Electronic Appendix to: “Is Diversity (Un)Biased? Project Selection
Decisions in Executive Committees”

Illustrative example of the pivotal contingency Consider a committee of three members that
decides based on a unanimous acceptance rule, e.g., a compound gets approved for funding during
the Phase IIb, only if all three members support it. Focal member 1 recommends approval only
if EUL(YES) > EU,(NO) where the expectation accounts for the possible recommendations of
the other two members, and the fact that the member 1’s payoff depends on these recommenda-
tions. With a slight abuse of notation, let Pr(asaz) denote the probability that members 2 and 3
recommend a, = {YES,NO} and a3 = {Y ES, NO}, respectively. Then, we can write member 1’s
expected utilities from voting YES and NO, respectively, as follows:
EU,(YES)=Pr(YES,YES)U,(YES|YES,YES)+ Pr(YES,NO)U,(YES|YES,NO) +
Pr(NO,YES)U,(YES|NO,YES)+ Pr(NO,NO)U,(YES|NO,NO)
and
EU,(NO)=Pr(YES,YES)U,(NO|YES,YES)+ Pr(YES,NO)U,(NO|YES,NO) +
Pr(NO,YES)U;(NO|NO,YES)+ Pr(NO,NO)U;(NO|NO,NO,).

However, since unanimous acceptance is required for the project to be approved,
U,(YES|YES,NO) = U,(YES|NO,YES) = U,(YES|NO,NO) = U,(NO|YES,YES) =
U (NO|YES,NO) = U, (NO|NO,NO) =0, as in all of the above contingencies the project is
rejected irrespective of the focal member’s decision. In short, the condition EU, (Y ES) > EU;(NO)
is equivalent to Uy (YES|YES,YES) > U,(NO|YES,YES) which represents the pivotal contin-
gency: the other two members express support for the project. Proposition 1 below shows more
formally how a utility maximization strategy results in the pivotal contingency.

Proof of Proposition 1. The proof follows the same logic as in Lemmas 1 and 2 in Gerardi

(2000). Similarly, we focus on symmetric Bayesian Nash equilibria in which players do not use
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weakly dominated strategies. Let WU(z,w) be the probability that exactly z members (out of the
remaining N — 1) recommend approval when the state is w € {G, B}. Then, the expected utility of

member i, if she recommends approval is:

EU;(a; =Y ES) =Pr( G|S V —c—t;)+Pr(B|s;) U(z,B)(—c—t;),

z=r—1

||| MZ

as the project gets approved when more than r — 1 peer members have supported it, while if she

recommends rejection is:

EU;(a;=NO)=Pr(G|s;) 2 V(z,G)(V —c—t;)+Pr(Bls;) 2 U(z,B)(—c—t;),

as the project gets approved when more than r peer members have supported it.
Member ¢ recommends approval, i.e., a; =Y ES, if and only if :
EU;(a; =Y ES) > EU;(a; = NO), or equivalently,
Pr(G|s;)¥(r—1,G)(V —c—t;) +Pr(B|s;)¥(r — 1, B)(—c—t;) > 0, or equivalently,

Pr(Gls;)¥(r—1,G)
ti < Pr(G\si)\p(rq,G)JrPr(B\si)\p(rq,B)V

t; < Pr(G|s;, piv)V —c

— ¢, or equivalently,

where Pr(G|s;,piv) denotes the posterior belief about the project being good (w = G) of a
member that receives a signal s; and conditions on the event of being pivotal (r — 1 members
recommend approval). Therefore, an expected utility maximization strategy is equivalent to a
member accounting for the pivotal contingency. Also note that, given that we are looking at
equilibria in which players do not use weakly dominated strategies (i.e., before observing her signal
or her type a member has a positive probability to approve or reject the project), the probability
that a member’s vote is pivotal is strictly positive. Moreover, the posterior belief of member ¢ upon

receiving signal s; can be written as:

Pr(s;|G) Pr(piv|G) Pr(G)

