the case of internal innovation and identify which types of
innovation we expect to be most appropriate for an innovation contest. This allows us to
create interesting insights on which parts of the innovation process are most likely / most

attractive to move from in-house innovation to the open innovation process.
Appendix B: Proofs
We will use two key properties of the Gumbel distribution frequently:

Property 1 If&; are i.i.d. according to the Gumbel distribution with scale parameter p
and mean zero, for any given constant a, the random variable T = max; {z; = a+¢&;, i = 1,2,...,n}

s also a Gumbel distributed random variable with mean a + plnn.

Property 2 (Luce and Suppes 1965) If¢; are i.i.d. according to the Gumbel distribution

with scale parameter u, and a; are constants, then

o2
Pr {ai + & =max{a; + &, j=1,2, ,n}}
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Proof of Theorem 1a: For a given amount of award A, suppose the seeker splits A into



A; as the first prize and A, as the second prize such that A; > Ay > 0 and A; + A5 = A.

For an expertise-based project, we derive the equilibrium strategy for solvers in two
steps. In this first step, we derive the equilibrium participation and effort exerting strategy
for solvers for the special case without the fixed cost, i.e., ¢ = 0. In the second step, based
on the equilibrium strategy we obtained for the special case, we then derive the impact
of a positive fixed cost c; on that equilibrium strategy to obtain the general equilibrium
participation and effort exerting strategy for solvers. Similar process is widely used in

literature (e.g., Moldovanu and Sela 2001).

We take the perspective of solver ¢ with endowed expertise ;. Let’s assume solver %
expects all other solvers exert effort according to a strategy e; = y (5;) for all j # ¢, where
y (-) is an increasing and differentiable function. Define g (5;) = 8; + r (y (8;)), which
is also an increasing and differentiable function. We now consider the case with ¢; = 0.
Without a fixed cost in this case, all solvers would participate because the worse thing a
solver could do is to exert zero effort (occur zero cost). The equilibrium we derive will
indeed verify this conjecture. Therefore, conditional on his expectation on other solvers’

efforts, solver 7 would win A; only if

v; > vy = g(6;),V] # 1,

which happens with probability F (¢! (Ui))w1 because ¢ is assumed to be increasing.
Similarly, the probability that solver i would win Ay is (n — 1) (1 — F (¢~ (v:))) F (¢~ (v:))" .
So, solver i’s problem without a fixed cost can be written as

-2

max (WilBig (B)) = AF (g7 ()" + A(n—1) (1= F (g7 (w))) F (97" (v))"
—cr (v — i)

1'is the reverse function of the return function r. We look for a symmetric

where r~
Bayesian equilibrium in which all solvers including solver i play the same strategy v (-).
The first-order condition of solver i’s problem is

-2

Ailn=1)F (g’1 (v@))n
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At the symmetric equilibrium, v; = v = g (), the above condition becomes

1 C1

[Ai(n— 1) F(B)" 2+ An-1)F@) " h-2-n0-1)F@)]] fB) = =

g@B rrt-p))

which is a differential equation with separation of variables. Since function g is assumed
to be increasing, the solver with the lowest endowed expertise, 3, will not win for sure
and will exert zero effort in equilibrium, that is, y (ﬁ) =0,o0rg (ﬁ) = (. Solving
the differential equation with this boundary condition, we have the symmetric Bayesian

equilibrium strategy for a solver with endowed expertise § € @, B} as

art(v—F) = cae(B,Ar, A2)
= A (n—l)/ﬂF(x)"2f(m)d:ﬂ
1 8

B
Ay (- 1) /ﬁ F(@)'n—2-(n—1)F () f (z) dr,

which implies that the equilibrium solver effort conditional on award (A, As) is

n — B 2
e (B, A Ay = =l /ﬂ F ()" f (o) da 0

C1

n — s 3
202D [ r @t -2 - ) F @) @) de
1 3

AF (B + Ay (0= 1) (F(B)" 2= F(9)")

&1

We need to verify that e (3, A1, As) is indeed increasing and differentiable which are clearly
true because F (/) is continuous and increasing in 5. Thus, e (3, A1, Ay) constitutes a
symmetric Bayesian equilibrium for solvers. From e (3, A1, As), we can see that solvers

with different 3 react differently to A; and As,.

