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In this work, we aim to analyze a clinical study sponsor’s decisions regarding monetary payments to partici-
pants and compensation for providers (investigators and coordinators) for their efforts to improve participant
retention in the study. To this end, we first consider a centralized model where the sponsor decides the
monetary payments to participants and the providers’ efforts. We then identify the optimal contracts for the
providers under the two decentralized team structures: the sponsor-investigator (SI) model and the outsourc-
ing (OM) model. We further analyze three widely adopted compensation contracts for the providers—fixed
(FC), linear (LC), and conditional linear (CLC) given a decentralized structure. Our theoretical analysis
shows that the expected retention cost with optimal contracts under decentralized structures is at most 40%
higher than that under the centralized model. However, in practical instances, this cost increase is, at the
most, 8% on average. A comparison of the FC, LC, and CLC contracts reveals that it is sufficient for the
sponsor to choose between the FC and the LC contracts under the SI model, whereas, under the OM model,
there exist cases where the sponsor is better off adopting the CLC contract. Further, the sponsor’s expected
retention cost when choosing the best of the three contracts is at most 6% (10%) higher on average relative
to that for the optimal compensation contract under the SI (OM) model. Given a decentralized structure,
we also identify cases where the optimal contract offers significant benefit over the three contracts observed

in practice.
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1. Introduction

A clinical study is a research investigation involving human subjects to evaluate interventions such as
medical products, procedures, or changes to participants’ behavior (ClinicalTrials.gov 2020). Ensuring
the retention of a specified number of participants is pivotal for a study’s scientific validity and
economic feasibility. However, between 15% to 40% of participants enrolled in clinical studies drop
out prematurely (Atlant Clinical 2020, Nuttall 2012). Reasons for participant dropout include but are

not limited to financial costs, lack of understanding and engagement, and inconvenience (mdgroup
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2020, National Research Council 2010). The stakeholders of a clinical study influence these reasons
to drop out, and hence, in this work, we focus on analyzing the actions of various stakeholders who
play an active role in improving participant retention.

The key stakeholders of a clinical study include the sponsor, investigator, clinical research coor-
dinator, and participants. A sponsor is an entity that initiates and funds the clinical study and
is responsible for contracting with qualified investigators and coordinators, providing information
on treatment to the investigators, and ensuring proper study monitoring. An investigator designs,
conducts, and manages the clinical study, while a coordinator is responsible for various tasks such
as scheduling participant visits, explaining consent forms and study engagements to participants,
and collecting data. Together, the investigator and the coordinator are also responsible for ensuring
compliance with the study protocol and participants’ safety. Participants have the right to with-
draw their consent for participation and leave the study before the completion of all treatment and
measurements.

The sponsor must collaborate with the investigator and the coordinator (providers) to conduct a
clinical study. The structure of a clinical study team varies based on the study’s scale, the sponsor’s
business focus, the geographical distribution of the eligible participant pools, etc. Depending on
the relationship among the sponsor, the investigator, and the coordinator, we identify three team
structures commonly observed in practice: (1) the centralized model where pharmaceutical companies,
hospitals, universities, and other organizations may fund their employees to conduct clinical studies
(e.g., Lin 2021, [Tucker 2021, Schleider 2021)), (2) the sponsor-investigator (SI) model where a sponsor
may both initiate the study and investigate the treatment himself (i.e., a sponsor-investigator) but
contract with an external entity to coordinate the study; one typical example is when the research
faculty carries out clinical studies on their research projects (e.g., Hunsley 2020, McCabg 2020,
Lutgendorf 2019), and (3) the outsourcing (OM) model where the sponsor may contract with other
organizations to outsource the clinical study investigation and coordination (UCSF 2022, ElectroCore
INC 2019); for instance, Pfizer has been collaborating with several organizations, including ICON
and Parexel, to outsource its clinical study activities (Pfizer 2011)).

The sponsor can provide monetary payment to participants who complete the study (e.g., Atsawa-
suwan 2020, Swanson 2020, Arora 2019). Such an approach to improve retention rate for a clinical
study is generally acceptable and is a common practice (HHS.gov 2019, |U.S. FDA 2018). The sponsor
also compensates providers for exerting efforts towards reducing the inconvenience of participants
during the study and improving participants’ understanding of the study and engagement in the
study. In practice, we observe three ways to compensate providers: (i) a set dollar amount with
a requirement to exert at least a specified effort level, (ii) a payment per unit of effort, and (iii)

a payment per unit of effort with a requirement to exert at least a specified effort level (Ingram
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2021d,a, Office of Institutional Compliance 2021)). We referred to the first form of payment as the
Fixed Compensation (FC) Contract, the second as the Linear Compensation (LC) Contract, and the
third as the Conditional Linear Compensation (CLC) Contract.

To the best of our knowledge, there does not exist an economic analysis that evaluates the cost
performance of compensation contracts for providers to improve participant retention. Hence, our
primary research objective in this study is to analyze the compensation contracts mentioned above to
encourage providers to exert appropriate efforts to improve participant retention.

To address our research objective, we consider a clinical study with three stakeholders: a sponsor,
an investigator, and a coordinator. The sponsor’s objective is to minimize the cost of retaining a
targeted number of participants until the completion of the study. We first examine the sponsor’s
problem of deciding the providers’ effort levels and monetary payments to the participants under
the centralized model. Second, we characterize the optimal compensation contracts for the providers
under the SI and OM models. Third, we compare the three compensation contracts (FC, LC, and
CLC) observed in practice with the optimal compensation contract to understand their relative cost
performances.

Our theoretical analysis shows that the optimal effort levels always increase with the target reten-
tion rate regardless of the team structure. However, the sponsor may not find it optimal to offer
higher monetary payments to the participants to achieve a higher retention rate. Given the optimal
contract, we show that the optimal expected retention cost under the SI (resp., OM) model is at most
20% (resp., 40%) higher than that of the centralized model. Further, our analysis of the compensation
contracts observed in practice shows that it is sufficient for the sponsor to optimally choose between
the FC and the LC contracts under the SI model to minimize the expected retention cost. However,
under the OM model, there exist cases where the sponsor is better off adopting the CLC contract.

We also conduct a computational study using a realistic test bed to derive insights into the cost
performances of various contracts. First, we observe that given the optimal compensation contracts,
the sponsor does not suffer much financially under the SI and the OM models in practical instances—
the optimal expected retention cost under the SI (resp., OM) model is at most 6% (resp., 8%) higher
than that of the centralized model in our numerical study. Second, we compare the optimal expected
retention costs under the FC, LC, and CLC contracts as the specified requirements on effort levels
change for a given clinical study. We find that the CLC (resp., LC) contract tends to be more cost-
effective on average if the specified requirements on effort levels are small under the OM (resp., SI)
model. In contrast, the FC and LC contracts are more cost-effective for medium and high values
of the specified requirements, respectively, under both models. Further, as the target retention rate
increases or as the effort becomes more efficient in retaining participants, the regions where the CLC

and the FC contracts are more cost-effective than the LC contract expand.
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Third, we compare the optimal expected retention costs under the three contracts with the costs
of the optimal compensation contracts under the SI and the OM models. Our results show that
the increase in the sponsor’s cost for the best of these three contracts is at most 6% (resp., 10%)
on average relative to that for the optimal compensation contract under the SI (resp., OM) model.
Further, this increase is at most 10% in 83% (resp., 62%) of the instances under the SI (resp.,
OM) model, suggesting these three contracts do not perform poorly despite their simplistic forms.
We also explore the instances under the SI (resp., OM) model where this increase in cost exceeds
10% to provide guidance on when it is significantly beneficial for the sponsor to adopt the optimal
compensation contract. For example, we find that the sponsor may benefit from adopting the optimal
compensation contract when the effort is more effective, the monetary payments are less effective,
and the specified requirements on effort levels are small. Finally, we examine the cost performances of
the FC, LC, and CLC contracts when the effectiveness of effort and monetary payment is uncertain.
We find that the LC contract becomes less favorable than the FC and CLC contracts when this

uncertainty exists.

2. Literature Review

Our research contributes to the growing operations management literature on clinical studies. Recent
research on clinical studies in operations management focuses on issues such as the optimal design
in adaptive clinical studies (|Alban et al] l2023|, |Anderer et alJ IZOZﬂ, ITian et alJ IZOZ]J, |Ahuja and Birgd
), statistical testing (tBertsimas and Sturtl l202d, |Goh et alj lZOlﬂ), scheduling of participants visits
(lColvin and Maraveliad lZOld), and clinical trial supply chain management (lFleischhaCker et all l2015|,
lFleischhaCker and Zhao| l201]b.

Participant recruitment and retention in clinical studies have received more attention in recent

years. lKouvelis et all (lZOl?I) provide an optimal schedule to open testing sites and an optimal rate

for recruiting participants to maximize the net present value of a drug. In contrast to our work, they

focus solely on participant recruitment without considering the impact of dropouts. ITian et al] (l2021|)

extend the above study by considering participant dropouts and uncertain drug quality.
() develop an optimal participant enrollment policy for effectively conducting late-stage clinical

trials. bong et al.| (l2023|) analyze the economic performance of commonly observed incentive schemes

in improving participant retention. Our research differs from the above studies by examining com-

pensation contracts that motivate the providers (i.e., the investigator and the coordinator) to exert

appropriate effort to improve participant retention. Further, both |Tian et all (lZOQd, lZOQ]J) consider

the dropout rate to be an exogenous random variable, whereas we consider that the participation
retention rate depends on the efforts exerted by the providers and the monetary incentive offered by

the sponsor.
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Our research also relates to the literature on incentive schemes for healthcare providers. This
literature focuses on analyzing the performance of various payment contracts (e.g., fee-for-service,
bundled payment, and gainsharing contract) among healthcare providers to improve health outcomes
(IRajagopalan and Tongj l202j, bhamat et all IZOQ]J, |Gupta et al.| lZOQ]J, |Adida and Bravo| lzmd, |AndritsosJ
land Tangj l2018|, |Jiang et al] lZOlﬂ). Further, our problem of analyzing compensation contracts shares

the mathematical underpinnings with the problems of designing contracts, where a principal contracts
with multiple agents whose decisions affect an output. The extensive research in this domain has
either focused on administering incentive schemes to the agents under moral hazard (
l2015|, h)ragon et all |199d, |McAfee and McMillan| |199]J, tHolmstrorrJ |1982|) or analyzing team contracts

when there is adverse selection, e.g., see |Mookherjee{ (IZOOd) for a detailed review of the relevant

research.

Similar to the above literature, we also analyze compensation contracts for clinical study providers.
However, according to the IRB guidelines, the compensation contracts cannot be based on clinical
study outcomes such as efficacy or adverse effect of the drug or the number of participants retained

(e.g., l[ngram| l2021b|, lPartners HealthCard l2017|). Thus, the outcome-based contracts studied in the

above literature cannot be offered in clinical studies. Further, recall that participation in a clinical
study is voluntary and participants can drop out without completing the study. Hence, unlike a
typical healthcare setting where compensation contracts are for healthcare providers alone, a sponsor
of a clinical study needs to consider incentivizing participants along with compensating providers.
Moreover, as mentioned in the Introduction, different clinical study team structures exist in practice.
These features result in a setting that requires developing models and analyzing contracts specific to

clinical studies.

3. Model Setting
We consider a sponsor who employs an investigator and a coordinator to conduct, oversee, and

coordinate a clinical study. The study enrolls N participants who may choose to drop out before

completion. Similar to the setting in bong et al.| (l2023|), we assume that the target retention rate

is 0 € [0,1]. Thus, the sponsor must retain at least N participants till the end of the study for

completionﬂ. As mentioned in the Introduction, the sponsor can offer monetary payment to partici-

pants who complete the study to improve retention (e.g., |Atsavvasuwan| l202d, lvaanson| l202d, IRetinai

k]onsultants of Houst0n| bmd). In addition, the investigator and the coordinator can exert effort to

improve participant retention. The investigator’s effort may include providing adequate resources

(hiring and training staff, time, facilities) for the study, assuring easy access to staff, appropriate

distribution of investigational agents (e.g., drugs), and ensuring participants’ safety, etc. (

Il Song et all (l2023|) provide a detailed explanation of how ¢ is determined in practice.
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Garcia-Diaz l202d, lBaer et all lZOl]J). The coordinator’s effort may include engaging and interacting

with participants to understand their concerns, spending time to explain the consent form, study
requirements, and time commitments to participants, sending thank-you notes to encourage contin-
ued participation, etc. (benesis Research Serviceé lZOQ]J, |Chhatre et all bOld, t[nstitute of Medicine{
2015).

