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Abstract

Does the allocation of incentives across the hierarchy of an organization matter
for its performance? In a field experiment with a large public-health organization in
Sierra Leone, we find that healthcare provision is highly affected by how incentives are
allocated between frontline workers and their supervisors. Sharing incentives equally be-
tween these two layers raises completed health visits by 61% compared to the unilateral
allocations that are typical in public-health organizations. Also, the shared incentives
uniquely improve overall health service provision and health outcomes. We provide
reduced form and structural evidence that these results are driven by a combination
of effort complementarities and contractual frictions, and we explore the implications

of these forces for the optimal design of incentive policies in multi-layered organizations.
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1 Introduction

Financial incentives are ubiquitous in modern hierarchical organizations. Understanding how
incentives affect the inner workings of hierarchies and the interaction between their different
layers are first-order questions in economics since the emergence of complex, hierarchical
organizations plays a key role in economic growth and in the development of an efficient state
(Caliendo, Monte, and Rossi-Hansberg 2015; Wilson 2019; Bandiera et al. 2022). Indeed,
extensive research has studied whether raising the level of financial incentives — either at
the upper or lower tier of the hierarchy — strengthen organizational performance (Finan,
Olken, and Pande 2017; Bandiera et al. 2019). However, surprisingly little attention has
been devoted to understanding the optimal allocation of incentives across the various layers
of an organization. In other words, suppose an organization wants to introduce or raise
financial incentives. How should these incentives be distributed across the levels of the
hierarchy? Answering this question requires a deep understanding of the functioning of
vertical organizations. Most importantly, in a hierarchy, workers’ and managers’ efforts often
complement each other (Alchian and Demsetz 1972; Kremer 1993; Brynjolfsson and Milgrom
2013), and hence, no layer of the organization can be considered in isolation from the other
layers. Additionally, individuals may partly or fully offset the initial allocation of incentives
through side transfers, but we lack good evidence of whether this happens in practice or not.
Whether the allocation of incentives is a first-order driver of organizational performance thus
remains an open question in the literature.

In this paper, we show that the allocation of financial incentives across the hierarchy of
a large public-health organization substantially affects the provision of healthcare services
in poor communities across Sierra Leone. In particular, we document experimentally that
equally sharing an output-based incentive between a health worker and a supervisor generates
an increase in output — measured here as health visits — that is 61% larger than the gain
in output achieved when the incentive is offered entirely to the worker or entirely to the
supervisor. These findings might seem surprising under a Coasian view of organizations,
which postulates that any incentive allocation should result in the same output level (Coase
1937, 1960). However, we argue that these results can be reconciled within an alternative
framework, emphasizing (i) the strong complementarity between worker and supervisor effort,
and (ii) the limited redistribution of the incentive due to contractual frictions. We leverage the
experiment to estimate a structural model that quantifies the importance of these structural
forces for the optimal design of incentive policies in multi-layered organizations.

The program we study is a large community-based health initiative designed to improve
health service provision in Sierra Leone. It plays a critical role in the government’s effort to
boost health outcomes in a country with some of the world’s highest infant and maternal

mortality rates. The program is composed of health units, each of which comprises an



average of eight health workers responsible for conducting health visits in households within
their community, and one supervisor. Supervisors play a pivotal role in our context: they
train and advise the workers, provide them with the necessary skills to perform health visits,
and help them build trust in the community. Their support is crucial to boosting the quantity
and the quality of health visits provided by the worker.!

The field experiment we design creates random variation in the recipient of a new piece-
rate scheme across 372 health units of Sierra Leone, covering roughly half of the country. The
incentive pays 2,000 Sierra Leone Leones (SLL, about $0.25) per health visit completed and
reported by the health worker, and is paid either (i) only to the health worker who carried
out the visit, (ii) only to the supervisor of this worker, or (iii) is shared equally between
the worker and the supervisor. To measure the impacts of these interventions, we rely on
extensive survey data on completed health visits (quantity and quality) and health outcomes
collected from a random sample of households in each village where the program operates.

Our central empirical finding is that the shared incentives treatment maximizes the num-
ber of completed health visits. Workers in the control group without any performance-based
incentive (status quo) carried out 5.3 visits per household in the six months prior to our end-
line survey. This number increases to 7.4 visits (a 40% increase over the control condition)
when the incentive is offered either only to the worker or only to the supervisor, and to 8.7
visits (a 64% increase over the control condition) when the incentive is shared between the
worker and supervisor. Overall, the shared incentives generate an increase in health visits
that is 61% larger than the increase caused by either of the one-sided incentives treatments.

We rule out concerns related to quantity-quality trade-offs. The observed increase in the
quantity of household visits provided in the shared incentives treatment is not offset by a de-
crease in visit duration, nor by less pro-poor targeting. On the contrary, we find that health
workers in the shared incentives treatment receive more extensive training from their super-
visors, leading to enhanced knowledge of how to provide health services effectively (a result
we revisit below). Moreover, a higher share of households report trusting the health worker
in the shared incentives treatment than in the other two treatments. This result is important
because trust in health service providers is known to be one of the main determinants of
the demand for health services (Alsan 2015; Lowes and Montero 2021; Martinez-Bravo and
Stegmann 2022; Leon-Ciliotta, Zejcirovic, and Fernandez 2022).

Our findings also indicate that shared incentives yield the most significant improvements
in health outcomes. Pregnant or expecting women are more likely to report having received
a minimum of four pre-natal visits from any healthcare provider and delivering in a health

facility (as opposed to at home) in the shared incentives treatment than in the one-sided

1Such potent complementarities would not exist if the supervisor’s role were merely confined to monitoring.
Therefore, our study diverges from recent literature that focuses on the surveillance role played by middle
managers (Callen et al. 2020; Muralidharan et al. 2021; Bandiera et al. 2021; Dal B6 et al. 2021; Dodge et al.
2022).



incentives treatments or the control. Households in this treatment also report a reduced
occurrence of fever among children under the age of five, coupled with an enhanced under-
standing of disease prevention measures. These findings are substantiated by administrative
records from local health facilities, which reveal a higher count of services for pregnant women,
institutional births, and fully immunized infants in the shared incentives treatment.

In the second part of the paper, we study the mechanisms explaining the large boost in
output generated by shared incentives. To guide the analysis, we propose a simple model
of service provision that illustrates the trade-offs involved in the choice of how to allocate
the incentive between the workers and the supervisor. In the first period of the model, the
supervisor chooses how much effort to invest in training and advising the worker, and offers
her a side payment conditional on the number of visits delivered at the end of the game.
In the second period, the worker chooses how much effort to exert to provide visits. The
key intuition of the model is that two-sided incentives schemes such as our shared incentive
intervention are optimal when (i) worker and supervisor efforts are strategic complements,
(ii) the supervisor is relatively ineffective at motivating the worker through side payments
due to contractual frictions. We will provide qualitative evidence on the drivers of effort
complementarity and contractual frictions in Section 2.

We provide empirical evidence in support of these two mechanisms. We first focus on
the strategic complementarity of effort. We show that shared incentives generate the same
increase in supervisor effort as supervisor incentives. This might appear surprising since the
direct incentive offered to the supervisor in the shared incentives treatment is half the mag-
nitude of that in the supervisor incentives treatment. However, when efforts are strategic
complements, the supervisor is indirectly incentivized by schemes that raise worker effort.
Second, we find that shared incentives generate a larger increase in visits when effort com-
plementarity is plausibly higher due to the lower level of experience of the worker. Third, we
carry out a formal mediation analysis which shows the important mediating role of supervisor
effort in the worker incentives treatment.

We then explore contractual frictions. Using descriptive data, we document that in our
context, contractual frictions arise from the difficulty of making binding commitments (as in
Casaburi and Macchiavello 2019), and the prevalence of social norms constraining redistri-
bution, effectively maintaining payments within the organizational layer to which they were
initially allocated (as in Hines and Thaler 1995). Furthermore, we leverage detailed survey
data on inter-personal transfers to show that, on average, net transfers from the supervisor
to the worker are positive, but very small: less than 10% of the overall incentive payment
of the average supervisor. Our key piece of evidence indicating that the use of transfers is
indeed limited because of contractual frictions is that supervisor welfare, which we calculate
using our model and a choice task, is higher under shared incentives than under supervi-

sor incentives — a finding that is difficult to reconcile with alternative explanations for the



limited use of transfers.

We rule out three alternative explanations of our results. First, that fairness concerns
limit the effectiveness of the worker and supervisor incentives treatments (Breza, Kaur, and
Shamdasani 2018; Cullen and Perez-Truglia 2022). This is contradicted by the substantial
supervisor effort we observe in the worker incentives treatment, the lack of workers’ aware-
ness about supervisor pay, and the absence of treatment effects on job satisfaction. Second,
the notion that positive reciprocity or a sense of team spirit is the key driver of the effec-
tiveness of shared incentives. Again, this explanation is not consistent with our data on job
satisfaction and job perceptions. Third, the argument that shared incentives are effective
because the returns to additional incentives fall rapidly due to sharply diminishing marginal
utility or increasing marginal costs around the 1,000 SLL cutoff. This explanation contradicts
our analysis of treatment effect heterogeneity based on proxies of utility and costs, as this
analysis does not uncover any evidence supporting the hypothesized sharp fall in incentive
effectiveness.

In the final part of the paper, we leverage the experimental variation to structurally
estimate our model of service provision and perform different counterfactual simulations.
For the estimation, we use moments capturing household visits and supervisor effort in the
three treatment conditions and the control group. The estimated model is able to match
these moments with precision. Crucially, the model is also able to reproduce the key result
that visits are maximized by the shared incentives treatment. In contrast, a version of the
model based on a production function where efforts are not strategic complements has a much
worse fit and wrongly predicts that worker incentives generate the largest increase in visits.

The estimated model parameters confirm that our results are driven by strong effort com-
plementarity. We estimate that the marginal return to worker effort is up to 114% higher due
to the complementarity with supervisor effort. Further, our calibrated contractual friction
parameter implies that difficulties in contracting increase the cost of side transfers by more
than threefold. We derive three lessons on optimal policy based on counterfactual policy
analysis. First, we calculate that the optimal policy would offer 61% of the value of the in-
centive to the worker, and 39% to the supervisor. Second, we find that the optimal allocation
of the incentive is quite sensitive to the exact value of the complementarity parameter, which
emphasizes the importance of re-calibrating the policy in new contexts. Third, we show that,
due to the complementarity of agents’ efforts, interventions that tie incentives to joint output
are more effective than interventions that incentivize effort directly, since they help agents
internalize the impact of their effort on the productivity of their partner.

This paper contributes to four strands of the literature. First, we show that the allocation
of incentives in hierarchies is highly consequential due to a combination of effort complemen-
tarities and a limited redistribution of incentives. The existing empirical literature has largely

been unable to shed light on this point, since most studies have explored the effects of raising



incentives in one layer of the organization (the bottom or the top), while holding incentives
in the other layer fixed.? Our findings reveal that agents engage in very limited fine-tuning
of the allocation of incentives through transfers, due to the presence of contractual frictions.?
Thus, there is little scope for Coasian bargaining within the organization, and there are large
returns from picking the optimal allocation of incentives. These results deepen our under-
standing of hierarchical organizational structures and pinpoint an overlooked policy approach
to enhance public-sector effectiveness in developing countries (Callen et al. 2023; Bandiera
et al. 2019; Finan, Olken, and Pande 2017).

Second, we provide evidence on the productive role of middle managers in hierarchical
organizations. This adds to the literature demonstrating the importance of management
practices (e.g., Bloom et al. 2013; McKenzie and Woodruff 2017; Macchiavello et al. 2020;
Adhvaryu, Murathanoglu, and Nyshadham 2023). Notably, our paper relates to but differs
from the well-established literature focusing on the monitoring responsibilities of managers.
This body of work, which spans seminal theoretical contributions (e.g., Tirole 1986, 1992)
and recent empirical papers (Cilliers et al. 2018; Bandiera et al. 2021; Dal Bo et al. 2021;
Dodge et al. 2022; Rasul and Rogger 2018; Kala 2019), examines how to optimally delegate
authority and prevent harmful collusion between workers and supervisors. However, this
literature remains mostly silent on how supervisor effort can directly increase the returns to
worker effort. In our experiment, we intentionally minimize the scope for collusion through
frequent back-checks of worker reports. This allows us to shed light on how the top layer of
the hierarchy enables the frontline layer to be more productive, and the implications of this
complementarity for the design of incentives. Recent findings on the ripple effects of training
interventions throughout the organizational hierarchy echo our focus on the productive role
of public-sector managers (Espinosa and Stanton 2022).

Third, we extend the literature on effort complementarities within organizations. Sem-
inal theoretical work by Alchian and Demsetz (1972); Itoh (1991); Milgrom and Roberts
(1995); Ray, Baland, and Dagnelie (2007); Brynjolfsson and Milgrom (2013) has explored

the implications of complementarities for designing incentives. Empirically, several studies

2These include papers that study incentives for the bottom layer — e.g., frontline workers or sales asso-
ciates — while holding incentives for the top layer fixed (e.g., Glewwe, Ilias, and Kremer 2010; Muralidharan
and Sundararaman 2011; Lazear 2000; Duflo, Hanna, and Ryan 2012; Ashraf, Bandiera, and Jack 2014),
and papers that study incentives for the top layer — e.g., high-level public sector officials, private sector
CEOs/managers — while holding incentives for the bottom layer fixed (Bandiera, Barankay, and Rasul
2007; Bertrand 2009; Frydman and Jenter 2010; Rasul and Rogger 2018; Luo et al. 2019). Behrman et al.
(2015) study who should be incentivized for students’ test scores in Mexican schools (students, teachers or
administrators) and which structure should these incentive have, but do not shed light on the mechanisms.
Geng (2018) complements Behrman et al. (2015) by providing evidence that supports the presence of effort
complementarities between students and teachers.

3 A large literature has focused on contractual frictions across organizations or firms (Coase 1937; Gibbons
2005; Lafontaine and Slade 2007; Lee, Whinston, and Yurukoglu 2021; and, most related to our developing
country setting, Macchiavello 2021). In this paper, we document the presence of contractual frictions within
an organization (Adhvaryu et al. 2020).



have demonstrated that in “horizontal” teams — composed of workers from the same layer
of the organization — group incentives that reward joint (rather than individual) output are
effective even if they encourage free-riding (Muralidharan and Sundararaman 2011; Babcock
et al. 2015; Friebel et al. 2017). However, unlike our paper, this literature does not address
the optimal allocation of such incentives. This is partly due to the challenge of offering asym-
metric incentives to workers performing similar tasks within “horizontal” teams, often due
to fairness concerns (Card et al. 2012; Breza, Kaur, and Shamdasani 2018) or inflexible con-
tractual arrangements. In contrast, within “vertical” teams, asymmetric incentives are more
viable as workers across different layers of the organization possess distinct responsibilities
and experience levels.

Our findings carry significant policy implications. They contribute to the understanding
of how to expand access to healthcare in low-income countries, a pivotal objective of global
public policy (Dupas and Miguel 2017; Roser 2021). The World Health Organization (WHO)
estimates that half of the world’s population lacks coverage for essential health services,
and the burden of health expenses is so severe that it plunges over 100 million people into
extreme poverty (WHO 2021). In the context of a low-income, post-conflict nation with
one of the world’s highest infant mortality rates (Casey and Glennerster 2016), our study
demonstrates that healthcare access and health outcomes can be substantially improved
through adjustments in the allocation of incentives, without altering their overall level.