Based on the above equilibrium for the case with ¢ = 0, we now consider the case
with a positive c;. In the presence of a fixed cost cf, participating solvers would have
to adjust efforts down such that they can at least recover c; in expectation. Because in
the equilibrium without a fixed cost, the solver with the lowest expertise makes zero effort
already, this solver will not participate in the presence of c¢; (effort cannot be negative).
Thus, for a given award (A;, As), let’s assume that solvers with expertise in the interval of
[ﬁf, B] participate and exert effort according to the function ef (3, A1, As) = e (8, A1, Az)—

k, where e (8, A1, As) is given in (1), and k is a constant. The solver with expertise [y
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will exert zero effort and earn zero expected profit. Therefore, 3¢ and k are determined

by the zero-effort and zero-profit conditions as
€f (ﬂfa Al, AQ) - O’

AFB)" P+ A(n—1)F(B)" 2 (1-F(B)" ") —ciey (Br, A, As) — ¢p = 0,

or

e (5]‘, Al, Ag) — k= 0,
AF@B)"  +Am-DF@B)"*1-FB)" ") —c=0

Solving the above two-equation system, we have

AF B+ A (n—1)FB)" 2 (1-F(B)" ") =cy, (2)
=<

Hence, the equilibrium solver effort for a participating solver conditional on award (A;, As)

with ¢y is

AF @)+ A1) (FB)" " —F@)") —¢

C1

6* (ﬁ, Al,Ag) = (3)

To simplify notation, define A; = (1 — a) A and A = aA, where a € [0,1/2]. So, we
can re-write the equilibrium solver effort as

A[F@)" taln=DFE)" " —nF@" ] —c

C1

e (B, A, a) =

Given the equilibrium strategy for solvers, the expected performance of the best solution

among solutions submitted by n solvers is

/ "84 7 (e (B, A )] mF (8" £ (3) 4B,

f

where nF (3)" " f () is the pdf of the highest endowment expertise among n solvers, and

the average performance of all solutions is

%)
/ﬁ B+r (e (3, A,a))] f (8) dB.
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Therefore, the seeker’s expected payoft from a contest with award A and allocation « is

B

E
Vi) = p/ﬁ [B+7 (e (8, A, )] nF (6)" f (8)dB+(1 —p)/ [6+7(e"(8,A,))] f () df.

b By

The value of a that maximizes V (a)) depending on the functional form of r and the
CDF F'. If conditions
V' () <0

and

V' (@) |aco < 0

can be satisfied, V () is maximized at « = 0. In this case, a winner-takes-all contest

(v = 0) is optimal for the seeker.

We next consider ideation projects. Recall that in an ideation project, all solvers
have the same endowed expertise 3. We still take solver i’s perspective and look for a
symmetric Nash equilibrium. Suppose solver ¢ expects all other solvers to exert effort e in
equilibrium. Conditional on this expectation, solver ¢ optimizes his strategy in exerting
effort e;. Using Property 2, solver i’s probabilities of winning the first prize A; and the

second prize A, are

Pr{Solver i wins A;} = Pr{f+e+& >0+e+¢E, Vj#i}

= Prie;+&>e+ &, Vj#i}
1

1+ (n—1)exp (%)

and

Pr{Solver ¢ wins Ay} = (n—1)Pr{e;+& <e+&, k#i}Pr{e,+& >e+ &, Vj#1i,k}

1 1
= -1 @) () —r(en)
1+ (n—2)exp (%) 1+ (n—1)exp ('re (e
respectively. Solver i’s problem can be written as
; 1
max 7, (e;le) = A
€;>0 1+ (TL o 1) exp (r(e);r(ei))
1 1
1+ (n . 2) exp (r(e);r(ei)) 1+ (n N 1) exp (T(e);r(ei))
—C1€6; — Cy. (4)