Let a,e € [0, 1], be the investigator’s and coordinator’s effort levels, respectively. Such an approach
to model effort has been widely adopted in the OM literature (e.g., tBellos and Kavadia4 IZOZ]J, |Adida|
land Bravo| b019|, IHu et al] IZOId, borbett and DeCroixI IZOO]J). Let f >0 be the per-participant mon-

etary payment. Previous research has shown that providers’ effort and the monetary payment to

participants are effective in improving retention (lParkinson et al.| l2019|, lBooker et all lZOI]J, |Nati0nai

tResearch Counci]| lZOld). Thus, we assume that the retention rate d achieved in the study is jointly

affected by the providers’ effort levels and the monetary payment. Further, collaborative efforts

between different stakeholders are beneficial to retain participants (e.g., tFouad et all l2014|), which sug-

gests a complementary relationship between the providers’ effort levels. The Operations Management
and Economics literature models effort complementarity using a supermodular function (e.g.,
l2014|, |Milgrom and Robertd |1995|). Therefore, we let achieved retention rate d(a,e, f) = Aa+e)+
Asae+ A f where A, \;, Ay € ]0,1]. The parameters A, A,, A; reflect the effectiveness of the individual

provider’s effort, the joint effectiveness of providers’ efforts, and the effectiveness of the monetary
payment f on participant retention, respectively. We consider these parameters to be deterministic.
However, we relax this assumption in Section E Typically, for a given clinical study, the sponsor can
empirically derive the values for these parameters based on historical data from similar studies.

Let the effort cost be ©,(a;6,) and ©.(e;6,.) for the investigator and the coordinator, respectively,
where 6,,0. are their respective effort cost parameters. We assume O,(a; ;) (resp., ©.(e;0.)) is an
increasing convex function in a (resp., e). Specifically, let ©,(a;6,) = %GIGJZ and ©.(e;0,.) = %9062.
This functional form is commonly adopted as exerting higher effort can increase the cost dispro-

portionately (lHu et al.| bOld, lLafontaine and Sladei |1996|, lHauser et all |1994j). We assume both the

investigator and the coordinator can be of two types—high (H) and low (L). The high-type provider
incurs a higher cost to exert the same amount of effort as compared to the low-type provider. That
is, 07" > 0 and 0% > 0. Note that depending on the clinical study team structures, the sponsor may
or may not know the providers’ type. Figure EI summarizes the three team structures we discussed
in the Introduction. We next analyze these structures in detail. Table EI summarizes the commonly

used notation.

3.1. The Centralized (CM) Model
Here the sponsor, the investigator, and the coordinator belong to the same organization (see Figure EI),

and the sponsor knows the providers’ type. Hence, given type k € {L,H} of the investigator and
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Centralized (CM)

Sponsor-Investigator (SI) Outsourcing (OM)

Decentralized

Figure 1  Clinical Study Team Structures

Notation Definition

Parameters

N sample size

5 target retention rate

oF investigator’s effort cost parameter, k € {L, H}
0L coordinator’s effort cost parameter, [ € {L, H}
A effectiveness of provider’s effort

Af effectiveness of monetary payment

A, joint effectiveness of providers’ effort

P probability that the investigator is high type
q probability that the coordinator is high type
Functions

0(a,e, f) achieved retention rate

O,(a;6%) investigator’s effort cost

O.(e;6%) coordinator’s effort cost

II expected retention cost

Decision Variables

a investigator’s effort level

e coordinator’s effort level

f monetary payment to the participant

r compensation to the investigator

S compensation to the coordinator

l € {L,H} of the coordinator, the sponsor determines the effort levels ay;, e;; for the providers and the
monetary payment to the participants fi; to minimize the retention cost while ensuring the achieved
retention rate is at least 0 (Constraint (E)) The retention cost (IIGM) consists of the investigator’s
effort cost, the coordinator’s effort cost, and monetary payment to each participant who completes

the study. The sponsor’s decision problem for a given type combination (k,{) is as follows:

min eM

ag,er €[0,1], fx1 >0

Table 1 Notation

=0, (aw; 9?) + O.(ers; elc) + 0(akr, exts fr) N fur,

s.t. 5(akl,ekl,fkl) 25
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To understand the interaction between the providers’ efforts and monetary payment to participants,
we focus on the parameter settings where the optimal solution is interior, i.e., a};,e5; € (0,1), fi; > 0,
k,l € {L, H}, where superscript * represents the optimal value. Assumption m represents these param-
eter settings.

max{SN(A;4+),2N(5A;+A2)}
N .
f

ASSUMPTION 1. The effort cost parameters satisfy min{0r, 6"} >

Next, we provide the sponsor’s optimal decisions under the centralized model. Proofs of all technical

results are available in Appendix .

PROPOSITION 1. Given type k € {L,H} of the investigator and type | € {L,H} of the coor-

. . .. ASN(SNX;+A,6L) ASN(SNX;+A;6F)
J . * C * — I
dinator, the sponsor’s optimal decisions are: aj; = NZLoF NN €y = ELoF NS d
fr = S—Magyter) = As %k
kl >‘f .

Proposition m helps us understand the trade-off between offering monetary payment to participants
and exerting effort in achieving the target retention rate. It is straightforward to observe that higher
the effectiveness of implementing effort (A and/or \;), ceteris paribus, higher the optimal values of
effort levels and lower the monetary payment. On the contrary, higher the effectiveness of monetary
payment (Af), lower the optimal values of the effort levels and higher the optimal value of the
monetary payment.

Note that when A; =0, as the cost of implementing effort increases for one provider, it is intuitive
that the sponsor decreases the corresponding effort level and increases the monetary payment to
maintain the target retention rate, and the effort level of the other provider remains unchanged.
However, when there exists a positive complementarity between the efforts (i.e., A; > 0), the first
result in Corollary El below suggests that when one provider’s effort cost parameter increases, the

sponsor decreases the effort levels of both providers.

COROLLARY 1. We have the following results:

o Impact of 0% and 0..: The optimal values a};, e}, are decreasing and f}; is increasing in 0% and
0, k,le{L,H}.

e Impact of 6: The optimal effort ai;, ek, are increasing in 6. The optimal monetary payment f7,

is increasing at § =0 and unimodal in § € [0,1].

Corollary m offers a guideline to the sponsor for allocating his funds towards increasing effort
or incentivizing participants. Specifically, the first result implies that when it is expensive for the
sponsor to require higher effort from a provider to influence participant retention, he should provide a
higher monetary payment to participants for achieving the target retention rate rather than requiring

higher effort from the other provider. The second result suggests that as the target retention rate (9)

increases, the sponsor should require higher optimal efforts from the providers. However, the sponsor
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may not need to increase the optimal monetary payment to a participant to achieve higher §. When
§ is low, the sponsor can easily increase the monetary payment without significantly increasing the
overall cost as the number of participants who receive payments (i.e., 6N) is low. However, when § is
high, 6N also becomes high. Hence, increasing the payment to achieve high 6 may result in a higher
overall cost. In such situations, the sponsor may consider focusing on increasing providers’ efforts
and reducing the monetary payment to a participant.

Next, we describe the details of decision-making for participant retention under the sponsor-

investigator model.

3.2. The Sponsor-Investigator (SI) Model
Under this model, a sponsor also acts as an investigator; hence, he initiates and conducts the clinical
study. The coordinator is an external entity. Thus, the sponsor knows the type of investigator but does
not know the type of coordinator. Instead, he knows that with probability ¢ € [0,1] the coordinator
is high type (0!) and with probability g =1 — ¢ the coordinator is low type (%), where 0 < 0% < 9.
The sponsor designs a compensation contract specifying the coordinator’s payment based on his
effort level. Using the revelation principle, we restrict our attention to a direct mechanism consisting
of at most two contracts—one for each coordinator type (Myerson [1981). In particular, given type
k of the investigator, the sponsor offers a menu of effort-payment pairs {(exy, Sk ), (€, Sk.)} to the
coordinator. The coordinator decides whether to accept and, if so, which contract to select. The
sponsor then determines the effort level a;; for the investigator and the monetary payment f;; for
the participants.

Given type k of the investigator, the sponsor’s problem, then, is

min I =10, (aw; 07) + sp + frulNd(aw, ex, fi)l, (3)
ag1,ek1 €[0,1]; fr1,551>0 )
s.t. (S(le,ekl, fkl) > 5, Vi e {L,Ii[}7 (4)
st = Ocen; 0) = s — Ocen-n; br), vie{L,H}, (5)
i — O (er; 01) >0, Vie{L,H}. (6)

The objective function (E) captures the expected retention cost, which consists of (i) the investi-
gator’s effort cost, (ii) the compensation to the coordinator, and (iii) the monetary payment to the
participants who complete the study. Constraint (@) ensures that the achieved retention rate is at
least §. Constraints (E) are the incentive compatibility (IC) constraints that guarantee truth-telling
from the coordinator. That is, the sponsor designs the effort levels and corresponding compensation
(€nty Sk1),l € {L, H} such that the coordinator’s monetary benefit, [sy — 0. (ex;6")], is maximized by

revealing his true type. Constraints (E) are the individual rationality (IR) constraints that ensure the
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coordinator receives non-negative benefits from the study. To simplify expressions for optimal solu-
tions, we consider 67 = 07 + g(@g’ —6%). We summarize the optimal values of the sponsor’s decision

variables in the proposition below:

PROPOSITION 2. Given an investigator’s type k € {L, H}, the optimal solution to the SI model is

as follows:
SAN(SNA;+A0H . . . .
1. ay, =ay,, ay, = QSCAH—J_QQCQ), where aj, is the centralized optimal solution.
(A\20FE —52N2)2)
o _ BAN(ENA;+A.0%)

o __ % % . . . .
2. €L, = €hps Con = maaram savsyay, Where ey, is the centralized optimal solution.
(AZ0FOH —52N2)2)

3. SZL = 60(€ZL; 0?) + QC(GZH; 95) - 90(61211; eé)’ SzH = 90(6211; 9?)

_ 0= Magteg)—Aagey
Cfe= v , le{L,H}.

W

In the optimal solution to the sponsor’s problem, the IR constraint for the high-type coordinator
is tight. The sponsor’s cost is minimized when the IC constraint is tight for the low-type coordinator.
Together, these characteristics of the optimal solution imply that the low-type coordinator receives

an information rent. Further, note that the information rent O.(ey;;0") — ©.(exy;0%) for the low-

C
type coordinator does not depend on his effort level. Consequently, when the coordinator’s type is
low, the optimal effort levels for the providers under the SI model are the same as those under the
centralized model. The following result summarizes the impact of model parameters on the optimal

effort levels and the optimal monetary payment to a participant.

COROLLARY 2. Given an investigator’s type k € {L,H}, when the coordinator is high type, the
providers’ optimal effort levels (a3, €5,) are decreasing in 0" while increasing in 0%, q and 6. The
optimal monetary payment 2, is (i) increasing in 0% while decreasing in 0% and q, (ii) increasing at
5 =0 and unimodal in § € [0,1]. When the coordinator is low type, the findings are the same as in

Corollary B

As 0 increases, naturally, the effort level ey, decreases, and ay, reduces accordingly from the
positive complementarity. Therefore, f7, increases. It is intuitive that an increase in 6% results in a
decrease in ej,. However, an increase in e}, as 6~ increases is not straightforward. The reduction in
the gap 0 — 6, due to an increase in 0/ allows the sponsor to offer smaller information rent which
in turn helps increase ey,. Then, using the similar argument above, the insights regarding ag, and
fr, follow immediately.

Further, as g increases, the sponsor’s chance to contract with a high-type coordinator increases
and hence, reducing the need for an information rent, which helps increase e},,. Hence, the directional
changes in the optimal effort levels and optimal monetary payments to participants immediately
follow from a similar argument as above. Finally, the impact of § on the optimal effort levels and
the monetary payment are similar to that under Corollary m We next summarize the relationship
between the optimal effort levels of the coordinator and the investigator, which follows immediately

from the relative magnitudes of their effort cost parameters.
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COROLLARY 3. Given an investigator’s type k € {L,H}, the optimal effort (i) ey, > ay, if and
only if 0% > 0% and (ii) €3, > a3, if and only if 0% > 07

We next analyze the sponsor’s problem under the OM model.