Our results also hold policy implications for the design of decentralized development
programs. These programs employ “last-mile” frontline workers to provide essential pub-
lic services to their communities, and have become a primary mode of service delivery in
low-income countries since the 1990s (Bandiera et al. 2023). A majority of these programs
predominantly incentivize frontline workers in a unilateral manner, often overlooking the
importance of supervisors. Perry (2020) demonstrates, for instance, that merely 1.7% of
community health worker programs (similar to the one examined in this study) extend in-
centives to supervisors, while most concentrate on community health workers. In line with
this, many of the social scientists invited to forecast our results on the Social Science Predic-
tion Platform expected worker incentives to maximize output, despite being informed of the
key role played by supervisors in our context.* Contrary to to conventional policy approach
and expert predictions, our study highlights that last-mile service delivery can be enhanced

by reallocating a portion of the incentives from frontline workers to supervisors.

4See the Conclusion for more details on the results and the platform.



2 Context and Research Design

2.1 The Community Health Program

Sierra Leone is a low-income, post-conflict country with the third-highest maternal mortality
rate and the fourth-highest child mortality rate in the world (WHO 2017). Such elevated
mortality rates have been attributed to a critical shortage of health workers, together with
limited access to health facilities throughout the country (WHO 2016). To strengthen the
provision of primary health care, Sierra Leone’s Ministry of Health and Sanitation (MoHS)
created a national Community Health Program in 2017. The program is organized around
Peripheral Health Units (PHUs), small health facilities staffed with doctors, nurses, and mid-
wives. Each PHU typically has a catchment area of seven to ten villages with one community
health worker per village and one supervisor per PHU, for a total of approximately 15,000
health workers and 1,500 supervisors nationwide.

The health workers and the supervisors are part-time workers who work around 20 hours
per week and typically maintain another secondary occupation (e.g., farming, shopkeeper).
They are paid a fixed monthly allowance of 150,000 SLL and 250,000 SLL by the MoHS,
respectively, corresponding to a standard local monthly salary of $18 and $29 per month
(January 2019 exchange rate). Health workers are hired locally, typically have no experience
in the health sector prior to joining the program, and are trained /monitored by the supervisor
after joining the program. Supervisors usually have experience working as a health worker.
Attrition is limited in our setting, both for health workers and supervisors. The median
health worker has 4 years of experience and has known the supervisor for almost the same

duration.

Role of the health workers (bottom layer) The role of the health workers is to provide
a package of basic healthcare services in their community. They do so by making home visits
to expecting mothers or mothers who recently gave birth, during which they provide: (i)
health education (e.g., about the benefits of a hospital delivery); (ii) timely pre- and post-
natal check-ups, and (iii) accompany women for birth to the health facility. They also conduct
visits to households with young children in which they: (i) educate them on how to prevent
and recognize symptoms of malaria, diarrhea, and pneumonia, (ii) treat non-severe cases of
malaria and diarrhea, (iii) screen for danger signs and refer for further treatment at a health
facility when necessary. To ensure high-quality visits, workers are asked to follow a checklist

(described in Appendix B.1) each time they provide a service.

Role of the supervisors (top layer) The role of the supervisors is to train and advise
health workers in their PHU (typically, seven to ten health workers per supervisor). They

do so by organizing monthly trainings, which cover vital health topics, such as diagnosing,
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treating, and recognizing danger signs for referral to health facilities.” Importantly, they
also provide “in-the-field” training and guidance by accompanying health workers on house-
hold visits. During these household visits, supervisors are neither tasked to provide services
themselves to the households, nor are they in charge of scheduling or setting up the visits.
Instead, their role consists in providing health workers with concrete feedback on how to
improve service delivery and “on-going” on-site training. A substantial share of the support
offered to the worker is personalized, which limits the potential for economies of scale in
supervisor effort. Personnel decisions (hiring, firing, promotions, etc.) are taken by the head

of the PHU and not by the supervisors.

Complementarities across layers Supervisors stimulate demand for health services by
building trust towards the health workers in the community. This is particularly important
because community members may initially have doubts about the expertise of the health
worker — who is typically known by the community as a farmer or a shopkeeper — and
this may hinder the utilization of the worker’s services. The supervisor plays a key role
in transferring health knowledge to the worker and legitimizing her position in the eyes of
the community, which can boost both the quantity and the quality of the household visits
provided by the worker. This can create a strategic complementarity between worker and
supervisor efforts. When a supervisor increases her effort, the worker is able to generate more
visits for the same amount of time spent in the community. Likewise, a supervisor’s effort
yields higher returns when the worker is motivated and fully leverages the increased demand
for their services, which the supervisor helped create.

It is worth noting that such strong complementarities would likely not exist if the supervi-
sor’s role was merely confined to monitoring. This distinctive aspect differentiates our paper
from recent literature that predominantly focuses on the monitoring role played by middle
managers (Callen et al. 2020; Muralidharan et al. 2021; Bandiera et al. 2021; Dal Bo et al.
2021; Dodge et al. 2022).

2.2 Intervention and Research Design

We study the introduction of a new incentive scheme that pays a piece rate of 2,000 SLL
($0.25) for each reported household visit. We have four experimental conditions. In the
worker incentives treatment (T,orker), the 2,000 SLL incentive is paid entirely to the health

worker who provides the visit.® In the supervisor incentives treatment (7%, ), the 2,000 SLL

5Supervisors offer two types of trainings: general trainings, which are provided to all health workers at
the local health facility one day per month, and one-to-one trainings, which are given to each specific health
worker in their respective village as needed. We provide details on the content, frequency and objectives of
the trainings organized by the supervisors in Appendix B.2.

6The size of the piece rate is substantial: a health worker can earn up to 14% of her monthly fixed
allowance if she provides one visit every other day.



incentive is paid entirely to the supervisor of the health worker who provides the visit. In
the shared incentives treatment (Tspareq), the incentive is equally shared between the health
worker and the supervisor (1,000 SLL each). In the control group (status quo), the incentive
is paid neither to the health worker nor to the supervisor. Importantly, the three treatments
diverge in terms of which layer of the organization receives the incentives while maintaining
a constant incentive amount per reported visit. This allows us to answer the question of how
a given incentive should be allocated across the layers of an organization.”

Our experiment takes place in 372 PHUs, with the intervention running from May 2018
to August 2019. The 372 PHUs are located throughout Sierra Leone, as detailed in Appendix
B.4, and were randomly assigned to one of the four experimental groups in equal propor-
tions. Because staff interactions are common within a PHU but minimal across PHUs, the
randomization was performed at the PHU level to limit spillovers across treatments. The
randomization was stratified by district, the average distance between the residence of the
supervisor and the health workers in the PHU, and the number of health workers in the PHU.
A sub-sample of the health workers in our study experienced a change in the promotion pro-
cess six months after the start of the new incentive scheme, which we study in Deserranno,
Kastrau, and Leon-Ciliotta (2021). We describe the change in the promotion system and
show that our results are orthogonal to this variation in Appendix B.5.%

It is worth noting that the incentive scheme we study rewards health workers and su-
pervisors for output (household visits) rather than direct measures of effort (e.g., number of
households the health worker attempts to visit, number of trainings the supervisor provides
to the health workers). Output incentives have the advantage of rewarding workers based
on a measure that is more verifiable than effort, and are widespread both in the private and
public sectors.” As we will show later, output incentives also have the advantage of incen-
tivizing both the worker and the supervisor to internalize some of the positive spillovers of

their effort on the productivity of their partner.

Description of the intervention The incentive scheme has two important features. First,
the incentives were disbursed by a reputable external organization independent from the

government. Subjects were paid monthly through mobile money and without any delay.

7 Appendix B.3 explains our rationale for equally dividing the incentive across layers in the shared incentives
treatment (1,000 SLL each) and the process for deciding on the incentive amount.

8We show that: (a) the results hold if we restrict the analysis to the sample of health workers who did
not experience any change in the promotion system, (b) the treatment effects are orthogonal to whether the
health worker experienced a change in the promotion system or not.

91n the financial sector, for example, a large fraction of the pay of financial analysts is variable and propor-
tional to the amount of capital they raise, while the head of the unit is typically paid a bonus proportional to
the amount of money raised in the entire unit. In the retail sector, the commissions earned by both managers
and frontline salespeople are a function of total revenues. In most micro-finance or agriculture extension
programs, frontline workers are rewarded for the number of clients who take up the financial/agriculture
product in their village, while their supervisors are rewarded for the total number of clients in the district.
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This enabled us to establish the credibility of the new incentive scheme in the eyes of all
experimental participants.'®

Second, incentives were paid based on worker self-reports. This is a common arrangement
for incentive schemes with decentralized delivery agents, as directly monitoring output is
typically expensive and impractical (e.g., Soeters and Griffiths 2003; Shapira et al. 2017). To
report a visit, the worker must send an SMS from their main phone number to a toll free
number. For payment initiation, the SMS must include the service date and the patient’s
contact number, and must be sent from the worker’s registered phone number. This condition
ensures that neither supervisors nor households have the capability to report services on
behalf of the workers.

All health workers participating in our study, including those in the control group, were
instructed to report their visits and underwent training on using the reporting system. The
training sessions were conducted at the PHU, involved the participation of all workers and
their respective supervisors, and lasted two days. To maintain consistent focus on the training
material across treatments, workers in T,rker and Tipqreq Were informed of the incentives paid
based on SMS reporting only after receiving information about the reporting system. By the
end of the training, all workers were able to report a visit without the need for supervisor
assistance. As a result, supervisors were not involved in assisting workers with the reporting
process. See Appendix B.6 for more details on these trainings.

Our set-up discourages over-reporting through rigorous back-checks and strong penalties.
A randomized 25% of reports undergo verification by contacting the household mentioned
in the report. Should a worker be discovered reporting a non-existent visit, they would be
disqualified from any further incentive payments and would also be reported to the Ministry
of Health and Sanitation (MoHS). All workers, including those in the control group, were
subjected to the same number of back-checks to ensure comparability across experimental
groups.

We will later show that the threat of being caught “cheating” was credible, nearly elimi-
nated over-reporting and no worker was disqualified from the incentive payments. However,
our design does not entirely mitigate the risk of under-reporting. Despite the SMS reporting
tool being cost-free, reporting inherently entails expenses in terms of time and the necessity
to gather information such as patients’ names and phone numbers — details they might not
always be willing to share. The unreliability and unpredictability of mobile phone coverage in
rural areas of Sierra Leone further exacerbates the challenges health workers face in promptly
sending the SMS reports.!!

10The external organization is a multi-service consulting firm that provides expert advice and services to
the government, and which has worked extensively with them in the past.

HTow reporting rates are common in low-income countries. Karing (2021), for example, shows that local
health facilities in Sierra Leone under-report vaccination entries, despite the presence of financial incentives,
and presents evidence that this is likely due to hassle costs.
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Transparency of the incentive scheme To mirror most workplace environments where
supervisors have information about the pay structure of the subordinates, but subordinates
are not informed about their superior’s compensation (Cullen and Perez-Truglia 2023, 2022),
we informed all supervisors in the study about the worker incentives but did not inform the
workers about the supervisor incentives.'? This limits negative morale concerns resulting from
pay inequality because workers could only learn about the presence of supervisor incentives
from the supervisors themselves, and few supervisors seem to have shared this information
with their workers (see Section 4.4).

We intentionally withheld from supervisors information regarding the quantity of SMSs
sent by individual workers or information about workers’ earnings under the incentive scheme.
We did so because, as we will later show, workers’ reporting behavior varies considerably
across experimental groups. As a result, disclosing information about the number of visits
reported by each worker to supervisors would have introduced differential observability of
worker effort across treatments, and hence would have confounded the interpretation of our
results. The fact that supervisors are unaware of worker earnings also further minimizes the
possibility that the supervisor and the worker collude to report visits that have not actually

been carried out.

Side payments and contractual frictions After supervisors were informed about the
incentives allocated to them (if any), we clearly communicated to them that they were allowed
to transfer their incentives, either wholly or partially, to workers. While we did not suggest a
specific amount to be transferred, we informed the supervisors that these transfers could be
viewed as potential incentives to stimulate worker effort (see Appendix B.7 for more details).
Nonetheless, we will later show that, due to the presence of contractual frictions, less than
10% of the supervisors opted for such transfers.

In a recent follow-up survey, we asked supervisors why they opted for such low transfers.
75% of them indicated that “paying workers in exchange for more visits is inappropriate.”
This suggests the prevalence of social norms constraining redistribution and effectively main-
taining payments within the organizational layer to which they were initially allocated — a
phenomenon akin to the flypaper effects in Hines and Thaler (1995). Our context is more-
over one where side agreements are informal, leaving the worker with limited recourse to
penalize the supervisor for non-compliance with a side payment arrangement (for instance,
the worker’s threat to reduce future effort lacks credibility as the organization can penalize
the worker for insufficient effort). As in many other contexts, making binding commitments
is thus difficult in our setting (Bubb, Kaur, and Mullainathan 2018), and the supervisor may

have to compensate the worker for the perceived risk of default In line with this, 55% of the

2Information about supervisor’s incentives was provided privately to the supervisor at the end of the
training on using the reporting system. See Appendix B.7 for more details.
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supervisors we surveyed indicated that “health workers would lack trust in their payment.”!?

2.3 Data and Balance Checks

Data Sources We leverage three main sources of data.

Supervisor and health worker surveys. All 372 supervisors and 2,970 health workers in the
372 PHUs were surveyed at baseline in April-May 2018 and at endline in June-September
2019 (fifteen to sixteen months after the implementation of the treatments). They were
surveyed on their demographic background, health knowledge, and job. We also have access
to village-level information collected from a leaflet given to each health worker by the PHU.

Household surveys. A random sample of three eligible households per village (~7% of the
households) were surveyed at endline in June-September 2019. The respondent of the survey
was the female household head, who is typically the most knowledgeable about health topics.
Each respondent was asked questions on the number of visits received by the health worker
and the quality of these visits, trust in the health worker, disease incidence among young
children, access to pre- and post-natal care. We will later use these data as our primary
measures of health worker performance.

Administrative data. We utilize two administrative data sources. Firstly, we record the
number of valid SMS reports sent by each health worker during the experiment, linked
to their corresponding incentive payments. This facilitates the tracking of reporting over
time. Secondly, the MoHS provided us with data detailing the monthly number of health
services rendered at each local health facility, encompassing institutional births, children

immunizations and fever/malaria/diarrhea cases treated at the facility.

Summary Statistics and Balance Checks Table 1 reports summary statistics and bal-
ance checks for the characteristics of the supervisors (Panel A), health workers (Panel B),
households (Panel C), and villages (Panel D).' Panel E reports statistics on the number of
health services provided by the local health facility (one per PHU) in the month before the
start of the experiment.

Panel B shows that 71% of the health workers in our sample are male, 70% have completed
primary education, and 8% have completed secondary school. On average, health workers are
37 years old, are responsible for 55 households each, and live 3.4 km away from the supervisor.
Panel A shows that the supervisors are more likely to be men than the health workers (92%)
and are more likely to have completed secondary school (25%). They are responsible for an

average of 8 health workers each. Panel C shows that household respondents are less wealthy

130ne supervisor stated, “I did not think about it,” as the explanation for not transferring any funds, while
no supervisor said that they did not transfer because “they deserve the money more than the health workers.”