PHGlo0 1) = By [ Pr(piv]G) Pr(G) + Pr(siB) Pr(piv] B) Pr(B)

which satisfies 0 < Pr(G|s;,piv) < 1, given that Pr(piv|G) > 0 and Pr(piv|B) > 0. Thus, there

exist threshold values t, and ¢, such that a member recommends approval when the opportunity cost
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she assigns to the project, t;, is below the cutoff determined by the posterior values for a good and
bad signal, respectively, that it, t; <t, =Pr(G|s; = g,piv)V — c and t; <t, = Pr(G|s; = b, piv)V —c.
Proof of Corollary 1. In Proposition 1 we showed that a symmetric Bayesian Nash equilibrium
is completely characterized by the pair (t,,t,) which denote the cutoff thresholds associated with
a good and a bad signal, respectively. We can now formally derive those thresholds by solving the

following equations: Pr(G|s; = g, piv)V —c=t, and Pr(G|s; =b,piv)V —c=t,, or equivalently,

ty= 1 ~—TV —cand t, = L ~TV —c.
14 0=m (0-a) (yp(A=vp) ) 2 1403-m ¢ (yp(-vp)) 2
™ q ve(1-7q) T (-9 \1¢(I-1g)

(1=q)%(c+tg)V

From the last two equations, we get t, = k(t,) T et (Vi

Moreover, under strategic voting, the posterior belief of member ¢ upon receiving a good signal

is:

1

Pr(G|s;, = g,piv) = T

14 0=m 00 (w(l—m)) T

q va(1=-7a)

while under non-strategic voting, the corresponding belief is:

1

Pr(Glsz-zg):W'

q

It is straightforward to show (by substitution) that for neutral projects (u; = 7V — ¢), the

threshold values are t, = ¢V —c and t, = (1 — q)V — ¢, in which case, again by simple substitution,

yB(1=vB)

—BL =1 and both strategic and non-strategic voting lead to the
v6(1=7¢)

we get vg +v5 = 1. As such,

same posterior belief. We now show that (%)(tzg) decreases in ;. First note that,
4G __ 4ty + )V = t, — ) (1= 29)(t, +¢) + ¢*V)(q — 0.5)?
dpu [(—2q2+q)(ty + )2+ (3¢2V + (=3V — 2e, + 2u,)q + V + &, — i) (ty +¢) + Vg2 (e, — py)]?

which is negative, because V —t, — ¢ >0 and ¢* > 2¢ — 1. Thus % decreases in p,. Similarly,

d(i=22) Aty +e)(V —t, — ) (1 —2q)(t, +¢) + ¢2V) (g — 0.5)?

dyy (22 = q)(tg +¢)* + (=3¢*V + BV = 260 = 2 )q = V + &0 + ) (tg + ) + V@ (1 + ) ]?

. . 1— . 1— .
is negative, and therefore, =2 also decreases in y,;. Thus, (12)(:=2£) decreases in ;.
’ ? 1-vg ¢ P Mg/ M =va ¢

Lastly, recall that for an unattractive project, u; > 7V — ¢, therefore, (%)(%) <1, and as

such, the posterior belief is higher than the case of non-strategic voting where (%)(tzg )=1.
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Similarly, for an attractive project, u; < wV — ¢, therefore, ( %)(%E) > 1, and the posterior belief

is lower than the case of non-strategic voting.

_ (1—9)%(c+tg)V.
= 0=)%(cttg)+(V—(cttg))a?"

Proof of Proposition 2. From Corollary 1 we know that ¢, = k(¢,)

Since ¢, monotonically increases in t,, it is sufficient to focus only on ¢,. Let the function V(t) =

g1

Pr(G|s; = g,piv)V — ¢ —t denote the total value that a member with threshold ¢ anticipates from

AV (tg)
the project. Applying the Implicit Function Theorem (IFT) at ¢,, we get %t =— agffg) .
Vitg)
We begin by showing that ava(:g) < 0. To show the latter, it is sufficient to show that
Pr(G|s; = g,piv) decreases in t. Note that, Pr(G|s;, = g,piv) = L ~—. Thus,
14 0=m) (1—q) (vBuws))T
™ q yg(1-7g)
it it is sufficient to show that (%)(i%g) increases in t. To show the latter, we start by show-

(1—q)F(t)+qF (k(t)) ) =

. vg . . N BV _
ing that ~o increases in . Taking the derivative w.r.t. t we have (2£) = (qF(t)+(1—q)F(k(t))

G

(1=2)[F' (1) F (k(t)) —F (t) F' (k(t
[aF (£)+(1—q) F (k(1))]?