il



It is not difficult to verify that the condition r” + 72/u < 0, which is satisfied by
logarithmic return functions, is sufficient to ensure that payoff function 7i(e;|e) is concave
in solver i’s strategy e;. According to the Theorem 1.2 in Fudenberg and Tirole (2000),
pure strategy equilibrium exists in this contest game. Using symmetry e = e¢; = e* in
solver i’s first-order condition, it reduces to

r ()

m[!‘ll(n_l) +A2<” —3n+1)] —ca=0.

Because 7’ (e*) is decreasing in e* and (n — 1) > n2 — 3n + 1, the above condition

implies that it is optimal to set A; = A and Ay = 0, that is, winner-takes-all is optimal.

Similarly, for trial and error projects, suppose solver i expects all other solvers to exert
effort m in equilibrium. Conditional on this expectation, solver ¢ optimizes his strategy
in exerting effort m;. Using Property 2, solver i’s probabilities of winning the first prize

A; and the second prize A, are

m; exp (%)
Pr{Solver i wins A4;} =
m; exp (ﬁ) +(n—1)mexp (é)
i o m
 omi+(n—1)m
and
m; my;
Pr {Solver i wins Ay} = (n — 1 ’ - :
r {Solver i wins As} = (n )lmiﬁL(n—?)m mi+(n—1)m}7
respectively. So, solver ¢’s problem can be written as
Umilm) = A i Ay (n—1 a -
%%}fwz(m’m) lmi—f-(n—l)m—'— 2(n—1) mi+(n—2)m m;+(n—1)m
—Cn; — Cy. (5)

Because A; > A,, it is not difficult to show that the payoff function 7! (m;|m) is concave
in solver i’s strategy m;. According to the Theorem 1.2 in Fudenberg and Tirole (2000),
pure strategy equilibrium exists in this contest game. Using symmetry m = m; = m* in
solver ¢’s first-order condition, it reduces to

— 2 _
Al(n 1) n®—3n+1

—co =0.
n’m* *(n— 1) n?m* “

Because n — 1 > (n? —3n + 1)/ (n — 1), the above condition implies that it is optimal to

set A1 = A and Ay = 0, that is, winner-takes-all is optimal. H
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Proof of Theorem 1b: We consider expertise-based projects first. Setting A; = A° and

Ay =0 1in (2) and solving the equation, we have

o= ((4)7) ©)

Solvers with higher expertise than 3; would participate in the contest. Thus, for n solvers,

the expected number of those solvers who would participate the contest is

n® = n(l—F(5))
1
Cf\n—1
(1)),
(- G)7)
Setting A; = A¢ and Ay = 0 in (3), we have the equilibrium solver effort conditional on

award A€ as

AF (B)" ' — ¢

e (8, A%) = ” (7)
The seeker’s problem can be written as
6
mas I (4) = p [ (347 (e (5,4nF (3" ()3
=z ﬂf

i)
(1) /ﬁ B4 (e (5,A%)] £ (8) df — A°.

f
Assuming the above problem has a unique solution, the optimal prize A* satisfies the

following first-order condition
aHe (Ae*)
aAe*
Substituting A** into (6) and (7), we have

o= ((5)7). )

_ATF ()"~
C1 ’

~1. (8)

e* () (10)

Therefore, the equilibrium fixed price contest { A, 3¢, e* (3)} is defined implicitly by (8),
(9) and (10). With this equilibrium strategy e* (3), the expected profit for a solver with

endowed expertise [ is

(B = ATF ()" —a (
= 0.

A“F w)’“)

C1



Substituting c¢; = 0 into (9), we have 8; = 3. For a logarithmic return function

r(e) =0lne and ¢; = 0, from (8) with 3; = (3, we have the equilibrium award as

A =4.

