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1 Proofs

Proof of Proposition 1

I prove the result in a sequence of lemmas.
Let off = (p, Fy, F1) denote a symmetric equilibrium mixed strategy and 7((z,u),c) a

supplier’s expected payoff of offering (z,u) when the opponent chooses the mixed strategy o.

Lemma 1. Suppose that the urgency frame is fized at u € {0,1}. Then, in symmetric equilibrium
tasks are chosen probabilistically according to an atomless and strictly increasing cdf.

Proof. Suppose that the urgency frame is fixed. When this is the case, the resulting game has
the structure of an all-pay auction. Hence, it does not have pure-strategy equilibria. Denote by
F,(z) the symmetric equilibrium mixed strategy.

Suppose, by contradiction, that a task y is assigned probability o(y) > 0. Then, by offering
y, each supplier makes @ + Probly > x] — ¢(y) — d(u) payoff. Assume that a supplier deviates
to action y + ¢, for some € > 0. The deviant supplier makes o(y) + Probly > x] —c(y+¢€) — d(u).
For a sufficiently small €, the deviation is profitable. Hence, F,(z) is atomless.

Next, suppose that there exists an interval [z,Z] over which F,(z) is flat, with z < Z.
Observe that each supplier’s payoff is F,(z) — c¢(z) — d(u) and F,(z) — ¢(T) — d(u) at z and 7,
respectively. Observe that, since ¢(+) is strictly increasing, the latter is strictly greater than the
former. However, this contradicts the assumption that both tasks are part of the support of
the mixed-strategy equilibrium. Hence, Fy,(x) is strictly increasing. O

Lemma 2. Suppose that the urgency frame is fized at w. Then, suppliers make —d(u) payoff in
equilibrium and the least important task that is part of the support of F,(x) is a zero-importance
task.

*University of Aberdeen Business School - King’s College, Aberdeen, AB24 3FX, Scotland, UK. E-mail address:
m.papi@abdn.ac.uk.




Proof. Suppose not. In particular, assume that the lower bound of the support of F,(z) is larger
than zero, and equal to & > 0. Then, task suppliers make payoff —c(#) — d(u) in equilibrium.
However, if this is the case, they can deviate (0, ) by making payoff —d(u), a contradiction. [

Lemma 3. The urgency frame u is chosen probabilistically if and only if 0 < cy <1 - .

Proof. Necessity. I prove the statement by contrapositive. Assume first that ¢y > 1 — 3.
Then, the candidate symmetric equilibrium strategy is for each supplier to choose u = 0 and
probabilistically choose task importance according the following cdf.

-1
Rata) = { (@ 2SO ) (1)

At this profile, each supplier makes zero payoff. Assume that a supplier deviates to (y, 1)
with y arbitrarily close to zero. At the deviation, the deviant supplier obtains (as y approaches
zero) 1 —  — ¢y, which constitutes a profitable deviation if and only if 1 — 8 > ¢¢. Since, by
assumption, ¢y > 1 — /3, the deviation is not profitable, and u is chosen deterministically.

Next, suppose that ¢y = 0. The candidate symmetric equilibrium strategy is for each
supplier to choose u = 1 and probabilistically set actions according the cdf Fy = Fy. At this
profile, each supplier payoff —d(1) = —cy = 0. The only potentially profitable deviation is that
to (0,0). Such deviation yields zero payoff. Hence, it is not profitable, and the urgency frame
is again chosen deterministically, as desired.

Sufficiency. Suppose that 0 < ¢y < 1 — 3. I distinguish two cases.

Case (i): both suppliers choose u = 0. The candidate symmetric equilibrium strategy is the
same as that of the necessity part of the proof when ¢y > 1 — 3, with a resulting payoft of 0.
However, in this case each supplier has an incentive to deviate to (y,1) with y arbitrarily close
to zero, because the resulting payoff is 1 — 3 — ¢y > 0.

Case (ii): both suppliers choose u = 1. The candidate symmetric equilibrium strategy is the
same as that of the necessity part of the proof when ¢y = 0, with a resulting payoff of —c; < 0.
Observe that deviating to (0,0) is profitable, as the resulting payoff is 0 > —c;. In both cases
suppliers have an incentive to deviate. Hence, the equilibrium - if it exists - is such that the
urgency frame is chosen probabilistically. O

Lemma 4. Suppose that 0 < ¢y < 1—. The support of F, has the form [0, Z,,], with u € {0,1}.