ing and some algebraic manipulation: F'(t)F(k(t)) — F(t)F'(k(t)) = (1 — 2¢)®(t) where ®(t) =

Dl We only need to examine the sign of the numerator. After substitut-

(V@ +(V+e — ) (1—2q)(c+ )2+ 2V (s, — ) (c+1) — V2¢*(e, — ). But, @ (t) = (V@ + (V +

V2q2(1—q)% (ue—ee) (V—peter) >
(1—q)2V+(29—1)(nt—<t)

0, and thus, ®(¢) > 0 for every t. Therefore, F'(t)F(t,(t)) — F(t)F'(ty(t)) < 0, and (YY—E)’, so 1B

ale

gy — ) (1 —2q) >0, so ®(t) is convex in ¢ with minimum value ® min =

_ —7p(-ve)+(-vp)vg
(1-7g)?

!
. . 1— . . 1—
increases in t. We now show that ﬁ also increases in t. Note that (1_12)

! + ! + ! _ 2
ranptapician U2nit) where @4(t) = (¢V + (e + 20— V)(2g = 1)(c+1)? = 2¢*V (e + &) (c +

t) + V(s + €¢) and Dy(t) = q(1 — 2q)(c +t) + (3¢*V + (2us + 26 — 3V)q — (s +&4))(c+ 1) —

V@ (s +€¢). By differentiating twice it is easy to show that ®,(t) is convex in ¢ with minimum

i V2P (=) 2 (e ter) (V—pr—er) 1-v5\’ ; B 1-vB ; ;
value ®; min = Ve Dy~ > 0, so e ) > 0. Since both e and ¢ increase in t,

OV ()

0 <.

(1—2)(1:—12) also increases in t. Thus,

We now examine the sign of g—;. Let to =7V — c. Note that when u; =ty, we can derive a closed
form solution for the system defined by the equations Pr(G|s; = ¢,piv)V —c=t, and Pr(G|s; =
b, piv)V — ¢ =t,. In particular, the only feasible solution is t;, =¢V —c. Let A= (%)(ﬂ) After

1—vg

_1y2r0q 2Y12(V —e— "
some algebraic manipulation, we get g—s’\t = 18—zl 2q)(c4[r;14gzt)\]/2] (V—e—t)est®s(ue)

where ®3(u;) =

2>V + 2V (c+t)[qg(1 — q) =V — dpq + 2q(c + t) + 2u; — (¢ + t)] and ®4(ps) = [(¢(2g — 1)(c +
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)2+ (=3¢2V + (=2u; +3V = 2¢,)q+ e — V + &) (c+t) + V@ (e +e0)][(q(1 — 2q) (c+t)* + (3¢*V +
(2uy — 3V —2e)g— e+ V +e4)(c+t) + Vg*(er — )] Note that g%f =2¢*V —2(c+1t)(2¢—1)>0
because V > c+t and ¢*> > 2q — 1. So, ®3(y,) increases in p,. Also note, that ®5(u; =ty) =0, so
D3(p,) <0, for py < to, and P3(p,) >0 for p; > to. Thus, for p, < to, é% <0, and (% > 0. Similarly,
for p; > to, % < 0. To conclude, by applying the IFT, % >0 for pu; <tg=nV —c¢, and % <0
when p; > to =nV —c. Thus, t, (and t,) increase in ; when pu, >ty =7V — ¢, and decrease in ¢,

when pu, <to =7V —c.

Proof of Proposition 3. We are interested in the sign of C?Tf =22 4 (1 — q)% where

Oet €t
% =—(t,— Ht)ﬁ and % =—(tp— ut)%. Also, for iy = mV — ¢, the threshold values are t, =
2
qV —cand t, = (1—q)V —c. After substitution and some algebraic manipulation: 8677? = —% <
t

0 which implies that membes who receive good signals become less likely to approve a good project.

ovp _ (2¢-1)2V

Similarly, we derive T 1

> (0 which implies that members who receive a bad signal

become more likely to approve a bad project. The error probabilities are given by: Pr(NO|G) =

