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EC.1. Regulations and Industry Guidelines for Clinical Studies

Below, we discuss the regulations and industry guidelines for clinical studies, which ensure that the
effort is typically observable and contractable and that outcome-based compensation contracts are
discouraged.

1. Observability and Contractability of Effort: Clinical studies must comply with federal
regulations and adhere to industry guidelines. Below, we discuss the regulations that mandate
effort documentation from the providers and monitoring by the sponsor. These regulations enable
the sponsor to track the providers’ efforts, making them observable and contractable.

o Effort Documentation by Providers:

— There are two key federal regulations that require detailed documentation of the activities
performed by the providers during the clinical studies: General responsibilities of inves-
tigators (2004) (§21 CFR 312.60) and [nvestigator recordkeeping and record retention
(2004) (§21 CFR 312.62). The former regulation requires an investigator to be “respon-
sible for ensuring that an investigation is conducted according to the signed investigator
statement, the investigational plan, and applicable regulations.” The latter regulation
requires an investigator to maintain adequate records including disposition of the drug
(dates, quantity, and use by subjects) and case histories (such as signed and dated con-
sent forms and medical record, progress notes of the physician, the individual’s hospital
chart(s), and the nurses’ notes, etc.). The documentation of case histories also enables
the identification of the coordinator’s effort in explaining the study to the participants,
obtaining informed consent, collecting data, etc.

— The International Council for Harmonisation of Technical Requirements for Pharmaceu-
ticals for Human Use (ICH) develops an internationally recognized standard for Good
Clinical Practice (GCP). The ICH GCP guidelines also state that the providers’ activities

should be documented and retained.
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“The investigator/institution should have access to and the ability to maintain and
retain the essential records generated by the investigator/institution before, during
and after the trial... Whether a specific clinical trial record generated before, during
and after the trial is essential and needs to be retained should be based on the following
criteria ...

(d) Documents the conduct of relevant trial procedures...

(j) Is, where necessary, documentation that demonstrates signatures/initials of
staff undertaking trial-specific activities; for example, completing data acquisition
tools;” ( )
Such guidelines further validate that the providers’ efforts are documented.

o Monitoring by the Sponsor:
— Federal regulation on |General responsibilities of sponsorsJ (l2()04l) (§21 CFR 312.50) speci-

fies a sponsor’s responsibility for monitoring the providers’ investigation during the study
to ensure that the investigation(s) is conducted following the general investigational plan.

— The ICH GCP also emphasizes the sponsor’s responsibility for monitoring the providers’
investigation during the study.

“The sponsor should ensure that trial processes are conducted in compliance with
the trial protocol and related documents as well as with applicable requlatory require-
ments and ethical standards ... The selection and oversight of investigators and service
providers are fundamental features of the oversight process. Quersight by the sponsor
includes quality assurance and quality control processes relating to the trial-related
activities of investigators and service providers.” ( )

— Pharmaceutical companies (sponsors) regularly conduct monitoring or audits on the

study sites to ensure the providers’ investigation conforms to their effort reporting (

Ison & Johnson| l202d, |Merck| IZOIQI). Further, the sponsors pay interim visits to monitor

the progress of a clinical trial, maintain trial integrity, and maintain a communication

link with the research team (lLove et alJ l20221, leeiffer and Wellsl lZOl?I).

o Effort Recording and Monitoring Tools: To facilitate effort recording and verification, we
observe several tools available in practice, such as the Research Effort Tracking Applica-

tion from the University of Michigan (|James et alJ l201]]), ASCO Clinical Trial Workload

Assessment Tool (|Good et a1.| bOld). Commercial Clinical Trial Management System are
also available to track the providers’ effort (e.g., t[QVIA| l202]J, |Veeval bOld). There is a grow-

ing trend of integrating blockchain technology in such systems to ensure transparency and

immutability of effort records (lArjun et al.| l2024|, ISubbiah| }20254).
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In conclusion, the above regulations, guidelines, and availability of tracking tools imply that
a sponsor can observe and verify providers’ efforts, allowing the sponsor to offer compensation

contracts based on providers’ efforts.

. Non-Applicability of Outcome-Based Compensation Contracts: The U.S. Food and

Drug Administration (FDA) discourages contracting on outcomes to avoid bias and conflict of
interest for service providers. For example, Financial disclosure by clinical investigatorg (1998)
(§21 CFR Part 54) regulation identifies the financial interest of the clinical investigator in the
outcome of the study due to the payment structure as a potential source of bias and the FDA
will take any necessary action (including disregarding the clinical study) in case it finds the
integrity of the data affected by the financial interests of any clinical investigator.

In light of this regulation, many medical associations, Institutional Review Boards (IRBs),
and healthcare companies have advised against compensation based on outcomes in clinical
studies. For example:

“Compensation must be: ... Fxplicitly identified in the investigator contract and linked to
their performing specific and necessary protocol-required services (e.g., medical procedures,
collection of data).” (Pfizer 2021))

“.the rate of payment for professional services should remain constant irrespective of the
[Principal Investigator|’s success enrolling or completing study subjects compared to their
target.” (Rose 2021)

“When setting up a reimbursement model for a study’s [Principal Investigator], be sure to
adhere to the following rules: All compensation should be linked to the [Principal Investiga-
tor] performing specific and necessary services — medical procedures, the collection of data,
reviews of study reports, etc. ...Financial compensation to a [Principal Investigator| should

not: Be tied to any particular study outcome...” (Ingram 2021)

EC.2. Proofs of Technical Results

We first establish the following inequalities that are used in subsequent proofs of our theoretical

results.

LemMA EC.1. For any given set of parameters we have,

> W =

a0¢ — (24 —1)6¢ < 62 — g6,

gt <07 —qb;,

A301(02 — qb%) — 6> N2X% >0,

NF0L07 (02 — q8%) — > N>N3(q0) — (24— 1)85) > 0.
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EC.2.1. Proof of Lemma
Note that
L. g9 — (2q — 1)8% = 67 — gb: — (67 — 6) < 607 — b
2. 68 —q0;=q07 +q(6¢ —05) = g0,
3. NF07 (07 — qO%) — q6*N?X> > q(A30707 — 6> N>X3) >0,
4. X007 (07 — qoz) — OPNZN3(a0f — (2 — 1)07) > (G907 — (24— 1)02) (AF0707 — 0°N?A3) > 0.

The proof is now completed. l

EC.2.2. Proof of Proposition

We first make the following claim.
Cram EC.1. Under the optimal solution, constraint (E) is binding.

Proof We prove this by contradiction. Let the optimal solution be (a};, e};, f;), k,1 € {L, H}. Sup-
pose the constraint () is not binding, i.e., 6(aj;, €5, f1;) > 0. Since §(ag, ex, fr1) increases in ag, e,
and f;, there exists v € (0,1) such that &(vaj,,ve,,vfy;) = 0. Further, the objective function is
increasing in ay, ex;, and fi;. Therefore, UM (vag,, ver, vfi) <TSM (ag, el fr;) which contradicts

the optimality of the solution (aj,,e};, fi;). The result now follows. O

From Claim , we have f; = gfk(”kﬁei?*’\']““e“. Thus, for k,l € {L,H}, the sponsor’s problem

reduces to the following

Olen? 6%an?2 ON(G— ) —A
min H%M _ Yl LU Qg " ( (ar +ex) sQi€kr) 7 (EC.1)
akl,ekle[o,l] 2 2 )\f
s.t. S - )\(akl + ekl) - )\Jaklekl Z 0. (EC2)

Let ay; and e, be the optimal solution to the unconstrained optimization problem. Note that the
E _ ONAy

Hessian matrix, H = [_ 59]{,/\] QZA

by e}

XSN(SNX;+)0L)
AF6LOT—62N25

] . It is easy to show that H is positive definite. Thus, using first

XN (SNX;+)£0F)

and ex = S5 sanan
AF6LOT —62N2AT

order conditions we have, a,; =
We next prove that the solution (@, éx;) is the optimal solution to the sponsor’s constrained
problem as well. To this end, it suffices to show that 0 < az; < 1,0 < é,; < 1 and constraint is
satisfied.
Using inequalities from Lemma and Assumption 1, we can show that 0 < a, <1,0<éy < 1.
Also, using Assumption m it is straightforward to show that the constraint () is satisfied at the

solution (G, €xr)- O

EC.2.3. Proof of Corollary E
The proofs of results related to the impact of %, 6. p, and ¢ are straightforward and hence, omitted

for brevity. We next establish the impact of § on f;; under the centralized model.
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Note that

i L
85— A;(20L6F — 32N2A2)°

— BONOAS — 258 NAAZAZAL0L0F + 35 N AZAL6LOF — 6ONZAZNLN, 61 °6%" +
A?HQQGfZ(Afeéef-—JVA2(024—95))——362PJ2A§A3929f(Af02054—fVA2(024—05))>.

From Assumption m, A (N30L0% — 52 N2)AZ)? is positive. Denote the numerator in the above expression

on the right hand side as Ly;. Eggl = e Gikl(;QNQ/\Q . Further,
oL . . .
a(_;“l = —6N2\; (N2N20L08 (GN A + Ap0L) (ON Ny + A0F) + 0, (82N2X% — A2086!)?) <0

Therefore, Ly, is decreasing in 6. When § = 0, the value of Ly[5_o = A?HICQ@?Q(SN/\J —NX2(0L+6F)) >
0. If £; >0 at 6 =1, we have fkl >0,¥0 €[0,1], and f;; is increasing in 0. Otherwise, f;; is first

increasing, then decreasing in & for §€10,1]. O

EC.2.4. Proof of Proposition E

We first make the following claim:

Cramm EC.2. For any value ay, k,l € {L,H}, all IR and IC constraints are satisfied for the
coordinator and the sponsor’s cost is minimized when IC constraint (B) is binding for the low type

coordinator and IR constraint (B) is binding for the high-type coordinator.

Proof of C'laz'm For any value ay;, consider a solution €y such that sy, = ©.(€xy;0") +
O (€xr;05) — O (€ry; 0L) and sk = O (Exy; 02). We next show the above values give a feasible solution

to the sponsor’s problem by verifying (B) is satisfied for [ = L and (a) is satisfied for [ =

Sk — O (€12302) > s — O (€1 02) > 51w — OB 02) > 0,

St = Oc (B0 01) = O (@i 02) + O (€413 01) — O (B3 01) — O (e 01)
= O (Eu3 011) — O (@1 02) = (O (0,301 — O (e 02))
<0 =Sky — Oc(Ern; ).

Further, notice that the objective function is increasing in sy, , siy. Therefore, the sponsor’s objec-

tive is minimized at €;;. The result now follows. O

Cram EC.3. Constraint (@) is binding in the optimal solution.

The proof of the above claim follows a similar argument as in Claim . Combining the above two
results, we can rewrite the sponsor’s problem as follows for a given k:

min 107 = g0 (arw; 0F) + GO (ak; 0F) + qOc(ern; 08) + G(Oc(exn; 00 ) + Oc(enr; 06) — Oc(ern; 05))

ArH»@kL,€kH€kL

+N§ (qg - /\(akH + e;H) — Ajagpern +q §— )‘(akL + eiL) AJakLekL) 7
f f

st. Qkw,QkL,eku, ek €[0,1].
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One can easily verify that the Hessian matrix for the unconstrained optimization problem is positive

BHk —0.

semidefinite. Let the ay, é,; be the solutions of the first order conditions 8811’6 =0 and

That is, we have

. MN(GONX, + A0 . AIN(SNX, + X105
ke = o pkpr _ manzne o Gk CkL = Napkgr _ 2 nN2y2 | Gk
AFOFOL — 2N2)\2 AFOFOL — 62N2 N2
; NN (gSNX, + Af(07 — goL)) ; GAON (SN, + X 0%F)

ko — kn —

AFOF(0 — GOL) — gO>N2)2 AFOF(0 — GOL) — q02N2\2
Using Assumption m and Lemma , we can show that 0 < a,, < 1,0 < é,; <1 and the corre-
sponding fi; = g_’\(&liré’;\lf)_A"d“é“ > 0. Hence, the result. O

REMARK EC.1. To simplify expressions, we define 0L 6%, and 0” 0" + (9(’71 —6%). Then, we

can write the sponsor’s optimal solution under the SI model as follows:

SNAGNA; 4+ A 0))
A2GROL — 52N2)2

o

—_ o} —_—
Ay =

) kl —

SNA(GNA;+ A 0F)
AZOROL — 52N2N%

EC.2.5. Proof of Corollaries E-E and Propositions E—@
The proofs of Corollaries E, B, and Proposition @ are straightforward and hence, omitted for brevity.