3.3. The Outsourcing (OM) Model
In this section, we analyze the OM model, where both the investigator and the coordinator are
external entities appointed by the sponsor. Thus, the sponsor does not know the types of the inves-
tigator and the coordinator but knows the distribution of their types. Similar to the SI model, we
assume that the coordinator is the high type with probability ¢ € [0, 1] and low type with probability
g =1 — q. Further, the investigator is the high type with probability p € [0,1] and low type with
probability p =1 — p. We further assume that the providers’ type distributions are independent.
Using the revelation principle, the sponsor designs a mechanism that asks the providers to reveal
their types. Given the announced types, the sponsor offers the effort levels and the corresponding
compensations for the investigator and the coordinator.

The sponsor also decides the monetary payment to participants given each type combination of
the investigator and coordinator. In particular, the sponsor solves the following problem such that

for a provider, revealing their true type is the optimal strategy (regardless of the type of the other

provider).
min oM = Ery[rer+ s+ fruNO(aw, ex, fr1)] (7
Qkly €kl Tkl Skl
s.t. 5(akl,ekl,fkl) 28, Vk,l e {L,H}, (8
?”kz—Gz(akl;ef)Zr—kl—e)f(a—kl;ef)a Vkale{L)H}v (9

Tl — @z(akl§ I

6%y >0, Vk,l€{L,H},
Skl — ekl;ﬁlc) zsk(_l) —@C(ek(_l);elc)y Vk,l € {L,H},
6)>0

O.(
sp— Oc(er; 0,) > Vk,le{L,H},

e}

akl,eklE[O,l],rkl,sklZO, Vk,lE{L,H}

The objective function (B) describes the expected retention cost. Constraints (B) ensures that the
target retention rate is at least 6. Constraints (E) and (@) are the IC constraints for the inves-
tigator and the coordinator, respectively, guaranteeing that the providers reveal their true types.
Constraints (@) and (@) are IR constraints for the investigator and the coordinator.

In the optimal solution to the sponsor’s problem presented in Proposition E, IR constraints for high-
type providers are tight and hence, they receive zero benefits. The sponsor’s cost is minimized when
IC constraints are tight for the low-type providers. This implies that the low-type providers receive

information rents. We use superscript ¢ to denote the optimal values of effort levels, compensation
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amounts, and monetary payments to the participant under the OM model. Consider HL = 0L, 0" =

07 + g(@f —0r), HL 6%, and 9” 01 + (0({3 —6%).

PROPOSITION 3. Given type k € {L, H} of the investigator and type | € {L, H} of the coordinator,

the optimal compensation to the providers and optimal the monetary payment to the participants are

as follows:

o _ SNAGNAs+A;6L)

L an = Segmr—saniag
o _ SNAGNA;+A;0F)

2. ey = a2

3. SZH:@ (ekfneH) SkL_@ (ekLveL)+@ (ekfneH)_@ (ekHﬂeL)
O ¢ [

4. THl @ (aHl791H)7 TLl 6 (aLl701L)+@1( Hl’ef) @ ( Hl’efL)

§—X(a? +e¥ )= ;al e
5. fkl — k1Kl J k1 Icl

Af
Proposition B implies that the optimal effort levels of the providers are lower than those under
the centralized model. This result follows from a similar explanation as provided in Section @ We
next summarize the behavior of optimal effort levels with respect to various model parameters they
depend on. The explanation of the results is similar to those provided for Corollaries EI and E and

hence, avoided for brevity.

COROLLARY 4. Under the OM model, the providers’ optimal effort levels (i) al,, el are decreasing
in 0% and 6" while increasing in 6, (i) af,, €%, are increasing in 0 and p, (iii) a®,,el, are increasing

in 0% and q. The sponsor’s optz'mal monetary payment (i) f, is increasing in 0F and 0%, (ii) £O is

decreasing in 0* and p, (iii) f, is decreasing in 0% and q, and (iv) f{, is increasing at § =0 and

unimodal in § € [0,1], for k,1 € {L,H}.

3.4. A Comparative Analysis

In this section, we analyze the optimal contracts under the SI and OM models relative to the CM
model. Specifically, we aim to understand the impact of these three models on the sponsor’s cost of
retaining the target number of participants, the providers’ compensations, the participants’ payments,
and the providers’ efforts to retain participants. We first comment on how the expected optimal
effort levels of providers change with the three models. The proposition below establishes that the
providers’ expected optimal effort levels are the largest when the clinical study team structure is
centralized. The result follows from the fact that information rent increases due to decentralization,

and hence, the sponsor desires smaller effort levels.

PROPOSITION 4. The  provider’s  expected  optimal  effort levels are  such  that
Ek,l (agl) S Ek,l (azl) < Ek 1 (akl) and Ekl (ekl) < Ek 1 (ekl) < Ek 1 (ekl) k { (S {L H}

We next analyze the sponsor’s expected retention costs, expected total compensation to the

providers, and monetary payment to participants under the three models.
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Define I, = E [UISMY) 1, = E,[IF°),I; = IO for comparison purposes. Let
P = E[0,(a};05) 4+ 0.(ef;0%)], Py = Ep [0,(afy;0F) + s3], Py = By, [, + s3], represent
the expected optimal total compensation to the providers under the CM, SI, and OM models,
respectively. Let F,, =1I,, — P,, be the expected optimal monetary payments to the participants
who complete the study, m =1, 2,3, under the CM, SI, and OM models, respectively.

PrOPOSITION 5. We have H3 21_.[2 an, P3 SPQ Spl, and F3 ZFQ ZFI

The first result above reveals that the expected retention cost is lowest when the clinical study
team is centralized, which is intuitive. Note that under the OM model, the total information rent is
highest, whereas Proposition @ implies that the providers’ efforts and, therefore, the costs of their
efforts are lowest. The second result in the proposition above suggests that the negative impact of
increased information rents on the sponsors’ cost is lower than the positive impact of decreased effort
costs. Hence, the total compensation to the providers is the lowest under the OM model. This result,
together with the first result, implies that the monetary payment to the participants is highest under
the OM model. Our next proposition further analyzes the difference between the expected retention

cost under the three models.

PROPOSITION 6. We have the following results:

e Impact of 0! and 6%: (I, —IIy) is decreasing in 67 and 0%, m =2,3.

e Impact of 0!: Under the SI model, (Ily —1I1,) is (i) increasing in 6% for 02 € (0%,0,), and (ii)
decreasing in 07 for 07 > 0y where thresholds 0}, < 6, < 0,. Similar observations hold under the OM
model for q > q, where § € (0,1).

e Impact of 0: Under the SI model, (I, —I1;) is decreasing in 0. Under the OM model, for
p>pe(0,1), (Ils —1II,) is (i) increasing in 6" for 0" € (0*,0), and (ii) decreasing in 0" for 0" >0
where 0% < 0 < 6.

e Impact of \,\, and \;: (11, —II;) is increasing in X\, \, while decreasing in Ay, m=2,3.

e Impact of §: (I1,, —II,) is increasing in 5, m =2,3.

Proposition B examines how different parameters affect the increase in the expected retention cost
from adopting either the SI or the OM model instead of the CM model. First, as the effort cost
parameter increases for the low-type providers (6% and 6%), the high- and low-type providers become
similar, and hence, the difference between the expected retention cost under the SI (resp., the OM)
model and that under the CM model reduces. However, the impact of increasing 6/ is two-fold. On
the one hand, information rent to the low-type provider increases under the SI/OM model. On the
other hand, implementing efforts becomes less desirable as compared to providing monetary payment
to the participants. Therefore, (IL,, —II;), m = 2,3, first increases with 6! due to a larger information

rent, while decreases when the sponsor shifts to the monetary payment.
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Under the OM model, the impact of an increase in /' is similar to that of 0! following a similar
explanation as above. However, under the SI model, the sponsor knows the investigator’s type, and
thus, the investigator does not receive any information rent. Further, as 6 increases, the sponsor
prefers incentivizing participants as compared to compensating providers for higher efforts. Hence, the
information rent of the coordinator decreases under the SI model, and (II, —1I;) decreases. Finally,
when the providers’ effort becomes more effective in retaining participants (i.e., A\, \, increases or
A; decreases) or the target retention rate (§) increases, the sponsor desires providers to exert higher
efforts, which in turn, increases the information rent under the SI/OM model. Hence, (IL,, —II;),
m = 2,3, increases in A, \,, while decreases in A 7. We conclude this section by providing upper

bounds on the relative performances (i.e., the sponsor’s expected retention costs) of the SI and the

OM models.
PROPOSITION 7. 12 <12 and 2 <1.4.
1 1

In practice, the performances of the two models can be better than the theoretical bounds estab-
lished above. For example, using our test bed in Section EI, we observe that in our practical instances
maximum value of g—? (resp.,g—f) is 1.06 (resp., 1.08). These observations suggest that by utilizing
optimal compensation contracts under a decentralized structure, clinical studies’ sponsors can enjoy
the resources and expertise of the service providers to improve participant retention without incurring
much financial penalty.

Note that the optimal compensation contracts for providers are menu contracts, whereas, as men-
tioned in the Introduction, we observe the usage of contracts based on fixed or linear payment
(regardless of the types) for providers’ efforts in practice. Hence, a natural question arises regarding
the performances of these contracts relative to optimal contracts for the decentralized structures. To

address this question, we first theoretically analyze them and then comment on their performances

in the next section.

4. Compensation Contracts in Practice

We consider three contracts mentioned in the Introduction: (1) the fixed compensation (FC) con-
tract, (2) the linear compensation (LC) contract, and (3) the conditional linear compensation (CLC)
contract. We discuss the design and implementation of each contract and derive the sponsor’s optimal

decisions under the SI and OM models. The detailed formulations of the sponsor’s decision problems

are in Appendix .

4.1. The Fixed Compensation Contract
Under this contract, the sponsor offers fixed compensations to the investigator and the coordinator

and requires them to exert at least a specified effort level to ensure that the providers deliver adequate
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services to facilitate the study. In practice, the sponsor may determine the specified effort level based
on historical data from similar studies and his experience with providers. Thus, under the SI model,
for given type k of the investigator, the sponsor decides the investigator’s effort a;, monetary payment
to the participant f, fixed compensation s; for the coordinator, and requires the coordinator to
exert at least an effort level ey, k € {L, H}. Under the OM model, the sponsor decides the monetary
payment to the participant f, fixed compensations 7 to the investigator, and s to the coordinator and
requires the investigator (resp., coordinator) to exert at least an effort level a (resp., ). Henceforth,
we referred to these specified effort levels as “lower bounds” on effort. The following proposition
characterizes the optimal solutions under the SI and OM models. We use superscript o (resp., ¢) to

represent optimal values for the SI (resp., OM) model.

PROPOSITION 8. When the sponsor adopts the FC contract,

e Under the SI model, given the investigator’s type k, the sponsor’s optimal decisions are: s =

< 5 k_3 2
1pm 2 _ SNOAgep) L (G-rep)AfOF SN (A sep) , ; ,
S00er, ap = YOI fi = T , ke {L,H}. The coordinator’s optimal effort

is: ey = ey, regardless of his type.

e Under the OM model, the sponsor’s optimal decisions are: ¥ = %9?@2, 50 = %6’2’52, and fO =

5—X(ate)—Ajae
Af

. The providers’ optimal efforts, regardless of their types, are a® =a, e® =e.
Proposition E shows that under the SI model, the coordinator exerts an effort level equal to the
lower bound. This result follows from the nature of the FC contract. Thus, the sponsor minimizes
his expected retention cost by setting the compensation as the high-type coordinator’s effort cost
(which guarantees the participation of both types) while choosing the investigator’s effort a; and the
monetary payment fi to ensure 6N number of participants complete the study. The optimal solution
under the OM model follows from similar arguments.