N N ) , N N , .
> (1 =76)7e"~7 and Pr(YES|B) = 3 787 (1 —vp)"~7 and because v¢ > 3
Jj=r*N . j=r*N .
J J

and vp < % they both increase in ¢;.
Proof of Proposition 4. Similarly to the case of preference diversity, which was discussed
in Proposition 1, we focus our attention on symmetric Bayesian Nash equilibria in which play-
ers do not use weakly dominated strategies. Again, a member votes in favor of the project if
Pr(G|s;,qi, piv)V — c>t, but in this case the type of a member determines the value ¢; that he
assigns to the signal s;. If s; = g, Pr(G|s; = ¢,q;, piv) increases in ¢;, and thus, there is a unique
threshold g, such that Pr(G|s; = g,q,,piv)V —c=t. If s; =b, Pr(G|s; = b, ¢;, piv) decreases in g;,
and thus, there is a unique threshold g, such that Pr(G|s; = b, g, piv)V —c=t.

To determine the above thresholds g, and ¢, we need to solve the following system: Pr(G|s; =
9,4qy,piv)V —c=t and Pr(G|s; =b, g, piv)V — c =t Note, however, that for a given ¢ and a distri-
bution ¢; ~ U(u, — €y, fig + €4), Pr(G|s; = g, q:,piv) > Pr(G|s; = b, q;,piv), and hence, at most one

of the above equations can be satisfied.
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In particular, a member that receives a good signal has a minimum ex-post valuation of V', and
therefore when the threshold ¢ falls into Region I, he always approves the project. The decision of
a member that receives a bad signal, however, depends on his interpretive type as in that range
members with relative high ¢; will reject the project (Pr(G|s; =b,qu,piv)V —c < t), but members
with relatively low ¢; will approve the project (Pr(G|s; = b,qr,piv)V — ¢ >t) as they still see
sufficient value in it. From the last two inequalities, and given that the ex-post project valuation
is continuous in ¢;, there exists ¢, in Region I, such that Pr(G|s; = g,q, piv)V — c=1t. When ¢
falls into Region 11, however, Pr(G|s; = g,q;,piv)V — ¢ >t and Pr(G|s; = b,q;,piv)V —c <t for
every ¢;, so members decide based on their signals alone, regardless of their interpretive type.
Lastly, when the threshold ¢ falls into Region I1I, a member that receives a bad signal has a
maximum ex-post valuation of V,, and therefore always rejects the project. On the other hand,
the decision of a member who receives a good signal depends on his interpretive type: for relatively
high ¢; he approves the project (i.e., Pr(G|s; = g,qm,piv)V — ¢ > t), while for relatively low g;
he recommends rejection (i.e., Pr(G|s; = ¢,qr,piv)V — ¢ < t). From the last two inequalities, and
the continuity of the ex-post project valuation in g¢;, there exists g, in Region I1I, such that
Pr(Gls;i=g,qq,piv)V —c=t.

Proof of Corollary 2.

In region I, under strategic voting, the belief of member ¢ upon receiving a bad signal is:

1
Pr(G|Si = b,piv) = N_1

(A-m) ¢ vg(l-vg)\ %
I+ (m(km))

while under non-strategic voting, the corresponding belief is:

1
Pr(Gls,=9) = —F———F—
‘ (A-m) ¢
I+ =05
Thus, all we need to show is that % > 1. Note that in region I a member that receives

a good signal always accepts a project, while a member i that receives a bad signal approves

the project if ¢; < ¢, Thus, 76 =g + (1 — )F(g) and 7z = (1 — q) + aF(g). So, 2212 =
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ala+(1-a)F(a) _ _a*+(1—a)aF(ap)
(1-q)(1—q+aF(ap) (1—9)%4+(1—q)qF(qp)

> 1 because ¢ > 1 — q. The proof for region I11 follows exactly
the same steps.