The proof of Proposition E is similar to that for Proposition E and hence, omitted.

0

EC.2.6. Proof of Proposition E
Note that (af,, e, f5), k,1 € {L, H} provides a feasible solution under the SI model. Further, the
compensation ¥, > 0, (al,;0%) for k,1 € {L, H}. Hence, we have

Hg = EkJ [@ (akl, 0’“) + SZZ + SNf]Sl] S EkJ [@ (akl, ek) + Sgl + SNfl?l] S EkJ [rl?l + Sgl + ng]?l] =

Similarly, (ag,,eq;, fo), k.l € {L, H} provides a feasible solution for the centralized model. Further,
55, > 0O.(e5,;0") for k,l € {L,H}. Therefore,

I = Ex, [@1(‘1213 95) +O.(er; 95;) + ng/Iz] <Ep,; [@1(‘1;13 9?) +O.(ex; 95:) + nglgl]

<Eyu [0:(a3;07) + 55, +ON ] =
Thus, 115 > II, > II;.
The result that P; < P, < P; follows from the arguments below:
o The compensation P equals to the value of P, by replacing 0 with 6 + g(@g —0:), ie
P = Pl‘(egze%%’(egf@é))-
¢ P3:P2‘(9§1:9§1+§(9§tef)) =P1!(9H OH+L (0 —0F) 08 =08 +L(0F—0L))"

o It is straightforward to observe that P; is decreasing in 67, 6%.

Finally, notice that F,, =11, — P,,,i =1, 2,3, the result that F3 > F, > F} is now immediate. [
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EC.2.7. Proof of Proposition E

=N 0EN D) DY
Let x:&c\f)i,y—gjcv)\f z= 6N){ UAJ*(S;V)\ , where § >z > 2, w>z>2(fromAssumptlon|ﬂ
Further, let G (u,v) = —“t2£2 Then we can write I1,,11,,1I5 as follows:
2N 6N)? o _ e __
L = 455 PaG(§, ) +pgGle, ) +pgG(5, 2) + PIG (2, 2))
f JASf
2N OGN < 1. g J )
I, = —+ G(-y— =z,0)+pgG(z,w)+ pgG —=z,2)+pgG(x, 2z
2=, 2AJ}\qu(qu )pq()pq(yq)pq()
02N  SN)? < 1. g 1 D 1 P q
II; = + —— | pgG(-y— —x, -0 — =2) + pdG(z, -0 — = 2) + pgG (-9 — =z, 2) + pgG(x,2) | .
TN 20N (q q 'p p> (p p) ( q ) (@:2)
We next prove the results for [II, —II;] and [II; — IT;].
SN2 ( 1. @ 1. @ >
M~ 10 = o2 pg[G (=g — L) — G, @) + alG (=g — La,2) — G(5,2)] ) -
=95 pql (qy . ) = G(§,9)] + pal (qy . ) —G(3,2)]

Using first-order derivative, it is easy to verify that II, —II; is decreasing in x, 2, W,\s, and increasing
in A\, \s, 0. Therefore, IT, — II; is decreasing 6%, 6*, and 6. Further,

_ N 2 — N 2 ~20 2 — _ 2 2(s 2
ATa=T) _ SN, ) (g B Gty e a2 G2 )

oy C20gf (g —1)*(0g — 1 — gz — 1))? ('233—1)2(2?3—1—!?(230—1))2
where the first term within the bracket is negative if and only if 3 > (1 f) , and the second term
2x—.\/q WT—./q 2x—./q
within the bracket is negative if and only if § > VAR Note that =V > (1 f) Therefore,

-4
(1\/)

have II, — II; is increasing in 62 when 67 <

. That is, we

and decreasing in ¢ when g >
N70L07 —52N?(1-/q)
SNAA (1= /)0F

. Hence, the results on the performance gap Il, — II; follow.

II, — II; is increasing in § when g < ( — f)

, and is decreasing in 62 when

. >\2 HoH —52N2(1-/9)
90— SNApA s (1—/q)0T

The results under the OM Model follow from similar arguments as above, thus, detailed proofs are

avoided for brevity. O

EC.2.8. Proof of Proposition E
0cAs
SN,

We first simplify the expressions for 11,,,,m = 1,2,3, by defining the following values: x =

2y Y RN » . m
= e — %2 = j_]\,—/\i;u— N, % where z,z > 2 and y,w > 0 from Assumption [ll. Next, we
U~ v

define G(u,v) = — T Further, it is straightforward to show that G(u,v) is submodular in
uv —

its argument. Then, we can write I1;,II,, 115 as follows:

52N 5NN B
II; = + (qu(HZ-f—?/’Z—Fw)%—qu(ﬂ: Z—}-w)—{—qu(Q;_}_% )‘l‘qu(JU,Z)),
Ar 22X
82N SNN? 1 .
I, = —+ pqG(x + ~y, 2z +w) +pgG(z, 2 + w) + peG(z + ~y, 2) + pgG (z, 2) |
62N SNN? 1 1 1 .
L= Ty, (qu(x Ty et w) +piG(rz+ o w) +paGlat y2) +qu(:c,z)> ,

Next consider (Il —II;). Using the above expressions, we have

SN2 1 1
q(G(z + §y72+w) -Gz +y,z+w)) +pq(G(z+ gy,Z) —G(z+y,2))

(I —1IL) = m[P (



ec8 e-companion to Song, Mehrotra, and Rajapakshe: Evaluating the Efficacy of Providers’ Compensation Contracts

Since G is submodular, we have G(x + %y,z +w)-Glz+y,z+w) <Gz+ %y,z) -Gz +y,2).

Hence,
SN2 1 _ 1
(I -1, < DN [pg(G(z + P z) = Gz +y,2)) +pe(G(z+ P z) =Gz +y,z))]
0NN [ qqy(1+z ]
2\ Lg(mz — 1)2 + 4222 + qyz(z — 1)
B qqy(1+z)? - qqy(1+z)2 - qqye’, \?
JONX (a1 _ONX (w212 6NN yu
- 2)\J>\f y222 - 2)\J)\f y222 - 2)\J)\f I yj
(rz—1)2 1T 2 " 2
SN qyer,? 0T} ade BLer,?
— J qqyeLL — 7(6 €T LL < €T n éeiL < <
3y " 5 72 < ” 11, (since II; > <= 5 and 0<¢g<1)
2

q+ — q+
x x

_ 1_
= 99y, < 1 T < VILZ 9y < o3,
The last inequality follows from the fact tha
, n 2 < 1.193.

Next consider (II3 —II;). Note that

Va(l-q) (1 q) 1
t achieves maximum at g = 7

Hence

SN2

Oy — )= —
(I = I0) Y

1 1
[pq(G(fv + Pk + ];w) -G +y,z2+w))

+pq(G(x,z+ ;w) —G(z,z+w))+pg(G(x+ ;y, z)—G(x+ y,z))]

SN N2 1 1 1 1
= Glx+-y,z+-w)—Glz+y,z+-w)+Glz+y,z+ —w)—Glz+y,z+w
o PG+ 2y 2 w) = Glaty,z 4w+ Glaty,z+ ow) = Glo+y, 2+ w))

+pq(G(x,z+ ;w) —G(z,z+w))+pg(G(x+ ;y, 2)—=G(z+y, z))]

SN )2
<
=205,

[pq(G(x+ ;y,z) —G(z+y,2)+G(z,z+ ;w) —G(z,z+w))

+pq(G(z,z + ;w) —G(z,z+w)) + pe(G(x + ;y, z)— Gz +y, z))]
_ SN )2

[q(G(az+ ;y,z) —G(x+y,2)+p(G(x,z+ ;w) —G(z,z —i—w))]

The first inequality follows from the submodularity of function G, and the last inequality follows

from a similar argument as that for the upper bound on II,/II;. Hence, =2 < 1.386 0

’ H

EC.3. Commonly Observed Compensation Contracts

This section formally states the sponsor’s participant retention problems for the SI and the OM
models under the FC, LC, and CLC contracts. We first discuss the sponsor’s decisions when he
adopts the FC contract.
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EC.3.1. The FC Contract
Under the SI model, given the investigator’s type k, the sponsor provides a fixed compensation sy

to the coordinator and specifies lower bound e, on effort level. Thus, the sponsor’s problem is

min Ei[O©,(ar; 0F) + s + fr NS (a, eqy, fr)], (EC.3)
akG[O,l];Sk,kaO

st. O(aw,eny, fr) >0, vie{L,H}, (EC.4)

IR: s, —O.(ep;;0') >0, vie {L,H}, (EC.5)

(EC.6)

IC: €}, = arg max (s; — O.(en;0")), Vie{L,H}.

ep1>eL

Under the OM model, the sponsor provides fixed compensation r (resp., s) to the investigator
(resp., coordinator) and specifies lower bound a (resp., ). Note that a provider’s decision of effort
is independent of the other provider. Hence, we use a single subscript & (resp., [) to denote the

investigator (resp., coordinator) effort given his type. The sponsor’s problem is

T?}go Erilr+ s+ fNS(al, e, )], (EC.7)
st 6(ad,el, f) >4, Vk,le {L,H), (EC.8)
IR:m—0,(al;60%) >0, Vke{L,H}, (EC.9)
IC: agzargirg{i(r—@ (ar;0%)), Vke{L,H}, (EC.10)
IR: 5—0.(ef;60) >0, Vie{L,H}, (EC.11)
IC: ¢f = argmax(s —0.(e;;0")), VIe{L,H}. (EC.12)

ez e

EC.3.1.1. Proof of Proposition E First, consider the SI model. Under this contract, the
coordinator always exerts the lower bound e, irrespective of his type. Therefore, it’s optimal for

the sponsor to set s, = O.(ey; 02). Further, at optimality, the retention constraint () is binding

e}

VI € {L,H} (the proof is similar to that for Claim ) Therefore, f, = = ’\(ak+e)\k]3 AJOkCk Then,

the sponsor’s problem reduces to the following:

min S} (aka01)+@ (ek,ec)—}-57)\(ak+§k)7)‘gfak§k
ag€[0,1] )\f

N§.
Note that the objective function is convex in a. Using first order conditions and Assumption m we

(S—ep M)A O8N (A+A sep)?
L i;@k ,ke{L,H}.