14Given the absence of a baseline household survey, we asked households in our endline survey retrospective
questions that are unlikely to vary over time (e.g., education, location) and report them in Panel C.
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and educated than health workers and supervisors, with only 25% having completed primary
school. Households live on average 1.4 km away from the health worker.

Panel D shows that 77% of the villages in our experiment have an accessible road to the
health facility. Phone network is available in 84% of the villages but is often unreliable. Panel
E shows that health facilities record 47 pregnant women visits per month, 13 institutional
births, 11 infants immunized, and 66 cases of malaria/diarrhea among under-five children.

To perform the balance checks, we regress each baseline characteristic on a dummy vari-
able for each of the three treatments, controlling for the stratification variables and clustering
standard errors at the PHU level in worker/village level regressions. Column (11) of Table 1
reports the p-value from a joint F-test of the equality of all treatment groups. The baseline
characteristics are balanced across treatments except for the age of the health worker (p-value
of 0.062). In Table A.1, we report the p-value for each pairwise treatment comparison. Out

of 156 pairwise comparisons, 16 are statistically significant with a p-value below 0.1.

3 Main Results

This section presents the main results of this paper. In Section 3.1, we present the results
on household visits and health outcomes, our measures of output. In Section 3.2, we present
the results on reported (as opposed to actual) visits and incentives payments.

We estimate the following regression equation:
Y;lj = o+ BlTworker,j + 52Tsupv,j + ﬁBTshared,j + Zj + €ijs (1)

where Y;; is the outcome of interest for health worker ¢ in PHU j (e.g., the number of
household visits provided by the health worker, health outcomes in the community served
by the health worker). Tyorkerjs Tsupv,j, and Tsparea; are indicators for whether incentives
in PHU 5 were assigned to health workers only, supervisor only, or were shared between the
two. Z; are the stratification variables discussed in Section 2.2. We estimate standard errors
clustered by PHU (level of the randomization).

We report p-values corrected for multiple hypothesis testing using three alternative proce-
dures in Table A.3.' For the sake of brevity, we do not discuss the corrected p-values in the
main text as these are notably similar to the non-corrected ones we discuss below. Following

Asiedu et al. (2021), we detail key aspects of research ethics in Appendix C. The outcome

15The three procedures are: Bonferroni, Romano and Wolf (2016), and Benjamini, Krieger, and Yekutieli
(2006). The Bonferroni procedure controls for the familywise error rate. This procedure is conservative, as
it assumes that test statistics are independent. Therefore, we also present corrected p-values following the
procedure in Romano and Wolf (2016), which accounts for dependence across test statistics. Furthermore,
we include sharpened g-values following the approach used in Benjamini, Krieger, and Yekutieli (2006). This
procedure controls for the false discovery rate, and it typically preserves even more power at the cost of some
type I errors.
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variables of interest and the research design were specified in the AEA RCT Registry.

3.1 Household Visits and Health Outcomes

Quantity of visits We start by assessing the treatment effects on the incentivized measure
of output, i.e., the quantity of visits provided by the health worker. To measure the latter, we
do not rely on the number of visits reported by the worker because this may differ from the
actual number of visits due to under-reporting, as discussed in Section 3.2. Instead, we asked
each sampled household the total number of natal- and disease-related visits they received
from the health worker in the six months preceding the endline survey.'® For each health
worker, we then calculate the mean number of visits received by a household (mean of 7.3).

The results are reported in Table 2 column (1) and Figure 1 here below.

Figure 1: Effect of Incentives on the Number of Visits

Mean in control = 5.334

Number of visits
2
1

T T T
Worker incentives Supervisor incentives Shared incentives
vs. control vs. control vs. control

Notes: The figure plots the difference in the number of visits provided by the health worker between each
treatment group and the control group. The coefficients are estimated from a regression of the number of visits
on the treatment dummies, controlling for stratification variables with standard errors clustered at the PHU level.
Bars are 95% confidence intervals.

We find that introducing performance-based incentives significantly boosts the number
of household visits provided by the health worker, regardless of whether the incentives are
one- or two-sided. The mean number of visits per household in the control group is 5.334.
This number increases by 2.090 (39%) in the worker incentives treatment, by 2.145 (40%) in

the supervisor incentives treatment, and by 3.356 (63%) in the shared incentives treatment.

16To minimize recall bias, households were asked about visits received “since the start of the year,” which
roughly corresponds to the past six months.
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These results are all statistically significant at the 1% level. Interestingly, offering the whole
incentive to the health workers is equally effective than offering the whole incentive to the
supervisor. Both interventions, however, are outperformed by the shared incentives scheme,
which achieves 17% more visits overall. Relative to the control group, the boost in visits
generated by the shared incentive schemes is 61% larger than the boost in either of the one-
sided schemes. When we break down household visits by their type, we find that, compared to
the one-sided treatments, shared incentives generate significant gains over both natal-related
and disease-related visits (Table A.2).

Quality of the visits The larger number of visits provided by workers in the shared
incentives treatment may come at the expense of visit length (which is not incentivized), so
that the aggregate amount of time dedicated to the job remains unchanged. This would be
problematic: as discussed earlier, workers are expected to follow a checklist when they visit
a household. Short visits may indicate that such a checklist is not properly followed, and
thus, the service provided may be of lower quality.

We do not find a quantity-quality trade-off. Table 2 (column 3) shows that, conditional
on having received at least one visit, the average visit length reported by a household (23
minutes) does not decrease in the shared incentives treatment relative to the control group,
while the number of health topics discussed per visit increases by 15% (column 5). The
latter is consistent with the health workers receiving more training from the supervisor,
as further discussed in Section 4.2. If we set the average visit length and the number of
health topics discussed to zero for households who were never visited, we obtain that the
shared incentives increase visit length by 34% (column 2) and the number of health topics
discussed by 26% (column 4). This captures both the intensive and the extensive margin
of effort. Importantly, the shared incentives also maximize trust: the fraction of households
who report trusting the health worker in the shared incentives treatment is 7.1 percentage
points (10%) higher than in the control, and 3.5 percentage points (5%) higher than in both

one-sided incentives treatments (column 8).

Targeting of the visits We examine the possibility that the higher number of visits in the
shared incentives treatment comes at the expense of worse household targeting, i.e., health
workers switching from visiting poor and deserving households to visiting households who are
geographically and socially close to them (who are presumably less costly to visit). Leveraging
household-level regressions, we show in Table A.4 that households who are geographically and
socially close to the health workers are visited more often, but that this is equally true in
all treatments. This further alleviates concerns related to quantity-quality trade-offs and
misreporting driven by worker-household collusion.

A last possibility is that the higher number of visits in the shared incentives treatment
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comes at the expense of health workers diverting their time away from providing long and
complex pre- and post-natal checks into short and easy routine visits. As shown earlier,
the shared incentives treatment does not affect the mix of services provided relative to the
control (Table A.2); and does not reduce the visit length (Table 2, column 2). Alternatively,
health workers in the shared incentives treatment may increase the intensity to which they
visit the same household rather than increasing coverage — i.e., the share of households ever
visited by the health worker. Table 2 (columns 6 and 7) rejects this possibility. The shared
incentives treatment increases both the coverage and the number of visits received by a given

household.

Access to natal-care services and disease incidence We now test whether the increase
in natal- and disease-related services provided by the health worker in the shared incentives
treatment translates into better access to health services and better health outcomes.

We start by analyzing households’ access to pre- and post-natal care. We measure ac-
cess with an equally-weighted average of the z-scores of key indicators of natal care quality
according to the WHO framework (four pre-natal visits, institutional birth, post-natal care
within two days of delivery, up-to-date vaccination, breastfeeding).'” Table 3 (column 1)
shows that the shared incentives treatment leads to better access to pre- and post-natal care.
More precisely, the pre- and post-natal care index is 0.092 standard deviations higher in the
shared treatment relative to the control (significant at the 1% level). Columns (2) to (6)
present the results for each single component of the index.

Next, we analyze disease incidence among children under the age of five, which we proxy
with an equally-weighted average of z-scores of three variables: the share of households who
report that at least one child under five years of age had fever, diarrhea, or cough in the
past month.'® Table 3 (column 7) shows that the disease incidence index is 0.053 standard
deviations lower in the shared incentives treatment than in the control group (significant
at the 5% level). This is driven by households in the shared incentives treatment reporting
fewer fever instances, while we see no effect for diarrhea and cough (columns 8-10). These
households also have better knowledge about how to prevent malaria (i.e., sleep under a
treated bednet) and diarrhea (i.e., wash hands with soaps, drink clean water): see Table A.5

(column 2). We find no significant effects on under-five mortality rates (Table A.5, column

17Pre-natal care is measured by asking women who gave birth in the year preceding the endline survey
whether they underwent a minimum of four pre-natal visits from any healthcare provider. Post-natal care
is gauged by querying if they delivered their child in a healthcare facility (as opposed to at home), whether
they received a post-natal visit within two days of delivery, whether they breastfed their infant for a duration
of at least six months, and whether their infants are in accordance with the vaccination schedule. In Table
A5 (column 1), we show that our treatments do not affect the likelihood that a household is composed of a
woman who gave birth in the year preceding the endline survey.

18The three most common diseases among children in Sierra Leone are malaria, pneumonia, and diarrhea.
Because households may not know which disease a child suffered from, we asked them to report whether any
child had common symptoms associated with each disease (fever, cough, and diarrhea).
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3), presumably due to the relatively short timeframe of the experiment. The results are
robust to multiple hypothesis testing corrections (Table A.3).

We corroborate these health results with administrative records from the local health
facility (PHU-level data), which do not suffer from any recall or response bias. The results
are presented in Table A.6. In line with the household survey data, we find that the number
of recorded pregnant women services, institutional births, and fully immunized infants at the
health facility is higher in the shared incentives treatment than in the other groups, albeit
the results are less precisely estimated. All three incentives treatments appear to increase
the number of malaria and diarrhea cases treated at the health facility relative to the control
group. Given the lower disease incidence rate reported by our sampled households, these
positive coefficients are consistent with health workers referring sick children to the health

facility more frequently in the treatment groups than in the control group.

3.2 Reporting and Incentives Payments

Reporting Recall that the incentive scheme pays 2,000 SLL per health visit reported by
the health worker. The health worker receives the full amount in T,y ke, half of it in Tpared,
and none of it in T,,,. Therefore, workers in T),orker have the highest incentive to report
the visits they carry out. In line with this, Table 4 (column 1) shows that workers in T,oker
report the highest number of visits, even though our previous analysis established that the
number of visits actually carried out is highest in Typ4.cq. More precisely, in the six months
before the endline survey, workers sent an average of 26.1 SMS reports per month in T,orker,
18.9 in Tipared, 11.2 in Ty, and 4.6 in the control group.*’

In Table 4 (column 2), we present results on the reporting rate, that is, the ratio between
the number of SMS reports per month (column 1) and the actual number of visits per month
that we compute using our household survey.? Visits are under-reported in all experimental
conditions. Health workers in the worker incentives treatment have the highest reporting
rate (90%). In the other treatments, health workers report a smaller share of the visits
(going from 23.4% in the control group to 50.7% in the shared incentives treatment). This
is consistent with the notion that reporting is costly, leading some workers to under-report

when not sufficiently incentivized. Over-reporting is however minimal. Only 3.6% of the

19 A previous version of the paper employed an incorrect method to calculate the number of SMS reports,
deviating from standard field practice and yielding an erroneously low count. This issue has been rectified
in the current version.

20The actual number of visits per month is calculated by scaling up the number of actual visits among
the random sample of households we interviewed for the total number of households in the community.
The resulting reporting rate might be over- or under-estimated for a single health worker due to sampling
error, but average differences across treatments are meaningful and accurate. Note that households have no
strategic incentive to misreport the number of visits received by the health worker and that the survey was
not announced beforehand so that the health worker could not have influenced households to give favorable
answers during the survey.
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health workers in the worker incentives treatment ever reported a visit that the recipient
household did not confirm during the back-check, compared to 2.7% in the shared incentives
treatment, and 2% in the supervisor incentives treatment.

Contrary to other variables in this study, we are able to track the progression of reporting
over time. As demonstrated in Figure A.1, differences in reported visits across treatments
remain relatively consistent over time. Provided that the reporting rate did not vary over
time, this suggests that differences in actual visits across treatments remained stable during

the course of the experiment.

Incentives payments The treatments also generated clear differences in incentive pay-
ments (Table 4, columns 3-5). Workers receive the largest incentive payments in Tyorger (53
thousand SLL per month), followed by Tsnerea (18 thousand SLL), and by Ty (0 SLL).
Supervisors receive similar and statistically indistinguishable payments in T},;,, and Tspareq
(22 and 19 thousand SLL per health worker they supervise).”! Overall, the new incentive
scheme costs the organization a total of 52 thousand SLL per health worker in Ti,orker, 38
thousand SLL in Tspareq, and 22 thousand SLL in Typ,.

Cost-effectiveness We assess cost-effectiveness by calculating the number of actual visits
generated for every 2,000 SLL spent on the incentive scheme. Our estimates suggest that,
in comparison to the control group, the organization gains an additional 2.24 monthly visits
per worker for each 2,000 SLL spent on T),,ke-- This figure rises to 3.2 visits for every 2,000
SLL spent on Ty,,, and increases further to 5.35 visits for each 2,000 SLL spent on Typareq-”
Consequently, the shared incentives treatment is the most cost-effective.

Two channels account for the superior cost-effectiveness of the shared incentives. Firstly,
it maximizes the actual number of visits rendered, thereby allocating a larger portion of
the total payout to marginal visits instead of subsidizing infra-marginal visits that would
have occurred even without incentives. Secondly, it is less costly than the worker incentives
treatment as it incites a lower reporting rate, leading the organization to save on incentive
payouts that would have otherwise been awarded to workers and supervisors. The latter
might be an unwarranted driver of cost-effectiveness, and the organization might want to

find a way to compensate workers for unclaimed benefits.

21 This is because the higher number of reports in Tj,qreq offsets the larger incentives paid out in 7. supy- Note
that supervisors receive payments that are considerably larger than those of workers, since each supervisor
is responsible for several workers. On average, supervisors earn 182 and 151 thousand per month from the
incentive scheme in Tiyorker and Tspared, respectively.

22We calculate the number of visits performed by the average worker in the treatment minus the mean
number of visits in the control (from the household survey), divided by the total incentive payout in the PHU
(from the payroll data). We winsorize the top and bottom 1% of the outcome variable due to the presence of
outliers and input the maximum value of the outcome variable for the few PHUs in which the total incentives
payment is zero.
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Overall, if the organization aims to maximize household visits or minimize cost per visit,
it should choose shared incentives. Note, however, that shared incentives impose a larger
total cost compared to supervisor incentives. If this cost exceeds the organization’s budget
constraint, the organization could either opt for supervisor incentives, which offer a similar
increase in visits as worker incentives but at a lower cost, or they could reduce the incentive

amount in the shared incentives scheme.

