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1 Model assumptions

We Dbriefly restate the main assumptions of the model. There are two founders, A and B. A
can have one of two possible skill levels: with probability ¢, A has high skills (¢,), otherwise
low skills (¢, with ¢, > ¢;). B always has low skills ¢,. After discovery founders are
either symmetric (i.e., ¢5 = ¢%) or asymmetric (i.e., o7 > $%). Founders contribute some of
their own resources (financial capital and/or intellectual property). The total cost of providing
resources is R, the relative shares are given by (0.5 + )R for A and (0.5 — r)R for B, so that
r (€ [—0.5,0.5]) describes founder resource asymmetries.

At the first stage founders decide whether or not to engage in costly discovery or not. Dis-
covery costs are borne jointly by the two founders and incurred whenever it is jointly efficient to
do so. We denote discovery costs by k£ and assume that they have some cumulative distribution
function K (k) over [0, oo]. With or without discovery, the founders then agree on a division of
equity. We denote A’s share premium o, so that A gets an equity stake of 0.5 + o and B of
0.5—oao.

At the second stage founders can provide effort ¢; (i = A, B) at a private cost of ¢(e;) =
0.5¢e?. At the third stage the venture either reaches a performance milestone, creating a return
normalized to 1, or else fails and generates no returns. The probability of success is given by
p = ¢,ea+ ¢pep, SO that success is a function of efforts and skills.

As discussed in the main text, founders have outcome-inequality aversion (OIA). In the base
model there is a single parameter o which has a distribution Q(«) with o € [0, 00]). In case of
success, founders’ utilities are denoted by wy = (0.5+0) —«alo|and wg = (0.5—0) —alo|. At
the private effort stage the utilities are given by have v/ = p/w; — ¢; where p/ = ¢’,e4 + dpep,
which all depends on the skill realization j = {H, L}. At the initial contracting stage we have
u; = qu + quF — 0.5kd, where d = {0,1} (d = 1 means discovery costs are incurred). We
denote the joint utilities by v/ = vﬁ, + v’é and v = us + ug. We also distinguish between
v} for d = {0,1}, and similarly for v, and u,. The optimal equity split with discovery is
found by maximizing v} for each realization of j. Without discovery the optimal equity split
is found by maximizing u without knowledge of the realization of j. For now we assume that
usg > (0.5+7)Rand up > (0.5 — )R, so that both founders’ participation constraint is always
satisfied.



2 Derivation of optimal contracts

2.1 Optimal effort

We solve the model backwards, starting with the optimal effort choice. Founders choose e; to

b;w;

maximize v{ = plw; — ¢; . Solving the first order condition we obtain e¢; = . We define
on by d—1 do 2
Py =, =L o=, o= —"andd = —— (where — = ———— > 0). The
AT Ty T o, S31 ¢ dd (D4 1) )
optimized value of v} is given by v/, = §®jw§, + ®Lwawp and vy = §<I>Lw123 + ®wawp.

2.2 Optimal contracts with discovery

Consider now optimal contracts with discovery. This consists of choosing an optimal equity
premium o7, anticipating its subsequent effect on private efforts, as reflected in the optimized
values of v/ . For the asymmetric case where j = H it is easy to see that ¢ > 0, so that w, =

1 1 - . .
gto—ao and wp = ~—o—ao. We use thisin v = v +vH and obtain "after transformations’

o oy 3 ,
(’a.t.” henceforth) vl = %[Z—l + 0ot — 3act — (14 200 — 3a?)(o)?]. From the first
order condition of maximizing v we find that the optimal equity premium is given by o =
1 0-3a : - _ dol 13+ 6>+ (0 — 3)?
- . Totally differentiating o we find —- = —=
21+ 2af — 302 y 99 do 2 (14 2af —3a2)?

doi’ 1 1+ 3a?

dd (@ +1)2(1+2ab — 3a2)
(intuitively, higher OIA reduces the optimal premium), and increasing in ® (intuitively, greater
skill differences increase the optimal premium).

The above expression for the optimal equity premium remains valid as along as o >

0 a< 3 = «;. For a > a; the optimal split is simply o = 0. We note that % =
2

FCESIE > 0 (intuitively, greater skill differences increase the range where unequal splitting
remains optimal).

For the remainder of the proof it is also useful to collect expressions for the optimized
utilities. For o < «, the optimized utility is given by vff = Ot [§ 1 (63 ]
| =T YOy = Ty T AT 200 - 322

30y + P,

For o > «y, the optimized utility is given by vfT = 13 (which is constant in «).

< 0 and

> > 0. This says that the optimal premium is decreasing in «
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For the case of discovery with symmetric skills we use v{ = q)L[Z —3ao — (1 — 3a?)0?]

dvF . . -
and note that % = ®;[-3a — 2(1 — 3a?)o] < 0 so that the optimal split always satisfies
o

- e 3
ol = 0. The optimized utility is given by v} = Zlq)L'

2.3 Optimal contracts without discovery

Consider next the case of no discovery. The optimal contract maximizes uo = qv’ + qu.