Substituting A°* = 6 and ¢y = 0 into (10), we have the equilibrium improvement effort

for solvers as

Substituting A, e* (8), ¢; = 0, and r (e) = fIne into the seeker’s objective function and

simplifying, we have the equilibrium expected profit for the seeker as

0 (n—l)(p—i—(l—p)n)—i—n)'

C1 n

B 8
e = p /ﬁ BnF (8)"" £ (8) d6+(1 - p) /ﬂ BF (B) d6-+6 (m

We next consider ideation projects. Setting A; = A’ and A; = 0 in (4), solver 4’s

problem can be written as

. , 1
max T;(e;le) = A’

€i>0 _ r(e)=r(e:)
1+ (n l)exp( - )

— C1€; — Cy.

Solver 4’s first-order condition is
i e (:") (n—1)exp (Lz’)) exp (%)
o () 0w ()]
1 p
Using symmetry e = ¢; = e (A?), the first-order condition reduces to

i (e(A) (n—1)

A —c =0 11
,un2 C1 9 ( )
which has a unique solution that satisfies
2
i CLpn

Given the equilibrium strategy e (A") for solvers, using Property 1, the seeker’s problem

can be written as
I (4) = p(37 (e (49) + ) + (1= ) (37 (¢ (4))) — 4
— ﬁ+r(e(Ai))+pulnn—Ai,

9



where the term pInn is the expected maximum value of n realizations of the zero mean

Gumbel distributed random noise variable €. It is not difficult to verify that the condition

P! 20" < 0, which is satisfied by logarithmic return functions, is sufficient to ensure that

r
the seeker’s objective function to be concave in A?. Therefore, the first-order condition

determines the optimal award A™ as

de*  A*(n—1)
— = . 1
OA™ c1pn? (13)

Substituting A* from (13) into (14), we have the equilibrium effort for the solvers as

c1pn?

r'(e*) = m

(14)
Therefore, the equilibrium fixed price contest {A™, e*} for ideation projects is defined
implicitly by (13) and (14).

For the logarithmic return function r (e) = flne, (13) and (14) determine the equilib-

rium award for the seeker and the equilibrium effort for solvers as
Ai* — 9,
and

_0?(n—1)
- pn?

*

(&

Substituting A™, e*, and 7 (¢) = flne into the seeker’s objective function, we have the

equilibrium expected profit for the seeker as

. 0%(n—1
nm*=p+40 <ln<n72) — 1) + pplnn.
c1pn
Furthermore, the equilibrium profit for a solver is
o= —ae ¢
puon — 6% (n — 1)
un
ut — 62
R — cy.
M !
Setting 7 = 0 and solving for n, we have
pey



which is the maximum number of solvers that a free-entry fixed price contest can accom-
modate such that all participating solvers can earn a non-negative expected profit. For
cy = 0, to ensure the equilibrium profits for solvers are greater than zero, it is not difficult

to verify that the condition
w>0 (15)

is sufficient.

Finally, we consider trial and error projects. Setting A; = A’ and A, = 0 in (5), solver

1’s problem can be written as

t my

t . f— JR— ¢ —
max m; (m;lm) = A gy oy com; — cy.
Solver ¢’s first-order condition is
-1
. (n )ym 6y — 0.

(m; + (n —1)m)?
Using symmetry m = m; = m* (A?), the above condition becomes

(n—1)

Ale—— ) = 1
n?m* (At) 2 =0, (16)
which has a unique symmetric solution
At (n—1)
* At — .
m” (A") n2c,

Then, using Property 1, the seeker’s problem can be written as

max II' (A") = p(B+plnnm* (4) + (1 —p) (B+ plnm* (4")) — A

At>0
= B+ pplnn+ plnm* (At) — A,

which implies the optimal award is
A™ = p. (17)
With A™, the symmetric equilibrium effort for solvers is
. p(n—1)

= —". 18
m e (18)

11



Hence, the equilibrium fixed price contest {A™, m*} for trial and error projects is defined

by (17) and (18). The seeker’s equilibrium expected profit is

_1)
Ht*: 1 lu(n -
5+u(n—n62

1) —(1—p)plnn,

and the equilibrium expected profit for a solver is

tx At* *
T = —com” —cy
n
= — —cy.
n? f
Setting 7 = 0 and solving for n, we have

nt* _ ﬂ7

Cr

which is the maximum number of solvers that a free-entry fixed price contest can ac-
commodate such that all participating solvers can earn a non-negative expected profit.