4 Mechanisms: Effort Complementarities and Contrac-

tual Frictions

The previous section showed that health workers provide significantly more household visits
under shared incentives than under the one-sided incentives schemes, with no reduction in
visit quality. We now study the mechanisms underlying this result. In Section 4.1, we
present a theoretical framework that illustrates how the combination of complementarities
and contractual frictions can make shared incentives uniquely effective. In Sections 4.2 and
4.3, we use the framework to motivate a number of empirical tests to assess the role of effort
complementarity and contractual frictions in our context, respectively. Finally, in Section 4.4,
we present empirical evidence against three alternative mechanisms that are not considered
in our model but could explain why two-sided incentives outperform one-sided incentives:

inequality aversion, reciprocity and sharp non-linearities in the utility or cost function.

4.1 Theoretical Framework

We consider the case of a single frontline worker (player 1), a single supervisor (player 2),
and a principal.?> The worker’s task is to visit households and offer them health services.
The supervisor’s task is to make it easier for the worker to deliver this service by training
and advising the worker. At the beginning of the game, the principal sets the incentive
scheme faced by the worker and the supervisor in order to maximize the number of visits.
The worker and supervisor then make two sequential decisions. First, the supervisor chooses
a level of effort ey, and offers to pay the worker a side payment of s € [0, 00) for every visit
the worker completes. Second, the worker observes the effort choice of the supervisor and
the side payment she offers, and then chooses effort e;. This sequential structure reflects
the hierarchical nature of the relationship as well as the fact that much of the supervisor’s
training support offered to the worker is given in advance of the worker’s choice of effort.
The supervisor may face a different cost of inducing worker effort compared to the prin-

cipal. On the one hand, the supervisor’s close proximity to the worker enables her to better

23In our empirical setting supervisors are responsible for multiple workers. We abstract from this feature
since it would not change the basic intuitions discussed below.
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observe worker effort compared to the principal, provide more personalized training and feed-
back, more effectively boost worker morale, and ultimately be more effective in motivating
the worker than the principal. On the other hand, the supervisor may find it hard to establish
side-contracts with the workers due to contractual frictions such as the difficulty of making
binding commitments (e.g., the supervisor may need to compensate the worker for the per-
ceived risk of default) and social norms against monetary transfers within an organization.
To model these opposing forces in a simple way, we assume that a side payment of s costs
the supervisor zs, with z > 0. z is a reduced form parameter that measures how costly the
supervisor finds it to incentivize the worker relative to the principal. If contractual frictions
dominate, then z > 1. If the motivation effect dominates, 0 < z < 1. Finally, if contractual
frictions and the motivation effect fully offset each other, z = 1.

Household visits y are produced as a result of both worker and supervisor efforts. We

capture this with the following output function:
y = aer + fes + yeres (2)

where « is positive, 8 weakly positive, and o > . In what follows, without loss of generality,
we set § = 0, since it is plausible that, when e; = 0, the supervisor cannot generate any visit
no matter how much effort she spends training and advising the worker. Importantly, when
~v > 0, efforts are strategic complements: the higher the effort of one player, the larger the
return to the effort of the other player.

Both players maximize a private payoff that is given by the benefit that the player gets
from the visits completed by the worker minus the cost of effort. Each agent ¢ pays a convex
cost of effort: c(e;) = c;e?. Further, each player gets a benefit of b; for every completed visit.
This captures the combination of intrinsic and extrinsic motives that players may have to
exert effort in the absence of performance-based incentives (e.g., there may be a threat of
losing the job or social status that decreases in y).?* Additionally, the worker gets a monetary
payment of pm per visit in the three treatments, where p € [0, 1] is the share of the output
incentive assigned to the worker, i.e., p = 1 in Tyopker, P = 0.5 in Tipareq, and p = 0 in Tyypy.
The supervisor, on the other hand, is paid an incentive of (1 — p)m per visit completed by
the worker. The worker also receives a transfer from the supervisor of s per visit, and the
supervisor pays an amount zs per visit in order to make this transfer.?” In the basic version of
the model, we assume that all visits are reported. We can easily incorporate under-reporting

by introducing a random reporting shock. Under reasonable assumptions, this extension does

24In the experiment, agents also receive a fixed wage. Given the linear utility specification, the introduction
of this additional term does not affect our conclusions.

25In practice, transfers from supervisors to workers could be fixed (not proportional to visits) or based on
the number of visits reported by the worker. Again, such extensions do not affect the central intuition of the
results.
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not qualitatively change the analysis of the model.?

In sum, the payoffs of the worker and of the supervisor are given by:

m = (b1 + pm + s) xy(e1, e2) — c(eq) (3)
7o = (by + (1 — p)m — zs) x y(e1, e2) — c(e2). (4)

The principal’s problem is to choose the incentive scheme — the level of p — that max-
imizes household visits. We will refer to this scheme as the “optimal” scheme. Also, we will
call incentive schemes that only incentivize one player (p = 1 or p = 0) “one-sided”, and
schemes that incentivize both players (0 < p < 1) “two-sided”. In Appendix D, we formally

solve the model and provide both effort functions and a side payment function.

The optimal incentive scheme We now derive three key insights on how contractual
frictions and effort complementarities determine the optimal incentive scheme.

First, when the contractual frictions between the worker and supervisor are limited (z <
1), it may be optimal to assign the entire incentive to the supervisor (p = 0). In this scenario,
the principal leverages the supervisor’s ability to motivate the worker and transfers the entire
incentive to the supervisor, anticipating that a portion of the incentive will be passed on to
the worker as a side payment. This arrangement improves efficiency since z < 1, making it
more cost-effective for the supervisor to incentivize the worker compared to the principal.
We illustrate this case in Figure A.2.

Second, when contractual frictions are large (z > 1) and effort complementarities are
limited (y < ¢, where ¢ is a threshold defined in the Appendix), it is optimal to allocate
the entire payment to the worker (p = 1). In this scenario, the principal capitalizes on the
worker’s unique position to conduct household visits and utilizes the incentive payment to
directly motivate worker effort. Providing any incentive to the supervisor would be inefficient,
as the supervisor is both less productive and less effective in motivating the worker compared
to the principal. We illustrate this case in Figure A.3.

Third, when contractual frictions are large (z > 1) and effort complementarities exceed

a threshold (v > t), the optimal scheme is two-sided. In this final scenario, the presence of

268pecifically, to model under-reporting, we assume that, after visits are carried out, each visit suffers
from a random, idiosyncratic reporting shock with probability 1 — ¢. This shock captures factors such as
the temporary absence of mobile phone network, the loss of the household details required in the reporting
form, or the worker forgetting to report that visit. When a shock occurs, the visit is not reported, and hence
the incentive is not paid. Thus, in expectation, each visit is paid an incentive of mgq. If we assume that the
reporting rate is fixed across treatments, then the model is essentially unaffected, except for a change in the
level of the incentive paid. Alternatively, we can assume that the reporting rate increases in p. This would
raise the relative attractiveness of the worker incentives scheme compared to the other schemes. However,
as long as the elasticity of reporting with respect to p does not exceed a threshold, all model results remain
qualitatively unchanged. Since, in the experiment, visits are maximized by the shared incentives treatment,
it is likely that this threshold is not exceeded in the context we study.
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large effort complementarities makes it optimal to elicit substantial effort from both players.
To achieve this, the principal cannot rely on the supervisor due to the presence of contractual

frictions. The optimal incentive scheme is thus two-sided, as illustrated in Figure A .4.

4.2 Empirical Evidence of Effort Complementarities

The model motivates a number of empirical tests to evaluate the existence of effort comple-
mentarities and contractual frictions. This section examines three pieces of evidence that
support the presence of effort complementarities. The subsequent section presents the evi-

dence on contractual frictions.

Evidence 1: Supervisor effort does not monotonically increase with supervisor
incentives. Our first test aims to evaluate how supervisor effort varies with the level of
supervisor incentives. Finding that supervisor effort does not increase monotonically with
supervisor incentives would be consistent with strategic complementarity of efforts, since,
when efforts are complements, a decrease in direct supervisor incentives can be compensated
by the indirect incentive arising from increased worker effort (see the expressions for optimal
supervisor effort in Appendix D).

In Table 5 (column 1), we confirm that one crucial aspect of supervisor effort, namely pro-
viding in-the-field training and guidance by accompanying health workers during household
visits, does not display a monotonic increase with the incentive payment received by super-
visors. Our findings reveal that the share of households who report having received a visit in
which the health worker was accompanied by the supervisor (henceforth, “accompanied visit”)
rises by 6.2 percentage points (38%) in Tspared, and by 5.7 percentage points (35%) in Tsupy,
in comparison to the control group. Notably, the increase in supervisor effort is statistically
indistinguishable in the two treatments (and, if anything, is higher in Typ4.cq) despite the fact
that the incentive per visit received by the supervisor is twice as large in T,;,, compared to
Tihared- This result aligns with the existence of sizable effort complementarities.?”

Additionally, we show that workers improve their health knowledge only in the shared
incentives treatment (Table 5, column 4).?® Neither of the one-sided incentives treatments
yields a significant improvement in worker’s health knowledge, as this presumably requires
a combination of worker and supervisor effort, which is only achieved by offering shared

incentives. This further supports the presence of effort complementarities. Gaining health

27Columns (2) and (3) of Table 5 show that our treatments do not affect the number of one-to-one meetings
the health workers report having received from the supervisor, or the likelihood that the supervisor invited
them to attend a general training. The latter is unsurprising since supervisors are mandated to organize such
trainings on a monthly basis, and 99.4% of them comply with this requirement.

28We administered a quiz on broad health knowledge to all health workers at baseline and endline, and
estimate the difference in health knowledge over time. See Appendix B.8 for details on how we measure
health knowledge.

23



knowledge is very important in our setting, since, as we have shown in Section 3, it en-
ables workers to discuss a broader range of health topics during household visits, gain more
trust within the community, increase demand for their services, and ultimately provide more

households visits.?’

Evidence 2: Shared incentives are less effective for highly-experienced workers.
As a second test, we study whether the difference in output between the shared and worker
incentives treatments is larger for workers who are less experienced. These workers are more
likely to rely on the support of their supervisors to perform at their best, as they have
limited training and are less recognized as health workers in the community. We would thus
expect the strategic complementarity of effort to be higher for these workers. And, as we
show formally in Appendix D, the stronger the effort complementarity, the larger the output
difference between the shared incentives treatment (which we will show to be quantitatively
close to the optimal two-sided incentives scheme in Section 5) and the worker incentives
treatment.

We confirm that shared incentives outperform worker incentives by a larger margin when
workers have less experience, and hence, effort complementarities are likely to be higher.
Table A.7 presents treatment effects for workers with experience below and above the me-
dian (4 years). For less experienced workers, the treatment effect of shared incentives on
household visits is almost double the size than the treatment effect of worker or supervisor
incentives (column 1). Additionally, shared incentives stimulate a significantly higher in-
crease in supervisor effort. For more experienced workers, the treatment effect gap between
shared incentives and one-sided incentives is much smaller. Adding controls for worker char-
acteristics correlated with experience does not qualitatively affect these results (columns 2
and 4 of Table A.7). Overall, these findings further substantiate effort complementarities as

a pivotal mechanism in our experiment.

Evidence 3: Important mediating role of supervisor effort in the worker incentives
treatment. To strengthen the evidence for effort complementarities, we utilize a mediation
analysis to demonstrate how increased supervisor effort stimulates higher worker effort and
increases worker productivity. We do not directly observe worker effort, but we can exploit
the fact that we measure supervisor effort and output (visits). Following Acharya, Blackwell,
and Sen (2016)’s methodology, we calculate the Controlled Direct Effect (CDE) of the worker

incentives treatment on household visits. This gauges the impact of worker incentives on

29Note that the upswing in accompanied visits in Tspareq and Tsypy explains only a small portion (16%)
of the increase in total household visits shown in Table 2 (column 1). The latter mostly originates from a
greater number of unaccompanied visits (health worker visits without supervisor presence). No household in
our data reports having received a visit from the supervisor without the presence of the health worker.

24



visits while keeping the level of a mediator (here, supervisor’s effort) fixed.*® In Figure A.5,
we show that this de-mediated impact of worker incentives increases when supervisor effort
increases. This is consistent with higher supervisor effort stimulating higher worker effort and
increasing their productivity, and thus consistent with effort complementarity (if efforts were
substitutes, higher supervisor effort would have resulted in smaller de-mediated treatment
effects).

4.3 Empirical Evidence of Contractual Frictions

Table 6 shows that side payments are limited in our context. To measure side payments,
we collected detailed data on monetary and in-kind transfers between the supervisors and
the health workers. At endline, we asked all supervisors whether they transferred a portion
of their incentive to health workers since baseline. If they did, we then asked each health
worker to assess this side payment’s value (in-cash or in-kind).*! Column (1) shows that the
share of supervisors who made positive side payments is 1.1% in the control group, 1.6% in
Tworker, 11.3% in Tspareq, and 19.4% in Tyyy,,. Column (3) shows that the average amount
that a supervisor transferred each month to a worker is 702 SLL (resp., 432 SLL) in Ty,
(resp., Tsharea), which is less than 3% of the supervisor’s incentive payouts. Columns (2) and
(4) show that workers also occasionally made side payments to their supervisor in Tyorker,
but the amount of such transfers is negligible (average of 151 SLL, which is less than 0.3%
of their incentive payouts). Overall, this evidence shows that side payments are minimal in
our context.

In our theoretical framework, side payments can be limited for two reasons. First, the
value that the supervisor attaches to a household visit — absent the incentive scheme —
may be small compared to that of the health worker (a small or negative value of by — b;). In
this case, the worker would exert more effort than what the supervisor would want to induce
with a side payment, and so no side payment is necessary. Second, contractual frictions
(z > 1) can restrict the side payment offered. In this case, the supervisor would want the
worker to exert more effort but refrains from using side payments due to their high costs.*

To empirically distinguish between these two reasons, we propose two tests, both of which

39This quantity captures the treatment effect that would be observed if supervisor effort was fixed at an
exogenous level, while worker’s effort was allowed to change in response to the treatment. For additional
information regarding the mediation analysis, please refer to the notes of Figure A.5.

31This was asked to health workers rather than supervisors to limit recall bias. Supervisors and workers
have no incentive to misreport transfers because these were allowed in our setting. See Section 2.2 for details.

32Formally, the side payment s* offered by the supervisor is given by:

*

sF = 2z — m(z+1)

ba—zbi+m

m(z+1)

(b272b1)+M7mp(Z+1)7 p< (ba—zb1)+m
0, p >

This expression shows that s* decreases both in contractual frictions z and in the term by — by .
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indicate that contractual frictions are a key reason why side payments are limited.

Evidence 1: Side payments are limited even when workers have better outside
options than their supervisor (by > b;). As a first test, we examine side payments when
the worker has a better outside option than her supervisor, indicated by higher education
levels or higher hourly wages from a secondary job. These are cases where by — by is likely
positive.?> We expect the worker to exert less effort than the supervisor would find optimal
in these cases, and the supervisor to have strong reasons to offer a sizable side payment to
the worker in the absence of contractual frictions. Yet, columns 1 and 2 of Table A.8 show
that, even in these (relatively rare) cases, side payments are modest across all treatments,
suggesting that contractual frictions must play a role in explaining the limited use of side
payments. In line with this, we have documented in Section 2.2 that 75% of the supervi-
sors mentioned contractual frictions (arising from social norms against redistribution or the

difficulty of making binding commitments) as the main reason for not making side payments.