5N(/\+ek)\J)
ApOF

have, a; = , and the corresponding f; =

Under the OM model, following a similar argument as above we have r¢ = %HIH a?, s° = %02’ e?,

fO= S§—Xate)—Ajae

Y . This completes the proof. O
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EC.3.2. Proof of Corollary @

We first consider the performance under the SI model. Define

SN(A+ Ayz) 2+5N (5 = Ax)AL0F — SN (A + Ayx)?
A OF \Z0% '

1 1

Note that 115, = O,(al;0%) + ©.(e5;07) + fENb6(ag, €5, f7) = Viu(er). Further, we can write

HEIO = qVkH(ezH) + (jvkL(ekL) ( )ekH :
It is easy to verify that Vi (x) is convex in x. Therefore, for [ € {L, H},

Via(er) = (ex — ex)Vi(er) + Vialer)-
Combining the above two inequalities, we have

1
13, = Vin(ex) = @Vir(er) +7 {Vm(ﬁk) + 5(95 - Qé)ﬁi]

<q [VkH (ezH) - (eZ:H - §k)vll~cH(_ek)] [VkL(eki) ( Z )Vki( )] + %(ac Qc)g
=TI0"° — qlefn — er) Vi (er) — a(ef — er)Vie (er) g —05)(ek — eii”)
o 2NZ)\3 52N2)\2 " q
:HEI +q(06c— > kJ (er —erm)(er —ekn) + 7 N2k (Qk_ezL)(Qk_ekL)+g(9g_9é)(§i_ezH2)-
/\f‘91 )\ 07 2
Therefore,

IsIo 4+ gH _ 32NN (ex — €25 )(ex — el p) +d gL _ 2N2xF (ex — €2, )ex — ety ) + L(0H — L) (e2 — e2,,2)
k a\Yc : €k — € )€k —€rp) T\ Ve 2ok €k — € )€k — ExL 2 We c)\&k — Cru

g, 3%
HEIO— HEIO
52N222 o . _ 52N222 o . g o
(02 - S50 ) e - em)en —etn) + (05— S50 ) (0 — eRu)len — i) + 08 ~OB) ek — eu?)
-1+
mgee
52N222 3 N B 52N222 3 X _ .
0 (08 - S5 ) (en = chund(en —cin) +4 (08— SH ) (en = e e — 1) + 10 — 08 - i)
=t lﬁ’é@if
2
2 u  O02N2)% L 02N2)2% 0F €2 —elp?
= ——— |9 0¢ — —57 | (er —erm)er —ern) +q | 06 — —5- | (ex —epp)(er —eip) | +a| -7 — 1) ——
0Leo 2 [ ( 205 T 0% e 2
2 §2N2)\?2 08 er—epy’
=1+ ——E 0L — L) (8, —er)(er, —er)| + (—71 L.
gLeiLz l|:<c /\?9;; )( Kl ex)( kl ex) q oL eiLg

Next, consider the result for the OM model. Let Uy (z,y) = 160Ly* + 20F2* + 5NW. Then
I =U,,(a,e), [oM° =g, Ui(ady,ed) + (07 — Gé)ekH + 2(07 — ef)agf]. It’s easy to verify that

Uy (z,y) is a jointly convex function. Therefore,
Uyi(a,e) —Unlajy, ;) < Vl(a.e) (o —ajy,e —efy),

where VU, (a, e) is the gradient of Uy, at (a,e). Thus,

1

ngullll(gvﬁ):Ek7l ukl(@,ﬁ)"‘i(e 91)6 + = (0H 0?)92
1 1

—Ep [Uala.) ~ U lafy cf)] + Be | 100 — 0 — e, )+ L (61— 6)(a®  af,)| + T1OM°
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Hl

1 1
<Ep [VlUii(a,e) (a—a,e —ef)] +Eny [2(95 — L) (e — e, ) + S0 =0)(a” — aj )| 4 1mom°

5N()\ +Ase)
As

SN(A+\ja)

R

)

1 1
+ E(eg - ‘9[0)(52 - 62112) + 5(0H Hk)(a - aHl ):| +HOM<>
Further,
Ty Ert[(0 — af) (a0 — XA 4 (o — e ) (bl — PO 1 L0 —0L) (" — ey ) + 3 (0] ~ 05 (a? — afy,”)]
froars — 1t o0
I I
E;w[(a al,)(aff — M)+ (o7 - 0’})(@2—&;112)] ]E’“vl[(e_ekz)(eel _M)_‘_l(f)g_gé)(g_eib{z)]
<1+ L + e
305aLL 306€s
2 k 5N(>‘+)‘J§) 1 o ky( 2 2
=1 g Bl al)(e] - TS+ S 0 —0) (6" e,
2 . ON(A+Asa) Loom iy 2 2
+ ey 2 B[l b el = ST 4 S (08 — ) — )]
O
EC.3.3. The LC Contract
Under the SI model, the sponsor’s problem is
i E[O, (ax; 0F) + Bres, + fr NS (ax, €5y, EC.13
e in o EilO:(an 00) + Brely + filNo(ar, €, fi)] (EC.13)
st. dlap, ey, fr) >0 Vie{L,H}, (EC.14)
IR: Brey, — (ek“Hl) > vie{L,H}, (EC.15)
IC: e, € argmax { fre — @C(e;Qi)} , Vie{L,H}. (EC.16)

Note that under the OM model with LC contract, a provider’s decision of effort is independent
of the other provider. Hence, we use a single subscript & (resp., ) to denote the investigator (resp.,

coordinator) effort given his type. Then, the sponsor’s problem is:

min Eyi[val + Bel + fNS(al, el )], (EC.17)
st. 6(al,el, f) >0, Vk,lc{L,H}, (EC.18)
IR: val —0%(al; 0%) >0, Vke{L,H}, (EC.19)
IC: a) eargmax{ua—@,(a;ef)}, Vke{L, H}, (EC.20)
IR: Bef —0,(ef;0') > vie {L,H}, (EC.21)
IC: €} € argmax {ﬁe—@(,(e;ﬁé)}, Vie{L,H}. (EC.22)
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EC.3.3.1. Proof of Proposition E Under the SI model, it is straightforward to derive that

for any given [y, the coordinator’s optimal effort ey, = ng,l € {L,H}. At optimality, we can show
C
that retention constraint () is binding for [ = H and hence, satisfied for [ = L. Thus, we have

5—X( Ajapey .- .
fo= akJrekff) T2k Now it is easy to verify that the sponsor’s problem reduces to PROBLEM

PLSI below:

PROBLEM Pg;

min E [0, (ag; 0F) + Brey, + fr NS (a, epy, f2)]-

ap €[0,1];8, >0
Following similar arguments as above, under the OM model we have (i) for a given /3 (resp., v), the
el,le{L H} (vesp., al = % k€ {L,H}),
and (i) at optimality retention constraint () is binding for k =1 = H. Thus, the sponsor’s

problem reduces to the PROBLEM Projr below:

coordinator’s (resp., investigator’s) optimal effort e? = 9,“

PROBLEM Proar

min Ek,l[uai—i—Be?—i-fON(s(ag,@?vfo)]-

v20,620

0

EC.3.3.2. Proof of Corollary E When both providers have a single type, we have 07 =
0" = 0,,0-=0"=0.. First, consider the SI model. As mentioned in the proof of Proposition g for

InYc
a given 3 value, the coordinator’s optimal effort e® = ﬂ , and the corresponding compensation is ﬂ ’
Therefore, the sponsor’s problem is
min [©,(a;0,) + a + fN6(a, 0 -l
a€[0,1];£,0<B<0c 0. Oc
s.t. d(a, ﬁ,f) > 4.
0.

We can rewrite the objective function as [©,(a;0,) + 220, (2 ) + fNo(a, 5 B f)]. This is equivalent
to the centralized model when the coordinator’s effort cost parameter is 26, and decision variables

are a and e = %. Hence, from Proposition EI, we have

o MN@NMA+2Xp0c) go  ASN(SNA;+Af0;) and (a +gc) Aja® 32
- >\§20001752N2>\3 ' b 2A§609,752N2>\3’ fo= Ag :
Since the retention constraint is binding, the optimal objective value is:
1 ° ~
Iy = [=6,a° +-20(B) + f°NJ|.
2 0.
O\ 0,
Defining = = L= , where x,z > 2 from Assumption [ll. Further, let G(u,v) = —%tv£2
ST 5NN, TGN, ption { (0,0) = =0
where G(u,v) is submodular in its arguments. Then the corresponding cost can be expressed by
2N OGN
Yy = + ——G(2x,2),
2N 20 (22,%)
o 62N SN
" = —— G(z,z2).

NN
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Then
HéV—HSIO 1 SN)\2 1 Qc)\Q x(1+z)2
= 92, 2) — _
1 0.2 (1422 1 . A(z+1)
=3 P=——— 5 and (222 -1 ~1)).
< %90602 2A3Af 2($Z o 1)2 2 (Slnce e )\J(:I:Z — 1) an ( €Tz ) > (1‘2’ ))

N
Therefore, % < g Similarly, under the OM model, we have

82N SN2
Y = G(2z,2
3 >‘f + 2)‘J)\f ( z, 2)7
2N OGN
oM =22 G(z,2).
N T, )
Then we have,
Iy — oM 1 SNX? 1 6NN

(G(2x,22) — G(x,2)) (G(2x,22) — G(2x,2) + G(2x,2) — G(x,2))

oM qom® Y ~ qoMm® 22X\ f
SATy2 AT )2 2 2
1 ONX (G(2.22) — Gz, 2) + G2, ) — Gla, 2)) = 1 0NN z(1+2)*+z2(1+2)

~IIOMO 2\ 5, oMo 2)\J)\f( (rz—1)(2zz—1) )
1 ONX 2(142)2+ 2(1 4 2)? 1 SNA2 A2 (2e%” + 2a0?)
< =
1_101\/[<> 2)\J)\f (.’L’Z — 1)2 ]___[01\4<> 2/\JAf 272

1 6NN A3x6<>2+ 1 6NA2 A2za0°
TIOMO2X A, 2X2  OMO2X ), 22
1 ONA2 A3x6<>2+ 1 6NA2 A2za0”
0.e0% 20,0 2)2 10002200, 2X2

< =1.

1
2

< 2. The result now follows. OJ

herefore, —13
There ore, W

EC.3.4. The CLC Contract
Under the ST model, the sponsor’s problem for given k € {L, H} is

ake[o711ﬁl;ifr,:,5kzo i[O, (a; 07) + Breg, + NS (a, gy, fi )], (EC.23)
st. O(aw, ey, fr) >0, Vie{L,H}, (EC.24)
IR: Brey, —Ou(es;04) >0, Vie{L H}, (EC.25)
IC: ey, € argmax { Bre — O.(e;6) }, Vie{L,H}. (EC.26)
e>ep

Under the OM model, the sponsor’s problem is:
Iﬁn]lclgo Ek,l[lja’g+5e?+fN6(a2’€?af)]v (ECQ’?)
st. 6(al,el, f) >0, VEk,le{L,H}, (EC.28)

IR: val —0%(al; 0%) >0, Vke{L, H}, (EC.29)
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IC: af earginax{ua—@,(a;Qf)}, Vke{L,H}, (EC.30)

IR: Bel —O.(e?;0") >0, vie{L,H}, (EC.31)

IC: ¢} €cargmax {Be —O.(e;0')}, Vie{L,H}. (EC.32)
e>e

EC.3.4.1. Proof of Proposition @ Under the SI model, it is straightforward to derive that for

any given [y, the coordinator’s optimal effort e}, = max {gk, Bk } ,L€{L,H}. From the IR constraint,

ra
b

H
we have 3 > 00%. At optimality, we can show that retention constraint ( ) is binding for [ = H
5—)\(az+eZH)—>\JaZezH
Af

and hence, satisfied for [ = L. Thus, we have fy = . Now it is easy to verify that
the sponsor’s problem reduces to PROBLEM P¢rgr below:
PROBLEM Pgrsr
min Ei[©,(ax; 0F) + Breq, + fL NS (ar, 3y, £7)]-
%6[071];5;92951#
Following similar arguments as above, under the OM model we have (i) for a given 5 (resp.,

v), the coordinator’s (resp., investigator’s) optimal effort ef = max {g,eﬁl},l € {L,H} (resp.,
C

a) = max{g,alk},k: e {L,H}), (ii) g > 932’; and v > 01;[9 and (iii) at optimality retention con-
I

52 (a0 460V 100 &0
straint () is binding for £k =1 = H. Hence, f® = 0= Magteg)=rjapey Thus, the sponsor’s problem

A
f
reduces to the PROBLEM Pgoroa below:
PROBLEM Pgrom
min Eri[val + el + fONG6(al,ef, f)].
v>258 5> 0ce

EC.3.5. Proof of Proposition @

Before proving the results in this proposition, we establish the following result:
LEMMA EC.2. 1Y (e),) > min {I1£, (e, ), I1Y.} under the SI model.