Let I1%, | TI¥ denote the sponsor’s optimal expected retention costs for the SI (for given k) and OM

models using the FC contract. The following result characterizes the performance of the FC contract

relative to the optimal contracts in Sections @ and @

COROLLARY 5. e For a given k under the SI model, we have

115, 2 52 N2)\? 6 er —e,’
b< a2 | (0 T ) e - eten e (o 1) S

e = Okes,” i 6 o
o Under the OM model,
IiE 2 o w ONOA+Xse), 1 .0 o, 2
HOMQ S 1+WE7€J [(g_akl)(gal _T)—i_i(el _01)(Q —ay )} +
2 SN(/\ + )\JQ)

=B [(e— e et - )+ 50— 6 e, )] (15)

ngfL Af

where ef;, €2, and al;,ed, are the optimal effort values under the centralized model (Section ),

the SI model (Section @), and the OM model (Section @), respectively, k,l € {L,H}.
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The above result implies that the performance of the FC contract depends on the lower bounds on
efforts. We explain this further via an example below:
Example 1. Consider a case where both providers have a single type, i.e., 87 = 0 = 0. and

0" =0 =0,. Under the SI model, we can rewrite the LHS in (@) for a single type by dropping the

9 _52N2A3 e —e\?
“ A3, e* '

Last equality above follows from Propositions E—E as e® = ¢e*. Thus, if the lower bound e = e° = ¢e*,

superscripts and the subscripts for types as follows:

1z 2 S2N2NZN | i 2

the FC contract can achieve the target retention rate at the optimal retention cost II°/°. A similar
observation holds for the OM model. Further, if the lower bounds for the SI and the OM models with
the FC contracts are strictly lower than the respective optimal efforts (as specified in Sections @

F F
and @), then Hr?,o <3 and Hgim < 5; otherwise, these bounds can be arbitrarily bad. ]

We analyze the general case under the FC contract in Section B Given the FC contract, the
providers (the coordinator under the SI model and both providers under the OM model) exert
effort levels equal to the respective lower bounds regardless of their types. Next, we consider the LC

contract, which allows the providers to exert effort based on their types.

4.2. The Linear Compensation Contract

In contrast to the FC contract, the LC contract compensates the providers based on their efforts.
We denote the linear compensation per unit of effort to the coordinator (resp., investigator) as 8> 0
(resp., v > 0). We further add the subscript k to the coordinator’s compensation for the SI model to
represent its dependency on the investigator’s type k.

Under the SI model, given the investigator’s type k, the sponsor decides the investigator’s effort
ay, monetary payment to the participants fi, and the per unit of effort compensation ;. Given S,
the coordinator decides his effort e,. Under the OM model, the sponsor decides the per unit of effort
compensations 8 and v, and the monetary payment f. The providers decide their efforts a and e.
The following results characterize the optimal solutions under the LC contracts for the SI and the

OM models.

PrRoOPOSITION 9. When the sponsor adopts the LC contract,

e Under the SI model, given the investigator’s type k, the sponsor’s optimal decisions are: f; =

S—Xag+epy)—Ajapeny
Af

type | coordinator is ey, = g—,’z, le{L,H}.
c

and By, ay, are the optimal solutions to PROBLEM Prg;. The optimal effort of

5on(a® 46912 100 60
e Under the OM model, the sponsor’s optimal decisions are: fO = Aoyt ;’f) A1 gpd V0, B0
are the optimal solution to PROBLEM Proar. The optimal efforts of providers are: ag = %,el =

8" ke {L, H).

ol
GC
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See Appendix for the detailed expressions of Problems Prgr and Proa.

Let II%}, TI3 denote the sponsor’s optimal expected retention costs for the SI (for given k) and
OM models using the LC contract. When there are multiple types of providers, it is notationally
complex to present a parametric performance bound for the LC contract similar to the one obtained
for the FC contract. Hence, we resort to computational study to explain its performance in general.
However, in Corollary B, we focus on a setting where both providers have a single type to analytically
understand the performance of the LC contract relative to the optimal contracts in Sections @ and

@. We drop the type index for this result.

N N
I 3 I
3210 < 3

I 27 qOM9 <2

COROLLARY 6. When both providers have only a single type, we have

4.3. The Conditional Linear Compensation Contract

In this section, we consider a conditional linear compensation (CLC) contract, which extends the
LC contract discussed above by imposing a lower bound on the effort level. In particular, the CLC
contract compensates the coordinator (resp., investigator) § (resp., v) amount per unit of effort and

requires to exert an effort level more than or equal to a lower bound e (resp., a).

ProprosiTION 10. When the sponsor adopts the CLC contract,

e Under the SI model, given the investigator’s type k, the sponsor’s optimal decisions are: f; =

S—X(aj+epy)—Asap,
Af

kit gnd Br,as are the optimal solutions to PROBLEM Pcorgr. The optimal effort of
type | coordinator is ef, = max{e, 572}, le{L,H}.
C
5 . .. PO SfA(agqte%)f)\Ja%e% o o
e Under the OM model, the sponsor’s optimal decisions are: f¥ = Yy and vY, BV are
the optimal solution to PROBLEM Pcron. The optimal efforts of providers are: ag =max{a, Z—Z}, e? =
I

max{e, &} k,l € {L,H}.

The detailed expressions of PROBLEM Pgrsr and PROBLEM Peroa are available in
Appendix [EC.2.4.1. When both providers have a single type, it is straightforward to verify that

8= gzc is a feasible solution to the sponsor’s problem under the CLC contract. Further, the CLC

contract with this value of 8 reduces to an FC contract with the fixed payment Se. Therefore, the
sponsor’s optimal expected retention cost when adopting the CLC contract is at most that of this
FC contract. Hence, the performance guarantee for the FC contract obtained in Example m also
applies to the CLC contract. In the following section, we analyze the relative performance of the

three contracts for general settings.

4.4. A Theoretical Comparison of the FC, LC, and CLC contracts
Our goal here is to understand the relative performance of the three (FC, LC, and CLC) contracts
given lower bounds (e, a) on the effort levels. To compare these contracts, we consider that the

FC and the CLC contracts have the same lower bounds. Proposition [L] characterizes their relative
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performances under the SI model. Let Hél, Hév denote the sponsor’s optimal expected retention costs

for the SI (for given type k of the investigator) and OM models using the CLC contract.

ProproSITION 11. Under the SI Model, for a given k and e;,, we have the following results:

o When 07 <20:: If e, € [0, 1], we have Y. (e;,) = Y, <TIZ, (ex); otherwise, IIY. (e;,) = 1L, (e},),
where ey is the lowest effort level that 1L, (e;,) = TI5, .

o When 0% > 20:: If e; € [0, 1], we have 1Y (e;,) = I, < TIZ, (er); otherwise, I (e;,) < TIY (e},),

where ey is the lowest effort level that 11%, (e;,) = 113,

Figure E illustrates the results in the above proposition. First, note that under the SI model, either
the LC or the FC contract performs better than the CLC contract. Second, notice that it is beneficial
for the sponsor to use the LC contract instead of using the FC contract with a low or high e;. To
explain this result, we rely on the computation study performed in Section B as we do not have
a closed-form solution for the LC contract. Under the FC contract, the optimal effort level is the
same as the lower bound on effort e,. Analyzing the instances where the LC contract is the best-
performing contract among the three contracts, we notice that the optimal effort levels are higher
(resp., lower) than those under the FC contract with low (resp., high) e;. Furthermore, for these
instances, the optimal effort levels under the LC contract are closer to those under the CM model.
These observations together imply that the FC contract with a low (resp., high) e;, performs worse
than the LC contract as the sponsor underestimates (resp., overestimates) the value of e, relative to

optimal effort level under the CM model.

F
“zk

N
M2k

nf, /!

Expected Retention Cost
~
Expected Retention Cost

Lower Bound on Effort (¢) —— Lower Bound on Effort (¢) —

(a) 08 <20; (b) 6& > 26
Figure 2 Relative Performance of the FC, LC, and CLC Contracts Under the S| Model

As mentioned above, the cost of the CLC contract is no less than that of the FC or LC contract
under the SI model. However, our next result shows that the CLC contract can strictly outperform

both the FC and LC contracts under the OM model.

PROPOSITION 12. When 05 <207, and 0;' <207, there exist
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1. ag,01,05 € (0,1] such that IIY (a,e) < min {I1F (a,e), 1IN} ,V 0 < a < ap, 01 < € < 0.
2. ay, 0,00 € (0,1] such that IIY (a,e) < min {I1F (a,e), 1IN}V oy <a < ay,0 < e < 0y.

Deriving the relative performances of the three contracts for general situations under the OM model
is theoretically challenging, hence, we resort to numerical analysis. Using the test bed described in
the next section, we observe that the CLC contract performs better on average than both the FC
and LC contracts when e = g =0.025 and is dominated by the FC contract as e, a increase. Finally,
for high values of ¢, a, the FC and CLC contracts perform worse than the LC contract. We further
observe that when e = a = 0.025, the CLC contract strictly outperforms the FC and the LC contracts
in about 19% of the instances and reduces the expected retention cost by 2% on average over the
best of the FC and the LC contracts (maximum 18% reduction).

The above results suggest that the relative performance of the three contracts in terms of the
sponsor’s costs may not be unidirectional and may vary based on the lower bounds of effort levels.
Further, notice that in our theoretical results above, the thresholds on e, a are functions of problem
parameters, implying that for given e, a values, the outperforming contract depend on other problem
parameters as well. Hence, in the following section, we present an extensive computational analysis

to understand the relative performance of the three contracts under different parameter settings.

5. Computational Study

In this computational study, our objective is to understand (1) the relative performance of the FC,
LC, and CLC contracts and (2) when adopting the optimal contracts developed in Sections @ and
@ can be significantly beneficial relative to the FC, LC, and CLC contracts. To this end, we calibrate
our parameters using publicly available data. We also explore a wide range of possible values for a

parameter that has no public data. We provide the details of the test bed next.

5.1. The Test Bed

Similar to Song et al) (2023), we consider a three-month clinical study with the number of participants
N =100. This value of N is consistent with NIH-funded studies (Gresham et al| 2018). Next, we
discuss how we derive the parameter values. We summarize the ranges of parameters in Table E
Effort Cost Parameter: Following Wong et al] (2014) and Song et al. (2023), we consider the
payment to clinical site staff (RN/CRA Costs) and physician (Physician Costs) to estimate the
investigator’s effort cost parameter. This results in a cost estimate of $3000. For computing various
effort cost parameters in our models, we first set the cost of implementing maximum effort by the
low-type investigator %Hf = $3000, which implies #* = $6000. Using this value of 6" as a base, we then
estimate the effort cost parameter of the high-type investigator as follows: % € {1.05,1.15,1.25,1.35}.
We further consider % €{0.4,0.6,0.8,1.0}. Finally, we choose the values of 6 such that Ggigg €
{0.5,1.5,2.5,3.5}.

¢
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Parameter Range ‘ Parameter Range

N 100 A {0.4,0.55,0.7,0.85,1.0}

5 {0.6,0.7,0.8,0.9} As {0.03,0.045,0.06,0.075}

0" $6000 A, {0.05,0.15,0.25}

% {1.05,1.15,1.25,1.35} | p {0.1,0.3,0.5,0.7,0.9}

%‘I {0.4,0.6,0.8,1.0} q {0.1,0.3,0.5,0.7,0.9}

Zéjﬁ; {0.5,1.5,2.5,3.5} a=e {0.025,0.125,0.225,0.325,0.425}

Table 2  Parameter Settings

Effort and Payment Effectiveness: We consider different levels of effectiveness from the
providers’ effort and the sponsor’s monetary payment by choosing (1) five levels for providers’ effort
effectiveness: A € {0.4,0.55,0.7,0.85,1.0}, (2) three levels for the joint impact of the providers’
effort: X\, € {0.05,0.15,0.25}, (3) four levels for the effectiveness of the monetary payment: \; €
{0.03,0.045,0.06,0.075}. We further consider the minimum effort requirement under the FC contract
to be five different values a (and e) € {0.025,0.125,0.225,0.325,0.425}.
Type Distributions for the Investigator and the Coordinator: We consider five values of
p,q € {0.1,0.3,0.5,0.7,0.9} to capture the impact of the distribution of the providers’ effort cost
parameters.
Retention Rate: We consider 6 € {0.6,0.7,0.8,0.9} to capture studies with different target retention
rates (Evangelista 2013).

In summary, the above parameter settings result in a total of 1,920,000 instances. Next, we
describe the key findings from our computational study. Our first result compares the FC, LC, and
CLC contracts.

5.2. Understanding the Relative Performance of the FC, LC, and CLC Contracts
Figure a illustrates the impact of the effort lower bound, the target retention rate, and the effectiveness
of effort on the best-performing contract among the FC and LC contracts under the SI model. We
do not include the CLC contract in this figure as it is dominated by the best of the FC and LC
contracts (see Proposition EI) We observe that the FC contract performs better on average for
medium values of e and the LC contract performs better otherwise. These observations are consistent
with our findings in Section @ The results under the OM model are structurally similar and are
presented in Appendix .