Evidence 2: Supervisor welfare is higher with shared incentives. As a second test,
we estimate whether shared incentives generate higher supervisor welfare than supervisor
incentives. In the absence of contractual frictions, the supervisor always prefers to receive
a larger share of the incentive. In the presence of contractual frictions, the supervisor may
instead find it costly to motivate the worker with side payments and hence can be better off
under a scheme that offers a larger share of the incentive to the worker. Thus, finding that
supervisor welfare is higher under shared incentives would constitute strong evidence that
contractual frictions constrain transfers.

We present two pieces of evidence showing that supervisor welfare is higher under shared
incentives than under supervisor incentives. First, we provide direct evidence on the three
components of supervisor welfare highlighted in our theoretical framework. These elements
are: (i) the net financial gain from the scheme, which is given by incentive payments minus
side payments (this is the term: ((1 —p)m — s2)y), (ii) the cost of effort (c(es)), and (iii) the
direct benefit generated by household visits (by). In Table A.8 (column 3), we show that the
financial gain from the scheme is quantitatively similar, and statistically indistinguishable in
the shared and supervisor incentives treatments. Further, in Table 5, we have shown that
supervisor effort is equalized in the two treatments. Finally, we know from Table 2 that visits
are significantly higher with shared compared to supervisor incentives, and hence that byy is
higher with shared incentives. To sum up, components (i) and (ii) are approximately equal

in the two treatments, while component (iii) is significantly higher under shared incentives.

33In our theoretical framework, it is natural to think of outside options as a key driver of parameters b;
and bo, since outside options change the extent to which agents are concerned about losing their job due to
underperformance. Agents with strong outside options will have a low value of parameter b and will, all else
equal, exert less effort.
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This suggests that supervisor welfare is higher under shared incentives than under supervisor
incentives.

Second, we demonstrate a clear preference among supervisors for the shared incentives
treatment over the supervisor incentives treatment. When prompted to indicate their pre-
ferred distribution of incentives at endline, 63% of supervisors opted for an equal division of
incentives between themselves and the workers (1,000 SLL each). Meanwhile, 23% selected
1,500 SLL for themselves and 500 SLL for the worker, and only one supervisor chose to
retain the entire incentive. These findings reinforce the notion that supervisors’ welfare is
likely higher under the shared incentives than the supervisor incentives treatment.*

In summary, both tests offer compelling evidence that supervisors are better off under
shared incentives, pointing to the presence of contractual frictions that prevent supervisors

from fully capitalizing from the supervisor incentives treatment.

4.4 Alternative Mechanisms

The previous two sub-sections provide empirical support for our theoretical framework, in
which two-sided incentives outperform one-sided incentives due to the coexistence of effort
complementarities and contractual frictions. We now provide evidence against alternative
mechanisms that are not considered in our model but could explain why two-sided incentives

outperform one-sided incentives.

Fairness concerns We first consider fairness concerns, such as those based on aversion to
pay inequality. These concerns could lower the morale of the unincentivized agents in the
one-sided incentives schemes (workers in T, and supervisors in Tyerker) and thus reduce
their effort. We provide three pieces of evidence against this mechanism. First, we observe
that, contrary to the prediction of this mechanism, supervisor’s effort is, if anything, higher in
Toworker Telative to the control group (though the two are statistically indistinguishable). This
is inconsistent with supervisors being demotivated by the unequal allocation of incentives.
Second, we show that health workers are largely unaware of supervisor pay, which means
that fairness concerns are also likely to be of limited relevance for workers. Only 15% (resp.,
20%) of workers in Tyyp, (resp., Tsparea) reported knowing that their supervisor received
an incentive, and in the vast majority of these cases they underestimated the size of the
incentive. Finally, we show that one-sided incentives do not decrease the job satisfaction of

unincentivized agents. Table A.9 shows that there is no evidence that unincentivized agents

34*When choosing between different incentive schemes, supervisors may care about fairness — a point we
explore in more depth in the next section. However, when z < 1, fairness-minded supervisors would allocate
the entire incentive to themselves and then redistribute a fair share of the incentive to their workers. Thus,
the fact that supervisors want the organization to implement an equal split of the incentive upfront is evidence
of contractual frictions regardless of whether supervisors have fairness concerns or not.
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are less satisfied with their payment, the organization, or the job compared to the control
group. If fairness concerns were the primary mechanisms driving our results, we would instead
expect the unincentivized agents to be less satisfied than their control peers. All in all, these
three pieces of evidence imply that it is unlikely that fairness concerns are a first-order driver

of our results.

Positive reciprocity We next consider positive reciprocity towards the organization pay-
ing the incentive. Under this mechanism, incentivized agents increase effort to reciprocate
what they perceive to be a kind act of the organization. However, Table A.9 shows that
incentivized agents (workers in Tiyorker and supervisors in T,,,) do not report higher satis-
faction with the job and the organization. Additionally, workers in all treatments are equally
likely to “self-identify” through their job (rather than an ethnic group, a language, a religion)
and to find the work environment competitive: columns (7) and (8) in Table A.9. In general,
these results are inconsistent with the positive reciprocity mechanism, as it is unlikely that
reciprocal agents would increase effort but not report a change in their satisfaction with or

perception of the organization.

Sharp non-linearities in the utility or cost function We finally consider non-linearities
in the utility or cost function. Two-sided incentives could outperform one-sided incentives if
the utility or cost functions were highly non-linear so that the returns to additional incentives
above 1,000 SLL fell sharply with the size of the piece rate offered. For example, with a cubic
cost function and no effort complementarities, shared incentives (p = .5) would maximize
output in a model where the supervisor and the worker contemporaneously choose efforts. In
this model, marginal costs increase steeply with effort, making it suboptimal for the principal
to try to elicit too much effort from a single agent.

We first note that, while these non-linearities could explain why two-sided incentives out-
perform one-sided incentives, they would not be able to account for several of our additional
findings presented above. For example, the results of the mediation analysis and the finding
that supervisor welfare is higher under shared incentives than under supervisor incentives.

Next, we provide suggestive empirical evidence against strong non-linearities. Suppose
that marginal utility fell steeply in consumption — an hypothesis that is not particularly
plausible in our context given the fact that even the wealthiest workers and supervisors in
our sample are relatively poor, and that incentive payments are a nontrivial fraction of their

35

earnings.”” We would then expect incentives to have weaker effects for wealthier workers
and supervisors, since these agents would derive less utility from the financial rewards of-

fered by the intervention. Contrary to this hypothesis, in Panel A of Figure A.6 we show

35Health workers earn an average of 1,443 SLL per hour in their alternative occupation. This is low relative
to the amount they can earn for providing one household visit (1,000 or 2,000 SLL for a 15 minutes visit).
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non-parametrically that the impacts of incentives on household visits are approximately con-
stant over the distribution of worker and supervisor wealth. Further, suppose that marginal
costs increased steeply in effort, e.g., because additional units of effort require traveling
an ever greater distance — again a hypothesis that does not match our context well since
workers can increase output by visiting the same households more often. In this case, we
would expect a weaker impact of worker (supervisor) incentives when the worker (supervisor)
lives far away from the households she serves (the worker she supervises), since these agents
face a higher marginal costs of effort and will thus increase effort by a lower amount when
incentivized. Contrary to this hypothesis, in Panel B of Figure A.6, we show fairly homo-
geneous impacts of the two treatments across the distribution of household-worker distance
and worker-supervisor distance. All in all, our results do not appear consistent with strong

non-linearities in the utility or cost function.

5 Structural Model

In this section, we use the exogenous variation generated by the interventions to structurally
estimate the model presented in Section 4.1, allowing for worker- and supervisor-specific
costs and benefits (as in Appendix D.7). First, we present our identification and estimation
strategy. We then discuss the fit of the empirical and simulated moments. Finally, we present

parameter estimates, and conclude with a set of counterfactual policy exercises.

5.1 Identification and Estimation

Our main objective is to estimate the following parameters of the model: complementarity
v, the two costs of effort ¢; and ¢y, the baseline incentives by and by, the production function
parameter o and the contractual friction z. We calibrate z with a regression exercise that
is described below. We jointly identify the remaining six parameters using eight empirical
moments, i.e., the means of output (household visits) and supervisor effort in the four ex-
perimental conditions.?® Intuitively, the moments capturing supervisor effort are informative
about the cost and benefit parameters of the supervisor. Conditional on those parameters,
the moments capturing output are informative about the cost and benefit of the worker, the
complementarity of effort, and the parameter .

We calibrate contractual frictions by using data on side payments. In particular, our

z+1

model shows that s = k — Z=mp. This suggests that the slope of a regression line of side

36Tn our model, there is no individual heterogeneity, so we only rely on empirical moments capturing mean
outcomes. For the structural analysis, we measure visits with the “total monthly visits”, adjusted by the
inverse of the sampling probability, and supervisor effort with the share of accompanied visits. We do not
directly observe worker effort (as this is challenging to accurately measure in a survey), and thus do not use
any moment describing worker effort.
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payments s on mp — the product of the piece rate times the share of the piece rate offered
to the worker — is informative of the size of contractual frictions z. When there are no
frictions (z = 1), the slope of the regression line is 1. As frictions grow, the slope drops below
1 and approaches 0.5 from above. This result is intuitive: the stronger the frictions, the less
responsive to p the side payment.®’

To make the model more realistic, we introduce under-reporting by assuming that, for
each completed visit, a shock that prevents the worker from reporting the visit occurs with
probability (1 — ¢). This shock occurs after efforts have been exerted, and so its realization
is not factored into effort decisions. However, agents know that a shock may occur and
hence expect the value of the piece rate to be m * ¢q. Except for this change in the expected
value of the piece rate, the model remains unchanged. In our headline results, we assume
conservatively that supervisors form an expectation about ¢ using the average reporting rate
across the experimental conditions.*®

To estimate the model, we use a classical minimum distance estimator (Wooldridge 2010).
We save the empirical moments in a vector m. For a parameter vector 6, we solve the model

and calculate the simulated moments mg(0). We update 6 in order to solve:
6 = min[ms(0) —m) - J(m)~" - [ms(6) —m]. (5)

J(m) is a diagonal matrix that contains the variance of each moment, ensuring that more
precisely estimated moments get a greater weight in estimation. We calculate J(m) using a
bootstrap with 500 replications. Table 7 presents our main structural results, and Table 8
describes the empirical fit of the simulated moments.

The estimated model tightly fits the empirical moments: it matches both the moments
related to supervisor effort and those related to household visits. Crucially, the estimated
model is able to reproduce the key result that visits are maximized by the shared incentives
treatment.

In contrast, a version of the model based on a production function where efforts are not
strategic complements (y = ae; + feg) has a much worse fit (see Tables A.10 and A.11).
This model version wrongly predicts that worker incentives generate the largest increase in
visits, and the value of its minimized loss function is about seven times larger than that of

the model that features effort complementarities. Further, in line with the assumption of our

37For this calibration, we do not rely on information on the absolute level of side payments which is
contained in the intercept of the regression line (k = %), as this is likely to be observed with noise
due to misreporting and poor memory. This is also a key reason we calibrate the friction before the main
structural estimation procedure.

38 Alternatively, we could assume that supervisors realize that ¢ varies with p, and thus that they form
separate expectations about the reporting rate in each treatment. However, under this assumption, side
payments would be unrealistically unresponsive to p (a slope coefficient lower than 0.5). Additionally, the fit
of this model is worse than that of the model that assumes a common reporting rate.
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headline model, the estimate of 5 — the direct impact of supervisor effort on the number of
visits carried out by the health worker — is close to zero. Thus, overall, the findings from

this second estimation exercise give support to our original modeling assumptions.

5.2 Parameter Estimates

Our structural estimates show that worker and supervisor effort are strongly complementary
and that contracting through side payments is very costly (Table 7).

The estimated complementarity parameter v determines a substantial increase in the
marginal product of worker effort. Compared to a setting where 7 = 0, the number of
household visits generated by a unit of worker effort is 80% larger when the supervisor exerts
the control level of effort, and 114% larger when the supervisor exerts the shared incentives
level of effort. Supervisor effort thus plays a crucial role in enabling the worker to carry out
household visits, resulting in a strong complementarity between the efforts of the two agents.

The calibrated value of parameter z implies that side payment costs increase more than
threefold due to contractual frictions. This constitutes a strong disincentive to offering side
transfers, though we are unaware of other estimates of contractual frictions that we can
use as a benchmark. A further disincentive against side transfers comes from the fact that
the baseline incentive of the supervisor to exert effort (by) is lower than that of the worker
(b1). This is not surprising since her role is probably harder to monitor and incentivize. Low
supervisor motivation also suggests that reforms that target contractual frictions without also
addressing supervisor motivation may backfire, as the supervisor may not necessarily use the
greater ability to influence the worker in a way that is consistent with the organization’s
objectives.

We also find that the overall effort provision from the supervisor is relatively low, as
evidenced by the fact that the total cost of her effort is lower than that of the worker. The
latter is driven by the supervisor having a higher cost of effort parameter than the worker
(c2 > ¢1) and lower baseline incentive (by < by).* Overall, this indicates that interventions
that fail to incentivize the supervisor may be ineffective: the contribution of the supervisor is
key to ensuring the worker can be productive, but absent additional incentive, the supervisor

will under-provide her key support to the worker.

5.3 Counterfactual Policies

We conduct three counterfactual policy experiments that explore, in turn, how to optimally

share the incentive between the two agents, how the optimal incentive changes as key struc-

39We do not report the unit costs of effort c; and ¢; in Table 7 due to the difficulty in interpreting the
parameters. We report instead the total costs of worker and supervisor effort, as measured by the unit cost
of effort times the average effort exerted by the agent in the control group.
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tural parameters vary, and the impact of an alternative policy that directly incentivizes
effort.

We find that offering an equal share of the incentive to the worker and the supervisor is
almost optimal. In Figure 2, we show that to maximize household visits, the worker should
be offered 61% of the overall incentive, which is very close to the equal share we offered in
the shared incentives treatment. In other words, given the strong complementarity and large
contractual frictions we have estimated, the optimal incentive scheme is one that rewards

both agents with a similar payment.

Figure 2: Optimal Incentive p*
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This result, however, depends strongly on the strength of the complementarity between
worker and supervisor effort. We illustrate this point with our second counterfactual exper-
iment in Figure 3. Here, we plot the optimal share of the incentive offered to the worker
(p*) for different levels of complementarity. A key result that emerges from this analysis is
that, as the complementarity parameter shrinks, the optimal share of the incentive allocated
to the worker increases substantially. Quantitatively, if the complementarity parameter was
10% higher than what we estimate, the optimal incentive scheme would give 80% of the piece
rate to the supervisor.

Thus, these results suggest that in organizations in which effort complementarity is weaker
than in our settings — e.g., settings in which the role of the supervisor is limited to monitor-
ing, distributing tasks, or making personnel decisions, but not training and advising workers
— the optimal split is one that allocates significantly more to the worker. And in organiza-
tions where effort complementarity is stronger — e.g., organizations where supervisors are
closely involved in the production — the optimal incentive scheme allocates the largest share
of the piece rate to the supervisor.