Proof. Suppose not. By lemma 3, suppliers choose u = 0 with probability p and v = 1 with
probability 1 —p, with p € (0,1). By the arguments of lemma 1, each F}, is atomless and strictly
increasing. Hence, the support of F), is given by an interval [z,,, Z,] with z, < Z,, for u = 0, 1.
I distinguish three cases.

Case (i): z, > 0 for all u € {0,1}. Assume WLOG that z; < z,. Then, 7((z,1),0%) =
(1= B)p — c(z;) — ¢p. Observe that 7((z; —¢€,1),0) = (1 — B)p — (a1 — €) — ¢s. Hence, for
a sufficiently small € > 0, the deviation is profitable. A similar argument can be applied to the
case xg < Z;.

Case (ii): g =0 and z; > 0. If 7o < z;, then a contradiction is immediately obtained, as
7((Z0,0),08) = p — c(Zp) and 7((z4,1),0%) = p— c(z1) — ¢, and the former is strictly greater
than the latter. Hence, suppose that g > z; > 0. Observe that, for all x € [0, z,], there holds
7((x,0),0) = pFy(x) — (). Given that 7((0,0),0) = 0, by equating these two, it follows
that Fy(z) = %. Next, observe that:

m((z1,1),0™) = BpFo(z;) + (1—B)p —clzy) — cf
= Be(xy) + (1= B)p —c(zy) — ¢



where in the second equation Fy(z;) is replaced by Fy(z;) = C%l). Suppose that a supplier
deviates to (z,1) where z is arbitrarily close to zero. At the deviation, the supplier makes
lim, ,+q7((z,1),0) = (1 —fB)p—cy. Given that, by assumption, 0 < ¢y < 1—f, it follows that
B < 1, and, as a result, lim,_,+o7((z,1),07) > 7((21,0%), 1), i.e., the deviation is profitable.

Case (iii): 25 > 0 and z; = 0. Assume first that z, > Z;. Observe that 7((zy,0),c") =
B(1—p)—c(z )and 7((21,1),08) = B(1—p)+1—B—c(zy)—cy. Since, by assumption, ¢y < 1—3,
then 7((z,0),0) < n((Z1,1),0), a contradiction. Next, suppose that z, < Z;. Observe that,
for all z € [0, zy), there holds 7 ((z,1),0) = B(1—p)Fi(2)+ (1 —B)(p+ (1 —p) Fi(z)) —c(z) —cs.
Given that lim,_,+q 7((z,1),0) = (1—B)p—cy, by equating these two, it follows that Fy(z) =
E(Tm;. Next, observe that:

m((20,0), UH) = B —p)Fi(zy) — c(zo)
= Be(zg) — c(zo)
c(zg

N

- . Assume that a supplier
,o0) = 0. Given that, by
((0,0),0™) > m((zg, ™), 1),

where in the second equation F(z) is replaced by Fi(z,) =

-
deviates to (0,0). At the deviation, the supplier makes 7((0,0), "
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assumption, 0 < ¢y < 1—33, it follows that 8 < 1, and, as a result
i.e., the deviation is profitable.

Therefore, the only possibility that is left is that the support of F,, is [0, Z,] with u € {0, 1},
as desired. O

Lemma 5. Suppose that 0 < cy <1 — (3. Then, g > Z1 if and only if c; > %
Proof. By lemma 4, the support of F, has the form [0, Z,], with u € {0,1}. Since 7(0,0),0%) =
0 and lim, ,+o((z,1),0) = (1 — B)p — ¢s. By equating these two, p = 25