To understand the observations in Figure B, we first explain the benefits and drawbacks of each
contract. Recall from Proposition g, under the LC contract, the optimal effort given the provider
effort cost parameter 6., is %. Therefore, the optimal effort changes faster with respect to the payment

per unit of effort S for the low-type provider than for the high-type. A potential drawback of the
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Figure 3  Comparing the Performances of the FC, LC, and CLC Contracts Under the S| Model

LC contract is that when the sponsor increases the value of 5 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. A benefit of the LC contract is that it has
the flexibility to adjust both the effort and the monetary payment as parameters change. In contrast,
under the FC contract, the effort level from the provider equals the lower bound on effort e and
does not change with other problem parameters. Hence, for a given e, the sponsor can only change
monetary payment to the participants as other parameters change. This property of the FC contract
results in a drawback or benefit depending on the values of e and other parameters.

Using the above statements, we next explain the impact of various parameter changes on the
relative performance of the two contracts. When § increases, the sponsor requires a higher effort
and offers a higher g to satisfy the retention constraint under the LC contract and hence, it suffers
from its drawback. As § increases, under the FC contract, at lower values of e, the increase in total
monetary payment to the participants (due to an increase in § and already high monetary payment)
is higher than that under higher values of e. In our computational analysis, we observe that when
the sponsor sets a low e (resp., high), the negative impact of the increase in § on expected retention
cost under the FC contract is higher (resp., lower) than that under the LC contract. Thus, the LC
contract performs better.

As ) increases, the LC contract becomes more preferred over the FC contract with a low e value.
Note that ceteris paribus, as A increases, the effort becomes more efficient in improving retention
as compared to monetary payment. Thus, the sponsor may benefit from decreasing the monetary
payment and increasing providers’ payments to increase effort. The LC contract offers this flexibility
whereas the FC contract cannot change the effort level. When e is low, the FC contract suffers from
its drawback. Hence, as A increases, the resulting decrease in the expected retention cost under the
FC contract is lower than that under the LC contract.

When the sponsor sets e to be medium or high, the regions in which the LC contract outperforms

the FC contract become smaller as A increases. When A is small, the FC contract suffers from its
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drawback whereas the LC contract benefits from its flexibility and hence, performs better than the
FC contract. As X increases, under the FC contract, the sponsor can achieve the same retention
rate with less monetary payment and the expected retention cost decreases. For the LC contract,
as A increases, the sponsor reduces the monetary payment while relying more on effort. However,
as explained earlier, the LC contract suffers from the drawback that the optimal effort changes at
a different rate for different types of providers. Therefore, this transition from monetary payment
to exerting higher effort yields less cost reduction under the LC contract as compared to the FC

contract.

5.3. When to Adopt the Optimal Compensation Contracts
In this section, we compare the best of the FC, LC, and CLC contracts in terms of cost with the
optimal contracts under the SI and OM models discussed in Sections @ andt @ In particular,

min J
te{F’N’oN} °* for the SI model,
15

min iy 1L
ke{L,H} and R; = tE{g’ﬁ’é\f} % for the OM model. We observe that this ratio is 1.06 (resp.,

1.10) on average under the SI (resp., OM) model. Figure @ shows the cumulative distributions of

given a parameter setting, we consider the following ratios: Ry, =

the values of the above two ratios in our computational study. As illustrated in the figure, Rox, k €
{L,H}, (resp., R3) is less than 1.10 under the SI (resp., OM) model in about 83% (resp., 62%) of the
instances, implying that the performance of the best of three contracts in terms of cost is generally
satisfactory. However, this ratio could reach 1.60 (resp., 1.86) under the SI (resp., OM) model and
hence, necessitates identifying parametric settings where the compensation contracts observed in
practice may underperform significantly. In these instances, the sponsor should consider adopting
the optimal compensation contract. We next explore these instances for the SI model to identify
parametric settings where using the optimal compensation contract provided in Section @ can be

significantly beneficial. The insights into the parametric settings are similar for the OM model and

are provided in Appendix .
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Figure 4  Cumulative Distribution of Ro, and R3

Among the instances where R, > 1.10, about 66% instances have effectiveness of effort parameter

A >0.85. Recall that a higher A means the effort becomes more effective in retaining participants.
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Hence, the costs of both the optimal contract and the best-performing (among the FC, LC, and CLC)
contract decrease as \ increases. However, the cost of the optimal contract decreases at a faster rate
than that of the best-performing contract, and hence the ratio of the two costs is higher at higher A.
Our study of the computation results further suggests that the effect of higher A on the ratio is
compounded (i.e., the ratio typically exceeds 1.10) when at least two of the following conditions
are satisfied: (1) the sponsor sets the lower bound on effort (e) to be small, (2) the effectiveness of
monetary payment (A) is low, and (3) the probability of having a high-type coordinator (g) is low.
For instances with A > 0.85, we illustrate the impact of e, Af,q on the ratio in Figure B and explain
the impact below:
100 100 S 100
A~ 0015
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Figure 5 Impact of ¢, \f, and ¢ on the Ratio Ry

1. As and ¢ are low (Figure @) Using the results in Section @, it is easy to verify that the cost of
the optimal contract is affected by these two factors with opposite impacts. On the one hand, adopting
monetary payment becomes less cost-effective with a low A;, and hence, the expected retention cost
increases. On the other hand, a low ¢ suggests that the sponsor has a higher likelihood to contract
with a coordinator who is less costly in exerting effort, which reduces the expected retention cost.
Thus, the cost of the optimal contract can increase or decrease as both Ay and ¢ decrease. For the
compensation contracts observed in practice, a low A, also increases the cost of achieving the target
retention rate. Further, the cost under the FC contract does not depend on ¢ (see Section @) and it
is easy to show that the costs under the LC and CLC contracts become higher as g decreases. Hence,
a decrease in both parameters drives up the cost of the compensation contracts observed in practice.
When the cost of the optimal contract decreases as both Ay and ¢ decrease, the impact on the ratio
is obvious. When the cost of the optimal contract increases, this increase is lower than that for the
compensation contracts observed in practice and thus, the ratio becomes higher when both A, and
q are low.

2. e and \; are low (Figure @) Observe from Proposition @, the LC is the best-performing

contract when the sponsor sets a low value of e under the FC or the CLC contract. Notice that the



Author: Evaluating the Efficacy of Providers’ Compensation Contracts
24 Management Science 00(0), pp. 000-000, ©0000 INFORMS

costs of the optimal contract and the LC contract do not depend on e. Further, both costs increase
as Ay decreases. However, the increase in cost under the LC contract is larger (owing to the drawback
of the LC contract mentioned in Section @) compared to the optimal contract, resulting in the ratio
increasing as both e and Ay decrease.

3. q and e are low (Figure @) the observations under this case follow directly from the arguments

mentioned above.

6. 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 spon-
sor’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\, ):J, by 7. Further, unobserved factors may influence retention, which
we capture by introducing an additional random variable, e. Consequently, we have 5((1,6, f) =
Aa + he + \ae + )\fo + €, where ¢ := (5\,):], )\Nf,e) is a random vector. We assume that ¢ follows a
multivariate distribution with mean u, and covariance matrix 3.

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
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: S(Q,e, f) > 4. 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) 25) > (. (16)

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\;,A; are deterministic), the sponsor’s problem can be solved by replacing 5 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, Az, Ag, and due to the unobserved factors, on the performances of various compensation contracts.

6.1. Computational Analysis
We consider the test bed described in Section @ and set the mean of ¢ as = (X, A;,Ar,0), with

the covariance matrix ¥ = diag(a?A?, a*A%, a*A%, @?) for each instance, where values of A, \;, \; are
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' 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 3 Percentage Increase in Expected Retention Cost for Different Levels of Uncertainty

specified in Table E We then consider three values of « as {0.01,0.02,0.03} such that the probability
of realizing negative values of random variables is significantly small.

Table E 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 the 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
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 H) For a given value(s) of the lower bound(s), the value

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 4 Percentage Increase in Expected Retention Cost Due to Uncertainty for Different Lower Bounds on

Effort
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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 (E) 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
due to uncertainty is smaller for higher values of e (and a) following a similar argument as for the
FC contract.

We conclude this section by stating that the insights regarding the relative performance of the
three contracts and when to adopt the optimal contracts provided in Sections @—@ hold under

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

7. Conclusion

In this work, we study various compensation contracts for providers to address the participant reten-
tion challenges faced by clinical studies. We identify three clinical study team structures in practice:
(i) the centralized model where the sponsor decides monetary payment to participants and effort lev-
els for the providers, (ii) the sponsor-investigator (SI) model, and (iii) the outsourcing (OM) model.
Given a decentralized structure of the clinical study team, our analysis provides the optimal com-
pensation contract that minimizes the expected retention cost of achieving a target retention rate.
We also examine the impact of different problem primitives on the values of contract parameters.
We then identify the sponsor’s optimal decisions under the three compensation contracts observed
in practice, namely, the fixed compensation (FC), the linear compensation (LC), and the conditional

linear compensation (CLC) contracts. We compare the relative performance of the above contracts.
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Finally, we extend our analysis to understand the impact of uncertainty in retention (due to various
factors) on the relative performance of the compensation contracts.

Outsourcing clinical investigations is a common strategy among pharmaceutical companies where
more than half of the clinical studies are outsourced (Spinner 2021). Our theoretical analysis reveals
that the additional expenditure associated with the SI (resp., OM) model is at most 20% (resp.,
40%). However, we observe that, in practical settings, this additional expenditure is typically much
lower (maximum 6% and 8% for the SI and OM model, respectively) than these theoretical bounds.
Hence, given a decentralized team structure, by optimally designing the contracts for providers, the
sponsor can achieve the target retention rate in a cost-effective manner under most practical settings.
Our analysis further suggests that providers’ efforts and corresponding payments are higher under a
centralized team structure, whereas participants’ payments are higher under the decentralized team
structures.

For better quality and safety management, sponsors of clinical studies seeking outsourced services
often set standards for the effort levels of the providers. Consider, for example, clinical studies on
genetic therapeutics which require approvals from both the Institutional Biosafety Committee and
Institutional Review Board (see Office of Biotechnology Activities Oversight 2023, NIH Office of
Biotechnology Activities 2018) and need extensive participant education and consent processes. For
such studies, the standards may be moderate to high, and the FC or the CLC contract will be
equivalent under the SI model and the FC contract will be beneficial under the OM model. When the
standards are low, the FC contract is beneficial under the SI model whereas the CLC contract could
outperform the FC contract under the OM model. For example, observational studies on healthy
participants generally have simpler protocols and fewer logistics (e.g., Chiofalg 2023, Bradbury 2019)
and hence, the standards may typically be low. Sponsors’ of such studies will benefit from offering the
FC or CLC contract depending on the structure of the team. Note, however, that if these standards on
effort levels face a challenge of overestimation or underestimation, the sponsor may consider offering
the LC contract instead of imposing a lower bound and offering the FC or the CLC contract.

We also identify parameter settings for which the sponsor benefits significantly by adopting the
optimal contracts over the three contracts observed in practice. In clinical studies that involve behav-
ioral changes or sensitive topics, continuous support from investigators or coordinators can be more
effective, and monetary payments are usually less effective for retaining participants. For such stud-
ies, if the standards on effort levels are low or the possibility of having providers with low costs
of implementing efforts is high, the sponsor should adopt the optimal contracts. Consider another
example of clinical studies on vaccines for infectious diseases that involve fewer medical procedures,
while requiring more follow-up reports from the participants (Janssen 2021, Konopnicki 2018). For

such studies, the effort can have high effectiveness as appreciation and communication can have a
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huge impact on participant retention whereas the standards on effort levels are generally low. In
addition to these characteristics, if the possibility of having providers with low costs of implementing
efforts is high, adopting the optimal contract is significantly more advantageous.

Finally, we comment on the assumptions and limitations of our analysis. First, for ease of expo-
sition, we consider there is only one coordinator. Our analysis can be easily extended if there are
multiple coordinators. Second, under the OM model, we only consider the situation where the spon-
sor offers the same type of contract to both providers because our goal is to understand the relative
performance of the three contracts observed in practice. However, if the goal is simply to minimize
the retention cost for the sponsor, one may consider the possibility that the sponsor can provide

different types of contracts to different providers.
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E-Companion: Online Appendix for “Evaluating the Efficacy of
Providers’ Compensation Contracts in Improving Participant
Retention for Clinical Studies”

EC.1. 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,
1. g6 — (2 — 1)8: <67 — g6~
2. b7 <07 —qb;,
3. A301(01 — q0L) — g6 N2A2 >0,
4. N30L01(07 — qb5) — 6> N2N2(g02 — (2 —1)0%) > 0.
EC.1.1. Proof of Lemma
Note that
L g0 — (2 —1)0z =07 — g0z — q(07 — 02) < 6¢ — g6,
2. 68 — a0z = qb¢ +q(08 — 0z) > qb¢,
3. A?HIL(G’C’ —q0%) — q6>N?)\2 > q()@&f@é’ —02N2)%) >0,
4. MR0L07(0 — q08) — 0* NN — (24 — 1)) > (q07 — (24 — 1)0L) (30708 — 0°NX3) > 0.