Oy + P, X = 3PL, X = X _ 4

2 Ak b Xg ql+9®
dry 1 2 . 3 3
W Fiie < 0. We rewrite ug = XH[ZL + 0o — 3ac — (1 + 2a8 — 3a?)0?] +XL[4_1 -
0 — 3ay

i . - . 1 .
3ao — (1 — 3a?)a?]. Solving the first-order condition we obtain o = 57 302 £ 908" It is
Y oany o

We define x; = ¢ and v = 1 + x. Note that

. do do;
easy to verify that —-0 < 0 and ~°
do dq

and increasing in ¢. The condition o, > 0 is now satisfied for o < 3 = ap. Since v > 1 we
Y

< 0 so that the optimal premium is again decreasing in «

dOéo
S > 0.

The optimized utility for o < oy is given by vy = XH[ZV
Cxu (0= 3a7) (3% + 6%)

2 (y—3a?y +2ab)?

have ai; > ap > 0. Again we find that
1 [0 —3ay)?

i dUO
4~ — 3oy 4 2a0

},Wlth % -

. 3
< 0. For a > ag we simply have o = 0 so that ug = Z(XH +X1)-

2.4 Renegotiation

We briefly show why renegotiation never occurs in this model. With discovery there is no point
in time where additional information emerges, so renegotiation is irrelevant. Without discovery,
however, we may ask if the founders want to renegotiate at the point where they discover their
actual skills. Consider first the case where the founders discover that j = L. The founders
originally agreed to o, but ex-post an equal split would have been more efficient. However,
since there is no transferable utility in this model, renegotiation can only occur if A is willing
to voluntarily give up some equity. We can find the highest level of equity that A wants to

oL 1 1 1 1 .
have by maximizing v4 = §<I>A(§ +0—ac)? + <I>L(§ +0— aa)(§ — o — awo) With respect
. . 1-3
to 0. Standard calculations show that this occurs at o/ = a . We note that
2(1 + 2 — 3a2)
1 —-3a 1 0 — 3oy

> — which yields after transformations
2(1 4 2a — 3a2) 2y — 3a%y + 206
~ > 6. Thus for j = L, A never wants to renegotiate the original equity split. Next we consider

Mazx *
oy, > 0y =




the case of j = H. Here the question is whether B wants to give up any equity to make A
. .. 1 1
more productive. Maximizing vp = §<I>L(§ —0—ao)®+ <I>H(§ +o0— ao)(§ — 0 — ao)
. . . 1 1+ a+20a ,
with respect to o we find a.t. o™» = —= . We note that ™™ < 0 as
pecttoa g 220 1 2a—a’—20a? s
long as 2® — 1 — 2a — a® — 2Pa? > 0. It is easy to verify that this is true for all a € [0, a].

Thus, even if A has high skills, B never voluntary gives A a positive share premium. Thus no
renegotiation ever occurs in the model.

3 Results about optimal contracts

3.1 Proposition 1

We are now in a position to examine our main Propositions. We first formally restate all Propo-
sitions and then provide their proof.

Founders incur discovery costs whenever k < u;(a) — ug(a) = ugo(cr). We define p(a) =
1 — K(ujp(c)).

Proposition 1: The probability of no discovery u.(«) is weakly increasing in «. It is strictly
increasing for a < «; and constant for a > a;.

Proof: We note that yi(oc) = Problk > uyo(a)] = 1 — K(uo(c)). For the case of o >

aq, we find that ui0(a) = 0 so that u(«) = 1 — K(0) which does not depend on a. For

30 P 3 3 d

a € (ao, 1) we have up = QZ% + @Z@L and u; = quy’ + @ZCI)L so that —UZZO((X) =
Qv

¢—— < 0. Thus pa) -K' t10(2) > 0. For o < ay We note that since —L — 0

we have dus qdv1 so that duo = dug _ duo which after transformation yields dug =
da da ) da da da ) da

o, +<I>H[(9 —3a7)(3y* +60°) (0 —3a)(3+0 )] We claim that duyg
4 (7 — 3a?y + 2a0)? (14 200 — 3a?)? da

d (0 — 3a7)(37% + 6?)
dy (v —3a2y + 2a0)?
(20% — 6007)(6ay + 3020 — 0) — (9ay? + 9a0?) (v — 3oy + 2a)

(v — 3a2y + 2a0)]3
0&& = 90@3—27@373+54&2072+12042(93+2«93—9046’27—9a39275> 0. We note thatat o« = 0

< 0, which is

equivalent to claiming that ¢, = < 0 for all ~. After transformation

we get £, =

so that &; <

7
we have &, = 20° > 0 and at o = ay We have &, = 302 + 460° + — > 0. Toshow that §, > 0
g

L d
for all interior o € (0, ag) We use % = 993 — 81a%9® 4 108082 + 24a6” — 96y — 27020y
(0]
d2
and d—% = —162a7° + 1086~ + 240° — 5406*y. We note that at & = 0 we have 52 =
(0} (e}
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993 — 90%y = 9y(r? _02)>Oandd€

d 04 2
ds =973+ 180%y+5— > 0and —2 ¢
da v da?

convex over the entire range « € [0, ap], which implies &, > 0 for all interior a € (0, p).0]

2 — 1086~% + 246* > 0. Moreover, at o = a, We have

2 — 540~>480* > 0. This says that &, is increasing and

3.2 Proposition 2

Next we denote the probability of equal splitting by A(«). As a building block we note that
conditional on d = {0, 1}, the probability of equal splitting is given by A\o(a) = 0 if o <
and A\o(a) = 1 if a > ap, and similarly \;(a) = 0ifa < ag and M (o) = 1ifa > ay.