Necessity. Suppose that Zo > Z;. Observe that 7((Zg,0), o) = ,8 + (1 — B)p — c(To) =
B+ ¢y — c(Zo). Assume first that o > Z;. Suppose, by contradiction, that c; < % Then,
it must be the case that a supplier cannot profitably deviate to (Zg,1). At the deviation,
the supplier makes 7((Zo,1),0) = 1 — ¢(Zy) — ¢;. The deviation is not profitable whenever
1 —¢(Zo) — ¢y < B+ cf— c(xo), or, equivalently, ¢y > %, a contradiction. Next, assume
that Zo = z1. In this case, m((Z1,1),0%) = 1 — ¢(Z1) — ¢y and it must be the case that
7((Zo,0),0H) = 7((z1,1),0). Given that Zy = Z1, it follows that ¢y = %

Sufficiency. Assume first that c; = # In this case, Tg = %1, for the same argument
as that of the necessity part of the proof. Next, assume that cy > % Suppose, by con-
tradiction, that Zop < Z;. Then, 7((Z1,1),0%) = 1 — ¢(Z1) — ¢;. In addition, it must be the
case that a supplier cannot profitably deviate to (Z1,0). At the deviation, the supplier makes

7((21,0),08) = B+ (1= B)p — c(Zo) = B+ cf — ¢(Zp). The deviation is not profitable whenever
B+cs—c(Zg) <1—c(Z1) — ¢y or, equivalently, ¢y < %, a contradiction, which is the desired
result. O

Lemma 6. The symmetric equilibrium mized strateqy o is defined as in the statement of
proposition 1.

Proof. 1 distinguish three cases.

Case (i): ¢ > 1 — f or ¢y = 0. In this case, I have already shown that the equilibrium cdf
is that of equation 1, which is 1ncluded in the proof of lemma 3.

Case (ii): 1 = > ¢y > 5~ 1 . By lemma 5, Zo > z;. Observe the following.



7((0,0),6) = 0
va € [0,71], 7((2,0),0™) = BlpFo(w) ( p)Fi(z)] + (1 = B)[p Fo(x)] — c(z)
m((71,0),0") = BpFo@) + (1 =p)] + (1= B)lp Fo(@1)] - ¢(@1)
Va € [71, %), 7((2,0),0™) = B[pFo(z)+ ( p)]+ (1= B)pFo(z)] — c(z)
m((0,0),0™) = B+ (1—B)p— c(To)
71—((071)30H) = (1 _B)p_cf
v € [0,7], 7((z,1),0") = BlpFo(x) + (1 —p)Fi()]+ (1= 5)[p+ (1 -p)Fi(z)
—c(x) —cf

(@, 1),0") = BlpF@)+1-p)+ (1 -8)—c@) ¢

By setting up the usual indifference conditions and solving them, I obtain the equatlons of
proposition 1(ii.a). Observe also that all variables are well-defined, as long as 1 — 8 > ¢y > 1 ﬁ

Case(iii): cy <! 'B By lemma 5, g < z1. Observe the following.

7((0,0),0) = 0
vz € [0,%0], 7((x,0),0") = BlpFo(z)+ (1 —p)Fi(x)]+ (1= B)p Fo(x)] — c(x)
m((0,0),0™) = Blp+ (1 —p) Fi(To)] + (1 - B)p — c(Zo)
ﬂ-((07 1)7UH) = ( ﬁ)p cr
vV € [0,%0), 7o ((2,1),6™) = BlpFo(x)+ (1 —p)Fi(x)]+ (1= B)[p+ (1 —p)Fi(x)]
—c(z) — ¢y
m((Zo,1),0™) = p+ (1 —p)Fi(To) — c(To) — ¢
Vo € [T, 1], 7((x,1),0™) = p+(1—p)Fi(z) —c(z) —cs
ﬁ((Tl,l),aH) = 1—c(@1) —cy

By setting up the usual indifference conditions and solving them, I obtain the equations of
proposition 1(ii.a). Observe also that all variables are well-defined, as long as ¢ < %

It is easy to see that there are no profitable deviations. Hence, o is the unique symmetric
equilibrium mixed strategy. O

Proof of Corollary 1

Proof. Assume that 1—3 > cy. I first show that Fy first-order stochastically dominates (FOSD)
Fy if and only if ¢y > % Note that Fy FOSD F; whenever Fy(z) < Fi(z) for all z in the

support, or, equivalently, for all x € [0, ¢! <%(1 — B - cf)ﬂ,

(1-5) 1-p
G+ = Trpa—q-p"
# < ¢y, as desired.