Our final key result highlights that tying incentives to joint output is more effective than
directly incentivizing effort (e.g., incentivizing supervisors on the amount of supervision and

training, and incentivizing health workers on the number of times they attempt to approach
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Figure 3: Optimal Incentive p* by Complementarity
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a household, regardless of whether this results in a visit or not). We compare the maximum
number of visits that are generated through (i) a scheme that equally shares a payment of
2,000 SLL per visit between the worker and the supervisor, and (ii) a scheme of the same cost

t.% What emerges is that, at

that optimally offers incentives directly tied to individual effor
the current level of complementarity, incentivizing output through an equally-shared piece
rate generates 7.2% more visits than optimally incentivizing effort (60.8 visits instead of 56.7
visits) for the same cost. This is because, when efforts are highly complementary, output
incentives implicitly help agents internalize their effort’s positive external effect on the other

player. This makes output incentives particularly effective.*!

6 Conclusion

This paper provides novel evidence on the optimal structure of performance incentives in a
multi-layered organization. In a field experiment with a large community health program in
Sierra Leone, we show that output is highly sensitive to the allocation of incentives across

the hierarchy. Sharing incentives equally between frontline workers and their supervisors

40In this comparison, we assume that effort can be observed and is perfectly predictive of output. Hence,
we abstract from issues related to asymmetric information, which may decrease the effectiveness of both
incentive schemes. In the effort incentive case, since effort can be observed, the payoff to the worker becomes
m1 = e1 * (by + mp) and the payoff to the supervisor my = eg * (b 4+ (1 —m) *p). In this model, the supervisor
always offers zero side transfer since her reward only depends on her own effort.

41For insight into this result, consider a simplified scenario where a = 1, by = by = 0, ¢; = ¢ = ¢,
and there are no side payments. Focusing on the worker’s problem, the principal can offer either output
incentives worth p % mg for each unit of output, or effort incentives worth p * m, for each unit of effort.
With output incentives, the worker’s objective is m; = (e1 + yeiea)m,p — ces and her optimal effort choice is
e1 = %. With effort incentives, the worker’s objective function is m; = e;mep — ce? and her optimal
effort choice is e; = 2. Evidently, output incentives drive the worker to select effort that considers the
strategic complementarity with the supervisor, while effort incentives prompt the worker to opt for effort
levels independent of the strategic complementarity.
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generates an increase in health visits that is 61% larger than the increase caused by offering
the entire incentive to either of the layers of the organization. These findings are inconsistent
with a Coasian view of organizations, which postulates that any incentive allocation should
result in the same output level (Coase 1937, 1960). They also contradict the priors of most
experts who forecasted our results on the Social Science Prediction Platform.*> And they call
in question the common practice in many public sector organizations (including community
health programs) around the world to only incentivize frontline workers (Perry 2020).

The view of organizations that emerges from our results sees the coexistence of effort
complementarities and contractual frictions as a central determinant of organizational per-
formance. This has a number of important policy implications. First, the allocation of incen-
tives across the hierarchy is a key lever to boost performance in organizations where vertical
side transfers are limited. Second, it is optimal to ensure both layers of the organization
are properly incentivized when worker-supervisor effort complementarities are strong. Third,
policies that try to improve Coasian bargaining within the firm may backfire if supervisors
are poorly motivated (as in our context) and may use side transfers to pursue objectives that
are inconsistent with those of the organization.

The estimates should not be extrapolated to other organizations without an understanding
of their context. In the organization we study, the complementarity between worker and
supervisor effort is strong, as we expect to be the case in several other organizations. However,
we would expect weaker complementarities, and hence a less pronounced impact of shared
incentives, in contexts in which the role of the supervisor is limited to monitoring. Our
structural results emphasize the importance of calibrating incentives in each organization
based on the specific level of effort complementarities that prevails in the hierarchy.

It would also be important to ascertain whether our results persist in the longer run. Our
evidence suggests that treatment effects are fairly stable for a period of one year between
baseline and endline.** However, our findings also reveal that shared incentives are less
potent for workers with over four years of tenure, which suggests that, depending on the level
of turnover of the organization, the treatment effects of shared incentives may eventually
decline. Further, supervisor’s knowledge may gradually get depleted (Garicano and Rayo
2016), potentially making worker incentives more attractive over a longer time horizon than

what we measured in our experiment. Exploring the dynamic impacts of incentive allocation

42Before releasing the results of the field experiment, we invited social scientists to forecast our results on
the online Social Science Prediction Platform. Survey participants were told about our context — i.e., the
organization, the role of health workers and their supervisors — and were then asked to forecast which of our
three treatments they expected to increase output the most. 52% of the respondents indicated the one-sided
worker incentives as the most successful ones vs. 28% for the shared incentives and 4% for the supervisor
incentives. See Appendix E for more details about the prediction survey.

43This conclusion is drawn from Figure A.1, which charts the trajectory of reported visits. Assuming that
the reporting rate neither escalates nor varies considerably across treatments, the figure indicates that the
impact of the shared incentives on output remains constant over time.
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across organizational layers offers an exciting opportunity for future research.

One final consideration is that, to introduce an incentive scheme such as the one considered
in this paper, organizations need to be able to measure output reliably. In our setting, we
pay the incentive based on workers’ self-reports, while performing extensive back-checks to
prevent over-reporting. As digital technologies improve, the costs of monitoring worker self-
reports will likely decrease, enabling more organizations to set up incentive schemes like ours
(Muralidharan et al. 2021; Dodge et al. 2022; Adhvaryu, Nyshadham, and Tamayo 2022).
Further, better information on frontline workers’ output can in principle also affect the ability
of supervisors and workers to enter into side contracts. Studying how to best allocate access

to this information represents a fruitful avenue for future research.
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Table 7: Parameter Estimates

Complementarity v 8.0
(2.4)

Worker baseline incentive by 70.5
(27.0)

Supervisor baseline incentive b 49.3
(192.3)

« 1.5
(5.5)

Calibrated friction z 3.61

A in marginal product of worker effort (shared incentives)  118%

A in marginal product of worker effort (control) 83%
Total worker cost of effort (control) 1461.7
Total supervisor cost of effort (control) 918.2

Notes: The first panel of the table shows parameter estimates obtained using minimum distance estimation.
We use eight empirical moments: supervisor effort in each one of the four treatments, and number of visits
per month in each one of the four experimental groups. Supervisor effort is proxied by the proportion of
households that receive a visit where the worker is accompanied by the supervisor. Costs are expressed in
thousand SLL. Boostrapped standard errors are reported in parenthesis (we bootstrap the estimation 500
times and truncate the estimated coefficients at the 99th percentile of the distribution). The second panel
first shows the calibrated value of contractual frictions. Second, it shows some quantities implied by the
parameter estimates. To calculate the change in the marginal product of worker effort we take the
derivative of the production function with respect to worker effort (i) with v = 8.0 and supervisor effort
fixed at the level indicated in parenthesis, and (ii) with v = 0. To calculate the total cost of an agent effort
we multiply the unit cost of effort by the average effort exerted by the agent in the control group.

Table 8 Moment Fit

Moments Targeted Real Simulated
Supervisor effort in worker incentives treatment 0.198 0.205
Supervisor effort in supervisor incentives treatment 0.225 0.231
Supervisor effort in shared incentives treatment 0.228 0.221
Supervisor effort in control group 0.164 0.156
Output in worker incentives treatment 59.679 61.678
Output in supervisor incentives treatment 58.896 60.774
Output in shared incentives treatment 66.895 62.285
Output in control group 41.040 41.156
Value loss function 6.6

Notes: The table shows the targeted empirical moments used for minimum distance estimation as well as
the simulated moments.
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Figure A.1: SMS Reporting over Time
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Notes: The figure plots the difference in the count of SMS reports between each treatment
group and the control group. The coefficients are derived from a regression of the number of
SMS reports for each individual month on the treatment dummies, controlling for the
stratification variables and with standard errors clustered at the PHU level. The bars
represent 95% confidence intervals.



Figure A.2: Model Predictions With Weak Contractual Frictions (z < 1)
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Figure A.3: Model Predictions With Strong Contractual Frictions and Weak Effort Comple-
mentarities (z > 1;v < t)
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Figure A.4: Model Predictions With Strong Contractual Frictions and Strong Effort Com-
plementarities (z > 1;y > t)
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Figure A.5: Mediation Analysis

Controlled Direct Effect (CDE)
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Notes: This figure plots the controlled direct effect (CDE) of the worker incentives treatment on the number of visits
provided by a health worker for different values of supervisor's effort, as measured with the share of visits
accompanied by the supervisor. We focus on the comparison between the worker incentives treatment and the
control group since a mediation analysis performed on the other treatments would be confounded by the fact that
in those treatments, the supervisor is directly incentivized to exert effort. We follow the steps outlined in Acharya
etal. (2016) to perform the analysis. First, we regress the number of visits a health worker provides on the worker
incentives treatment, the mediator (supervisor's effort), and their interaction. Second, we obtain a de-mediated
outcome, defined as the difference between actual visits and the number of visits predicted by the regression
model for a given level of the mediator. Third, we run a regression of the de-mediated outcome on the treatment.
This regression identifies the CDE of the intervention for a given level of the mediator. We repeat this three-step
procedure multiple times, changing the level at which we fix the mediator.
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Table A.7: Heterogeneity by Worker Experience

1) @) ®) )
Supervisor effort:
Dep. Var. Number of visits % accompanied household
visits

A. Treatment effects for workers with experience below the median:

Low experience * Worker incentives 2.054*** 2.395*** 0.030 0.030
(0.628) (0.722) (0.025) (0.027)

Low experience * Supervisor incentives 2.576*** 2.661*** 0.067** 0.067**
(0.598) (0.646) (0.029) (0.031)

Low experience * Shared incentives 4.0227%* 4.335*** 0.092*** 0.104***
(0.684) (0.751) (0.026) (0.027)

B. Treatment effects for workers with experience above the median:

High experience * Worker incentives 2.246*** 2.056*** 0.030 0.031
(0.780) (0.756) (0.031) (0.032)
High experience * Supervisor incentives 1.720** 1.657** 0.045 0.045
(0.669) (0.643) (0.030) (0.031)
High experience * Shared incentives 2.583*** 2.638*** 0.030 0.022
(0.608) (0.670) (0.030) (0.032)
High experience 1.057** 1.141* 0.017 0.033
(0.532) (0.594) (0.025) (0.028)
Unit Worker Worker Worker Worker
Extra Controls No Yes No Yes
Observations 2,909 2,552 2,902 2,547
Mean Dep. Var. 7.296 7.296 0.204 0.204
Mean Dep. Var. in Control & Low experience 4.749 4.749 0.131 0.131
Treatment comparisons in Panel A (Low experience)
p-value Worker=Supv 0.455 0.733 0.226 0.236
p-value Worker=Shared 0.011 0.026 0.029 0.010
p-value Supv=Shared 0.057 0.038 0.431 0.248
Treatment comparisons in Panel B (High experience)
p-value Worker=Supv 0.551 0.630 0.643 0.676
p-value Worker=Shared 0.684 0.492 0.990 0.781
p-value Supv=Shared 0.234 0.192 0.632 0.482
Treatment comparisons across Panels (Low vs. High experience)
p-value for Worker incentives 0.824 0.716 0.994 0.973
p-value for Supervisor incentives 0.270 0.218 0.535 0.572
p-value for Shared incentives 0.094 0.077 0.086 0.039

Notes: The table reports the coefficients from a fully interacted model in which the treatment dummies are interacted
with a dummy for whether the worker's experience is high or low. "Low experience" is an indicator that takes value
one if the health worker has less than the median number of experience (i.e., less than 4 years of experience) as a
health worker at baseline. Data source for the dependent variable is the household survey, aggregate at the health
worker levelin cols. (1)-(2) and the health worker survey in cols. (3)-(4). Cols. (2) and (4) control for the health
worker characteristics that are significantly correlated (p<.1) with experience -- i.e., gender, age, wealth score,
distance to supervisor -- interacted with the treatment dummies. All regressions include stratification variables.
Standard errors are clustered at the PHU level. *** p<0.01, ** p<0.05, * p<0.1.
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Table A.10: Parameter Estimates (No Effort Complementarities)

(1)

Marginal product of worker effort « 0.14
Marginal product of supervisor effort 5 0.03
Worker cost of effort parameter c; 0.00
Supervisor cost of effort parameter cy 2.96
Worker baseline incentive by 20.47
Supervisor baseline incentive by 41.18
Calibrated friction z 3.61

Notes: The first panel of the table shows parameter estimates obtained using minimum distance estimation
for the version of the model where the supervisor correctly expects the reporting rate to differ by treatment.
The second panel first shows the calibrated value of contractual frictions. Second, it shows some quantities

implied by the parameter estimates.

Table A.11: Moment Fit (No Effort Complementarities)

Moments Targeted Real Simulated
Supervisor effort in worker incentives treatment 0.198 0.206
Supervisor effort in supervisor incentives treatment 0.225 0.204
Supervisor effort in shared incentives treatment 0.228 0.191
Supervisor effort in control group 0.164 0.206
Output in worker incentivs treatment 59.679 64.480
Output in supervisor incentives treatment 58.896 58.053
Output in shared incentives treatment 66.895 59.784
Output in control group 41.040 42.499
Value loss function 43.0

Notes: This table shows the targeted empirical moments used for minimum distance estimation as well as
the simulated moments. In this version of the model the supervisor correctly expects the reporting rate to

differ by treatment.



Table A.12: Heterogeneity by Promotion Incentives

17

1) ) ) ) ) (6)
Household visits provided by the health worker in the past 6 months Trust
Dep. Var. Number of % households
Number of Average  health topics % households Number of who trust the
visits visit length  discussed per visited visit types health worker as a
visit health provider
Worker incentives 1.635 1.221 0.006 0.094* 0.305 0.005
(1.125) (2.128) (0.203) (0.048) (0.189) (0.045)
Supervisor incentives 1.664* 2116 0.386 0.063 0.414* 0.064
(0.992) (2.157) (0.312) (0.051) (0.237) (0.045)
Shared incentives 3.335*** 4.432** 0.521** 0.139*** 0.611*** 0.125***
(1.186) (2.041) (0.238) (0.047) (0.190) (0.044)
Meritocratic promotions 0.651 2.369 0.224 0.072* 0.264 0.070*
(0.766) (1.730) (0.190) (0.042) (0.163) (0.039)
Pay progression -0.895 -1.980 0.026 0.004 0.011 0.020
(0.844) (1.905) (0.265) (0.048) (0.182) (0.043)
Meritocratic promotions + Info about supv. fixed salary 0.272 -0.914 0.080 -0.031 0.065 -0.017
(0.848) (1.555) (0.203) (0.044) (0.163) (0.048)
Worker incentives * Meritocratic promotions -0.784 -3.099 -0.216 -0.140* -0.485* -0.020
(1.700) (2.765) (0.309) (0.068) (0.263) (0.061)
Supervisor incentives * Meritocratic promotions 2.352 0.271 -0.194 0.037 0.128 -0.084
(1.429) (2.761) (0.393) (0.066) (0.307) (0.062)
Shared incentives * Meritocratic promotions 0.064 -2.104 -0.114 -0.068 -0.172 -0.158**
(1.533) (2.672) (0.389) (0.064) (0.270) (0.065)
Worker incentives * Info about supv. fixed salary 0.491 3.265 0.322 -0.010 -0.033 0.045
(1.427) (2.829) (0.356) (0.073) (0.263) (0.065)
Supervisor incentives * Info about supv. fixed salary -0.046 -1.068 -0.315 -0.018 -0.261 -0.068
(1.248) (2.744) (0.412) (0.071) (0.293) (0.067)
Shared incentives * Info about supv. fixed salary 0.217 -0.481 -0.200 -0.045 -0.121 -0.082
(1.376) (2.795) (0.356) (0.067) (0.259) (0.062)
Worker incentives * Merit. + Info about supv. fixed salary 2.157 2.954 0.521 0.059 0.292 0.102
(1.569) (2.657) (0.316) (0.065) (0.251) (0.065)
Supervisor incentives * Merit. + Info about supv. fixed salary -0.416 -0.011 -0.354 0.057 -0.233 0.017
(1.303) (2.559) (0.372) (0.070) (0.279) (0.067)
Shared incentives * Merit. + Info about supv. fixed salary -0.290 1.039 0.289 0.058 0.080 0.016
(1.510) (2.475) (0.337) (0.064) (0.253) (0.064)
Unit Worker Worker Worker Worker Worker Worker
Observations 2,926 2,926 2,926 2,926 2,926 2,926
Mean dep. var. 7.296 14.39 2.248 0.709 1.745 0.745
Mean dep. var. in Control 5.334 12.32 2.015 0.637 1.448 0.707

Notes: Data source is the household survey, aggregate at the health worker level. All regressions include stratification variables. Standard errors clustered at the

PHU level. *** p<0.01, ** p<0.05, * p<0.1
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B Additional Material on the Context and Intervention

B.1 Context: Checklists

Workers are expected to follow a checklist when they visit a household. The checklist differs
depending on the type of visit the health worker conducts:

() Prenatal visits to a pregnant woman: Health workers are asked to visit expecting mothers
at least four times over the course of a pregnancy. During these visits, health workers should
first make sure not only the pregnant woman but also her husband or other decision-makers
in the family are present. Second, they assess the pregnant woman for danger signs (e.g.,
convulsion or fever) that would require an immediate referral to the PHU. Third, they use
the Mother, Newborn, and Child Health Card to assess previously agreed actions and current
health practices related to the pregnancy with the family. Fourth, health workers present new
visit-specific information to the family (e.g., helping with planning for the birth including
arranging transportation so the woman can give birth at the PHU). Fifth, health workers and
families identify barriers together and agree on an action plan until the next visit. Finally,
health workers must fill a register that documents what they have done during the visit.