Proposition 2: A(«) is decreasing for «v < «y, has a positive discontinuity at «, is increas-
ing in o for a € [ay, ], and has another positive discontinuity at o = «.

Proof: For « < ag we have A(a) = 7i(a)g (note that throughout the appendix a bar over
a variable denotes one minus that variable, i.e., 7z(«) denotes 1 — u(«)). This is decreasing in
« since we know from Proposition 1 that ;i («) is increasing in «.. For a € [ag, a1] we have
Ma) = p(a) + m(a)g which is increasing in a.. Finally for o > a4 we have A\(a) = 1. Itis
easy to see that A also increases discontinuously at o and a;. [

3.3 Proposition 3

The A(«) function is defined conditional on a given a. Now we define the unconditional
probability of equal splitting across the entire distribution of «, denoted by A and given by A =
o F(a)gdQ(a) + [ (a)gldQ(a) + [ d€x(a). We further decompose this into the

probability of equal splitting without and with discovery, given by Ay = fl %dﬂ(a) and

aQ

A=7 o 1“(a]3/[d§2( ) where M = fo a)dQ(a).
Proposition 3: The probability of equal splitting is higher with discovery (d = 0) than
without discovery (d = 0), provided that £2(«ay) is not too large.

Proof: We first define the probabilities of equal splitting using a normalized distribution

function for the cases d = {0, 1}. Specifically, we define wy(a) = % («) as the density,
and Qg (« fo wo(a)da as the cumulative distribution function under no discovery; similarly

for wl(a) = 1”_%34 (o) and Q4 (a) = 5" wi(e)da. By construction £4(0) = ©4(0) = 0 and
(1) = 24(1) = 1. From Proposmon 1 we know that («) is an increasing function of «, and
thus 7(«) is an increasing function of «.. Thus for any a € (0, 1) we must have Qy(a) < Q4 (),
which says that € is first-order stochastic dominant to £2,. We rewrite Ay = f;o dQ(a) and
Ay =G+ q [, d(a), and obtain at. Ag — A = [ (c) — Qo(n)] +q€u () — ().
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The first term in the brackets is always positive because €2 is first-order stochastic dominant
to ;. The second terms is also clearly positive, and the third term clearly negative. The
condition Ay — A; > 0 holds whenever , («) is not too large, which is equivalent to Q(«)
being not too large. It is easy to verify that at ¢ — 1 we have ag — «; so that Ay — A; =
Q1 (ap) — Qo)) > 0. This implies that for sufficiently large values of ¢ the condition that
Q(ap) not too large is always satisfied. For ¢ — 0 we have Aq — A; — 0. For sufficiently
small values of ¢ the condition that €2(«ay) is not too large is binding. To see this consider the
extreme case of 2(ag) = 1, i.e., when there are no medium or high OIA types. In this case we
getAg =0and A; =gsothat A¢ — A; = —¢ < 0.0

3.4 Proposition 4

In our model founders use joint efficiency bargaining, not Nash bargaining. Resources therefore
only matter when they affect the participation constraint. We now relax the assumption that
us > (0.5+r)Rand up > (0.5 — r)R. We ask what happens when a founder’s participation
constraint ("PC’ henceforth) becomes binding. This allows us to examine the role of resources
asymmetries, as captured by r.

Consider first the case with discovery and symmetric skills. Without binding PCs we know

. . . 3
that oF = 0 is optimal. To satisfy the PCs we need v/, = §<I>L > (054+r)Rer <7 =

3¢, 1 3 1 39, _ ,
L and vk = gcliL > 50.5 —rR&er > zflz 53R 1Forr > 7, A’s PC becomes
binding, so that v = §<I>L(§ +0—ao)? + (I>L(§ +o0— oza)(§ —o0—ao)=(0.54+71)R.

It is easy to see that this requires o* > 0. Similarly, for » < rL, B’s PC becomes binding, so

1 1 1 1 . .
that vty = 5<I>L(§ —0—ao)?+ <I>L(§ +o0— cw)(§ — o —ao) = (0.5 —r)R, which requires
ol < 0. We note that lower values of |r| are associated with o = 0, whereas higher values of
7| (i.e., sufficiently large positive or large negative values of r) with o # 0.

Consider next the model with discovery and asymmetric skills. In the high OIA region

. A . . o 29
where a > ay, the symmetric equilibrium o7 = 0 remains optimal as long as v = %
o 29 1 29 o

(05+rRer <7 = %—iandvgz % > (05—r)Rer>rl =

>
1 20 ) - . .. o
3 % For r > 71, A’s PC becomes binding again, requiring o7 > 0. Similarly, for

r < rf, B’s PC becomes binding, requiring o < 0. We note again that more extreme values
of r (i.e., higher values of |r|) are associated with o # 0.