In the other direction, F; FOSD Fj whenever Fj(x) < Fy(zx) for all  in the support, or,
equivalently, for all z € [0, 1 (cf }Jfg)}



1-p
(1+8)A =B —cy)

(1-5)
Cf(l +0)

1
cy < Tﬁ’ as desired.

c(x)

c(x)

Given that, first, when ¢y > 1 — 3, only non-urgent tasks are offered and, second, when
cy < 1— 3, Fy FOSD Fy if and only if ¢y > %, then it follows that task importance and
urgency are negatively correlated whenever ¢y > % O

Proof of Corollary 2

Proof. Let By := E u[z; 8 = 1,cy].

The proof that E,u [x; 3, cy] < E’, if and only if p € (0, 1) is omitted, as it is a special case of
the proof of proposition 2. It is immediate to see that the probability that BR decision-makers
experience the urgency effect is positive (equation 8 in the main body) if and only if p € (0, 1),
as by prop. 1 when p € (0,1) both tasks framed as urgent and tasks framed as non-urgent are
offered with positive probability. O

Proof of Corollary 3

Proof. Let ((xj,u;),(xj,u;)) denote a realisation of the equilibrium of prop. 1. I distinguish
two cases.

First, suppose that u; = ;. In this case, the frame is held constant, and, therefore, no
urgency effect occurs. As such, both the FR and the BR decision-makers select the tasks in
the same way, i.e., by picking the most important one. Therefore, the average level of task
importance that is chosen is identical across decision-makers’ types in these realisations.

Second, suppose that u; # u;. In particular, assume without loss of generality that u; > u;.
If 2; > x;, then, by the same arguments as those of the previous paragraph, no urgency effect
occurs, implying that FR and BR decision-makers both select task supplier i, because the task
offered by i is more important and more urgent than that offered by j. The relevant case is
when u; > u; and x; < z;. In this case, while the FR decision-maker chooses task supplier j
with probability greater than or equal to % (with certainty, if x; > x;), the BR decision-maker
chooses task supplier ¢ with certainty. Therefore, in these classes of realisations the average
level of task importance chosen by the BR decision-maker is strictly smaller than that of the
FR decision-maker.

The above observations along with the results of prop. 1 and coroll. 2 lead to the desired
result. O

Proof of Proposition 2

Proof. Let By := E u[z; 8 =1,cy].
I begin by deriving the unconditional equilibrium task importance cdf in the case in which
cr € [%, 1-— ,8). By prop. 1, it follows that:



F(z;B,er) = p-Fola;Ber) + (L—p)- Fi(x; B, cy)

25 oy ¢@) + o5 = o), @€ [07071 (%(1 —B- Cf))]
= | L ERUspie | iy e[ (B0 -8 —ep) e (er +8)]
1, x> (e +B)
ﬁc(m), NS [070_1 (%(1—ﬁ—cf))]
= ) l+c@) =B ael (HB0-8-¢).c (es+8)]
1, z>c (e +B)

Observe that when ¢y = 1 — 3, F(x;5,cy = 1 — () simplifies to Fo(x; 8 = 1,¢f). Hence,
E*y = Eyulz;8,c5 = 1 — B]. Next, let € > 0 be an arbitrarily small positive real number.
Observe that F(x;f3,cy + €) FOSD F(x; 3, cy) whenever F'(x;3,cr +€) < F(x; ,cy) for all x
in the support, and F(x;,cf +€) < F(x;3,cy) for some . By inspecting the unconditional
equilibrium task importance cdf derived above, it is clear that F'(x; 38, cs +¢€) FOSD F(x; 3, cy).
Because FOSD is a transitive relation, this implies that E,# [x; 8, ¢f] is strictly increasing in cy

for all ¢y € [%, 1-— B)
Next, consider the case in which ¢y < % By prop. 1, it follows that:

F(z;8,c;) = p-Fo(z;8,¢cr) + (1 —p)- Fi(x; B, cr)

c (1-5) 1-B8—c 1-8 1 14
8 o @) T T wmaeg e @) €€ [O»C (Cfﬂ)}

1—B—cy (1=B)c(z)—cyB

= c(z)+cy, z€ [071 (Cf% ,e (1 - Cf):|
1, x> c 1 —cy)