Proof of Theorem 1c: For an expertise-based project with Gumbel distributed solver

expertise with scale parameter A, the equilibrium expected profit for the seeker is

I = B, + pAlnn + +6 (mﬁ_ <n_1)(P+(1—p)n)—|—n),

C1 n

where (3, is the mean of the Gumbel distribution. Differentiating I1¢* with respect to n,
we have
o=  p(An—20)
= —0(1-p).
o . (1—-p)

If A\ > 6/2, because n > 2 for a contest, JII*/On is increasing in p, strictly greater than

0 at p = 1, and strictly less than 0 at p = 0. Therefore, for expertise-based projects,
if A > 60/2, free entry open innovation contest is optimal for high enough p and always

optimal for p = 1, while it is not optimal for sufficiently low p, especially for p = 0.

For an ideation project with the logarithmic return function r (e) = 61Ine, the equilib-

rium expected profit for the seeker is

2 _
n*=p3+0 <1HL21) — 1) + pplnn.
un

6]
Differentiating II* with respect to n, we obtain

o™  0(n—2) pu

on  nn-1 n’

12



Clearly, OIT* /On is increasing in p. By condition (15), oII*/On > 0 at p = 1, and
O™ /On < 0 at p = 0.

For a trial and error project, the seeker’s equilibrium expected profit is

nce

1> —(1—p)plnn.
Differentiating I1"* with respect to n, we have

o~ p (1-—p)p

on  n(n-—1) n

which is clearly increasing in p, and 9II* /On > 0 at p = 1 and 911 /On < 0 at p = 0.

Therefore, for ideation projects and trial and error projects, free entry open innovation
contest is optimal for high enough p and always optimal for p = 1, while it is not optimal

for sufficiently low p, especially for p = 0. B

Proof of Corollary: Let c. denote the entry fee for each participating solver. Let’s
consider the case with zero fixed cost, c; = 0. Let’s also assume that n is large enough so
that for a given entry fee, there are some solvers would not participate. From a solver’s

perspective, an entry fee just behaves like a fixed cost.

When p = 1, according to Theorem 1b, for an ideation project, the seeker’s expected
profit by charging an entry fee c. is
0% (n™ (cc) — 1)

pcin® (ce)

' (c.) =B +0 (ln - 1) + pInn®™ (c.) + cen™ (o),

where

n (ce)%%.

Simplifying the expression, we have

0% (n™ (c.) = 1) ani* (e 0 (u—0)
peini* (c,) 1> ol (ce) + '

I

We have shown in the proof of Theorem 1c that the above expression is increasing in

" (c.) =~ B3+0 <ln

n™* (c.) which is decreasing in c,. Hence, IT¢ (c.) is decreasing in c,, which implies it is
optimal for the seeker to set ¢, = 0.

When p = 1, according to Theorem 1b, for a trial and error project, the seeker’s

expected profit by charging an entry fee c. is

p(n' (ce) — 1)
nt* (ce) co

1 @) =6+ ~1) ' ),

13



where
tx o _,LL
n™ (c.) = o

Plugging n'* (¢.) and simplifying, we have

H(e )
I (c.)=B+p|In———+% 1]+ /uc..
Cg\/g

Differentiating II* (c.) with respect to c., we have

o' (c.) 1 LM
Oc, 5 0—5(1— c_5> 2. /JiC,
m m
1
LY <0.
2\ c. 1— /e

Hence, II* (¢.) is decreasing in ¢, which implies it is optimal for the seeker to set ¢, = 0.