For o < «q, the optimal premium without binding PCs is already positive. It is easy to see
that for sufficiently high values of r, A’s PC becomes binding, requiring the optimal premium
to increase further. For sufficiently low values of », B’s PC becomes binding, requiring lower

6



optimal premium. For a single parameter value (which we think of as a measure zero event)
we obtain ¢ = 0, but for all others we obtain ¢ # 0. Overall we note that binding PCs do not
change the basic result that o # 0 for a < «;.

The model without discovery is very similar to the model with asymmetric discovery. For
a > g the symmetric equilibrium oq = 0 remains optimal as long as v = abu +2q%; 1 370,

8
qPg + 2qPr + 3¢9 1 H 2q®g + qPr + 3qPL
— —and vy = 3

8R
>(05—r)R &r>r,= 5~ 29%Pm + q;; +39% o, > To, A’s PC becomes binding
again, requiring oo > 0. Similarly, for » < r,, B’s PC becomes binding, requiring oy < 0. We
note again that more extreme values of r (i.e., higher values of |r|) are associated with o # 0.
Finally, for a < «q the analysis is analogous to the analysis of & < «; in the model with
asymmetric discovery.

We have thus shown the following result:

Proposition 4: The probability of equal splitting . is independent of » as long as both PCs
are not binding. It is lower for sufficiently high values of » (where A’s PC becomes binding) or
for sufficiently low values of » (where B’s PC becomes binding).

It is worth briefly commenting on the connection between Proposition 4 and our empirical
identification strategy. Proposition 4 says that equal splitting becomes less likely for more
extreme values of r, i.e., for more unequal founder resource commitments. This establishes the
rank condition for identification. It is easy to see that the exclusion restriction also holds in this
model. This is because the probability of success p is not directly a function of . It can only be
affected by r indirectly through the endogenous efforts e; which are a function of the optimal
premium o.

For simplicity our theory holds R constant, but one can also think of a model extension
where R is related to performance. While we might expect total resources R to matter for
performance, this is not true for r, which only concerns asymmetries about which founders
contributed the resources R. In the empirical analysis we control for total resources (related
to R) through our average founder variables (such as AVG IDEAS and AVG CAPITAL). The
heterogeneity measures (COV IDEAS and COV CAPITAL) then capture the asymmetries in
founder contributions (related to r).

> (05+T)R<:>T < 7y

|




4 Results about performance

4.1 Proposition 5

We now turn to the performance analysis. For this we first derive explicit analytical functions
for the value of p at the optimal contract. Consider the case with discovery first. Using the

. . . . 1
optimal effort choices in p = ¢ e4 + Ppgep yields p = <I>A(§ +o0—ao)+ <I>L(§ — 0 —ao).
For j = L equal splitting is optimal so that performance is given by pf = ®L. For j = H

e . O+
and o > «; equal spitting is also optimal, so that pf = %. Forj = Hand o < oy
0—3 _ Oy + O 1— 200 + 62
we use o = = a and obtain a.t. pf = oL vt . We note that
o 21— 302+ 2af 2 1—3a2+ 2ab
dpy Py + Qg 3 2 dp1
—_— = - where &5, = 20 + 6° — 3a — 3a0” + 3a%0. We note that ———
dov [1—3a2+ 2ab ]253 3 * @ sar e da
. . d
0 & > 0. Weuse =2 53 = —3— 36+ 606, which at o = 0 satisfies % =-3-30><0and
(6]
at o = «; satisfies d§3 = —3—6? < 0. This says that &, is decreasing in o over the entire range
0%

1
a € [0,a1]. Ata = 0we have ¢, = 20 +6° > 0,and at @ = o; we have at. &; = 9+§03 > 0.
Thus &, remains strictly positive over the entire range o € [0, a4].
Next we consider the optimal performance without discovery For a > «aq an equal split

is optimal, so from the above we know that p} = &% and p w. Consider thus
the case of @ < a where o} = 37 - 93;23172040' Suppose j = H, then we find a.t.
that » _ Oy + Py + 07 +ad(l - 3y) We obtain @76 dpy Py + P £,

2 (1 —3a?)y+2ab do 2 [7 — 3a%y + 2a0)?
where £, = 203 +07+30~%—600%y—6a7>+90207>—3a>0~. We note that déja <0&¢& >0
&, i1s a convex quadratic function of « with % = —60%y — 6% + 18afy* — 6afy and
dg

d—4:18972—69fy>0. At oo = 0 we have ¢, = 20° 4+ 0y + 3672 > 0 and at o = ; we have
(6]

3
at &, =0(3y2—~)+6° il = 6v(y —6%) > 0.