= 1c,f3 + 1-8 1-B—cy ) S |:C_1 (Cf%) ,C_l(l — Cf)]
1

Observe that when ¢y = 0, F(z;8,c; = 0) simplifies to Fo(z; 8 = 1,¢¢). Hence, E, =
E,#[z; 8, ¢y = 0]. Observe that for an arbitrarily small € > 0, F(z; 5, cf) FOSD F(x; 8, ¢ +€).
Therefore, by transitivity of the FOSD relation, E, #[x; 3, cf] is strictly decreasing in cy for all

cf € <0, %)
Hence, E u[x; 5, cf]

o isequal to E’;, when ¢y = 0;

o is strictly decreasing in ¢y, when cy € <0, %),

 attains its minimum at ¢y = %;

e is strictly increasing in ¢y, when ¢y € [%, 1-— B);
o isequal to E’;, when ¢y > 1 — f.

Hence, E, u [x; 8, cy] is a U-shaped function of ¢y, as desired.



Proof of Proposition 3

Below I provide a statement of the symmetric equilibrium mixed strategy o4,

Proposition 3 (statement of equilibrium). Assume that task suppliers are endowed
with the payoff function of equation 9 in the main body of the paper. Then, there exists a unique
symmetric equilibrium mized strategy o' with the following properties.

i If eithercy >1—B—p-Torcy <1—F—p-7andl— B <p-7, then p=1 and the cdf
that suppliers use to randomise over importance is that of equation 3 in the main body of
the paper (benchmark case).

“Wllfep<l1—B—p-Tandl—LB>p-7, then p= Cfltng. Moreover,

a ifcy € [l_ﬂ#,l—ﬁ—p-r), then

Wﬁ% c(x), ze|0,c7! %f@(l—ﬁ—cf—P'T))]
. — c(z)(1-p8 1 c T —
Fo(z; B,cr,p,7) = Gt )(Cfipg 1720 g e 1(%(1_5_Cf—p 7'))70 Yep+B+p T)]
1, z>c tep+B8+p-T)

1-8
c(z)
1+ l—cr—pB—p-T )
Fi(aifcs,pr) = q (0T (1
1, x> c (ml_ﬁ—Cf_pT))

bifes e [o, 1—5%) then

FO(il?;,B,cf)—{ % c(z), € [O,C ((Cf-‘rp 7.) B)]

1, z>c ! ((cf+p T—B)

e, e 0.t ((Cf+P )15 )}
Fi(z;8,cr) = Uf?fgz:f:)f‘jpﬂ, z€|c?t ( cr+p- T)i> ‘M—cy—p- T)]
1, z>c'(l—cp—p-7)

7t Fach task supplier makes zero payoff in equilibrium.

The existence and uniqueness proof of the equilibrium of proposition 3 is omitted, because
it is similar to that of proposition 1. Hence, I turn to the proof of proposition 3. I do so through

a sequence of lemmas.

Lemma 7. Let 0" denote the unique symmetric eq. strategy (defined above) resulting from
suppliers being endowed with the payoff function of equation 9 in the main body of the paper.
Moreover, let E? 4.4 := Ejaua[z; 8 = 1,¢¢,p,7]. Then, E,aua[z; B, cp, p, 7] is

o s strictly decreasing in cy, when cy € |0, 1_’6%);

e attains its minimum at ¢y = 1—5#;

e s strictly increasing in cy, when cy € 1_’8#, 1-8—p- 7‘) ;

o is equal to E? 4,4, whencg >1—0—p-T.

7



Moreover, when cy € [0, kﬁ%), Egaualr; B,cp = 0,p > 0,7] <EZ 4,4
Proof. Let 0% denote the unique symmetric eq. strategy (defined above) resulting from sup-
pliers being endowed with the payoff function of equation 9 in the main body of the paper.
Moreover, let E* 4 := Ejaua[z; 8 = 1,¢5,p,7].

It is clear that the unconditional equilibrium task importance cdf F(x; 3,cy > 1=B—p-1,p,T)
in the case in which ¢y > 1 — 8 — p- 7 is the same as that of the benchmark case, i.e., F(z; 5 =
17 Cfs Py T) .