Proof of Theorem 2: In an ideation project, using Properties 1 and 2, for a given

performance contingent award ¢, solver ¢’s problem is

max 7(eile) = ¢[B+1In(exp(r(e:)/p)+ (n—1)exp(r(e)/p))

€i=0 exp (%) +(n—1)exp (L:))

—C16;.

At the symmetric equilibrium e = e; = €* (¢), the first-order condition is

¢r' (e (9)) r'(e"(¢)) (n—1)

pn? un?

+o(B+r(e"(¢) + plnn) —c; =0. (19)

For any given fixed price award A’, we can adjust ¢ such that ¢ (3 + r (e* (¢)) + plnn) =
A') where e* (¢) satisfies (19), that is, we can find a performance contingent award that
pays the winner the same amount as the fixed award. With ¢ (84 r (e* (¢)) + plnn) =
A', by comparing first-order conditions (11) and (19), we can see that e* (¢) > e* (A")
because the first term in (19) is positive and r is concave. Therefore, for any given fixed
price award, there exists at least a performance contingent award that can induce solvers
to exert higher effort in equilibrium without paying the winner more. As a result, using

performance contingent award improves the seeker’s expected profit for ideation projects.

14



In a trial and error project, for a given performance contingent award ¢, solver i’s

problem is
max 7t (m;|m) = ¢[B+ pln (m; + (n — 1) m)] i — com;;.
mis1 m;+(n—1)m

At the symmetric equilibrium m = m; = m* (¢), the first-order condition is

o (n—1)
n’m* (¢) n*m* (¢)

For any given fixed price award A?, we can adjust ¢ such that ¢ [3 + plnnm* (¢)] =

+ 18+ plnnm® (¢) — ey =0. (20)

At where m* (¢) satisfies (20), that is, we can find a performance contingent award
that pays the winner in the same amount as the fixed award in equilibrium. With
o8+ plnnm* (¢)] = A', by comparing first-order conditions (16) and (20), we can see
that m* (¢) > m* (A") because the first term in (20) is positive. Therefore, using perfor-

mance contingent award improves the seeker’s expected profit for trial and error projects.li

Proof of Theorem 3a: Recall that we consider the case with p = 1 and ¢; = 0. For
an expertise-based project, let (s be the seeker’s endowed expertise on the project. If the

seeker chooses to conduct the project internally, she solves the following problem

max [I5(e) = Bs + 1 (e) — cs€,

which has the optimal effort satisfying 7’ (e*) = c51. For a logarithmic return function

r(e) = Olne, the optimal effort is e* = %, and the optimal profit for the seeker is

?*=ﬁ3+0<1ni—1>. (21)

Cs1

For an expertise-based project with a logarithmic return function r (e) = flne, the

seeker’s problem for a self-administrated open innovation contest is

0 2n-1
max IIg(n) = B, + Alnn+ 6 (ln— - ) — s,

n>2 c1 n

which has the optimal solver pool size

Substituting ng", we have

o ong —1
& — G, + Anng +6 (m— - ”57) — e

15



For an intermediary-administrated open innovation contest, from Theorem 1b, we have

0 2n,—1
S‘:ﬁo—l—)\lnno%—b’(ln—— n )—p.

C1 No
Setting IIg" = IIg and simplifying, we have 0%, as the solution of the following equation

2ng — 1 2n, — 1
—0( Ds )—csnfg*:)\lnno——e( o )—p.

Alnng — -
TLS nO

If 6 < 6%, a self-administrated open innovation contest is preferred to an intermediary-
administrated open innovation contest. Otherwise, an intermediary-administrated open

innovation contest is preferred to a self-administrated open innovation contest. Setting

¢ = II% and solving for c;, we have

>

c1=g° (‘9) = Ca1 (no) exp (W + i - 1) .