Thus &, is positive and increasing throughout the range a € [0,a;]. Inthe case of j = L

. We have — = — where
(1 —3a?)y +2ab do [y — 3a?y + 2049]255

&,

—1
> (0. Moreover, at o« = 0 we also have —== p
0%

we get at. pt = @

d L
&5 = 0y — 3020y — 6ay®. At a = 0 we have &5 = 0y so that % < Obutata = o
a
6 : L : .
we actually have ¢, = 3 0~ < 0. The sign of % changes from negative to positive
Y o



over the range, so that p{ is first decreasing and then increasing in «. It is easy to show that the

.. 1
minimum of p% occurs at a = —% + (%)2 + 3

Under no discovery the behavior of p{’ and pf is informative, but the most important is the
behavior of the expected performance, which we define as P, = gp{’ + gp{. Given the non-

monotonicity of p) we are particularly interested in how P, changes with «. After transfor-

-2 o P, —2
1 0= 206) i yields fo _ X086 \yhere
v — 3a?y + 2a0 do [v — 3a%y + 2a6]?

dP, . .
& = 207 + 6° + 3020y — 3ay® — 3ab?y. Thus d_o <0 & & > 0. & is a quadratic
v

and convex function of « with %
0%

d d
% = —3+? — 30*y < 0 and at o = «; we also have a.t. % = —20°x —3y2 —0*y < 0. It
(67 (07
follows that & is decreasing in o over « € [0, ay]. At a = 0 we have &, = 20~ + 6° > 0 and at
3

mations we obtain Py = xy

= 6afy — 37> — 30%y. Furthermore at o = 0 we have

0
a = ag we have at. £ = 0y + 3> 0. Thus & > 0 forall « € [0, aq].
Y

Finally we note that the expected performance under discovery is given by P, = gp¥ +gpt.
dP dpH : .
For v < o we have —- = q% < 0. We have thus proven the following Proposition.

0% Q
Proposition 5: Expected performance is a decreasing function of «, both with or without

discovery, i.e., dPI_W) <0and dPo_m) <0.
do do

4.2 Proposition 6

Next we consider the expected performance under equal (unequal) splitting for a given «, de-
noted by P7=° (P°7°). We also define §(a) = P7=°(a) — P77%(«) as the performance premium
to equal splitting, which could in principle be positive or negative. Note that in the main text
we sometimes find it easier to talk about the premium to unequal splitting, which is —¢.

Proposition 6, Part 1: For a given o < «4, equal splitting is associated with lower perfor-
mance, i.e., 6(a) < 0.

Proof: For o > o there is no unequal splitting, so that P7? is not defined, we can therefore
ignore this case. For a € [ag, 1] we get equal splitting under three scenarios: {d = 0,j =

L}, {d = 0,57 = H}and {d = 1,j = L}, so that the expected performance is given by
=0 1 H T q)L q)H + @L
P70 = —[nq — -
Mg +q 2 2

by — P e . .
e a L Unequal splitting is only associated with {d = 1,j = H} so that P770 =

Hq +q

+ 1ig® 1, + 1g® ] which can be rewritten as P70 =




g Cat®1-2040° L gt @ 1-2004+6° Byt ®

>
P1 2 1-302+2a0 2 1-3a%+2a0 2

0) ) g G-
7+ _ 4 _ A L _ po=0 we deduce that § < 0.
2 nq +q 2

For o < ayg, equal splitting can only come from {d = 1,5 = L} so that P7=° = &.
Unequal splitting can come from {d = 0,j = L}, {d = 0,5 = H}and {d = 1,j = H}.

) Oy + Pr 1 — 206 + 62
We obtain P7#0 = [Py + fig= 2L v

] where it is useful to rewrite

1+ g 2 1—3a2+ 2a0
by + P _ v+ 6% — 200 Oy + Oy,
P = (g——= (i) . Toshow that § < 0 we use —— > &, S0
0 = (¢ 5 +q L)7—3a27+20z9 2 L
v+ 6* — 2a6

that a sufficient condition is

> 16 & =0%+3a%y —4a0 > 0. Ata = 0 we

57 = 6ary — 46 so
do

v — 3a?y + 2a0
1

have ¢, = 6#* > 0 and at & = o we have ¢, = #*(1 — =) > 0. Moreover,
Y

that d—éoj = —4f0 ata = 0 and % = —20 < 0at a = «p. Thus &, is decreasing in « over the
range « € [0, «p) but remains positive throughout.[
For Part 2 we define again the expected performance allowing for self-selection across a.
We define
Jy* A()g®Lda) + f () By + ()7, Jd2Ae) + [, BT d0)
[ fi(a)gd +f"‘1 a)q +qldQ(a) + [, 1dQ(a)
Jo (@) Po + 7o )qpl] +f°”u Japy' d(a)

@Q

o () + 7(a )]dQ )+ [ fi(a)gdQ(a)

— (I)H+(I)L _ 0 (I)H+(I)L _ ’7+02—2046
where P77 = =2 " "L | 4&; and PV = (-2 "L 1 59 .
0 3 %L 0 (4 2 +a L)’y—3a2fy+2a9
Proposition 6, Part 2: Allowing for self-selection across «, equal splitting is associated

with lower performance, i.e., I17=0 < I1°79,
Proof: We note that I1°=" < P{"=”) < I1°#C since &, < P\"", pf/ > P\"= and p{"*"
> P70 O

[e=Y = and

HU;AO

4.3 Proposition 7

To examine the causal effect of equal splitting on performance, we consider random variation
in two variables, » and k. Proposition 4 shows that sufficiently high or low values of r lead to
unequal splitting. Proposition 3 implies that higher realizations of discovery costs % lead to a
higher probability of equal splitting.

Proposition 7: Consider a given « and a given realization of skills j = {H, L}.