Next, the unconditional equilibrium task importance cdf F'(-;-) when ¢y € [l_ﬁ#, 1—-B—p- T)

is given by:
ﬁc(xx T e [07671 (%(1767Cf 7p7_))i|

F(z;Byes) = L+ec(@)—(B+es+p-7), xe[671(%(1*5*%*#7))7071(0f+,3+p'7)}
L, z>c T (ep+B+peT)

Next, the unconditional equilibrium task importance cdf F'(-;-) when when ¢y € [0, %)

is given by:
Hela) vefo.e (e +oni)]

Fa:frerpt) = 4 c@)+es+p1, ze e ((er+p-miES) e i—cs—p-7)]
1, z>ctl—cp—p-7)

By FOSD arguments similar to those of the proof of proposition 2, E aud[x; 5, ¢y, p, ] is too
an U-shaped function of c;.

Finally, assume that c; € [0, 17’3%), so that % > p- 7. Observe that when ¢y = 0,
F(x;8=1,c,p,7) FOSD F(x;8,c; =0,p > 0,7) implying that E awa[z; B,cp =0,p > 0,7] <
E* pua- O

Lemma 8. Let 0% denote the unique symmetric eq. strategy (defined above) resulting from
suppliers being endowed with the payoff function of equation 9 in the main body of the paper.

Then, there exists a threshold ¢ := max {0, 1_52_”7} such that:

a for all cy > ¢y, there holds

Ejaudlz; B,¢cp,7,p > 0] > Ejaualx; B,cp, 7, p = 0]

b for all ¢y < ¢y, there holds

Ejaudlz; B,cp,7,p > 0] < Ejaua|x; B,cp,7,p = 0]

Proof. Let 04%4 denote the unique symmetric eq. strategy (defined above) resulting from sup-
pliers being endowed with the payoff function of equation 9 in the main body of the paper.
By proposition 2 and lemma 7, both E,auw[z; 8,cf, p = 0,7] and E aualx; 8, cf, p > 0, 7] are
U-shaped function of c¢¢, where the former attains its minimum at % and the latter attains
its minimum at kﬁ%. Observe that # > kﬂ%. Since both Ejaua[z; 5, cp, p = 0,7] and
E,aualz; 8, cf, p > 0,7] are continuous in ¢y, there exists one point at which E aui(z; 3, cf,p =



0,7] = Ejaua[x; B,cf,p > 0,7]. Observe that E,aud[z; 5,cf,p = 0,7] = Ejaui(z; 8,¢cp,p > 0,7]
if and only if the corresponding unconditional cdfs - F'(z; 53, ¢f,p = 0,7) and F(x; 8,cf,p > 0,7)
- are identical. By proposition 2 and lemma 7, the relevant unconditional cdfs are:

e, we [0 (o)
F(x;8,¢cr,p=0,7) = c(z) + ¢y, me[ ( ) ].—Cf]
1, z>c 1 -
forCfg%,and
mgc(e), x € [O, c! (%(1 —B—cy 7p-7'))i|
F(x;B,cp,p>0,7) = 1+c(z)— (B+ecr+p-71), LEE|:C_1(%(1fﬁfcf*p'T)),C_l(Cf+B+p'T)i|
L, w>c e+ B+peT)
CfE[LgQ’”,l—B—p-T).

Observe that the former is equal to the latter if and only if c(z) + ¢y =14 c(z) — (B +cf +

p-T), or, equivalently, c; = 1_’6%’”. Therefore, by setting €7 := max {0, 1_ﬂ2_p'7}, the result
follows. O

Lemma 9. Let 0% denote the unique symmetric eq. strategy (defined above) resulting from
suppliers being endowed with the payoff function of equation 9 in the main body of the paper.
There exists a threshold p-7T := % such that, for all p -7 > p-7, Ejaualx; B, cp,7,p] is
non-decreasing in cy.

Proof. Let 0% denote the unique symmetric eq. strategy (defined above) resulting from sup-
pliers being endowed with the payoff function of equation 9i 1n the main body of the paper.