(ii) Accompanying a pregnant woman to the PHU for childbirth: The health workers should
accompany pregnant women to the PHU to give birth. At the PHU, the health worker
should help the family to obtain all necessary drugs and other supplies. In case a woman
delivers at her home rather than at the PHU, the health worker should assist during the birth,
communicate the birth to the head of the PHU, and accompany the woman for a post-natal
visit at the PHU as soon as possible after the birth.

(iii) Postnatal visits within one month of birth: Health workers are asked to visit mothers
with newborn babies at least four times during the first month after birth. During these
visits, health workers first assess the mother and baby for the presence of any danger signs
(e.g., fever or convulsions) that would require a referral to the PHU. Second, they discuss
with the family how well they were able to implement health practices agreed upon with
the health worker during the previous visit. Third, health workers present new visit-specific
information about health behaviors relevant to the mother and baby (e.g., telling the mother
to keep the baby warm and only breastfeed the baby). Fourth, they go over a checklist of
recommended health behaviors and check whether or not the family knows about and follows
them. Fifth, for the items on the checklist that the family does not follow yet, health workers
discuss barriers and possible solutions with the family and make a new action plan to be
discussed during the next visit. Finally, health workers fill out a register that documents
what they have done during the visit.

(iv) Child health checkup visits: Health workers are asked to visit mothers and their young

children five times between the age of 1 - 15 months. During these visits, health workers first
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assess the child for danger signs (e.g., convulsions or being unable to breastfeed) that would
require an immediate referral to the PHU. Second, they use the Mother, Newborn, and Child
Health Card to assess previously agreed actions and current health practices related to the
pregnancy with the family. Third, health workers present visit-specific information to the
mother (e.g., advising the mother on how to transition from exclusive breastfeeding to other
foods after the age of 6 months or reminding the mother of scheduled vaccinations for the
child). Fourth, health workers and families identify barriers together and agree on an action
plan until the next visit. Finally, health workers must fill a register that documents what
they have done during the visit.

(v) Visits in which a disease is diagnosed and the patient is either treated or referred to
the health facility: The main focus of health workers is on children who are younger than 5
years. They are trained to identify whether a child has diarrhea, malaria, or pneumonia and
to decide whether or not the child can be treated by the health worker or whether it needs
to be referred to the PHU. First, health workers assess the child for general dangers signs
(e.g., convulsions or the child being unable to breastfeed or drink) which would require an
immediate referral to the PHU. Second, they assess the child for the three conditions above
(e.g., they count the breaths per minute and compare this to age-specific threshold values in
order to assess a child for pneumonia) and decide whether or not the child requires treatment
and whether or not the child needs to be referred to the PHU. Health workers also should
always assess children for malnutrition.

(vi) Follow-up visits of sick patients: For sick children that were not referred to the PHU,
health workers are supposed to do at least two follow-up visits at the child’s home on the
third and sixth days after the start of the treatment. During these follow-up visits, health
workers re-assess the sick child following the same steps as during the initial visit. They
also should discuss the condition of the child with the caregiver and counsel the caregiver on
disease-specific steps they need to undertake as well as general recommended health behaviors
(e.g., hand washing or bed net use).

(vii) Routine household visits: First, health workers introduce themselves and the purpose
of the visit. Second, they use the Family Health Card and assess previously agreed upon
actions as well as current household health practices with the family. Third, health workers
present new health information (e.g., on topics like hand-washing and sanitation, bed net
use, or family planning) to the family. Finally, health workers and families identify barriers
together and agree on an action plan until the next routine household visit by the health

worker.

B.2 Context: Supervision

Supervisors have three main tools to train and advise health workers:
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(i) Monthly trainings: Supervisors host a monthly meeting at the PHU which all health
workers under their supervision are supposed to attend. During these trainings, supervi-
sors provide information on health knowledge (how to prevent diseases, recognize dangerous
signs). Central to these monthly meetings is the facilitation of mutual learning among health
workers. They are asked to share both successes and barriers they experienced during their
work in the previous month. Depending on the number of affected health workers, supervisors
help them individually or collectively find solutions for the barriers that have been identified.
This often involves re-training health workers on the checklists mentioned above or advising
them on effective communication strategies health workers can use with households.

(ii) One-to-one trainings: Supervisors are asked to visit each health worker under their su-
pervision in their village once per month. During these field visits, supervisors go through
the records of health workers and randomly select three recent households the health worker
provided a service to. For each of these three cases, supervisors ask the health worker about
the detailed actions the health worker took and validate whether the steps on the checklists
mentioned above have been followed. Supervisors then provide detailed feedback in which
they identify gaps in the health worker’s knowledge and explain again in detail how to provide
the health services correctly.

(iii) In-the-field supervision / direct observation: Supervisors are asked to accompany the
health worker to household visits and directly observe how the health worker conducts the
visit. During these household visits, supervisors identify both the strengths and weaknesses
of the health worker and raise awareness about the importance of her work with the family.
After the household visit, supervisors provide personal feedback to the health worker in

private.

B.3 Intervention: Choice of the Treatments and the Incentive Amount

Theoretically, the set of possible splits an organization can select from is larger than the three
splits in our design (100%-0%, 50%-50% or 0%-100%). An organization could for instance
decide to give 25% of the incentive to the worker and 75% to the supervisor (or vice-versa).
Due to the limited sample size of the experiment, we could not test the effect of a wider
set of possible splits. We chose the 50%-50% split because informal discussions we had with
supervisors (outside of our experimental areas) and government officials indicated that this
split was the most natural in our setting. More precisely, we asked these informants how
they would split an incentive of 2,000 SLL between supervisors and workers such that the
number of visits provided in the PHU is maximized. 63% of the respondents answered that
the supervisor should be assigned half of the incentive (1,000 SLL), 8% answered that they
should be assigned 60% of the incentive (1,200 SLL), 21% answered that they should be
assigned 75% of the incentive (1,500 SLL), and the remaining 8% chose another split. In line
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with this, our structural model confirms that the optimal split is indeed very close to the
50%-50% one: see Section 5.

An alternative design than ours to study effort complementarities would offer (i) an
incentive of 2,000 SLL to the worker and the supervisor in the shared incentives treatment,
(ii) an incentive of 2,000 SLL to the worker in the worker incentives treatment, and (iii)
an incentive of 2,000 SLL to the supervisor in the supervisor incentives treatment. In this
design, complementarities can be detected by testing whether the impact of the two-sided
incentive is greater than the sum of the impacts of the one-sided incentives. However, this
would entail varying the amount of the incentive per visit disbursed by the organization, and
hence would not shed light on the key question we aim to answer, i.e., how a given incentive
should be allocated across the layers of an organization with limited liquidity.

The Ministry of Health and Sanitation selected an incentive amount of 2,000 SLL. This
amount was deemed convenient due to its easy divisibility by 2 in shared incentive scenarios,
all the while maintaining its status as a round number. The Ministry regarded any amount
above 2,000 as excessive, given that the variable component of a health worker’s pay was

projected to exceed one fourth of their fixed pay.

B.4 Intervention: Location of the Experiment and Randomization

Our experiment takes place in 372 PHUs across six districts of Sierra Leone. One district is
located in the south (Bo), one in the east (Kenema), three in the north (Bombali, Tonkolili
and Kambia) and one in the west (Western Area Rural). Out of the existing 823 PHUs across
the six districts, we excluded half because no up-to-date and verified list of health workers
was available, and selected 372 PHUs from the remaining eligible PHUs to be part of the
experiment.

The 372 PHUs were randomized into four groups of equal size: the worker incentives treat-
ment, the supervisor incentives treatment, the shared incentives treatment, and the control
group. The randomization was stratified by: (1) district, (2) average distance between the
residence of the supervisor and the health workers in the PHU being above or below the
median, and (3) the number of health workers in the PHU being above or below the median.
We stratify by these variables because these are key predictors of our main outcome vari-
ables. These variables were measured at baseline by surveying the supervisor and the health

workers before the randomization took place.

B.5 Intervention: Promotion Incentives

A random sample of 2,081 health workers out of the 2,970 health workers in this study
experienced a change in the promotion system. More specifically, six months after the start

of the experiment which is the focus of this paper, the promotion system became meritocratic
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in half of the 372 PHUs while the rest of the PHUs kept the status-quo system (in which the
promotion decision is at the discretion of the PHU in-charge). See Deserranno, Kastrau, and
Leon-Ciliotta (2021) for more details.

Table A.12 shows that our main treatment effects on visits are orthogonal to the random
variation in the promotion system and orthogonal to providing information about the super-
visor’s fixed wage. This is not surprising as the incentives analyzed in this paper are paid
by an external organization and have no role in the government promotion decision, nor do
they influence the supervisor’s fixed wage. Table A.13 moreover shows that the effects of our
incentives treatments persist if we restrict the analysis to the sub-sample of health workers

that did not take part in this separate study.

B.6 Intervention: Reporting System

The reporting system works in three steps:

(i) Each time a household visit is provided, the health worker is asked to send an SMS to a
toll-free number indicating the date of the service, the name and phone number of the patient,
and a one-letter code corresponding to the service type. If the SMS does not include all the
required information, the system returns an error message.** All health workers in our study
(including those in the control group) are asked to report their visits. The incentive was only
paid for household visits that fall in one of these categories: (i) prenatal visits to a pregnant
woman, (ii) accompanying a pregnant woman to the PHU for childbirth, (iii) postnatal visits
within 1 month of birth, (iv) child health checkup visits (for children 1-15 months), (v) visits
in which a disease is diagnosed and the patient is either treated or referring to the health
facility, (vi) follow-up visits of sick patients, (vii) routine household visits (e.g., providing
health education on how to prevent diseases).

(ii) The SMS information is automatically uploaded to a server from which the performance
incentives are calculated on a monthly basis and are paid without delay.

(iii) The SMS information is continuously back-checked by a team of monitors who contact
a random 25% of households each week either by phone or in-person (unannounced visits),
and ask them to confirm the date and the type of the household visit.

All health workers were promised a fixed bonus of SLL 10,000 conditional on truthful report-
ing at the end of the experiment. Despite this, we show in the paper that the reporting rate

is low in all treatments.

44When the patient is a child, the health worker reports the name and phone number of the primary care
giver. When the household does not have a phone, the health worker reports the phone number of a neighbor.
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B.7 Intervention: Training

Before initiating the intervention, workers and supervisors from each PHU were invited to
attend a 2-days training session together. These sessions usually occurred within or near
the main health facility. Across all 372 PHUs, regardless of treatment, the training first
provided instructions on the reporting process (i.e., how to send the SMS, at which cost,
what to include in the SMS for the report to be “valid”). It further detailed the back-checks
and potential consequences of dishonest reporting. For the worker incentives and shared
incentives treatments, all attendees, both workers and supervisors, were informed about the
reporting incentives to be given to the workers. In the supervisor incentives treatment and
control group, attendees were informed that no incentive would be given to the worker. This
approach makes supervisors’ aware of the workers’ incentives.

At the conclusion of the training, supervisors were isolated into a separate room (without
the workers), where they were informed about their incentives per report (if any). This
information was not provided to the workers. Supervisors were then explicitly made aware
that they held the discretion to share these incentives, either wholly or partially, with their
workers. While we did not suggest a specific amount to be transferred, we told the supervisors

that these transfers could be viewed as potential incentives to stimulate worker effort.

B.8 Data: Variables Definitions

Accompanied visits: Each household was asked whether they received a visit from the health
worker (on her own), the supervisor (on her own), the health worker and the supervisor
jointly. 71% of household report having received a visit from the health worker, of which
16% are accompanied by the supervisor. No household reports having received a visit from
the supervisor without the presence of the health worker. Among households who received at
least one accompanied visit, 97% received one accompanied visit only, and 3% received two
accompanied visits. Overall, this implies that roughly one-fifth of the households have seen
the supervisor once in the past six months, and the vast majority of the remaining households
have never seen the supervisor.

Health knowledge of health workers: we administered a quiz on health knowledge to all health
workers at baseline and endline. The quiz counts the number of correct answers given to the
following five questions: (i) Assuming there are otherwise no danger signs, after how many
days of fever should the health worker refer a child under 5 to the PHU? (ii) Assuming there
are otherwise no danger signs, after how many days of loose or watery stools should the health
worker refer a child under 5 to the PHU? (iii) For a child between 2 and 11 months of age,
how many breaths per minute is the threshold from which it counts as fast breathing? (iv)
For how many years after giving birth should a woman wait before falling pregnant again?

(v) Is a composting toilet an improved or unimproved sanitation facility?
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C Research Ethics

Following Asiedu et al. (2021), we detail key aspects of research ethics.

C.1 IRB

The project received IRB from the Universitat Pompeu Fabra (Parc de Salut MAR: 2018/7834/1),
Northwestern University (ID: STU00207110) and from the Sierra Leone Ethics and Scientific
Review Committee (no IRB number was assigned by this local institution).

We obtained informed consent from all participants prior to the study. The consent form de-
scribed the participants’ risks and rights, confidentiality, and contact information. Research
staff and enumerator teams were not subject to additional risks in the data collection process.
None of the researchers have financial or reputation conflicts of interest with regard to the
research results. No contractual restrictions were imposed on the researchers limiting their
ability to report the study findings.