Part 1: There are two cases where the realization of founder resource asymmetries » induces
teams to switch between equal and unequal splitting. For symmetrically skilled teams (j = L),
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an equal split leads to higher performance. For asymmetrically skilled teams (j = H), with
sufficiently high values of o, an equal split can lead to higher or lower performance.

Part 2: There are two cases where the realization of discovery costs & induces teams to
switch between equal and unequal splitting. The first case is for a < ag and j = L, in which
case performance is higher under equal splitting (with discovery) than under unequal splitting
(without discovery). The second case is for o € («, 1) and j = H, in which case performance
is higher under unequal splitting (with discovery) than under equal splitting (without discovery).

Proof:

Proof of part 1: We know from the proof of Proposition 4 that variation in r causes changes
from ¢ = 0 to o # 0 under two types of circumstances. First, for symmetric teams (j = L)
with discovery (d = 1), we get o # 0 for either r > 7L or r < rk. Yet for symmetric skills, p
achieves its global maximum at ¢ = 0. Thus a random allocation to unequal splitting reduces p.
Second, for asymmetric teams (j = H) with sufficiently high values of « (i.e., a > «a without
discovery, a > «;with discovery), » > 74 generates ¢ > 0, r € (rff,7I) generates o = 0,
and r < ri generates o < 0. Relative to the base case of o = 0, sufficiently large values of
r improve performance, whereas sufficiently negative values of » lower performance. This is
because for j = H, p is increasing in ¢ in a range around o = 0.

Proof of part 2: Consider now cases where discovery costs randomly allocate teams into
equal versus unequal splitting. From Figure 1 in the main text we immediately note that this
can never happen in the high OIA region, nor can it happen in the medium OIA region with
symmetric teams, or the low OIA region with asymmetric teams. We are thus left to examine
the effects in the medium OIA region with asymmetric teams, and the low OIA region with

symmetric teams. For a < «ag and j = L, sufficiently low k leads to discovery, ¢ = 0
v+ ab
(1 —3a2)y+2ab
Performance under equal splitting is higher, because p* > pf. For a € (ap, ;) and j = H,
(PH—F(I)L 1—20&94‘62

and pl = ®L whereas high & leads to no discovery, o > 0 and p} = &,

sufficiently glow % leads to discovery, o > 0 and p!’ = whereas high
ye y”q) @pl 5 1-3a2+ 200 J
k leads to no discovery, o = 0 and p{’ = %. Performance under equal splitting is lower,

because pi’ < pi.0J
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5 Model Extensions

5.1 Two-sided skill uncertainty

Consider a model with two-sided skill uncertainty. Each founder has a distinct probability of
success, given by ¢4 and ¢g. W.l.o.g. we assume 1 > g4 > gg > 0. Using obvious notation we
have four skill states, denoted by j = HH, HL, LH, LL, and their associated state probability
by ¢’. At the private effort stage we have v/ = p/w; —c; Where p/ = ¢/,e4 + ¢jep. At the initial
contracting stage we have u; = Z , qjvjf — dk /2. Using the standard first order conditions for

1 1
optimal efforts we obtain a.t. the following utilities: v## = <I>L(2<I>wi + §<I>w?9 + 2Pw wp),
1 1
q)L< waA—i- U)B (<I>—|—1)wAwB) (I)L( wA—l— (I)UJB (<I>+1)wAwB) and

2
= @L(lwA + %w% + 2w wp).
With discovery the two-sided model behaves just like the one-sided model, the only addition
being for j = L H, where we obtain the same results as for j = H L, except that the roles of A
and B are switched. Let us now derive the optimal contracts without discovery by maximizing

. 1
ug W.r.t. 0. At. we obtain ug = @1 (w4 Q1 +w%Qa+wawpQs) where Q = §(QA(I)+QB), Q2 =

1 i iti is gi d
5(ch1> +qa) and Q3 = (qa +qp)(® — 1) + 2. The first order condition for o is given by % =

d 2 d 2 d 1— — (1 —
Dy ( wAQ1+ wBQ2+ wAwBQg) = 0. A.t. we obtaino* = _1=0)@ = 1+ )@z = a0
do do do —A

where A = 2(1 — a)?Q; +2(1 + @)?Q2 —2(1 — a?)Q3 < 0. We find that o* = 0 at g =

@ =@ \hichat yields o = (94— g5)(® — 1)

Q1+ Q2+ Qs (ga+q5)(30 — 1) +4
of the difference in high skills probabilities (g4 — ¢g). In the symmetric case of ¢4 = ¢ we

find ap = 0.

This says that o is a function

5.2 Continuous skill distribution

Instead of assuming that there are only two states, consider a model extension with a continuum
of states. For tractability we revert back to one-sided uncertainty, and assume that upon dis-
covery A’s has skills 5 that are continuously distributed over the internal [¢;, ¢5]. Symmetry
of skills between A and B thus becomes a measure zero event. Our main question is whether
equal splitting still occurs when partners are always asymmetric.