Proof Under the SI model, given the investigator’s type k, the sponsor’s problem under the

conditional linear contract, is

min E (O, (ar; 0F) + Breg, + fu NS (ak, €5y, fr)], (EC.33)
ag, fBK =0
st. O(aw, ey, fr) >0, Vie{L,H}, (EC.34)
IR: Bréy, —O.(é5,;0") >0, vic{L,H}, (EC.35)
IC: &y, € argmax { Bre — O (e;6) }, Vie{L,H}. (EC.36)
e>eg

A~
o A0

From IC constraint, we get é3, = max{ey, %},k,l e {L,H}. For a given ey, let (32,a2, f2) be the
c

sponsor’s optimal decision under the conditional linear contract. Further, given a value of 3, from the
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proof of Proposition B the coordinator’s optimal effort under the LC contract is z k k0 € {L,H}.
We next consider the following two pObblblhtleb (i) e, < 51’3 and (ii) e, > eH
» Suppose e < f—CE. Then, we have é5, = z ,k le{L,H}. Hence, the coordinator’s decision under
the LC contract with parameter 3, = ﬂk is the same as that under the CLC contract. Therefore,
the sponsor can achieve the same retention rate with the same retention cost under the LC
contract by choosing 3, = ﬁg,ak =ay, fr = f,‘j . Thus, B;; is feasible for the sponsor’s problem
under the LC contract implying TI%, (e, ) > IIY, > min {IIZ (e, ), TI, }.
e Suppose e > . This implies ﬂk < 0%e; and ey, = e. Then, consider a fixed contract with a
lower bound on the effort as e, and the fixed compensation as %95 e;.. Then, we can easily show

that the sponsor can achieve the target retention rate by setting ay = ay, fxr = f,j under this

fixed contract. Thus,

1 A0 £O A0 o
I3, (ex) 25951@% +O1(ag) + fx No(ek, ar, fr)

e}

<Bren +0:(ak) +afi No(er, ai, f) + (1 - ) fi N <max{ek,§’;} s }S)

]

nglzﬁk +(1 _Q)Bz max {ekﬁv SL }+®I(a’k) +qka6(ek?7akafk) (1 _Q).fA;CDNg <maX {6k7 g’z} ad27flg>
=113} (ex)-

Thus, T (e4) > 114, (ey) = min {115 (e, TI3, }
Therefore, the relationship IIY (e;,) > min {I1Z, (e, ), I} } always hold. O
Note that using the results of Proposition E, it is easy to prove that IIZ, (e;) is convex in e;,. Since
12}, does not change with e, and II%, (e;.); and IIY, may intersect at the most twice in range [0,1].
Observe that for e, =0, 1Y, <TIL (e, = 0). Hence, there always exists at least one intersection point,
say, e; > 0, such that I3, <TIZ, (ey) if ex € [0, €]. For our proof, we further assume that there are two
intersections and hence, there exists ey € [0,1] such that e; > e;. Proof under the other possibility
where e; > 1 follows from similar arguments. Note that IIZ, (e),) < 112}, if and only if e;, € (e, €).
Next, we prove (a) IIY (e, ) = I3, < IIZ (e;,) for e, € [0,e4], (b) TN (e) > IIE, (e),) for ey, > e, and
(¢) when 07 < 20%, TIZ (e,) =11Z, (e),) Vey, € [e1, 1].
(a) e, € [0,eq] : Let the sponsor’s optimal solution under the LC contract be (85,ay, fr), and

the corresponding optimal effort for the [-type coordinator be e},. Note that from the proof of

Br

Proposition E ey = o

Consider the optimal expected retention cost with the LC contract:

Hé\;c _@ (aka I)+q/3k€kH ( _Q)5;62L+Qfle5(aZ7€ZH7fko)+(1_Q)kaN(S(aZveZUfI:)
>0, (akaek)+ﬁk€kH+ka5(akaekmfk)
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Note that the last inequality is equal to the expected retention cost for an FC contract with a
lower bound of effort as e, the sponsor’s decisions (s, = ii;,ak =ay, fr = f¢). The coordina-
tor’s decision given this contract is eg,. Further, it is straightforward to verify that the IR and
IC constraints are satisfied for the coordinator and that the retention constraint is also satisfied.
Hence, the above decisions form a feasible solution under the FC contract. Thus, we must have
MY, > TIE (e5,,). Recall that I, > TIZ (e;) if and only if e; € [e1, e]. Therefore, we must have
er, = e1.

Now consider an CLC contract with sponsor’s decisions (S5, ay, fr), and lower bound on
effort ej. Recall é7, = max{%,gk}. From the arguments above €}, = % = eg;. Further, it is
straightforward to verify that the IR and IC constraints are satisfied for the coordinator and
that the retention constraint is also satisfied. Hence, the above decisions form a feasible solution
under the CLC contract. Thus, we must have II%, (e;) < IIY.. Combining with Lemma EC.9, we
have TI (e,) = IIY. when ¢j, < e;. Hence, the result T2 (e;,) = IIY. < TIZ (e,) follows.

(b) e, > e1: We consider two possibilities: (i) e; <e, <ep and (ii) e, > es.
(i) e < e, < ey In this region, we have min{IIZ, (e),113,} = IIZ, (ex). Therefore, from
Lemma [EC.4, 115 (e,) > min {115, (ex), T3} } =TI (ey.).
(ii) e, >ey: Let ( 30,45, f2) be the sponsor’s optimal decision under the CLC contract with
lower bound e;, € [ea,1]. Then, the coordinator’s optimal effort level é3, = max{f—{z,ek}.
Note that from the IR constraint of the high-type coordinator, we have B,ﬁéz " GH 60 2> 0.

cCku

The sponsor’s optimal expected retention cost given the CLC contract is

15 (ex) =0,(65) + aBies, + (1 — a)3ies, +afgNo(ag, 5., fi) + (1— ) foNo (a5.65,. f7)
>0,(ay) + Bréq, + fLNO(as, €5, 1)
o 1 .. 2o i Ao f
>®I(ak)+§006kH2+ka5(aka6kH’ k)

where the last line is the sponsor’s expected retention cost under an FC contract with the
lower bound on effort €7, payment s, = $0%¢ e2,% and a, = a3, fu = f2. It is straightforward
to establish that all the constraints are satisfied, and the solution is feasible under the
FC contract. Therefore, I1Z, (€9,) < II% (e;). Further, &}, = max{f—g,gk} >ep>ey 15 ()
is increasing in its argument in the interval [es,1]. Hence, II%, (é,) > 112, (e) implying
T4, (ex) < TI3) (ex)-
(c) e, € [e1,1] and 67 < 20%: From (b), we have IIZ, (¢;) < IIY (ex). Hence, to show the result
here, it suffices to prove that IIY (e;,) < IIZ, (e),), which we derive below.
Given ey, let (59,a5, ) be the sponsor’s optimal solution under the FC contract. Recall that

from Proposition E, the optimal compensation under the FC contract 57 = %Hg e?. Consider the
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following solution under the CLC contract with lower bound on effort ey, B, = %95 ek, ar = ay,
and f, = f2. Then, the optimal effort level that maximizes a I-type coordinator’s benefit is
max {gk, g—lg} = max {gk, %gk} = e, which is the same as that under the FC contract,
and the IR constraints under the CLC contract are satisfied (e, — 30Le; = %(Gf —6.)>0).
Further, when adopting the above CLC contract, the sponsor can achieve the same retention rate
as the FC contract by choosing ay = a3, f = f¢. Thus, the retention constraint is satisfied under

the CLC contract as well. Hence, the solution with lower bound on effort e, 8 = %Gggk, a, = ay,

and f, = f? is feasible under the CLC contract, with the expected retention cost equals to
1 _ _ _ _
30t X ,(a0) 4 FENBen 0 ) =55+ O,(0h) + FENDeveaf, ) =TT )

Therefore, the sponsor’s optimal expected retention cost under the CLC contract is
5 (ex) < TI5(ex)-

The proof is now complete.

EC.3.6. Proof of Proposition

We prove the first statement of the proposition. The proof of the second statement is similar and
hence, avoided for brevity. To this end, we establish that there exists a > 0 such that Hév (a,e) <
I} (a,e),Y0 < a<a,0 <e<1. Then, we show that there exist € > 0, such that Hév(g,g) <Y ,Vae
[0,€],00 <e<o,.

Consider the FC contract with ¢ =0 and e € [0,1]. Let the optimal monetary payment to the
participant be f°. Recall that from Proposition E, the optimal compensation under the FC contract
=0, 5 = %0;’ e?. Consider the following solution under the CLC contract with the same lower
bounds on effort levels as in the FC contract above, and v =0, 8 = %95@, and f = f°. Then, the
optimal effort level for the investigator is 0, and the optimal effort level that maximizes [-type
coordinator’s benefit is max {g, %} = max {g, %g} =e. That is, the providers’ effort levels under
the above CLC contract are the same as those under the FC contract. Also, IR constraints under the
CLC contract are satisfied (Se— 30.Le* = %(0;’ —0') > 0) implying when the sponsor chooses f¢ under
the CLC contract, the same retention rate is achieved with the same expected retention cost as the
FC contract. Thus, IIY (a=0,e) < IIF (a = 0,¢). We next show that II¥ (a = 0,¢) < IE(a = 0,¢).

Let C; be the sponsor’s expected retention cost with the CLC contract above. Then

Cr=Be+Ne+ A fONFO=T1E(a=0,e).

)\+/\J§
)\f@}{

Consider an alternative solution under the CLC contract where v >0, 5= %0? e, f=f"—

Then, the optimal effort level for the k-type investigator is &2 = @. It is straightforward to verify
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that all the constraints are satisfied, and the solution is feasible under the CLC contract. Further,
under the alternative solution, the sponsor’s expected retention cost, which we express by Cy(v), is

given by

v
=Ey |v Vor

+ Be+ (Ae+Aa) + Asafe + Arf) <f<>— A;;};’ey) N].
f

I

_Ekl[ 9V+5e+</\e+Aff<> (/\+>\Je)<9VH—9Vk)> <f<>—/\;2‘fu>1\f].

1 1

_ 0F M ge 70 208 —oF
Let 7= x0T </\_e+)\ff # N. Then when v < T,

802(1/) _21/ )\+A 70 14 v 1 1 70 )\‘F)\JQ
ey R 9H Ae+Apf7 = (A+Ase) T —(A+Xse) o7 o f 07 v
[ A+ Ase ,20F gt N+ Ase)2(01 —0F)
=E — A A N
BTN ( erMT g ) +0k< 207 Y
T A Ase _,20% — g1 2
<E — N+ —
<Eg, - )\fef ()\64—)\ f o7 ) + ot :|
<0.

Further, notice that Cy(0) — C; =0 implying Cy(v) < C1,¥0 < v < 7. Thus, the sponsor’s optimal
expected retention cost IIY (a = 0,¢) < I1¥ (a = 0, ¢), Ve € [0,1]. Since [II¥ (a,e) — 1% (a,e)] is contin-
uous in (a,e) in the compact set [0,1] x [0,1]. Therefore, there exists > 0, such that [IIY (a,e) —
1 (a,e)] <0,Va € [0,a],e € [0,1].

Next, we compare the sponsor’s expected retention costs under the CLC and LC contracts when
a = 0. Recall that under the LC contract the k-type investigator’s optimal effort is % and the [-type

coordinator’s optimal effort is 2 9—1 The sponsor’s expected retention cost is
c

¥ O
0 =g [v7 x ] a0 x D (1= 08 x O [ao( D 1)+ - 0o, B )
O O O O O O O O <> O o
i [v x| 4 x G =05 e { 2 b [ao(e 0 10+ (- e { 2 o 0]

Now, consider the following feasible value of § = 52—0 for the CLC contract with @ = 0,v = v/,
e = %. Then, HN(f =0,e = %) is the same as the LHS expression in the last line above.
Therefore, 11N (a = 0,e = =L ) < IIY. Since IIY(-,-) is a continuous function. Therefore, there exist
6,0 < €< max{% — } such that II¥ (a,e) < IIY,Va € [0,¢], e € [% —e,%—i—e].

0 50
Now, let g = min{«, e}, o= g—g —€,09 = @ + €. Then, we have

<

1Y (a,e) <1 (a.e), 15 (ae) <MY, V0<a<aga

IA
I
IA
N

The result now follows.

EC.4. Computational Study Results for the OM Model
EC.4.1. Understanding the Relative Performance of the FC, LC, and CLC Contracts

Figure illustrates the impact of the lower bound on effort, the target retention rate, and the

effectiveness of effort on the best-performing contract among the FC, LC, and CLC contracts under
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the OM model when g = e. We observe that the cost of the CLC contract is lower on average for
lower e, while the FC and LC contracts perform better on average for medium and high values of e,

respectively. The performance of the three contracts relative to § and X is the same as that under
the SI model.