The proof is now completed. O

EC.1.2. 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};, e5;, f7;), k,1 € {L, H}. Sup-
pose the constraint (E) is not binding, i.e., §(aj,, ek, fi;) > 6. Since §(ag, ex, fr1) increases in ag, ex,
and f;, there exists v € (0,1) such that &(vaj,,ver,vfy;) > 0. Further, the objective function is
increasing in ay, ey, and fi;. Therefore, UM (yag,, ver, V) < UM (agy, €5y, f7;) which contradicts

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

From Claim , we have f; = Si’\(akﬁef\lf)*’\"a’”e’”. Thus, for k,l € {L,H}, the sponsor’s problem

reduces to the following

Ole2  OFay? OSN(O— )\ -
min H(k;lM _ Ul LU Qg n ( (ar +ex) JQki€x)
agiser €[0,1] 2 2 "y

st. 00— )\(akl + ekl) - Ak,aklekl Z 0. (EC2)

7 (EC.1)
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Let aj; and ey be the optimal solution to the unconstrained optimization problem. Note that the

k _NXg
Hessian matrix, H = [ (?J(MJ Gl/\ ] . It is easy to show that H is positive definite. Thus, using first
— Ay !

XSN(SNX;+)0L)
NFOLOF—02N2A3
We next prove that the solution (@, €x) is the optimal solution to the sponsor’s constrained

problem as well. To this end, it suffices to show that 0 < az;, éx; < 1 and constraint is satisfied.

Using inequalities from Lemma and Assumption 1, we can show that 0 < ay, e, < 1. Also,
using Assumption m, it is straightforward to show that the constraint () is satisfied at the solution
(Gr1y€11)- O

XN (SNX;+)0F)

and €y = SF e -
AZ6LoF—52N2)3

order conditions we have, a,; =

EC.1.3. Proof of Corollary m
The proofs of results related to the impact of 6%, 0, p, and ¢ are straightforward and hence, omitted
for brevity. We next establish the impact of § on f;; under the centralized model.

Note that

9fis _ L
85 A (A20LOF —52N2A2)?

( — BONONS — 258 NAAZAZAL0L0F + 35 N AZAL6LOF — 6ONZAZNLN, 61 °6%° +
N36L708% (A6L0F — NA2(6L +6%)) — 382 N2NINZ0L0% (A 010" + NA* (0L + 05))) .

From Assumption m, Ap(N30L0F — 62 N2)A%)? is positive. Denote the numerator in the above expression
of L

on the right hand side as £y;. Then —k = eI el Further,

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

increasing, then decreasing in ¢ for ¢ € [0, 1]. O

EC.1.4. 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) s binding for the low type

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

Proof of Claim For any value ay;, consider a solution €y such that sy, = O.(€xy;0") +
O (Ex.;05) — O (3 0%) and si,; = 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 | = H.

Skr — @c(ékm; eé) > Sy — GC(ékH; 9?,) > Sk — @C(ékH; 0?) > 07



e-companion to Author: Ewaluating the Efficacy of Providers’ Compensation Contracts ec3

Skr — Gc(ékw; 9?) = @C(ékH; 95) + ®(Z(ékL; H(L;) - 6(‘(ék1~1; 9?) - @C(ékL; 92)
= @ (ekH7 90) - Gc(ékH; Hé) - (9(7(ékL; 95) - @c(ékL; 9?))
< 0= Sku — S) (eklh QH)

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

tive is minimized at é;;. 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 Hk —qgl(akm ) q@l(aku ) qgc(ekHyec)+Q(@c(€kmec)+@c(ekuec) GC(ekH;aé))

Ak HOkL €k H €KL

+N§ (q5 — Magr + 61;\1{) — AjQkuekn iy §— Magr + 6;L) )‘JakLekL) )
f f

st. agw,akr, ek, ek € [0,1].

One can easily verify that the Hessian matrix for the unconstrained optimization problem is positive

semidefinite. Let the ay;, éx; be the solutions of the first order conditions %Hk =0 and (mk =0.

That is, we have

o _MNONA, M0 L o _ MNENA M)
SN - eNe T R T T g ey
. :ASN(qSNAJJrAf(eg—qeg)) b — GAON (SN, + X 0F)

AFOF (07 — 693) - q52N2)\? ’ AFOF (0 — GOE) — g2 N3
Using Assumption EI and Lemma , we can show that 0 < agp, éxy <1 and the corresponding

~

fri= = A(aklﬂflf) 20418k~ (), Hence, the result. O

REMARK EC.1. To simplify expressions, we define ég =07, and éf =0+ g(Gg —6%). Then, we

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

SNAGNA; 4+ A0L) o SNAONN, + As0%)
A20ROL — 52N2x2 T M A2gRgL _§2N2)2

Qg =

EC.1.5. Proof of Corollaries E-@ and Propositions E—@
The proofs of Corollaries E, H7 and Proposition H are straightforward and hence, omitted for brevity.
The proof of Proposition H is similar to that for Proposition E and hence, omitted.

The result in Corollary B directly follows from Corollary m when the coordinator is low type since
the providers’ optimal effort levels are the same as those under the centralized optimal solution.
When the coordinator is high type, we have

NN (02 — 0 +1-1(67 — 6%))
T(AFOR0E — 52N2N2) + SINGOR (08 - 6L)

[e] (e}
Ay — €

Therefore, ay, > e;,, if and only if 67 + %(9;’ —0r) >0k, O
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EC.1.6. Proof of Proposition E
Note that (al;, e, f3),k,1 € {L, H} provides a feasible solution under the SI model. Further, the

compensation Y, > ©,(al; 0%) for k,1 € {L, H}. Hence, we have
I = Ky, [@ (ag: 07) + 87, + Skaol] < Eky [@ (ags: 07) + 57, + SNfl?l] < Eky [7’1?1 + s+ SNfI?l] =

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

I = Eg, [9 (@33 07) +Oc(e350L) +5Nf1:l] < Egy [6 (aq: 07) +Oc(efy:07) +5Nf§l]
<Eiy [©,(a3;;07) + sy + 0N fi] =11

Thus, I3 > II, > II;.

The result that Py < P, < P, follows from the arguments below:

o The compensation P, equals to the value of P, by replacing 07 with 67 + %(05 —0h), ie
Py= Pl‘(eH =08 +L(08-0%))

< D3 —P2’(9H =07+ L (0¥ —01)) :Pl‘(eH =0f+ (0 —0}) .08 =08+1 (08 —0L))

o Itis stralghtforward to observe that P; is decreasing in 67,67%.

Finally, notice that F,, =11, — P,,,1 =1,2,3, the result that F5 > Fy > F} is now immediate. [J

EC.1.7. Proof of Proposition g

(P (73PN DY 07Ny
Let z = 5]0\7){,’@: SJCV)\fJ’Z: 5]1\7)1’@_ (5]1\7)\ , where § > x> 2,1 >z > 2 (from Assumptlonﬁl
Further, let G(u,v) = —“%£2 Then, we can write II;,IL,,II; as follows:
2N 5NN __
I = ——+ 5 PaG(§, @) +paG(z, d) +pgG(§, 2) +paG (@, 2)),
f JAf
BN SNA? < 1 g g )
II, = + G(-9— =z,0)+pgG(x,w)+ pegG —=x,2)+pgG(x, 2z
2=, o, (P (7= &) +paG(z,®) +pq (qy 5 HPIG(.2)
6N OGN < 1. q 1. p L P q
3 = + o+ (PeG(=9 — —z, —w — =2z) + pgG(z, - “2)+pgG(—-§— ~x,z +qu:pz>.
TN 20N (q g 'p p) (@ " p) ( q ) (z.2)

We next prove the results for [II, —II;] and [II3 —II,].

SN )2
II, —1II; =
2 1 20,0 (pQ[G(

i=Lo.0) = Glo.00) + plG i~ La.2) - G@,z)}) |

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

q(q(wz —1)* —w*(j — x)*)

oMy —1I) 6NN
Wy —1)* (g — 1 — gz —1))?

99 2hsAs

+pg(1+2)?

a(q(zx —1)* = 2%(§ — 2)*) )

(1-q) (pq(lﬂi)) ( (25 — 1)2(zf — 1 — g(zz — 1))?

where the first term within the bracket is negative if and only if 3§ > (11” f‘)f , and the second term

1le . . . af oA zr—./q wr—./q 2r—./q
within the bracket is negative if and only if § > =)= . Note that =6 > e Therefore,
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-4
(1f)

have II, —II; is increasing in 62 when 67 <
i > A30807 —8°N?(1-/q)
C = SNApA;(1—y/q)0f

That is, we

II, — IT; is increasing in § when ¢ < and decreasing in § when § >
AF0L07 —52 N2 (1-/q)

SN 7 (1—/q)0]

(1 f)w
, and is decreasing in 62 when

. Hence, the results on the performance gap Il, — II; follow.
The results under the OM Model follow from similar arguments as above, thus, detailed proofs are

avoided for brevity. O

EC.1.8. Proof of Proposition B
We first simplify the expressions for IL,,m = 1,2,3 by defining the following values:

05N, VDY’ VD) 07\,
x = Sjc\f)f,’y = SJCV)\IJ — T,z = 6}’\{){},102: EJIV)\}‘J — 2z, where z,z > 2 and y,w > 0 from Assump-
tion m Next we define G(u,v) = — % Further, it is straightforward to show that G(u,v) is
u —

submodular in its argument. Then, we can write 11,11, II3 as follows:

02N SN2 - _ _
I, = + (pgG(x+y,z+w) +pidG(z,z +w) + pgG(x + vy, 2) + pgG(z, 2)) ,
Ar o 2M
02N SN2 1 1
I, = + pqG(z+ ~y, 2z +w) +pgG(z, z +w) + peG(x + ~y, 2) + paG(z,2) | ,
)‘f 2/\J)‘f q q
02N SN2 1 1 1 1
Oy, = — - - G = 5 - 5 ,
iy + BV (qu(fL‘+ 7 + pw) +pqG(z, z + pw) + pgG(z + qy,Z) +qu(x,Z)>

Next consider (II, —1I;). Using the above expressions, we have

SN A2 1 1
(I = II) = ~——[pa(G(z + ~y,2 +t w) = G(z +y, 2 + w)) + pg(G(z + ~y, 2) — Gz +y, 2))]
25Ny q q
Since G is submodular, we have G(x + %y,z +w)—Grz+y,z+w) <G+ %y,z) - G(zx+y,2).
Hence,
SN2 1 _ 1
(I —11,) < [pg(G(x+ —y,2) = Gz +y,2)) +pe(G(z + ~y,2) — G(x +y,2))]
2M Ay q q
0NN [ qqy(1+ 2)? ]
N 2250 Lg(zz —1)2 + 4222 4+ qyz(zz — 1)
) qqy(1+2)° qqy(1+z)2 - qqye, N
OINXN  (zz2—1)2 < SNA? (zz—1)2 1)2 ONXN T 2
> 2/\]}\}0 y2z2 2)\J)\f q y 22 2)\J)\f q+£
(xz—1)2 x22? z?
SN)\ = ok 2 o qqge* 2 qqg fLe* 2
- J qqyeLLZ —<c_Z 2 < L11, (since II; > i and 0 <q<1)
2As v 2y y
q+ 22 q+ POR + 22
M1, < g, *[( D11, < 19311,

Tt T2t

Last inequality follows from the fact that Vatlza)
Hence, 22 <1.193.

14

1— . .
( 9 achieves maximum at q= %
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Next consider (II3 —1II;). Note that
OGN
Y

(I3 — I1,) [pq(G(w+;y,er]l)w)—G(ery,erw))

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

6NN
2\

1 1 1 1
[pq(G(w+5y,z+Ew)—G(:U+y,z+zf)w)+G(:L‘+y,z+z—)w)—G(a:—i—y,z—l—w))

1 1
+pﬂG@J+§w%4%%z+wD+ﬁﬂG@+g%2%4ﬂx+%@ﬂ
SN )2
2N\ s

< [pq(G(:c—}- iyjz) -Gz +y,2)+G(z,z+ lew) —G(z,z+w))

1 1
PGz 4 w) = Gl +w) +pa(Gla+y.2) =Gl +,2))]
0NN
T 2X\f
< .38611,.