Our focus here is to show that equal splitting is optimal for a non-degenerate range of pa-

~ : . . . 6 1
rameter values of ¢. To see this, consider again the critical value a; = - = O =L
3 36y + 0y

from the base model. For the continuous skills case, we define for each 5 a critical value
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041(5) = %g J_r zL, so that equal splitting is optimal whenever o > al@). We note that
a1(¢) = 0at ¢ :L¢L, and that v, (¢) is strictly increasing in ¢. Thus, for every o > 0, there
exists some ¢ > ¢; S0 that 041(5) = a. And forall ¢ < $we have Ozl(ng) < «. But this
is precisely the condition for equal splitting to be optimal. We have thus shown that for every
a > 0, there exists a lower parameter range 5 € [gbL@] for which equal splitting is optimal.
This helps to justify our simplifying symmetry assumption in the base model.

5.3 Utility inequality aversion

We briefly consider the model with utility inequality aversion (UIA). Without discovery we
assume that preferences are given by Uy = u — 8|lua —ug|and Ug = up — flus —up|, where
u 4 and u g are the same as before, except that we assume no OIA and set o = 0. With discovery
we assume that preferences are given by V7 = v/, — 8|v/, — v%| and V, = vl — v, — vl
j={H,L}.

A complete derivation of the model is beyond the scope of this paper, we only focus on
the question when equal splitting occurs. In the model with discovery it is easy to see that
equal splitting is optimal whenever the partners are symmetric, i.e., when j = L. However,
for the asymmetric case of j = H, we examine the maximization of V# = VI 4+ Vi =
(il + vH) — 28|vT — vE|. From the OIA model we know that with optimal efforts we get

1 .
vl = §<I>Hw?4 + ®rwaswp and vl = §‘I>Lw?3 + ®yw wg. For the UIA model we simply

1 1 . d d, 3
use o = 0, 50 that wy = - + 0 and wy = - — 0. We obtain at. vff + v = %[Z
P P 0
o0 — o*] and vl —vH = %[—Z + o + 30%0]. We note that near o = 0 we have
P P 0
O %[—Z] <0, s0 that [v¥ — v#| = — (vl — v). Thus, near o = 0 we have
Py + P, 3 Sy +P,. 0 avt Sy + P,

H _ = 2 2 _ 2 n — _

1% — [4—1—09 o’ + 5—2 [ 4+J+309]ad - 5 [4

. . . H P o .
20 + 23 + 6[06)]. Evaluating this at o = 0 yields v _ ot L[Q + 23] > 0. This says

that at the first order condition for o is never satisfied at o — 0. If follows that equal splitting is
never optimal when asymmetric types have been discovered. This results holds for all values of
by > ¢p

Next we consider the model without discovery, where we maximize U = U, + Ug. Using
Us = ug — Blua —ug| and Ugp = up — Blua — up| this means maximizing U = (ua +

. . - 1
up) — 2Blua — ugl|. Using the same reasoning as above we have v/, = §¢jwi + ®rwawp

, 1 . 1 1 . . ;
and v = §<I>Lw?9 + ¢ jwawp With wy = 3 + o0 and wg = 5o which yields vy =
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1 1 1 ; 1 1 1 .
§®j(1+a+02) +®L(Z —o?)and vy, = §®L<Z —o—+02)+<1>j(1 —0?). We obtaina.t. us =
1 1 P, 3 d, 1 1
L]?(I)[CI)<§+U+O'2)+(§ —20%)] WTL(Z +o—o0?)and ug ; q%[(l—l—aw—?)z@(é—za?)]
+67L(Z — o0 — 0?%). Thus we get at. uy + up = XH[Z + 00 — o] + XL(ZL — 0?) and

1 1
Ug—upg = XH(_19+0+30-20) +x0. Ato =0wehave uy —up = XH(—ZG) < 0, so that

3 3
near o = 0 we have |usy — ug| = —(ua — up) and thus U = XH[Z + 06 — 02 +XL(Z — o)+

d
2B(><H(—29+0+3029)+>@0)- Thus % —l0—20] 41 (~20) +28[(x s (14600) +x ).

Evaluating this at o = 0 we obtain % = xg0+2B8(xz+x;) > 0. This says that the first-order
condition for the optimal o is never satisfied at o = 0. It follows that equal splitting is never
optimal in the model without discovery.

Overall we notice that in our base model with only two skill levels ¢, € {¢;,¢5}, equal
splitting occurs with discovery and symmetric skills, but never with discovery and asymmetric
skills, nor without discovery. It follows that the UIA model predicts a positive relationship
between discovery and equal splitting. This stands in direct contrast to the OlA model, where
Proposition 3 predicts a negative relationship between discovery and equal splitting. In the
empirical analysis we find evidence for a negative relationship.

The prediction from the UIA model depends on the assumption that there is a positive prob-
ability that the two founders are perfectly symmetric with discovery. In the model extension
with a continuous skill distribution &3 € (¢, &y, we found in the OIA model that the predic-
tion of equal splits was robust to small asymmetries (as reflected in the range [¢,, gAb]). This is
not true in the UIA model. The proof above shows that even a small skill asymmetry immedi-
ately leads to unequal splits. It follows that equal splitting never occurs in the continuous skill
model (strictly speaking, it is a measure zero event). This prediction is clearly inconsistent with
the evidence.