- - -
D> > >
g 2 2
2408 £ o0s S, o8
= = =
£ £ £
=] =] =]
= = =
& & &
73 73 Y
& 07 & o7 &
ko] s s
o0 o0 o0
] ] ]
= = =
0.6 0.6 0.6
0.025 0.125 0.225 0.325 0.425 0.025 0.125 0.225 0.325 0.425 0.025 0.125 0.225 0.325 0.425
_ _ _
Lower Bound on Effort Level (a = e) Lower Bound on Effort Level (a = e) Lower Bound on Effort Level (a = e)
(a) A=0.4 (b) A=0.7 () A=1.0

Figure EC.1 Comparing the Performances of the FC, LC, and CLC Contracts under the OM Model

We further extend our numerical study to incorporate the settings where a # e. Figure
illustrates the impact of the lower bound on effort and the target retention rate on the best-performing
contract among the FC, LC, and CLC contracts under the OM model for A =0.7. We observe that
for low and medium g values, the cost of the CLC contract is lower on average for lower e, while the
FC and LC contracts perform better on average for medium and high values of e, which is consistent
with our findings above. When g is high, the cost of the L.C contract is lower on average. This suggests

that when either of the lower bound values a, ¢ is high, the LC contract is preferred on average.
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Figure EC.2  Comparing the Performances of the FC, LC, and CLC Contracts for A = 0.7 under the OM Model

EC.4.2. When to Adopt the Optimal Compensation Contracts

Among the instances where Rz > 1.10, 58% has effectiveness of effort parameter A\ > 0.85. For
instances with A > 0.85, we illustrate the impact of A¢,p, g, e on the ratio R; in Figure . Similar
to the observations in Section @, given the high X\ values, the ratio Rs is typically greater than 1.10

when at least two of the following conditions are satisfied: (1) the lower bounds on effort levels (e, a)
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are either high or low, (2) the effectiveness of monetary payment (Ay) is low, (3) the probability of
having a high-type coordinator (q) is low and (4) the probability of having a high-type investigator

(p) is low.
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Figure EC.3 Impact of ¢, \f, p, and ¢ on the Ratio R3

EC.5. Model Extensions

To test the robustness of our insights, we consider the following three extensions of our models in the
main paper: (i) uncertainty in the retention rate, (ii) continuous distribution of effort cost parameters,

and (iii) moral hazard issue.

EC.5.1. Impact of Uncertainty in the Retention Rate on the Performance of the FC,
LC, and CLC contracts

In our analysis thus far, we considered the effectiveness of providers’ efforts (A, A;) and the sponsor’s
payment in retaining participants (Ay) to be deterministic. However, one could argue that in practice,
these effectiveness parameters can be uncertain. Hence, in this section, we consider these parameters
as random variables: 5\, by 7 Y 7. Further, unobserved factors may influence retention, which we capture
by introducing an additional random variable, e. Consequently, we have § (a,e, f)= Aa+ e+ \ae+
Xff + ¢, where ¢ := (/N\, A, )\Nf, €) is a random vector.

Before proceeding with the analysis in this section, it is important to note that these uncertainties

do not impact the problem descriptions and, therefore, the structure of the optimal decisions of the
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providers (the coordinator under the SI model and both providers under the OM model). Further,
we can modify the decision-making problem for the sponsor (studied in previous sections) by writing
the retention constraint for each random scenario as follows: 5(&,6, f) > 6. To solve the sponsor’s
problem, we relax the retention constraint and require it to be satisfied for only ( percentage of

scenarios. That is,
Prob (S(a, e, f)> 5) > . (EC.37)

Solving the sponsor’s problem with retention constraint () is analytically challenging, in
general. However, it is straightforward to observe that when the uncertainty is due to the unobserved
factors only (i.e., A\, A\s, \; are deterministic), the sponsor’s problem can be solved by replacing § with
§ —®'(1—¢) in the retention constraint considered in each of the previous sections. Here, ® is the
CDF of €. Below, we present a numerical study to derive insights into the impact of uncertainties in

A, Ay, Ag, and due to the unobserved factors, on the performances of various compensation contracts.

EC.5.1.1. Computational Analysis. We consider the test bed described in Section @ and
assume that ¢ follows a multivariate distribution with mean p = (A, A;,Af,0) and the covariance
matrix ¥ = diag(a?A\?, a?A\3,a?A%, a?), where values of A, A\, A; are as specified in Table E (Sec-
tion EI) We then consider three values of o as {0.01,0.02,0.03} such that the probability of realizing

negative values of random variables is significantly small.

Centralized SI Model OM Model
@ Model Optimal Contract FC contract LC contract CLC contract ~ Optimal Contract FC contract LC contract CLC contract
0.01 5.26% 5.28% 4.79% 5.57% 4.89% 4.80% 3.67% 11.41% 3.60%
0.02 10.72% 10.75% 9.75% 11.24% 9.81% 10.26% 8.08% 17.89% 7.94%
0.03 16.47% 16.53% 14.97% 17.31% 14.98% 16.03% 12.60% 24.81% 12.39%

Table EC.1 Percentage Increase in Expected Retention Cost for Different Levels of Uncertainty

Table displays the increase in the optimal expected retention cost because of uncertainty
for the models analyzed in previous sections. For a given «, the value in each cell of the table is an
average number over all instances in our test bed. We observe that as « increases, the cost increase
due to uncertainty becomes more significant, which is as expected. Further, notice that the FC and
the CLC contracts are relatively more robust to uncertainty than the LC contract. As discussed in
Section @, the drawback of the LC contract is that when the sponsor increases the value of 5 (and
v) to ensure the retention constraint is achieved for the high-type provider, the low-type provider’s
effort level increases at a faster rate, which results in much higher compensation for the effort. As
compared to the LC contract, the FC contract does not suffer from this drawback as a provider
exerts the same level of effort regardless of the type. Hence, the FC contract becomes more robust

to uncertainty relative to the LC contract. For the CLC contract, although the provider’s effort also
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a—e FC Contract CLC Contract
== SI Model OM Model  SI Model OM Model
0.025 8.52% 8.81% R.77% 8.39%
0.125 8.23% 8.19% 8.19% 8.14%
0.225 7.49% 6.67% 7.45% 6.64%
0.325 6.49% 4.67% 6.46% 4.66%
0.425 5.36% 1.32% 5.43% 1.31%

Table EC.2 Percentage Increase in Expected Retention Cost Due to Uncertainty for Different Lower Bounds

on Effort

depends on the payment per unit of effort, the existence of a lower bound on effort ensures the
difference in the effort level between the low-type and the high-type provider is not as significant
as that under the LC contract. Therefore, the CLC contract is more robust to uncertainty than
the LC contract. Finally, under the OM model, the sponsor contracts with both providers, where
the respective low-type provider’s effort level increases at a faster rate than the high-type provider.
Therefore, the sponsor suffers from the elevated cost increase from both providers; thus, the cost
increase is much higher for the OM model than the SI model for the LC contract.

We also explore the impact of uncertainty on the performance of the FC and CLC contracts as the
lower bound of effort changes (see Table ) For a given value(s) of the lower bound(s), the value
in each cell of the table is an average number over all instances in our test bed. We observe that the
robustness of both contracts increases for the higher values of e. The reason is as follows: for the FC
contract, note that the providers exert an effort that is equal to their respective lower bounds. Under
the deterministic case, when the lower bounds on effort levels are small, the effort levels from the
providers are limited and the sponsor relies largely on the monetary payment to satisfy the retention
constraint. On the other hand, when the lower bounds on effort levels are high, the providers’ effort
levels are also high, while the monetary payments to the participants are small. Since providers’
effort levels are fixed at the lower bound for the FC contract, to satisfy Constraint () under
the uncertainty case, the sponsor must increase the monetary payment to the participants relative to
that under the deterministic case. This increase in monetary payment decreases with lower bounds
on effort levels, resulting in a lower increase in the expected retention cost for higher values of e
(and a). The increase in monetary payment as lower bounds on effort levels increase is further lower
under the OM model as compared to the SI model. Hence, we also observe that the FC contract is
more robust under the OM model. For the CLC contract, when the lower bounds on effort levels are
small, the provider’s effort is generally higher than the lower bound values, and the CLC contract
performs similarly to the LC contract, which is less robust to uncertainty. On the other hand, when
the lower bounds on effort levels are high, the provider’s effort is close to the lower bound values,

and the CLC contract performs similarly to the FC contract. Hence, the percentage cost increase
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due to uncertainty is smaller for higher values of e (and a) following a similar argument as for the
FC contract.

In summary, uncertainties in effectiveness parameters and due to unobserved factors do not sig-
nificantly impact the cost performance of the FC and the CLC contracts. In addition, these two
contracts are more robust to uncertainties for the higher values of the lower bound on the effort. We
conclude this section by stating that the insights regarding the relative performance of the three con-
tracts and when to adopt the optimal contracts provided in Sections @«@ hold under uncertainty

as well. Hence, for brevity, we do not repeat the discussion of those insights here.

EC.5.2. A Continuous Distribution of Effort Cost Parameters

In this section, we extend our models to consider a continuum of investigator (resp., coordinator’s)
types in the range [6,,0,] (resp., [0.,0.]). Recall from Section H, the type of a provider represents his
effort cost parameter. Thus, we assume that there is a monotone ordering of types for each provider
such that an ordering of types implies an ordering of effort cost parameters. We assume that the
investigator and the coordinator’s types (6, and 6., respectively) are independent random draws from
their respective type intervals with cumulative distribution functions G and H, respectively. Further,
as before, whether the sponsor knows the types of providers or only the distribution of types depends
on the model (CM, SI, or OM) considered. In this section, we use ¢, = & and ¢. = % to denote
the reverse hazard rate function of 8, and 6., respectively, where g and f are the corresponding
probability density functions. We further make the following two assumptions to focus on practical

settings and tractability:

AssumpPTION EC.1. We assume

. max{SN(Asj+A),2N (5 +\2
1. min{6,,0,} > maxoN Qs /\)f (O +27)}

¢ ¢,
2. %9 < 0, B <.

The first statement of the assumption is similar to Assumption m in Section @ The second part of
the assumption is a regularity condition for the effort cost parameter distributions. This is a common
assumption in the literature (see, e.g., Bolton 2005, Laffont and Martimort 2002). Many common
distributions, such as the exponential, Weibull, and log-normal distributions, satisfy this assumption
(Block et al| 1998). Next, we consider the sponsor’s optimal decisions under the CM, SI, and OM

models, respectively.

EC.5.2.1. The Centralized (CM) Model. We first discuss the optimal solution under the
CM model. Recall that under this model, the sponsor knows the providers’ types. Thus, given the
effort cost parameters 8, and 6., the expressions for the optimal decisions are the same as the ones

derived in Proposition m Consequently, the results in Corollary m also hold under this extension.
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EC.5.2.2. Decentralized Models. Next, we identify the sponsor’s optimal contracts under the

two decentralized models.

The Sponsor-Investigator (SI) Model: Under this model, the sponsor knows the investigator’s
type but does not know that of the coordinator. Using the revelation principle, we assume that the
sponsor offers a direct mechanism to the coordinator, which consists of a set [f.,0.] of type reports,
a compensation with 7': [0.,0.] — R, and effort level e : [0.,0,.] — [0,1]. Given the value of 6,, the

sponsor’s problem is

Jin, 1%(0,) = o [0,(a(0:);0,) + T (0c) + f(0) N6 (a(8e),e(6c), f(8c))], (EC.38)
st. 0(a(6.),e(0,), f(6:)) >0, V.. € [0.,0.], (EC.39)
T(6c) = Oc(e(0:); 0c) = T(0;) — Oc(e(bc); o), V., 0, € [0.,0.], (EC.40)

T(6.) —O0.(e(8.);6.) >0, V0. € [0.,0.]. (EC.41)

Let 0, =0, + 29 The following proposition characterizes the sponsor’s optimal solution under

h(fc)
the SI model.

ProprosITION EC.1. Given the investigator’s effort cost parameter 6,, the optimal solution to the

SI model is as follows:

SNAGNA s+ ¢0c) SNABNA 7+ £01)
° = —— ° = —_—_———
loa (90)_ A?cme} —52N222 e”(6e) A3010c—32N2X% 7

fac d@c(e (9) 9)d0+@ ( (9 ),GC),
3. f° ( C) _ 0-X(a® (90)+€ (ec;\)f) A ga(8c)e® (9c)
where 0. € [0,,0,] is the coordinator’s reported type.

)

As discussed in Section @, to ensure the coordinator truthfully reveals his type, the sponsor
provides information rent to all types of coordinators other than the one with the highest cost
parameter, and the coordinator’s optimal effort is lower as compared to the CM model unless 6, = 6..
Our results in Corollary E with respect to § from the main paper also extend to the continuous type

space.