[q(G(aH— j]y,z) —-G(z+y,2))+p(G(z,z+ ;w) —G(x,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, g—f <1.386 O

EC.2. 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.

EC.2.1. The FC Contract
Under the SI model, given the investigator’s type k, the sponsor provides a fixed compensation s

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

min B[O, (an; 07) + sk + [ NO(ax, €5, fi )], (EC.3)
akE[O,l];Sk,kaO

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

IR: s, —0.(e;0) >0, vic{L,H}, (EC.5)

IC: €}, =arg max (s, — O.(en;0")), Vie{L,H}. (EC.6)

eR12ek
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 k (resp., [) to denote the

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

min Ek7l[r—|—s—|—f]\7(5(a2,e?,f)], (EC.7)

r,s,f>0
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st. 6(al,el, f) >0, Vk,lc{L,H}, (EC.8)
IR: r—0,(a;0%) >0 Vke{L, H}, (EC.9)
IC: ag:argir;z%(r—@,(ak;ﬁf)), Vke{L,H}, (EC.10)
IR: s—0©.(e};0") >0, vie{L,H}, (EC.11)
IC: € =arg gllg:;((s —0O.(e;;0)), Vie{L,H}. (EC.12)

EC.2.1.1. 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.(ex;0%). Further, at optimality, the retention constraint () is binding

Vi e {L,H} (the proof is similar to that for Claim ) Therefore, f; = 57’\(‘1“3’“;7”%%. Then,

the sponsor’s problem reduces to the following:

min © (ak’91)+® (ek’00)+6—)\(ak+§k)_)\J(lk§k

NG§.
a, €]0,1] Ay

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

(F—ex M)A OF SN+ se
B ZoF sk)” ,ke{L, H}.

6N()\+ek)\J)
ApOF

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

1

Under the OM model, following a similar argument as above we have r® = 16742 s = 161

2
)

1

fo= M. This completes the proof. O

EC.2.2. Proof of Corollary E

We first consider the performance under the SI model. Define

gy Lo (NN o (G- Ar)A b —ON(A+As2)?
Note that 115, = O,(al;0%) + O.(e5;07) + fRNb(ag, €5, f7) = Viu(er). Further, we can write

HEIO qVkH(esz) + qVkL(ekL) ( Hé)ek}! :
It is easy to verify that Vi (z) is convex in x. Therefore, for [ € {L, H},

Via(en) = (ex, — ex) - Vialer) + Vialer)-
Combining the above two inequalities, we have
115y, = Vir(ex) = Vi (er) + 4 {Vm(@k) + %(95 - 95)@%]
<q[Veu(ern) — (ehn —er) Viu(er)] +@ [Vir(err) — (ehr —ex) - Vir(ex)] + g(eg —06)er
=T13"° = q(eRn — ex) - Vin(er) — @lef, — ex) - Vi (ex) + g(eg —06)(ek —etn”)

° 52N?)2 o . _ §2N2\3 o .
=1;"" +¢ (95 /\QHkJ (er — ) (ex — k) +a | 06 — )\QQk‘] (ek —err)(ex —ekr) +
I oI

(‘90 Qé)(gi *62H2)~

l\J\rQ\
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Therefore,

IIs1° 4 QH,M —e° _e* —gwa o e a(9H _ L) (e2 — ¢° .2
k a\Yc 2ok (ex —eim)(en —erp) +a| 02 AT ok (ex —eqr)(en —erp) + 2( c e)er —erxm?)

s,
HEIO* HSIO
52222 . ~ 52N222 . _
0(08 - Z53 ) - m)en — i)+ (05 — S50 ) (o — k)l — i) + 508 ~0B) ek — e?)
=1+ : .
s’

52N223

52N2 _ o * q
0 (08 - S50 ) (e - tmden — i)+ (05— S50 ) (0 — koo — i) + 208~ OB) ek — eu?)
<14

A2
r3f
ca(PE ) Em e’
9L e° 2

= 1pgL 0 2
s0cer,

2 RO AV N O A W
=1+ eLeLL [q(&c— )\?9;; (er —enpr)(er —€hy) +a| 00— A?Q’f (er —exr)(ex —eir)

2 82N2)\2 9H _ 0 2
=1+ -——E, [(%—J) (et —en)(eiy —en)| +a (G —1) E=B
0 e

0Les A30%
Next, consider the result for the OM model. Let Uy (x,y) = 10Ly* + 072> + 5Nw Then
I =U,,(a,e), oM’ =g, Ui (ady,ed) + (07 — Gé)egH +2(07 — Hf)am |. It’s easy to verify that

Uri(x,y) is a jointly convex function. Therefore,
Uri(a,e) — ukl(aklvekl) < VUy(a, )T(@_ail7§_egz)7
where VUy,(a, e) is the gradient of Uy, at (a,e). Thus,

1
I =Uyu(a,e) =By, [ukl((l,e) + 5(91’ 0.)e* + = (9H ef)az]

1 2, 1, 0
U (0.) Unacf)] + B | 3002 — 00 e, ")+ 507 ~00)(a” = )| +
1 1, 0
<Eyi [VUii(a, €)' (a— ajy, e — e)] +Exy [2(9 —0)(€ — ey )+ 50 —95“)(a2—aif)] +IOM
IN(A+Ase SN(A+Asa
= B0 a0 — ATV oo TR0,
f f
1 1
(02— 0) (e — e, ") + 567 = 0) (a® — afy )| + 11"
Further,
i Er.i[(a —af,) (a0} — D) 4 (e — e, ) (el — D) 4 L(0F —0L) (€ — ey ) + L (OF — 0))(a® — afy,”)]
HOM0_1+ T[omM°
Ev[(a—af)(@8) — D) 4 L0ff —0)(a* —afy, )] Eia[(e—e)(ebh — PO 1 108 —6L)(e* ), )]
<1+ - : -
EGéaLL 308elL
B 2 w NN Ly 2
=1 greBua (e -l (et} - TS+ S0 — ohe? — ol )
2 . ON(A+Xsa) om0 2
7T 75 t[(e—ehi)e0s = =5 + 5 02— 00)(€ - )]
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EC.2.3. The LC Contract

Under the SI model, the sponsor’s problem is

i E([©, (ay; 0F : Né(ay, ey, EC.13
ake[O,Ill]l;lfI,:,ﬁkzo 1[©:(ar; 07) + Brer, + [N o (ax, exy, fr)] ( )
st. 6(aw, ey, fr) >0, Vie{L,H}, (EC.14)

IR: Brey, —O.(eg;;01) >0, vie{L,H}, (EC.15)

IC: e}, € argmax {Bre —O.(e;0))}, 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 Ey [vay + Be} + fNS(ay,ef, f)], (EC.17)
st. d(al,el, f) >0, Vk,le{L,H}, (EC.18)
IR: va) —6%(a;6%) >0, Vke{L,H}, (EC.19)
IC: af €argmax{va—0O,(a;0})}, Vke{L,H}, (EC.20)
IR: Bey — @j(e?; 0y >0, vie{L,H}, (EC.21)
IC: ) € argmax {Be—O.(e;0))}, VIie{L,H}. (EC.22)

EC.2.3.1. Proof of Proposition E Under the SI model, it is straightforward to derive that
for any given [y, the coordinator’s optimal effort ey, = g—l’;,l € {L,H}. At optimality, we can show
that retention constraint () is binding for [ = H and hence, satisfied for [ = L. Thus, we have
f;i’ _ S—Xag+ep)—Ajay

5 ki Now it is easy to verify that the sponsor’s problem reduces to PROBLEM
f

PLSI below:
PROBLEM Prg;

min Ei[©:(ar; 07) + Brery + fLNO(ar, ey, 7))

g €[0,1);8, >0
Following similar arguments as above, under the OM model we have (i) for a given 3 (resp., v), the
coordinator’s (resp., investigator’s) optimal effort e/ = %,l c {L,H} (resp., a) = é,k e{L,H}),
and (ii) at optimality retention constraint () is binding for k =1 = H. Thus, the sponsor’s
problem reduces to the PROBLEM P o below:
PROBLEM Proar
min By [vald + el + fONG6(al,ef, f)].

v>0,820
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EC.2.3.2. Proof of Corollary B When both providers have a single type, we have 6 =60/ =

0,,05 =0 = 0.. First, consider the SI model. As mentioned in the proof of Proposition E, for a

C

given 3 value, the coordinator’s optimal effort e® = %, and the corresponding compensation is %.
Therefore, the sponsor’s problem is
min (0,(ai0)+ 2+ fNo(a, 2 p),
a€l0,1];£,0<B<0c 0. 0.
s.t. d(a, ﬁ,f) > 6.
0.

We can rewrite the objective function as [©,(a;6,) + %200(5)2 + fNé(a, %, 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@BNA+2X$00)  go AN (BN A+ £05)

- o o
5—)\((10—&-5—0)—)\](105—0

T N32000/-02N233 7 6c . 2XT000,—32NZAT) and f©= by
Since the retention constraint is binding, the optimal objective value is:
Iy = [19 @ + 229 (i)2 + f° N
22 2770, '
O\ 0,
Defining x = S]CV)(,’Z = 5N){,7 where z,z > 2 from Assumption m Further, let G(u,v) = —“t£2,
where G(u,v) is submodular in its arguments. Then the corresponding cost can be expressed by
2N NN
Iy =— G(2
2 )\f +2AJ)\f ( ZL‘,Z),
o 02N 6NN
= — 4 — .
¥ + 2)\J}\fG(;U,z)
Then
Y —1191° 1 5NN I 1+2)?
N (G(22,2) — G(2,2)) = —cs (14 z)
st IIST° 2X ;s IIS1° 22 X2 My (x2 — 1)(222 — 1)
I 0.2 (1422 1 Az+1)
< == i °=————and (2zz—1) > —1)).
20,22 2X30 2(xz — 1) 2 (since e As(xz—1) and (222 —1) > (22 1))
Therefore, HHS—%IO < 2. Similarly, under the OM model, we have
2N OGNN?
Iy = G(2z,2
2 =, T, 022,
82N SNN?
roM? = 220 G .
N T, G
Then we have,
Iy — oM 1 NA? 1 NN
o0~ om0 23, (G(2z,22) — G(z,2)) = WM(G(Z.Z‘, 22) —G(2x,z) + G(2z,2) — G(x,2))
1 SN)? 1 6NX? z(1+42)%+2(1+x)?
(G(x,22) — G(z,2)+ G(2x,2) — G(x,2)) = (x( +2) +2(1+2) )

= 11oMO 2, ), COIIOMO 2\ A (22— 1)(232 — 1)
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- 1 6NN z(14+2)%+2(14+2)2 1 ONA? A2 (ze9? + za%?)
TIOMO 2 1) (2 —1)2 CIIOMO 2X\ A 2)2
1 ONAZ A2zed? 1 SNAZ X2za0°
TIOMO 20N, 2N oM 2M,h, 9A2
1 6NAZ A2ged? 1 GNA? A2za®?
0,02 2250 2)2 + %91a<>2 2050 2X2

IN

=1.

1
2
N
Therefore, % < 2. The result now follows. O

EC.2.4. The CLC Contract
Under the SI model, the sponsor’s problem for given k € {L, H} is

min El[(") (ak, )—l—ﬁkekl —I—ka(S(ak,ekl,fk)] (EC23)
ak6[071]§f]g:6k;20
st. O(aw, ey, fr) >0, Vie{L,H}, (EC.24)
IR: Brey, —O.(ep;01) >0, vie{L,H}, (EC.25)
IC: e}, € argmax {fre—O.(e;0)}, Vie{L,H}. (EC.26)
e>ep

Under the OM model, the sponsor’s problem is:

,min Ey [vay + Be} + fN&(ay,ef, f)], (EC.27)
st. 6(al,el, f) >0, Vk,le{L,H}, (EC.28)
IR: va —6%(al;6%) >0, Vke{L,H}, (EC.29)
IC: af Earginax{l/a—@,(aﬂf)}, Vke{L,H}, (EC.30)
IR: Be! —O.(e);0") >0, Vie{L,H}, (EC.31)
IC: ¢ Earginax {Be—0O.(e;0))}, Vie{L,H}. (EC.32)

EC.2.4.1. Proof of Proposition @ Under the SI model, it is straightforward to derive that for
any given [y, the coordinator’s optimal effort e}, = max {ek, - } le{L,H}. From the IR constraint,
we have 3 > C;’“. At optimality, we can show that retention constraint () is binding for [ =
and hence, satisfied for [ = L. Thus, we have f = o ’\(a’“+e’“ff) A%k Now it is easy to verify that
the sponsor’s problem reduces to PROBLEM Psrgr below:

PROBLEM Pcrsr

min Ei[©,(ar; 0F) + Brey, + feNo(ak, ey fr)]-

0He
ap€[0,1];8, > 2k

Following similar arguments as above, under the OM model we have (i) for a given 3 (resp.,

v), the coordinator’s (resp., investigator’s) optimal effort el = max{ ,i e {L,H} (resp.,
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al = max{ },k e {L,HY}), (ii) g > C* and v > I* and (iii) at optimality retention con-

a<> )= 1a® e 7
straint ( ) is binding for k =1 = H. Hence, f¢= S Aay+ ff) AJ%n¢ Thus, the sponsor’s problem

reduces to the PROBLEM Pgoron below:

PROBLEM Pcroum

min Era[val + Bef + fONS(a), €, f0)].