Overall we note that the UIA and OIA models generate different predictions, and that the
UIA predictions are easily rejected by the data. From a theoretical perspective it is also worth
noting that all the differences between the UIA and OIA models are driven by founder asym-
metries. Much of the prior economic theory literature on fairness assumes ex-ante symmetry,
which means that it is not set up to uncover differences between UIA and OIA.

5.4 Asymmetric OIA preferences

The analysis so far assumes the each team has a single OIA parameter « (even though different
teams can have different values of «). In this section we show how to relax this assumption

14



by introducing two related extensions. First, the two founders may have different degrees of
OIA; using obvious notation, this means a4 # ag. Second, any individual founder may have
a different aversion to relative gains and losses. Using obvious notation, we assume that ;"
pertains to the aversion of getting more (think *guilt’) and «; pertains to the aversion of getting
less (think ’resentment’).

Let us focus on the choice between ¢ = 0 and o > 0, in which case the two parameters that

. 1 1
matter are oy and a, generating payoffs wy = (= + o) — afioc and wy = (= — o) — azo.

The model behaves the same with discovery and symmetric skills. For the case of discovery
with asymmetric skills we obtain the optimal choice of o from maximizing vy = v + vl =

1 1 . .. .
§<I>Hw§l + Prwwp + §¢>Lw?3 + ®wawg. From the first order condition we obtain a.t.

1 1 1 1

(@ + 1)[504; + 5ozjg] — 5cI>(1 —al)+ 5(1 + ag)
[P(1—af)?2+(1+ap)?—2(®+1)(1—a})(l+ap)

Is is useful to rewrite the coefficients as oy = « and a; = « + &, where e could be positive

. . . 0 1d+2 . e
or negative. Setting o = 0, we find a.t. a; = 373 i e. Again we note that equal splitting

is optimal whenever o > «a;. For ¢ = 0, «; reverts to the familiar formula. For ¢ > 0, B
has even stronger OIA than A. In this case «; decreases, so that the range of equal splitting
increases. The opposite applies to the case of ¢ < 0. The analysis without discovery follows a
very similar logic.

g =

5.5 Transaction costs

We briefly outline an alternative model with transaction costs of unequal splitting. We assume
that unequal splitting generates a transaction cost 7 > 0 that is jointly incurred by the founders.

Let us focus on the asymmetric case (; = H) with discovery. The joint utility is given by
3 . Oy +P,.3 1 (0-—3a)?
H = —(dy + &) for an equal split (o* = 0) and v, = ——[- + -
UO'—U 8( H+ .L) q p (U . ) 'UU#O 2 [4 41+2040—30é2]
for an unequal split (c* # 0) . In the transaction cost model the unequal split is chosen whenever

. . by + Oy, (9 — 3a)2
H H —
U0 > Uy—o + 7 Which yields a.t. 2(a) = 8 11200322

d 0 — 3a)? DR N
z @) < 0and z(a;) = 0. Thus there exists & < a4, so that for all & < & we

> 7. Itis easy to verify

that —
dal+2a0 — 3a2

have v,y > vl + 7, making o* > 0 optimal; and for all o > @ we have v}, < v/_, + 7,
making o* = 0 optimal. Thus there exists a parameter range « € [a, ;| where our base model
predicts unequal sharing, but the transaction cost model predicts equal sharing. Recall that the
optimal o* is decreasing in «, with 0*(a;) = 0, thus o(a) > 0. It follows that there exists
a range of equity premiums o € (0,0(@)) (we can think of these are "near-equal’ splits) that
occur in our base model, but that never occur in the model with transaction costs. Note also that
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this insight does not depend on the existence of OIA. We can set o« = 0, and use variation in ¢
to obtain the same results.

Finally, in the main text we mention that better teams self-select into unequal splitting. In
our base model we normalize returns to 1, standard calculations reveal that if returns are given
more generally by II, then the quadratic effort cost model generates utilities than are multiplied
by a factor = = II2. We can rewrite the condition for unequal splitting as va#o >mll +7&
vfﬂ > ol + % This suggests that transaction costs need to be evaluated relative to expected
returns of the venture. The threshold for incurring transactions costs of unequal splitting is
decreasing in m, so that better teams are more likely chose unequal splits.

6 Variable list

The table below explains the most important variables used in the analysis.
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Variable
i=ADB
q
¢j7j = {H, L}

Meaning
Founder A and B
Probability that A has high skills is ¢
A’s skills ¢, are high (j = H) or low (j = L)
Total founder resources
Parameter for asymmetry of founder resources
Discovery costs & with distribution K (k)
Discovery decision: d = 1 means discovery undertaken
A’s share premium
Private effort e; has costs c(e;) = 0.51¢?
Probability of success, given by p = ¢ e4 + dpep
Expected probability of success P; = qpf + gp¥
Outcome inequality aversion (OlA) parameter «, with distribution
Utility of 7 at outcome stage
Utility of ¢ after discovery of state j = {H, L}
Utility of ¢ before discovery
Without subscript 4, utilities denoted joint utilities

Transformed skill parameters

Useful transformations

Probability of no discovery
Probability of equal splitting, conditional on «
Probability of equal splitting (unconditional)
Performance premium of unequal splitting
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