No

For any given 0, if ¢; > ¢° (), internal R&D is preferred to an intermediary-administrated
open innovation contest. Otherwise, an intermediary-administrated open innovation con-

test is preferred to internal R&D. Setting II¢* = IIg" and solving for ¢;, we have

s_se* 1
b, — camis +——1).

¢ =f(0) =ca (n‘g*)% exp <ﬂo —

For any given 0, if ¢; > f¢(6), internal R&D is preferred to a self-administrated open
innovation contest. Otherwise, a self-administrated open innovation contest is preferred

to internal R&D.

For an ideation project, the seeker (unlike an external solver) knows his subjective
taste. She therefore will exert both improvement effort (e) and experimentation effort

(m). Thus, he solves the following problem

max I5(e) = B+7(e) + plnm — coe — com,

which has the optimal effort level satisfying 7’ (€*) = ¢;1 and m* = L. For a logarithmic

return function r (e¢) = f1ne, the optimal improvement effort is e* = %, and the optimal

profit for the seeker is
. 0 L
F=0+0{n——-1)+pu|lln——1). (22)
Cs1 Cs2
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For an ideation project with a logarithmic return function r (¢) = flne, the seeker’s
problem for a self-administrated open innovation contest is

62 (n—1)

I}zlggil_[s(n) = ﬂ—i—@(ln e —1)—1—,ulnn—csn

2
~ [3+9(1n —1)+ulnn—csn,
puein
which has the optimal solver pool size
Ne
s ‘.
Substituting n%, we have
ﬁ+9<l t” 1)+ ML
= n—  ——— n —(n—10).
5 per (p—0) : Cs :

For an intermediary-administrated open innovation contest, from Theorem 1b, we have

. 6% (n, — 1

Hg = ﬁ—i‘g <ln(n—2) - 1> "‘Nlnno —D
He1ny,
2

S + n — + plnn, —p.
846 (1 1) !
et
Setting I1% = 1% and simplifying, we have 0%, as the solution of the following equation
s -0 1
Hlnci—i—uln“ —(u—0)=0Iln— + plnn, — p.
(:LL - 0) Cs No

If 6 < 6%,, a self-administrated open innovation contest is preferred to an intermediary-
administrated open innovation contest. Otherwise, an intermediary-administrated open

innovation contest is preferred to a self-administrated open innovation contest. Setting

1%

¥ =TI% and solving for ¢;, we have
§7id )

_ Ocsi (ny) 7 exp (

A ﬁ_ﬂs_p)
c=g(0)= . 0

For any given 0, if ¢; > ¢* (#), internal R&D is preferred to an intermediary-administrated
open innovation contest. Otherwise, an intermediary-administrated open innovation con-

test is preferred to internal R&D. Setting I1% = II% and solving for ¢;, we have

N

fcucay (,uc;o) " exp (ﬁfﬁs;(u%))

p(p—0)

C1 = fZ (9) =
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For any given 0, if ¢; > f%(), internal R&D is preferred to a self-administrated open
innovation contest. Otherwise, a self-administrated open innovation contest is preferred

to internal R&D.

For a trial and error project, the internal effort is optimized based on:

max IT(m) = B+ plnm — ceom,

which has the optimal effort as m* = % The optimal profit for the seeker is

Cs2

Ht*:ﬁ+u<1ni—1). (23)

For a trial and error project, the seeker’s problem for a self-administrated open inno-

vation contest is

n>2 nco

max [g(n) =B+ u (lnM — 1> — ¢sn,
which has the optimal solver pool size
nt = Cﬁ
Substituting n%’, we have
H(/e 1)

For an intermediary-administrated open innovation contest, from Theorem 1b, we have

Ht*:ﬁ%—u(lnw—l)—p.