Proof of Proposition 5. Recall that ¢, denotes the threshold value for which

Pr(G|s; = b, q,, piv)V —c=t, that is, 1 ~v— = 5. The proof follows steps with
14 0=m <~/B(1773> =
T (I=-gp) \ va0-7c)
that of proposition 2: we first define the appropriate function, and then apply the implicit function

theorem at ¢ = ¢;,. Let G(q) = L = — 5. We first show that %—G < 0, and then
1403=m) ¢ <"/B(1_'YB)>T !
T (-9 \ra¢(-15)
we derive the sign of S—G. To show that 2¢ <0, it is sufficient to show that § = 221=28) increases
eq dq ve(1=va)

9 @ 2(eq—pg) V)P +(p2—e2—3eq+2uq) > +(e2—p2)a+eq (ng—eq)

— T (G BT ————r p— so we need to show that

in ¢q. But g—g =
D5(q) = q* + (2(5g — pg) — 1)@ + (M§ - 53 — 3eq + 24g)q; + (53 - Mi)q + &4(pq — &4) <0. First note
that, ‘2% =2q(1—q)(q— pg) +e4. If ¢ > p, then clearly g% > 0. If ¢ < p1y, then since ¢ > p,— &,

or equivalently ¢, > —(¢ — py) >0 and 1> 2¢(1 — ¢) > 0, by multiplying the last two inequalities,

OPs
g

we get €, > —2q(1 —q)(q — py), or equivalently, 2¢(1 —¢q)(q — pq) + €4 > 0. Thus, > 0 for every

q. Also, for py =1, ®5(q) = ¢* + (26, = 3)¢° + (3 — €2 —3e,)¢° + (€2 — 1)q +g4(1 — &,). It is trivial to
show that the latter function decreases in ¢,, and is negative at €, =0 for every ¢ € ( %, 1). Thus,

®5(¢) <0, §2 >0, and 5 <0.

As Dbefore it is easier to examine the sign of 2% =

oG
L Oeq

We now study the sign o ooy
29(1—29) (1g—1q)
[(1-q)(a(eq—pq)+eq—a2+4)]?’

so the sign of 8% is determined by the sign of 1, — . Define V, such that
when t = YA/b, then ¢, = p,. Intuitively, for that specific value of the opportunity cost, a member
who observes a bad signal is equally likely to accept or reject the project. We are interested in
cases, where members who receive a bad signal are more likely to recommend rejection rather than
approval, such that ¢ > ‘7}, Thus, for ¢ > ‘717, g > @b, and therefore 8% > 0. Given that % <0,
from the IFT, g, decreases in ¢,. The proof for g, follows identical steps as Regions I and III are
symmetrical.

Extensions: Model Formulations

Preference Diversity

Hierarchy: Recall that the posterior probability of member i is:
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Pr(s;, piv|G) Pr(G)
Pr(s;,piv|G) Pr(G) + Pr(s;, piv| B) Pr(B)’

Pr(G|s;, piv) =

Therefore, in a hierarchy, the posterior beliefs of member i upon receiving a good and a bad signal

are respectively:

NV

Pr(G|8i = g7p“)) = i— i—
o T e S G ) T e

. (1—g)verd-6"
Pr(Gls; = b, piv) = T T
(L—aeré-ve +avs78-5s

where for i =1 the expressions simplifies to Pr(G|s; = ¢g) = ¢ and Pr(G|s; =b) =1—q.
Polyarchy
In a polyarchy, the posterior beliefs of member i =2, ..., N upon receiving a good and bad signal

are respectively:

H(Glss = 0. piv) — g1 —78)(1=8)--(1 =75 ") |

PriCls=0.pi) = 3225 ) + (- 0 = vh) (=75 =75
and

Pr(G|s; = b, piv) = (1-9)(1 =151 =2)--(1-75")

=)= A =2)-(1=75 ") +a(L )1 =75)..(A=75 ")
Interpretive diversity Note that the formulas for the posterior belief of member i, with i =
1,..., N remain the same as in the case of preference diversity. The only difference with the analysis
of the previous subsection, is that now the decision of each member ¢ is determined by how her type
q; compares to her thresholds q; and ¢j. These thresholds are determined by solving recursively
the system of equations V Pr(G|s; = g,q),piv) —c=t and V Pr(G|s; = b, q;, piv) — c =t for every
i=1,2,...N. Once the thresholds q_f] and g} are derived, the probabilities of member i recommending
approval for a good and a bad project are respectively, v = (1 — F(q,) + (1 — @) F(g;) and v =
(1-¢q)(1 = F(t)) + qF(q;) where g is the actual probability of member 4 receiving the correct
signal. Note that unlike the committee case where only one threshold existed at a time, in this
case it is possible for both thresholds to exist. Finally, the error probabilities for the hierarchy and

polyarchy are calculated using the same formulas as in the case of preference diversity.