By setting an expected fine p - 7 such that p-7 = = , it follows - by Lemma 7 - that
E,aud[x; B, cf, p, 7] attains its minimum at ¢y = 0. Therefore by Lemma 7 and the fact that cf
cannot be negative, E aua(x; B, cf, p, 7] is non-decreasing in ¢y for all feasible values of c¢y. [

2 Contest Success Function

As discussed in remark 3 in the main body of the paper, the contest success function (CSF)
is the function that maps the players’s efforts into the individual probabilities of winning the
contest (Corchén and Serena, 2018). The purpose of this section is to explicitly define the
CSF induced by the proposed model, and link it with the static contest-theory literature with
multi-dimensional effort.

Let ((z4,u5), (xj,u5)) € (X x {0,1})? denote a strategy profile. Letting 4,j € {1,2} with
i # j, I begin by defining task supplier i’s CSF for the FR decision-makers - denoted CSF/'ft -
as follows.

,if @ > 2
,ifxi::rj (2)
,if @ < 2

CSFFR((zi,w), (xf,u)) :=

O o= =



Next, I define task supplier ¢’s CSF for the BR decision-makers - denoted C’SFZBR - as
follows.

, i u; > uyj
, if u; = u; and x; > x;
CSFiBR((a;,-,uZ-), (xj,u5)) = ,if 2; = zj and u; = u; (3)

, if u; = uj and ; < x;

O O =

,if uy <y

Finally, letting § € [0,1] denote the fraction of decision-makers that are FR, I define the
overall task supplier i’s CSF - denoted C'SF; - as follows.

CSF((zi,w), (xj,u5)) == B- CSFFE() + (1 - B) - CSFPR(.) (4)

Observe that in the proposed model the CSF (equation 4) is given by the convex combination
of two components, where the weights are given by the fractions of FR and BR decision-makers
in the population, respectively. The first component (equation 2) is a standard all-pay auction
CSF that captures the behaviour of FR decision-makers. The second component (equation 3),
instead, is a ‘lexicographic’ CSF, in which one effort dimension (the task-urgency dimension) is
more important than the other effort dimension (the task-importance dimension) in determining
the winning probability.

The literature that investigates static contests that have the property that effort is a multi-
dimensional decision variable include Clark and Kai (2007), Arbatskaya and Mialon (2010), and
Lagerlof (2020). Clark and Kai (2007) study a two-player Tullock contest, in which effort is
n-dimensional and the winner is the contestant that wins on at least a certain number k of such
dimensions, with the property that the probability of winning on one dimension is independent
of the effort exerted in the other dimensions. Arbatskaya and Mialon (2010), on the other
hand, axiomatise a multi-dimensional two-player Tullock contest success function by studying
the equilibrium of the resulting (possibly asymmetric) contest and assuming that the total cost
of effort is linearly additive over effort dimensions. More recently, Lagerlof (2020) examines a
(possibly asymmetric) multi-player hybrid contest in which the probability of winning is affected
by both an all-pay effort dimension and a winner-pay effort dimension. In that paper, the two
effort dimensions are aggregated via a production function to determine a player’s score and
the total cost of effort is assumed to be linearly additive over effort dimensions.

In contrast, the proposed model studies a symmetric two-player contest in which effort is
two-dimensional, and differs from these papers in at least two ways. First, as illustrated above,
the proposed contest success function is of neither a generalised Tullock nor a standard all-pay
auction nor an hybrid all-pay and winner-pay form. Instead, this paper studies a novel contest
success function that captures the urgency effect, and that can be expressed as the convex
combination of two contest success functions: an all-pay auction contest success function that
captures the behaviour of FR decision-makers, and a ‘lexicographic’ contest success function, in
which one effort dimension (task urgency) is more important than the other effort dimension
(task importance) in determining the winning probabilities, that captures the behaviour of BR
decision-makers. Nonetheless, as discussed above, the proposed model does include a standard
all-pay auction as a special case, when all decision-makers are FR. Second, in the proposed
model the total cost of effort is additively separable across dimension, but - unlike in the above
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papers - not necessarily linear within dimensions. In fact, the only relevant assumption that is
imposed on the task-importance cost function is that of it being strictly increasing.
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