NeC2

g =08+p|ln

Setting IT% = I and simplifying, we have pk, as the solution of the following equation

\/2—1

Cs s o—1

T P A R . —p,
\/Z V Mo

whose left hand-side is increasing in p. If u > pk,, a self-administrated open innovation

contest is preferred to an intermediary-administrated open innovation contest. Otherwise,
an intermediary-administrated open innovation contest is preferred to a self-administrated
open innovation contest. Setting ITY* = I14 and solving for ¢z, we have

(no, — 1) csoexp (—%)

No

CQZCEZ
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For any given p, if co > ¢, internal R&D is preferred to an intermediary-administrated
open innovation contest. Otherwise, an intermediary-administrated open innovation con-

test is preferred to internal R&D. Setting ITY* = I1% and solving for ¢z, we have

Cs2 (11— \/ICs) exp <_ %) |

1

=g (n) =

For any given p, if ¢c; > ¢' (1), internal R&D is preferred to a self-administrated open
innovation contest. Otherwise, a self-administrated open innovation contest is preferred

to internal R&D. B

Proof of Theorem 3b: For an expertise-based project with a logarithmic return function

r(e) = Olne, and the seeker’s optimal profit from internal R&D is

i*zﬁsw(lni—l),
Cs1

and the seeker’s optimal expected profit in a fixed price open innovation contest is

&1 Mo

B8 _
o = /ﬁ ﬁnon)%—lf(ﬁ)dme(lnﬁ—2"0 1)—p.

Because the term (2n, — 1) /n, inside the parenthesis, which is increasing in n,, converges
to 2 as n, — 00, the difference between the seeker’s expected profits under open innovation

and internal R&D is bounded below as

3
I — 115 >/ﬂ moF(ﬁ)“o—lf(mdme(lnﬁ _mi) B0

C1 Cis

If the support of the distribution function F' is not bounded above, that is, 3 = oo, the
first term on the right-hand side of the above inequality converges to co as n — oo.
Thus, for any given p, G,, 0, ¢1, and ¢y, there exists a high enough n, = n¢ such that
the right-hand side of the above inequality is zero, which implies that open innovation is

preferred to internal R&D for n, > ne.

If the support of the distribution function F is bounded above, that is, 3 < oo, the
difference between the seeker’s expected profits under open innovation and internal R&D

is bounded above as

Hg—n§*<g+9<lnﬁ_lni>_p_ﬁs_é’(no—l).

1 Cis U2

19



Hence for any given n,, p, 6, c¢1, and cs, there exists a high enough G; = s such that
the right-hand side of the above inequality is zero, which implies that open innovation is

preferred to internal R&D for 3, > f;.

For an ideation project with the logarithmic return function r (e) = @ lne, the seeker’s

optimal expected profit from a fixed price open innovation contest is

(n, — 1)

. 9?2
g:ﬁ+€<ln 5 —1>+ulnno—p-
Cc1un;

In the proof of Theorem 1b, we have shown that II% is always increasing in n,. Clearly,
% converges to oo as n, — 0o. Therefore, there exists a high enough n, = ni, such that
1% is equal to the seeker’s optimal profit under internal R&D, IT%*, which is independent

of n,. It implies that open innovation is preferred to internal R&D for n, > n'.

For a trial and error project, the difference between the seeker’s expected profits under

open innovation and internal R&D is

-1
Iy — Iy = (lnm—ln£> —p.

ToC2 C2s
Note that (n, — 1) /n, < 1 and (n, — 1) /n, converges to 1 as n, — oo. Therefore, if
Cos > C9, there exists a high enough n, = nt such that the above difference is positive for
n, > nt , which implies that open innovation is preferred to internal R&D. However, if
Cos < ¢, I — TI* is always negative, which implies that internal R&D is preferred to

open innovation. Wl

Proof of Corollary: The corollary follows directly from that for the logarithmic return
function r (e) = flne, the seeker’s total R&D costs under internal R&D are 0, 6 + p,
and p for expertise-based, ideation, and trial and error projects, respectively, and the
optimal awards the seeker offers in fixed price open innovation contests for expertise-based,

ideation, and trial and error projects are 6, u, and pu, respectively. B
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