The Outsourcing (OM) Model: Under the OM model, the sponsor does not observe the inves-
tigator’s and the coordinator’s type. As before, the sponsor offers a direct mechanism to the investi-
gator and the coordinator, which consists of sets [6;,0,], [f.,0.] of type reports for the investigator
and the coordinator, respectively, compensations with 7}, : [0,,0,] x [6.,60.] — R, and effort levels

e:10,,0,] x [0.,0.] — [0,1]. The sponsor’s problem is then

min  TOM =By [T,(0,0.) + T.(0,,0.) + £(6,,0.)N3(a(6,,0.),(6,,0.), £(6,,6.)].

Tr,Tc,a.e,f
s.t.



e-companion to Song, Mehrotra, and Rajapakshe: Ewvaluating the Efficacy of Providers’ Compensation Contracts ec2b

0(a(8;,0c),e(0;,0c), £(8,,0c)) > 9, ¥, € [0:,0.],0c € [0, 0.,
T.(0,,00) — Oc(e(0:,00):00) > T.(6,,6.) — O.(e(6,,6.);60.), Vo, €(0,,0.],%0.,0., € [6..0.],
T.(0,,0:) — Oc(e(8:,00):00) > 0, Vo, €10,,0,],0. € [6..0.],
T,(0:,0c) — Oc(e(0:,00):6:) = T,(0],0c) — Oc(e(9),0c);6), ¥0,,0; € [6,,0.],0c € [0, 0.,
7,(6,,60.) — ©,(a(6,,6.);6,) > 0, V0, € 19,,0,),0. € [6..0.].

We define 6

ProprosITION EC.2. The optimal solution to the OM model is as follows:

6N)\(6N)\J+>\fec) 6N>\(6N>\J+)\f9[)
(91790) )\?9 00—62N2)\2 ) (01,90) )\?9 90—62N2>\2 )

) O .
2. Ty(0r,00) = [§7 221010 4 1 ©,(a%(6,,00);6:), To(61,00) = [0 200100 4g 1 O (c° (6, 6c):6c),

3. f9(0,,00) = S Or.0c)+e 01, 90)\)f) Aya’(91.0¢)e%(61.0¢)

where 0, € [0,,0,] is the investigator’s reported type and 6. € [0.,0.] is the coordinator’s reported

type.

Under the OM model, to ensure truthful revealing from both the investigator and the coordinator,
the sponsor provides information rent to both, and our discussion from Section @ still holds. Fur-
thermore, it is easy to observe that our results in Propositions H and E on comparing three models,
and the impact of A\,\;,Af, and d on the cost difference among the models (Proposition B) also
extend to the continuous type space.

In the following section, we discuss the sponsor’s optimal decisions under compensation contracts

in practice.

EC.5.2.3. Compensation Contracts in Practice. Let a (resp., e) be the lower bound on
effort. The following proposition establishes the properties of the optimal decisions under the FC,

LC, and CLC contracts. The results are similar to those presented in Section @

ProrosiTioN EC.3. When the providers’ effort cost parameters are drawn from continuous dis-
tributions, the sponsor’s optimal decisions under the SI and OM models are as follows:
1. When the sponsor adopts the FC contract,
o Under the SI model, given the investigator’s effort cost parameter 6,, the sponsor’s opti-

iy A (B=X)A 07 =N (A+A se)?
mal decisions are: s°(0,) = 30.€*, a°(0,) = m;fiw; fo(0,) = 2y ;291 ORI The
!

coordinator’s optimal effort is: e® = e regardless of his type.

e Under the OM model, the sponsor’s optimal decisions are: r° 6? a? = %éCQQ, and
o= %@f)—/\m' The providers’ optimal efforts, regardless of their types, are a® = a,
O —
e’ =e.

2. When the sponsor adopts the LC contract,
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o Under the SI model, given the investigator’s effort cost parameter 0,, the sponsor’s optimal

decisions are: f°(6,) = 37’\(“0(0’)“0(0"éf\))f’\Jao(e’)eo(e”%). The optimal effort of the coordi-

nator with cost parameter 6. is €°(0,,0.) = %{f’).

e Under the OM model, the sponsor’s optimal monetary payment to the participant satisfies
Fo= 52 a®(01,00)+¢° (01,82)) =2 7a® (81,00)e® (Br,0c)

)

f
parameter 0, is a®(0,) = ﬁ, and the optimal effort of the coordinator with cost parameter

0r
0. is €9 (6.) £°

3. When the sponsor adopts the CLC contract,

. The optimal effort of the investigator with cost

o Under the SI model, given the investigator’s effort cost parameter 6,, the sponsor’s optimal

decisions are: f°(6,) = g_’\(ao(e’)Jreo(0”(;?\);_’\”0(9’)80(9”§C). The optimal effort of the coordi-

nator with cost parameter 6. is €°(6,,0.) = max {Q, _/309(09,) }

e Under the OM model, the sponsor’s optimal monetary payment to the participant satisfies

Fo = §—2(a®(07,00)+€%(01,00)) =X 7a® (81,0c)e°(81,0c)
Af

parameter 0, is a®(0,) = max{g, %}, and the optimal effort of the coordinator with cost

. The optimal effort of the investigator with cost

o
parameter 0. is e®(0.) = max {_67 5—0 }

We rely on the computational study to numerically identify the optimal values of 5°(6,),a°(6,) under
the SI model, and 39, ° under the OM model. In the following section, we discuss our findings from

the computational study.

EC.5.2.4. Computational Study. In the computational study, our goal is to understand the
performance of the three contracts observed in practice relative to each other and to the optimal
contract. We assume that the providers’ effort cost parameters follow a uniform distribution, i.e.,
0.~Ulf.,0.],0, ~U[0,,0,]. The parameter values are set similarly to that in Section E In particular,
we set 6, = 6000 and select % € {1.05,1.15,1.25,1.35}. We further consider %—f €{0.4,0.6,0.8,1.0},
and choose the values of 8, such that % € {0.5,1.5,2.5,3.5}. The rest of the parameters are the
same as in Section @ The computational study (Figures |ECZ\I and |ECH) shows that our findings

in Section E are robust to the continuous type space for the effort-cost parameters.

Relative Performance of the FC, LC, and CLC Contracts:

Target Retention Rate (8)

Target Retention Rate (8)

Target Retention Rate (8)
o
%

0.8 0.8

e
N
e
N
e
N

0{)6.025 0.125 0.225 0.325 0.425 0'06.025 0.125 0.225 0.325 0.425 0'06.025 0.125 0.225 0.325 0.425
Lower Bound on Effort Level (e) Lower Bound on Effort Level (e) Lower Bound on Effort Level (e)
(a) SI Model, A=0.4 (b) ST Model, A=0.7 (c) ST Model, A=1.0

Figure EC.4  Comparing the Performances of the FC, LC, and CLC Contracts



e-companion to Song, Mehrotra, and Rajapakshe: Ewvaluating the Efficacy of Providers’ Compensation Contracts ec27

09 09 09

S S S
-1 -1 -1
2 2 2
= = =
=3 =3 =3
=) = =
] ] =
& & &
& & 2
ko] ko] ko
2 2 2
g & &
0.6 0.6 0.6
0.025 0.125 0.225 0.325 0.425 0.025 0.125 0.225 0.325 0.425 0.025 0.125 0.225 0.325 0.425
Lower Bound on Effort Level (e) Lower Bound on Effort Level (e) Lower Bound on Effort Level (e)
(d) OM Model, A =0.4 (e) OM Model, A =0.7 (f) OM Model, A=1.0

Figure EC.4  Comparing the Performances of the FC, LC, and CLC Contracts (Continued)
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EC.5.3. Moral Hazard Issue

Although the providers’ effort is observable and contractable in the practical context of clinical
studies, for theoretical completeness of the analysis, we extend our analysis to consider a setting
where effort is unobservable (moral hazard issue) but the providers’ type (effort cost parameter)
is known. In this extension, similar to Appendix , we consider that unobserved factors may
influence the retention rate. Hence, the achieved retention rate is random and defined as 5 (a,e, f)=
Xa+ Xe+ Ajae+ Ay f +¢€, where € is a random variable with support on [—k, x| and represents the
uncertainty resulting from unobserved factors. Let € (resp., w) be the c.d.f. (resp., p.d.f.) of e. We
assume that the distribution of € is common knowledge.

Under the CM model, for any given 6, and 6., the sponsor’s decision problem then becomes:

1 1 <
mll} 501(12 + 50062 + 5(@, €, f)Nf>

s.t.  Prob (S(a, e, f)> 5) >(. (EC.42)
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As discussed in Appendix , Constraint () is equivalent to Aa 4+ Ae + Ajae + A;f >
§— Q71 (1—¢), which is the same as Constraint (B) in Section @ by replacing ¢ with [§ —Q~1(1—()],

and hence, we have the following result:

ProprosITION EC.4. Given the providers’ effort cost parameter 8, and 0., the sponsor’s optimal

decisions are: a* = MG 1-O)N (G-~ T (1-Q))N A +X50c) oF — -0 (1-O))N((6—Q L (1-0))NAs+A101)
D AF0c0r—(6-271(1-0)2N2A] ’ - AZ0c01- (-9~ T(1=0))*N2X3 )

(-0 1-0) A k)2 gate”

and f* = Y )

Under the SI and OM models, the uncertainty in observed factors and the possibility that the
sponsor may not observe the providers’ true efforts result in a moral hazard issue faced by the sponsor.
A common way to deal with moral hazard in the literature and practice (Simester and Zhang 2010,
Siemsen et al; 2007) is to contract on outcomes. In our setting, the outcome is the achieved retention
rate. However, as mentioned earlier, the sponsor cannot offer outcome-based compensation due to
clinical study regulations. Thus, similar to Zhang et al| (2018) and Dey et al. (2010), we next analyze
the SI and OM models under the setting where the sponsor contracts and offers compensation to
the providers based on the reported effort levels. The analyses show that our main insights from
the original model on (1) the relative performances of the three contracts in practice, and (2) their

performances relative to the optimal contracts still hold qualitatively in this extension.

EC.5.3.1. The SI Model. Under the SI model, the sponsor offers the coordinator a compensa-
tion contract 7": [0, 1] — R that is based on the reported effort é, where T'(é) is non-decreasing in the
reported effort €. The sequence of events is as follows: first, the sponsor announces the compensation
contract T and the payment to the participant f and chooses the investigator’s effort (a). Second, the
coordinator chooses the effort level e. Third, the achieved retention rate is observed by the sponsor
and the coordinator (i.e., the uncertainty is resolved). Finally, the coordinator reports his effort é
and receives compensation T'(é€). Next, we present the coordinator’s optimal decision on the reported

effort level.

LEMmA EC.3. Given the value of a, f, and the observed retention rate (say 5), the coordinator’s
5+n7)\a7)\ff

reported effort level in the optimal solution is e

Given the random variable e € [—k,k], it is easy to verify the feasible range of é is
d—k—=Aa=Asf S+r—Xa=Asf
)\+)\Ja ? )\-‘r)\JG.

]; reporting any effort outside the range will signal the coordinator is mis-

reporting. Since the compensation is based on the reported effort and is non-decreasing in é, it is
z§+n—)\a—)\f f

optimal for the coordinator to report — 4

5+n7)\a7)\ff

Note that for a realized value of €, we can write — e ase + /\iﬁ’;a, where e is the true effort
level. Thus, é(e) = e+ /\f:\’; —. Since at the time of deciding true effort, uncertainty is not resolved,
the sponsor’s decision problem is:

1 -
¥111} E. 59,(12 +T(é(e”))+d(a,e, fINS|, (EC.43)
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s.t. Prob (5((1, et f)> 5) >, (EC.44)

e® =argmax[E, [T (é(e)) — ;9062] , (EC.45)
e€(0,1]

E. [T (é(e?)) — ;aceﬂ > 0. (EC.46)

Constraint () is the retention chance constraint. Constraint () ensures the coordinator’s
choice of effort maximizes his expected benefit, and Constraint () is the ex-ante individual

rationality (IR) constraint. The next proposition describes the optimal contract.