EC.2.5. Proof of Proposition EI

Before proving the results in this proposition, we establish the following result:
LEmMA EC.2. 1Y (e),) > min {11%, (e, ), I1).} 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 [@ (ak, 9 ) + Bkezl + kaé((Ik, ezl, fk)], (ECS?))
ag, f,8,=>0
st. Sag, ey, fr) >0, vie{L,H}, (EC.34)
IR: Bpéy; — O (é5,;0") > vie{L,H}, (EC.35)
IC: ¢}, € argmax {Bre — O.(e;0)}, Vie{L,H}. (EC.36)
e>eg

From IC constraint, we get ég, = Inax{gk,g—f},k,l e {L,H}. For a given ey, let (32,a2, f2) be the
(@)

sponsor’s optimal decision under the conditional linear contract. Further, given a value of 5y, from the

proof of Proposition B, the coordinator’s optimal effort under the LC contract is 2 o k ki € {L,H}.
We next consider the following two possibilitieS' (i) er < 5}3 and (ii) e, > B—’“
» Suppose e < 5—1’3. Then, we have é}, = z ,k‘ le{L,H}. Hence, the coordlnator s decision under
c

the LC contract with parameter S8, = 5k 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 ), = B,ﬁ,ak =ay, fr = flj Thus, B;; is feasible for the sponsor’s problem under the LC
contract implying Hé‘l(ek) > 113, > min {II%, (e;.), 115 }.

« Suppose ey > . This implies 3¢ < 07¢, and €3, = e,. Then, consider a fixed contract with a
lower bound on the eﬁort as e, and the fixed compensation as %Hé’ e;.. Then, we can easily show that
the sponsor can achieve the target retention rate by setting a, = ay, fr = f,j under this fixed contract.

Thus,
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1 PNe) ro A0 pO
ka(ﬁk):§9g§i+91(ak)+ka5(€k,ak, k)
<Brer+O1(ag) +aff No(er, a2, fR) + (1 —q) fE NS (maX{gk, g'f} ﬁ&fé’)
(e}

<qBrer + (1 — q)BF max {ek, g’f} +0:(a3) +aff No(ex, a5, fo) + (1 —q) fa NS (maX{ek, ’E} ,ag, Az?)
C

=I15, (ex).

Thus, TIY, () > TIE (e),) > min {I15, (ex ), T }.
Therefore, the relationship IIY (e),) > min {IIZ, (e, ), ).} always hold. O

Note that using the results of Proposition B, it is easy to prove that II%, (ex) is convex in ey. Since
I12}, does not change with ey, II%, (e),) and 112}, may intersect at the most twice in range [0, 1]. Observe
that for e, =0, I, <TIZ (e, = 0). Hence, there always exists at least one intersection point, say,
e; > 0, such that Y, <TIZ (ey) if e), € [0,e1]. For our proof, we further assume that there are two
intersections and hence, there exists e; € [0,1] such that e; > e;. Proof under the other possibility
where e, > 1 follows from similar arguments. Note that II%, (e;,) < 113} if and only if e;, € (e, €s).

Next, we prove (a) IIY, (e, ) = I3, < IIZ (e;,) for ey, € [0, e4], (b) TN (e) > IIE, (e),) for ey, > ey and
(c) when 07 < 20%, TIN (e,,) =1L, (e),) Ve € [er, 1].

(a) e, €[0,e1]: Let the sponsor’s optimal solution under the LC contract be (8y,ay, fr), and

the corresponding optimal effort for the I-type coordinator be ej,. Note that from the proof of

B

Proposition g ey = o

Consider the optimal expected retention cost with the LC contract:

I3, =0, (ay; 0F) + aBrer, + (1 — q)Bren, +afeNo(aj, eq,,, fo) + (1 —q) feNS(aj, €5, f7)
>0, (ag; 0F) + Breg, + fe N (ag, €5, f1)-

Note that the last inequality is equal to the expected retention cost for an FC contract with a lower
bound of effort as ej,,, the sponsor’s decisions (s = BQH sar = ay, fr. = f¢). The coordinator’s decision
given this contract is ej,. 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 113, > I}, (e7,,). Recall
that 12}, > 11, (e ) if and only if e € [e1, e5]. Therefore, we must have e}, > e;.

Now consider an CLC contract with sponsor’s decisions (g, a3, fo), and lower bound on effort ey.

ﬁ—f = ey,. Further, it is straightforward to

R B2 R
Recall é5, = max{i,gk}. From the arguments above é3, = o

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,
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we must have 1Y (e;,) < IIY.. Combining with Lemma [EC.9, we have IIY (e;) = I, when e, < e;.
Hence, the result IIY (e;,) = IIY, < TIZ (e;,) follows.
(b) e, > e1: We consider two possibilities: (i) e; <e, < e, and (ii) g, > es.
(i) e1 <e, <ey: In this region, we have min{II%, (ex),113} = II%, (ex). Therefore, from
Lemma , I15, (ex) > min {T1%, (e ), TIY, } = T1Z, (ex ).
(i) e, > ex: Let (62,49, f2) be the sponsor’s optimal decision under the CLC contract with
lower bound ey, € [ea,1]. Then, the coordinator’s optimal effort level é5, = max{g—lf,gk}. Note that

191{’\0 2

from the IR constraint of the high-type coordinator, we have Bke,w heéyp,” > 0. The sponsor’s

optimal expected retention cost given the CLC contract is

I (ex) =0,(5) + afies, + (1 — a)ies, +afeNo(as, . fi) + (1— ) fiNo (af. é5,, f7)
Gl(do)+BZéZII+fISN5(&Z?éZH7 Ak)
>0, (a}) + 30463, + FINS(a. 65, 7).

2(”kH

where the last line is the sponsor’s expected retention cost under an FC contract with the lower
bound on effort é3,, payment s, = %6%2;, and ay = a3, fr = fo. It is straightforward to establish
that all the constraints are satisfied, and the solution is feasible under the FC contract. Therefore,
115, (&,) < TIY (e). Further, &, = max{f—,’g,ek} > ey, > ey. 115, (.) is increasing in its argument in
the interval [es, 1]. Hence, IIE, (€3,) > I1Z, (e;) implying I1Z, (e),) < IIN (ey).

(c) e, € [e1,1] and 8% < 20%: From (b), we have IIZ, (e, ) < IIY (e;,). Hence, to show the result
here, it suffices to prove that IIY (e, ) < I1Z, (e;), which we derive below.

Given ey, let (59,a5, f2) be the sponsor’s optimal solution under the FC contract. Recall that
from Proposition E, the optimal compensation under the FC contract 5} = %Hggi. Consider the
following solution under the CLC contract with lower bound on effort e, 5i = %Qggk,ak = ay,
and f, = f°. Then, the optimal effort level that maximizes a I-type coordinator’s benefit is

max {ek, gl } = max {ek, 20; ek} = ey, which is the same as that under the FC contract, and the

IR constraints under the CLC contract are satisfied (frey, — 30%e; = % k(07 —6.) > 0). Further, when
adopting the above CLC contract, the sponsor can achieve the same retention rate as the FC contract
by choosing a; = a$, f = f£. Thus, the retention constraint is satisfied under the CLC contract as
well. Hence, the solution with lower bound on effort ¢;, 8, = 5ﬁc§k,ak =ag, and f, = f? is feasible

under the CLC contract, with the expected retention cost equals to
1 _ _ _ _
5006 X ut Oa) + FoNO(en,a ) = 5+ ©,(a5) + FENBereaf, ) =T ).

Therefore, the sponsor’s optimal expected retention cost under the CLC contract is

15} (er) < TIE,(ex).

The proof is now complete.
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EC.2.6. 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 Hf,f’ (a,e) <
¥ (a,e),¥0 < a < ,0 <e < 1. Then, we show that there exist € > 0, such that Hfoff(g,g) <Y Va e
[0,€],01 <e<oo.

Consider the FC contract with a =0 and e € [0,1]. Let the optimal monetary payment to the
participant be f°. Recall that from Proposition B, the optimal compensation under the FC contract
70 =0, 5% = 10%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, g = %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, i} = max {g, %g} =e. That is, the providers’ effort levels under
the above CLC contract are the same as that under the FC contract. Also, IR constraints under the
CLC contract are satisfied (Be— 0L¢* = (9({3 —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, ITY (a = 0,e) <IIF (a =0, ¢). We next show that II¥ (a = 0,e) < IE(a = 0,e).
Let C} be the sponsor’s expected retention cost with the CLC contract above. Then

Cr=Be+Ne+ A fONSFO=TIE(a=0,e).

Consider an alternative solution under the CLC contract where v >0, = 10%e, f = I A/\“f)fy.
Then, the optimal effort level for the k-type investigator is ay = %. It is straightforward to verify
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 Cs(v), is
given by

=Ky, V*-f—ﬁe-ﬁ- (Ae+Aay + Asaje+ s f) (fo—)\;;\HJeV>N].
Y

_Ekl[ +ﬁe+</\e+Aff<> (/\+AJe)<9VH ;)) <f<>—A;rf2‘fu>N].

1

Lot 7= % 355 <>\ + g fo2EL ) N. Then when v < .

2
8(y) _ v _AtAse Fo v I 1\ [z Atise
Gu k| gE T e \MeTMIT (A aH oF ~OFNe Gr—gr )\ e )N
[ k _ pH 2/ pH
_E,, | -2t Ase ()\g_’_)\ff-owl o1 >N+ 2 (1_N(>\+)\J§) (01 e,))y}

ApOF 0k 9k ApO2?

[ X+ Xje
=SBt |~ Ap07 (

207 —0F

<0.
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Further, notice that C3(0) — Cy =0 implying Cy(r) < C1,V0 < v < 7. Thus, the sponsor’s optimal
expected retention cost ITY (a = 0,¢) < I1Z (a = 0,¢), Ve € [0, 1]. Since [I1} (a,e) — I1F (a,e)] is contin-
uous in (a,e) in the compact set [0,1] x [0,1]. Therefore, there exists o > 0, such that [IIY (a,e) —

¥ (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 ek ? and the I- -type

coordinator’s optimal effort is &~ 9 . The sponsor’s expected retention cost is

O
0 =g [v7 x ] a8 x D (1= 08" x O [ad(oe D 1)+ - 0o, B )

gk
0 o 50 0 0 o 0 0 0
BB B B B B
>Ek [VOXZT]—F(]?XQH-‘F( )?Xmax{%7%}+]}zk|: (0k76H7f<>) ( Q)(S(;?a max {ZﬁaLvaH} fo):|Nf<>
Now, consider the following feasible value of 8 = 52—0 for the CLC contract with @ = 0,v = 19,
p= GH
Therefore, 115 (a = 0,e ) < Y. Since IIY(-,-) is a continuous function. Therefore, there exist

6,0 < €< max{gH,l—BO} such that TI% (@, e) < IIY VQE[O,ﬁ],@G[g 6,6H+6]

0 0
e = g—H. Then, HN (a = = 5) is the same as the LHS expression in the last line above.
C

) 50
Now, let ag =min{a, €}, 01 =25 —€,00 = @ + €. Then, we have

B
oc

I} (a.e) <IIf (a,e), T} (a,e) <My,  V0<a<ago

IA
3
IA
9
[\v]

The result now follows.
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EC.3. Computational Study Results for the OM Model
EC.3.1. 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
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.
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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, e 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
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EC.3.2. 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 Af,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)
are either high or low, (2) the effectiveness of monetary payment (Af) is low, (3) the probability of
having a high-type coordinator (g) 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
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