ProrosiTioN EC.5. Under the SI model with moral hazard, a two-part tariff contract (T(é) =

Bé+w) achieves the first best solution, where = 0.€* and w= — [/\’ff;;* + %006*2} , and e* and a*

are the optimal effort levels under the CM model.

Next, we discuss how moral hazard affects the sponsor’s optimal decisions under the three contracts
adopted in practice.
Fixed Compensation (FC) Contract: Under the FC contract, the sponsor offers the coordinator
a fixed compensation s and requires reported effort level € to be at least e. Then, we have the following

result.
LEMMA EC.4. The coordinator’s optimal true effort is e.

Lemma shows that the coordinator always exerts the minimum effort level e. This is straight-

forward because the coordinator must exert at least effort e to ensure the reported effort level

[e + Af:\';a] is at least e regardless of the realization of €, and there is no incentive for the coordina-

tor to exert effort higher than e as the compensation is fixed. The following result characterizes the

sponsor’s optimal decisions under the FC contract.

ProprosITION EC.6. When the sponsor adopts the FC contract, the sponsor’s optimal decisions
o (6= (1) N(A+Ase) oo (-2 (1= =2e)A 10, —(6—Q L (1-C))N(A+) je)?
= L fo= .

2
X101 326,

Linear Compensation (LC) Contract: Under the LC contract, the compensation is linear to the

Lo 1 2
are: s —5905 ,a

reported effort, i.e., T'(é) = fé. We have the following result.

LEMmMA EC.5. Under the LC contract, given the value of B, the coordinator’s optimal true effort

B
o

level is
Conditional Linear Compensation Contract: Here, the sponsor offers a linear compensation
contract T'(é) = B¢, while requiring the reported effort é > e. The following result characterizes the

coordinator’s optimal decision.

LEMMA EC.6. Under the CLC contract, given the value of B, the coordinator’s optimal true effort
level is max{e ﬁ},

= 0o
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To summarize, when the sponsor adopts the FC contract under the moral hazard setting, the
optimal solution of the sponsor is the same as when the true effort is observable and 62 = 6 (see
Section @, Proposition B) However, the sponsor’s optimal solution under the LC and CLC contract
may differ from the situation where the true effort is observable. In Appendix , we compare
the performances of these contracts numerically. Next, we discuss the sponsor’s optimal decisions

under the OM model.

EC.5.3.2. The OM Model. In the OM model, the sponsor offers the compensation contract
T, and T, to the investigator and the coordinator, respectively. The sequence of events is as follows:
The sponsor first announces contracts 1, and T,, and the payment to the participant f. Following
that, the investigator and the coordinator choose their effort levels a and e simultaneously. Then, the
retention rate & is observed. After that, the investigator and the coordinator report their effort levels
a and é at the same time. Finally, the sponsor compensates the investigator and the coordinator for

these reported effort levels. We consider the following contracts for the providers:

T,(a,é;f,é):ua+w,—ua]1{( Soin(@, 8, ) > 8) A (ég&)},

f
T.(a.6; f,6) = e+ w. — Be1 { G (@,6, ) > ) A (@< &)}

where 0pin (@, €, f) = (Aa+ Aé+ Njaé+ A f) — k is the minimum retention rate that can be achieved
for any reported values of é and @, given the uncertainty in unobserved factors e € [—k, k|, and
payment f.

When §,n(a, é, f) < 6 the sponsor cannot infer that the providers are cheating. Hence, the above
contracts reduce to two-part tariff contracts, where the compensations (va + w,, 8é + w,..) are based
on the reported effort. Otherwise, the sponsor can infer that either one or both providers are not
truthfully reporting their effort levels. However, the sponsor cannot distinguish whether the inves-
tigator or the coordinator is misreporting, and hence, the contract is such that the provider who
reports a higher effort level is penalized. The penalty is represented by the third term in the contracts
specified above. We next prove that the sponsor can achieve the centralized outcome by optimally

designing the value of 3, v, w,,w,.

ProrosiTiON EC.7. Under the optimal contract, there is a unique subgame perfect equilibrium

that attains the first-best outcome.

Next, we discuss the sponsor’s problems under the contracts observed in practice. To analyze the
FC, LC, and CLC contracts under moral hazard, we make the following assumption: the sponsor offers
compensations to both providers only if ., (@, é, f) < 5. We next examine the providers’ reporting

decisions.
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Providers’ Effort Reporting Decision: Given the observed retention rate 5, let A/ denote the
set of possible equilibria representing the providers’ effort reporting decisions. The following result

shows the existence of infinitely many equilibria under the FC, LC, or CLC contract.

LemMmA EC.7. For the FC, LC, and CLC contracts, there are infinitely many equilibria in the

providers’ reporting game. Further,
ND{(a,8) €[0,1]2: (Na+Ae+ Ajaé+ A\ f) — k =0}

Given the result above, obtaining closed-form solutions for the three contracts is challenging. Hence,
we resort to computational analysis to identify the equilibrium effort levels and the sponsor’s optimal
decisions and to analyze their performances. To focus on a unique equilibrium in our numerical

analysis, we assume the equilibrium solution satisfies

That is, we focus on an equilibrium solution where both providers misreport their effort levels by the

same factor.

EC.5.3.3. Computational Study. We now conduct a computational study to compare the
sponsor’s expected retention cost under different contracts when they are contingent on the reported
effort levels. We assume € follows a uniform distribution on [—x, ], where x € {0.025,0.050,0.075}.
Note the providers’ effort cost parameters are observable to the sponsor, i.e., there is a single type of
investigator and coordinator. We set 8, = $6000, which is the same as the cost parameter of the low-
type investigator in the base model from the manuscript. We further consider Z—f €{0.4,0.6,0.8,1.0},
which corresponds to the ratio of the low-type coordinator’s cost parameter to that of the low-type
investigator in the base model. The rest of the parameters are the same as in Section E of the
manuscript. The analyses suggest that our insights derived in Section E still hold when the true effort
is not observable.

Relative Performance of the FC, LC, and CLC Contracts:

Target Retention Rate (8)

Target Retention Rate (8)

Target Retention Rate (8)

0.8 0.8 0.8

e
N
e
N
e
N

0.6 0.6 0.6
0.025 0.125 0.225 0.325 0.425 0.025 0.125 0.225 0.325 0.425 0.025 0.125 0.225 0.325 0.425
_— _— _—
Lower Bound on Effort Level (e) Lower Bound on Effort Level (e) Lower Bound on Effort Level (e)

(a) SI Model, A=0.4 (b) ST Model, A=0.7 (c) ST Model, A=1.0
Figure EC.6  Comparing the Performances of the FC, LC, and CLC Contracts
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Figure EC.6 Comparing the Performances of the FC, LC, and CLC Contracts (Continued)

Relative Performance of the FC, LC, and CLC Contracts:

100
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40
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20

Percentage of Instances (%)
Percentage of Instances (%)

1 1.1 12 1.3 1.4 1.5 1.6 1 12 1.4 1.6 1.8 2

Ry —— Ry ——

(a) SI Model (b) OM Model
Figure EC.7 Cumulative Dtistribution of R2 and R3
The ratios Ry = "l g Ry = Mhetrn [l gR, = 108, ERs = 1.15; Prob(Rs < 1.10) = 75%,
Prob(Rs < 1.10) = 56%.

EC.6. Proof of Technical Results in Appendix I@C.5.2
EC.6.1. Proof of Proposition

Similar to the proof of Proposition E, we can show that the retention constraint is binding, which

— 3=Ma(0c)te(0c))=Asal¥c)e(¥c) g
- )‘f ’ C-
We next derive the sponsor’s optimal decisions using the approach described in ()

and () Let 6°(0.) be the optimal reported type given the true type .. Let U.(0.) =
[T(6°(0.)) —O.(e(0°(0:)); 0.)]. Then, using the Envelope Theorem, we have

dUc(gc) _ 8Uc(90) _ _8(@0(6(90(00));90))
db. 009, 00, '

implies the monetary payment f(6.)

A

Further note, as the IC constraint implies, 6°(0.) = .. Also, similar to the proof of Proposition E,
we can show that the IR constraint is only binding for .. Thus, U.(f.) = 0. Therefore,

(" 00.(e(6);0)
UC(QC) _/0 Td97

C

and the optimal compensation T'(6.) = f(fcc %d@ +0.(e(6.);6.).
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Therefore, the sponsor’s problem can be rewritten as

Iilien Eec [61((1(90); 01) + T(‘gc) + f(ec)Ng]
_ §—Ma(0:) +e(6:)) — Aa(f.)e(6.)

st f(0) y , (EC.47)
T(0.)= /9 gc(wclﬂ@c(e(ec);ec), (EC.48)
aea(zc) <0, Vob.€elb.,0.], (EC.49)

where Constraints () and () together ensure the original IC constraint (EC.40) is sat-
isfied (Bolton 2005). Replacing f(6.),T(.) in the objective function, the sponsor’s objective then

becomes

d—Ma(b:) +e(f:) — Asa(fo)e(de) | =
A

0,(a(8.);0,) + /0 ) ‘9@(;?9)

min  E,, df+0.(e(0.);0.-) +

Using integration by parts for the second term in the above expression, we can simplify the above

objective as

Applying the Euler-Lagrange equations, the optimal e°(6.) and a°(6.) satisfy:

H(6.) 0*0.(e;6.) N 9[O.(e;6.)] N 57N8[5 —Aa+e)—\jae]

h(0,)  00.0e de As de =0,
00, (a;6,) n 57N8[5 —Ma+e)—Ajae] 0
da A da e

Solving the above two equations, we have

CONMONA; +X0.) o SNAGNA; +)\0,)
X20,0, — 02N2)% X20,0. — 02N2)\%

[e]

Further, it can be verified that the Hessian matrix of () with respect to (a,e) is positive semi-
definite for any 6. € [0.,0.] under Assumption . Therefore, the functions a°,e® is the optimal
solution to ()

Finally, note that e°(f.) is non-increasing in 6., and hence, Constraint () is satisfied. The

result now follows. OJ

N§| .
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EC.6.2. Proof of Proposition

Similar to the proof of Proposition , we can find the optimal compensation contract T; and T,

by solving the sponsor’s problem:

0r .
T.(0,,6.) :/9 ‘Wdﬂ@,(a(e,,ec);e,),

Oc .
10,00 = [ 20000 4 0. (c(6,,6.):6.).

Replacing the terms in the sponsor’s objective function and simplifying it, we get

o e G 1) 90,(a(8,,6.);6)) H(0.) 00.(e(9:,0c); 6c)
mln / / g 1 80 +®I(a(01’00)’01)+ h(gc) aec +@C‘(€(01700)a90)
ARl 9;)) — Asal0;,0c)e(®), 0c) N3] 9(0,)(0.)d0.db,.
f

It can be verified that the Hessian matrix of the above function with respect to (a,e) is positive
semi-definite for any 6, € [0,,0,],0. € [0.,0.] under Assumption . Applying the Euler-Lagrange

equations, we have

G(6,) 9°6,(a:6,) | 90,(a:6,) , IN 0[5~ Ma+e) —ac]

=0

g(0,) 96,0a da A da ’

H(0.) 0°0.(¢:0.) | 90.(e:0.) N Ol —Aa+e)—sae] _

h(6.) 96.0e de Ay de o

Solving the above equations, we have
o_ EN)\A(SAN)\ s+ As6.) o SN)\A((?N)\ s+ As0,)
X20,0, — 62N2N% X20,0, — 62N2X%
where 6, =0, + G(e’) 0. =0+ IZ((gC) O
o)’
EC.6.3. Proof of Proposition

The proof is similar to that for the proofs of Propositions E—@, and hence omitted. O

EC.7. Proof of Technical Results in Appendix [EC.5.3
Before we prove the results in Appendix , we first prove the following technical result. For any

given a, let ¢(a) denote the optimal solution to

A2+ A5\ A - A 1
max fSE \/ +As(Mate)+Asaetrte) +w, — =0.€%, (EC.51)
e€[0,1] AJ 2

where a € [0,1],3 > 0. Then we have the following result:

LeEmMMA EC.8. The function €(a) is increasing concave in a, and e¢(a=0)>0.
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Proof 1t is straightforward to verify that for any given a € [0, 1], the objective function ()
is concave in e. Therefore, there exists a unique solution e(a) to () Let t(a,e) =
GE [ AtAja — 6.e be the first-order derivative of () with respect to e given

2\/)\2+)\J(/\(a+e)+)\Jae+m+e)
a. Then, by the definition of ¢(a), t(a,e(a)) = 0. Further, it is straightforward to verify that

Ot(a,e) _ lﬁxJ( (6+H)AJ+(A+aAJ)(A+eAJ))] 0
da A((e+r)As+ (A +ary)(A+er,))? ’
Ot(a,e) BAs( A+ aX;)?
de A((e+ KA+ A+ ar)) (A +ex,))?
Ptlae) _ o [@\2 2(A+e\,) (4 (e+n)/\J+(/\+aA1)(A+eA1))] 0
da? 8((e+r)As+ (A +ar) (A +ex))”? ’
0%t(a, e) 38X (A +al,)? ]

—6<0,

9 |8((e+mAs+ A+ ar)(A+ers)”

&*t(a,e) __E BAZ(A+a)y) (4(e+r)A + (A +ar)(A+eXy)) <0
deda 8((e4+r)As+ (A +ar)(A+ex,))™? '

Note that t(a,e =0) >0, and %‘Ze) < 0,Va. Therefore, ¢(a) > 0. In particular, when a =0, we have
€(0) > 0.

Finally, we show e(a) is concave in a. For simplicity, define ¢,(a,e) = %,te(a,e) = Stae)

Similarly, let t,,(a,e) = 2 g(‘;e) toe(a,e) = aata(g:),t (a,e)= o g(‘; ) Since t(a,e(a)) =0, taking Ethe
derivative of t(a,¢(a)) with respect to a gives
tq(a,e(a)) +te(a,e(a))8ggl) =0.
Therefore,
de(a) _ ta(a,e(a))
da  t.(a,e(a)) >0
Further,
0e(a) _ g (ta(a,e(a)))te(a, e(a)) — 57 (te(a, ¢(a))) ta(a, e(a))
Oa® (t(a, e(a))’
__taa(a, ¢(a))t2(a, e(a)) — 2ta(a, €(a))te(a, €(a))tac(a, €(a)) +tee(a, €(a))tz(a, €(a))
te(a,e(a))
Note that

taa(a, ¢(a))te(a, (a)) — 2ta(a, ¢(a))te(a, e(a))tac(a, (a)) + tee(a, ¢(a))ts (a, e(a))

(a,
_BNE B2(e+ w)A5(A+ars)® +4B8A7 (A4 ars) (e 4+ £)A s+ (A +ar ) A+ ern)> 2 (4(e+K)As+ (A +ars)(A+ers))bc
(

32((e+r)As + (A +ars)(A+ers))?/?
)

40+ erg) ((e+ RN+ A+ ar) A+ er))? (d(e+r)Ag+ A F+ar)(A+eAry))b2

+
32((e+ K)As+ A+ ars)(A+ers))?/?

<0.
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2
Therefore, 2 az(;) <0.
Thus, the result is proved. 0

We next provide the proofs to the technical results in Appendix .

EC.7.1. Proof of Proposition

Let (a*,e*, f*) be the optimal solution under the CM model as defined in Proposition and
IT* be the corresponding optimal objective value. Next, we show that the sponsor can achieve the
centralized outcome under the SI model by adopting a two-part tariff contract T'(é) = 5é + w, where

é= e+ <t ig the reported effort and e is the true effort. Then, given a, the coordinator’s expected

/\+)\JCL
benefit is
€+ kK 1 €+ kK 1 Bk 1
E.|T — ) —=6.€*| =E, _ — —0.e*| = — — f.e?
[ <€+/\+>\Ja> 2 Ce] [’B(€+A+AJa>+w 2 06] Petwt e 2%

where E(e) = 0. For a given pair (3, w), the effort level that maximizes the coordinator’s expected

benefit is 9£ )
C

Consider the following values § = 0.e*,w = — {/\i(’f;:* + %906*2} ,a=a*, and f = f*. It is easy
to verify that these values satisfy the IR constraint in the sponsor’s problem. Further, from the
optimality of (a*,e*, f*) under the CM model, the retention constraint is also satisfied. The sponsor’s
expected retention cost under the SI model is

€E+ K

1, .
E|-6,a* Tle" +———
{2 ot (6 LS

) +5<a*,e*,f*)Nf*]
1 *2 1 *2 N * * *
=E 591(1 +§906 +o(a™,e*, fP)Nf | =11"

Thus, by providing the contract T'(é), the sponsor can achieve the optimal retention cost II* under

the SI model. O

The proofs of Lemma , Lemma , and Lemma [EC.6 follow a similar structure as the

proofs of the corresponding results in Section H, and are omitted for brevity.

EC.7.2. Proof of Proposition
In Appendix in the manuscript, we have established that when € is uncertain, the sponsor’s

problem can be solved by replacing 6 with § — ® (1 — () in the retention constraint. Therefore, the

above result is a direct extension of Proposition E in the manuscript. O

EC.7.3. Proof of Proposition
Consider the following contracts as described in Appendix :

Tl(d,é;f,g):yd+w,—yd]l{(()\d+)\é+)\J&é+)\ff)—/<a>3)/\(é§d)},
s J

To(a,5 £,8) = Be+we — Bl { (Ma -+ Ae+ Ajae+ Asf) =k > ) A (@< )
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We next prove that by optimally designing the value of §,v,w,,w,., the sponsor can achieve the
centralized outcome. Let (a*,e*, f*) be the optimal solution under the CM model. Further, let IT*
be the sponsor’s optimal expected retention cost under the CM model. Consider the solution where

the sponsor chooses monetary payment f*, and

B=6. | E At Aga (EC.52)
2/ 22+ X (A(a* +e*) + Aja*e* + k+e)
v=0,a" | E At e (EC.53)
2/ A2+ A ;(A(a* +e*) + Asate” + K +e)
2 * * * % _
o= Lo a?_um VA + @+ ) + Ajater + K+ e) /\]’ (BC.54)
2 Ag
A2+ A (AN(a* +er) + N jater —A
wC:%HCeQ—VE VA A e );“ sarettrte) ] (EC.55)
J

We first analyze the providers’ game on reporting effort, then the providers’ game on choosing the

true effort. We have the following results.

Cramm EC.4. There exists a unique equilibrium (a°,é°) to the providers’ effort reporting game.

Further, a® = e°.

Cram EC.5. There exists a unique subgame perfect equilibrium (a*,e*) to the providers’ effort

choice. Further, the sponsor’s expected retention cost is 1I*.

Proof of Claim :
We now consider the providers’ decision on the reported effort. Let €(a) (resp., ¢ (é)) denote the

coordinator’s (resp., investigator’s) best response to the investigator’s (resp., coordinator’s) reported

effort a (resp., €). For the coordinator, the best response maximizes the expected benefit:

max  T.(a,é f,0) — %ece% (EC.56)

é€10,1]

Observe from the contract that the payoff increases in the reported effort unless A(a+ é) + X\ aé +

2 A J . S+r—Aa—X
Af—rK>06 and é > a. Thus, €(a) :max{a—f,%ﬂf’f

}, where £ is an infinitesimal positive
number. Similarly, we can argue that the best response function for the investigator < (é) = max{é —
&, %} Thus, we have the following possibilities:

1. é(a)=a— & ¢ (é) =é— & For any equilibrium, it must satisfy é = é(a) = €(«(é)) = é — 2¢,

which forms a contradiction. Therefore, there is no feasible solution.

A la N ala S+r—Aé—X . N
2. ¢(a) =a — & a(e) = %eﬁff Under this case, we have a — & >

S+r—Aa—Agf

aga 0 Ob

d+rK—Ai— Arf < (@ —E&)(A+ Aja). Therefore, for any equilibrium, we have a = & (€(a)) =

S+r—Aa—&)—Aff  S+w—Aa—Asf n A < (a—&)(A+Xya) AE _ (@A ja)—EXja
AAga—=¢) T AAg(a—€) A g (a—£) A+ g (a—¢€) AAg(a—=€) — A s(a—¢)

forms a contradiction. Therefore, there is no feasible solution.

— &, which



ec38 e-companion to Song, Mehrotra, and Rajapakshe: Evaluating the Efficacy of Providers’ Compensation Contracts

>

Figure EC.8 Providers’ Best Response Functions
3. ¢(a)= benraAgf @ (é) =é—¢. In this case, we can similarly argue that there is no equilibrium
: — Xaja 0 - : ) y arg q
solution.
4. é(a) =

S+r—Aa—Agf
A ga

Str—Aa—Aff . a S+r—Aé—Arf
— o e(8) =
+)\Ja )\+)\J6

« S+r—Aé—Aff
and € — ¢ < T xfage

. The reported efforts must be such that a — £ <
. Solving the above inequalities, any solution (a,é) of
the equation A(a + €) + A\jaé + A f — Kk = 6 will be an equilibrium as long as 0 < @ <

- 2 N 2
LN G NS I = N AR A A S A .
\/ J f JI +gand0§€<\/ J fitAra +§(SeeF1gure).ItCan

AJ AJ
A2 (GHR=A s F)—A
£22 that

be verified that when & — 0, there is a unique solution where ¢ =é = Y

satisfies the conditions.

Therefore, there is a unique equilibrium solution

VAZHEAFO+r=Af F)=X /X247 (6+r—AFf)—X
( Y , Y . (EC.57)

Proof of Claim :

Now, we analyze the providers’ decision on the true effort level. Let &(a,e) denote the reported
effort value as defined in () Substituting & = A(a + €) + Ajae + A;f + € in the expression for

a(a,e) above, we get

VAZ+ A, (Ma+e)+Aae+r+e€) — A
A ’

ala,e) =

It is easy to verify that

0*la(a,e)le =€
Oa?

&*la(a,e)|e=¢]

Oe?

<0, <0, Vé € [—k, K.
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Now consider the providers’ decision on the true effort level. Given the investigator’s effort a, the
coordinator’s best response is to maximize the expected benefit:

1
max [E. [a(a,e)] +w, — 50&2.

Note that the objective function is concave, there is a unique solution to the above problem, which
we denote by ¢(a). From Lemma , ¢(a) is increasing concave in a, and ¢(a) > 0. Similarly, given

the coordinator’s effort e, the investigator’s best response is to maximize the expected benefit:
~ 1, 5
max VE_|[a(a,e)]+w, — 59,@ .
a

Since the objective function is concave, there is a unique solution «(e) to the above problem. Follow-
ing a similar argument as in Lemma , «(e) is increasing concave in e and «(e) > 0. Therefore,
the providers’ best response functions «(e) and ¢(a) cross at most once, thus, there is at most one
equilibrium in the providers’ decision game. Further, using the values of 8 and v, it’s easy to verify

that at the centralized optimal solution (a*,e*), we have the following:

=0, 2 [VEE[&(G,B*)] +w, — 19,a2]

=0
. da 2 ’

*

8 ~ (% 1 2
5 BE.]a(a*,e)] +w, — 2906]

and hence, (a*,€e*) is an equilibrium in the providers’ decision game. Therefore, (a*,e*) is the unique
equilibrium in the providers’ decision game. Since w;, = %9,(1*2 —vE [a(a*,e*)] and w, = %906*2 —
BE. [&(a*,e*)], the providers’ receive zero surplus in expectation at the equilibrium, and thus, the
IR constraint is satisfied. Further, from the optimality of (a*,e*, f*) under the CM model, the reten-

tion constraint is also satisfied at the equilibrium. Therefore, the above equilibrium is valid for the

sponsor’s problem, and the sponsor’s corresponding expected retention cost is, therefore,
1 *2 1 *2 N * *
59,(1 +§6’ce +do(a*,e*, fF)Nf*,
which is the same as the CM model. g

The proof of Proposition is now complete following Claims and . O

EC.7.4. Proof of Lemma

For any given a, the compensation to the coordinator is increasing in é when (Aa + Aé 4+ Ajaé +
Arf)— K< § and 0 afterward. Therefore, the coordinator’s best response is to report € such that
Ao+ Aée+Xjaé+ A f) — k= 5. A similar argument applies to the investigator. Therefore, any
element in the set {(a,&) € [0,1]*: (A\d+ Xé+ A,aé+ A;f) — K =0} is a Nash equilibrium. O
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