The interventions under study did not pose any potential harm to participants and non-
participants. The intervention rollout took place according to the evaluation protocol. Our
data collection and research procedures adhered to protocols around privacy, confidentiality,
risk-management, and informed consent. Participants were not considered particularly vul-
nerable (beyond some households residing in poverty). Besides individual consent from study
participants, consultations were conducted with local representatives at the district levels.
All the enumerators involved in data collection were aware about implicit social norms in
these communities.

The findings from this project were presented to the MoHS in Sierra Leone. No activity for
sharing results with participants in each study village is planned due to resource constraints.

We do not foresee risks of the misuse of research findings.

C.2 AEA RCT Registry

The experimental design and main outcomes of this study were pre-registered in the AEA
RCT Registry with the number AEARCTR-0003345. This paper follows the pre-registration
closely. The outcomes variables we use in the paper were all pre-registered.

The only deviation is that we do not study treatment effects on the “number of hours that
the workers/supervisors self-report dedicating to their job”, as a measure of their effort. This
is because self-reported hours exhibit limited variability in the data, likely because of a self-
reporting bias (as mentioned by enumerators in the field). Moreover, self-reported hours
worked by the health workers do not correlate with the average number of hours households
report having been visited by the worker (number of visits x average visit length): the

correlation is -0.019 and is not statistically significant. Similarly, self-reported hours worked

25



by the supervisors only weakly correlates with the likelihood that a household reports having
received a joint visit in which the supervisor was present. For these reasons, we refrain from
using self-reported hours as outcome variables in our analysis and use instead an objective

measure of output reported by a third party (health visits, as reported by households).

D Model Appendix

In this Appendix, we will first analyze a simplified version of the model that does not have
any heterogeneity. This will enable us to establish some key analytical results. We will
then present formulas for the headline version of the model, which we use for the structural

calibration. Throughout this Appendix, we assume that z > 1.

D.1 Set Up

This section solves the model under the assumption that by = by, =0, ¢y =co =¢, m =1
and a = 1. We will later relax these assumptions.

We first quickly summarize the simplified set-up. A supervisor (player 2) and a worker
(player 1) exert efforts e; and ey to produce output y, where y = e; + vejes. Thus, output
depends on the efforts of players 1 and 2 and on the level of effort complementarity (7).
Effort is costly to both the worker and the supervisor, and we assume that the cost of effort
is quadratic: ce? (with ¢ > 0). Before the start of the game, a principal offers to pay p to the
worker and 1 — p to the supervisor for every unit of output produced, where p € [0, 1]. There
are two time periods. In period 1, the supervisor chooses effort e; and offers a side transfer
s to the worker for every unit of output produced. Contractual frictions increase the cost of
the side transfer to the principal by a factor of z (z > 1). Transfers can only go from the
supervisor to the worker: s > 0. In period 2, the worker observes e; and s, and chooses es.

The payoff of the worker is as follows:

m = (e1 + yeiez) (s + p) — ce

And the payoff of the supervisor:

Ty = (e1 +yerez)(1 — p — s2) — ce;

D.2 A Key Assumption

In what follows, we will make the following assumption about the strength of the effort

complementarity:
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. 2
Assumption 1: 2 > 4% ¢,y e RT.
As it will become clear in the next section, this assumption guarantees that both agents
exert positive efforts. We can show that the following claim is true.

Claim 0: If assumption 1 (% > ~2) holds; then, it is also true that:
a) 2¢* —*p(1—p) >0
b) 8z¢* = y*(1+p(z —1))* >0

Proof:
The proof will be divided in two parts. First, we show that assumption 1 implies a).
Then, we show that it also implies b).

Part 1: Consider the following maximization problem:

max p(1 —
max p(1 = p)
The solution is p = %, such that, at its maximum, the objective function attains the value of

}1. By the definition of maximum, we have that:
o 2
7 =27 pl—p) ¥pe[0.1]

By our assumption 1, we have that: % > 1—2. Thus, by the above and the transitivity of
the inequality this also implies that % > v%p(1—p), and by 2¢* > % implies 2¢? > v*p(1—p)
(what we wanted to show).

Part 2: First note that:

8zc?

(1+p(z—1))?

2

82¢2 — V(1 +p(z—1))° >0 < >y

Therefore, we want to show 8z¢? E > % since it is sufficient to show that Assumption

(1+p(2—1)
1 implies b):

8zc? S 8_62
(I+p(z—1))2 ~ =z

— Z(1-p)(1+p) >22p(1—p)+(1—p) < 2*(1+p)—2zp—(1—p) >0

= 22>1+2p(z—1)+p*(z— 1)

The quadratic function z?(1+p) —2zp— (1 —p) has roots 2; = 1 and 2z, = % < 0, taking

negative values between the two (in (ﬁ, 1)) and weakly positive elsewhere. Since z > 1,
8zc? 8c?

this means that for all values of z, 2%(1 + p) —2zp — (1 —p) > 0 and so TeDE 2 =
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D.3 The Model: Main Analysis

We solve the model by backward induction:

Period 2:
The maximization problem of the worker in the second period is:
max(e; + yeiez)(s + p) — ce
€1
Thus, her optimal level of effort is:

. (s+p)A+e2)
‘= 2c

Period 1:
Player 2 anticipates the optimal action of player 1 in period 2. Thus the maximization
problem of player 2 is:
(s 4D —p=s)(1 4702 _

max — C€
ea,s 2c

Thus, the optimal effort and side transfer are:

o Nt —p—s2)
22— (s +p)(1—p—s2)

1-p(1+42) 1

S* — 2z P S 142z
1

O’ P> 142

1
1+z°

positive and the optimal effort of the supervisor is given by::

In this case, the side transfer is strictly

Let us first focus on the case where p <

 Apz— P
27 822 — (14 p(z —1))?

e
Plugging e} into e}, we get:

o = 2¢(1+p(z—1))

T 82c2 — 2(1 + p(z — 1))2
In this case, the output y is given by:

16z2¢3(1 4+ p(z — 1))
(82¢ = 7*(1 +p(z — 1))?)?

We then consider the case where p > 1+Lz Now the side transfer is censored at zero.

Optimal efforts are given by:
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. p(l—p)

72 (1 - p)
* pc
e, =
b2¢2 —92p(1 - p)
And so output is given by:
2pc3
y =
(2¢ = v?p(1 — p))?

What level of p maximises output?

Suppose the principal wants to set p to the level that maximizes output. This maximiza-
tion problem is divided in two parts: first, we maximize y assuming that p < ﬁ; then,
we maximize y assuming that p > ﬁ We will refer to the first part of the problem as
the “left-hand side” problem (or LHS problem for brevity), and to the second part of the
problem as the “right-hand side” problem (or RHS problem for brevity). Also, we will use
pi=p(p < lj%z) to denote the level of p that maximizes output in the LHS problem and
y(pk) as the level of output when p = p*. We will use p; and y(p;) symmetrically to denote
the level of p that maximizes output in the RHS problem, and the corresponding level of
output. After solving the two problems, we compare y(p}) to y(p;) . If vi >y (i <),
the solution to the overall problem is given by p* (p;).

We now solve the LHS problem:

16z¢*(1+ p(z — 1))
max
p<it (82¢2 =2(1 4 p(z — 1))?)?

The derivative of the objective function with respect to p is given by:

dy _ 162¢3(z — 1)(82¢® + v*(1 + p(z — 1))?)
dp (8zc2 —2(1+p(z —1))2)3

Assumption 1 implies that this derivate is positive for any value of p. To see this, note that
(i) ¢ > 0 and z > 1 (which guarantee that the numerator is positive), and (ii) the second
part of Claim 0 shows that Assumption 1 implies that 82¢? — v*(1 + p(z — 1)) > 0 for any

p, such that the denominator is positive for any level of p.

L
1427

by choosing the largest possible value for p: p! =

This shows that, as long as p < output grows in p. Thus, the LHS problem is solved

1
14z

To find the solution to the RHS problem, we solve:

2pc?

max
p>1 (262 = %p(1 —p))?
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In this case, the optimal p is given by the solution to:
dy  2c°(2¢* ++%p(1 = 3p)) 0
dp  (2¢2 —?p(1 - p))?
Claim 0 shows that Assumption 1 implies that 2¢* — v*p(1 — p) > 0,. Thus, in the RHS
problem, the optimal p is given by the solution to:

37 —*p— 2 =0

The unique positive middle solution for the optimal p is then:

1 N V2 24c?

pb:é 6y

Interestingly, p, decreases with «, as can be seen from the derivative of p; with respect

to v:
dpy —4c?

— = —=<0
dy /2 + 24c2
In order for p, to be the global maximum of the RHS problem, we need to ensure that

(i) g—z < 0 (the second derivative is negative), (ii) that the objective function (%)

[ ~2 2
is continuous on p € [1}%’ 1] and (iii) that % + %240 < 1. We tackle each one of these

requirements in turn:

e A negative second derivative at p = % +

d*y _ 269%((2¢* — 7*p(1 — p))(1 — 6p) — 3(2¢* + 7*p(1 — 3p))(2p — 1)))

&p (22 —4%p(1 - p))* =Y

= (2¢ =7*p(1 = p))(1 = 6p) —3(2¢* +~+*p(1 = 3p))(2p — 1) <0

Note that p = %—{— —”726:2462 > % Now take the minimum of (2¢? —~*p(1 —p))(1 —6p) —
3(2¢® + v%p(1 — 3p))(2p — 1) with respect to p € [3,1].

As the first derivative of (2¢? — v*p(1 — p))(1 — 6p) — 3(2¢* + v*p(1 — 3p))(2p — 1) is
negative, its minimum is achieved at p = 3. At this point: (2¢* —~?p(1 —p))(1 — 6p) —
3(2¢ +v*p(1 — 3p))(2p — 1) = —3(8¢* — 4?) < 0 since 8¢* — 7 > 0 by Assumption 1

2
and 8¢? > %.

e The objective function is continuous:

1
2 —=’p(1—p) #0 <= p# 5+ 5
2 Y
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A sufficient condition for this is to assume 7? < 8¢? (again, implied by Assumption 1

and 8¢2 > &),
4

< 1 is equivalent to ¢ < 42. That is, the complementarity

o \/v2+24c2
e The condition % + VT

has to be high enough for a two-sided incentive to be generate higher output compared

to a one-sided incentive paid to the worker.

To sum up, the possible candidates for the optimal p* when ¢? < 42 are:

.1
pa - 1 + ~
. 1 /72 +24c¢
Pp =t —F7——
6 6y
And the corresponding levels of output are:
2¢3(1 + z)3

y(pa) = (2¢2(1 + 2)? — 72%2)?

() = 273 (v + /72 + 24¢?)
P =04 — Ay 1 P 1 24P

The optimal p is found by comparing y(p}) to y(p}).

D.4 Comparative Statics on the Advantage of Each Optimal Incen-
tive Candidate

Let A, , be the advantage of choosing the incentive that gives p to the worker and 1 — p to
the supervisor compared to choosing the incentive that pays ¢ to the worker and 1 — ¢ to
the supervisor. Using this tool we can compare different incentive schemes and analyze how
certain parameters affect the advantage of one versus the other.
Comparing p = p; and p = 1:
2¢3(1 + 2)3 1

‘Ap?‘ul = y<p:) - y(l) = (202(1 + Z)Q _ ,722)2 - %

We have that:

dApy:1  8yz(1+2)? -
dy  (2(1+ 2)2c2 — 42z)3

since 2(1 + z)%c® — 4%z > 0 by our previous assumption: 2¢? — v*p(1 —p) > 0.

In a similar fashion, comparing p = p; and p = 1:
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273 (7 + /72 + 24c2) 1

Ay = y(w) — y(1) = -
i = y(0) —y(l) (242 — y(y + /A2 + 24c2))2 2

dAya 273 (y + /72 +2462) (242 — y(7y + /7% + 24¢%) 4 27 + 29% /72 + 24¢2) -0

dry (8¢2 — (v + /72 + 24¢2))3 /72 + 24c2

again using 8c? —v(y+ /7% + 24c2) > 0 by our previous assumption: 8zc¢? —?(1+ p(z —
1))? > 0.

This means that the advantage of choosing the optimal p* € (0,1) compared to p* =1 is
increasing in «y: the larger 7 is, the more harming it is (in terms of final output), to pay all

the incentive to the worker.

Let us now try the analogous comparison between p = p¥, p = p; and p = 0.

For p = p; versus p = O:

. 263 (1 + 2)3 162¢?
Apzo = y(pa) —y(0) = (2¢2(1+ 2)2 —422)2 (822 — 42)2

We have that:

dApy:0  8yPz(1+2)° 76432

dy (21 +2)2c2 —422)3  (82c2 —42)3
And comparing p = p; with p = 0:

A o= y(p) — 4(0) = 273 (v + /1y +24c?)  162¢
p;0 = YPp) — Y (24 — (7 + \/m))z (82¢2 — ~2)?

dAy0 263 (y 4+ /7% 4 24¢2) (56 + 4% 4 2y 4 3yy/7% + 24¢?) v64c32

dy (8¢2 — y(y 4 /2 + 24¢2))3\ /2 + 242 (8z¢* —7%)?

As one can see from the derivatives, the effect of v on the advantage of p = p* with
respect to p = 0 is unclear and will depend on the specific value of v, but also on the cost
of effort of the players ¢ and the contracting cost of the supervisor z. Intuitively, when z is
small it is more likely that v has a positive effect on the advantage of p = p* with respect
to p = 0; while a large z makes p = 0 more attractive and the increase in the advantage of

p = p* with respect to p = 0 less responsive to 7.
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D.5 Special Cases

v=0,z=1:

In this case, the supervisor has no incentive to exert effort, since his effort is not leading
to any rise in productivity v = 0. Therefore, his optimal level of effort is e5 = 0. And, as in
the general case, he chooses to pay a positive side payment (s > 0) as long as p < ?1/2 As
z = 1, this condition simplifies to p < 1.

On the other hand, the worker exerts effort:

S+p
2c

e; =
Let us then analyze the maximization problem of the principal:

o I[fp < % and so s = 1_72’7 , then y = ﬁ. This is independent of p; that is, any p < %

would lead to the same output level y.

o Ifp> % and s = 0, the principal’s problem becomes:

The solution is p* = 1 since the objective function is increasing in p. Note that, in this

case, as ¢ > 0, we have that v < ¢ (unlike before).

Finally, the principal compares the two possible optimal p*:

(*<1)—1
yp_2—4c
1
*:1:—
y(p ) 5

And, as y(p* = 1) > y(p* < %), he chooses p* = 1. This is intuitive given that the supervisor

does not contribute directly to production.
vy=0,2z>1:

Again here, the supervisor chooses to exert no effort e; = 0 and offers a side payment of

1-p(ltz) - .
5 = % if p < -, while the worker exerts effort ef = =2,
z 1+z 2c

The two-step maximization problem of the principal is now:

e When s > 0 and p < =

1—p(1—=2)

max
4zc
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solved by p* = 14+z as the objective function increases in p.

e When s =0 and p >

1 .

14+2z°
max £
2c

just like in the previous case, maximized at p* = 1.

Now, the principal would compare the output levels under the 2 candidates:

. 1 B 1
I\PT1ve © 2c(1+ 2)

1
* p— 1 == —
y(p ) 5

Again, p* = 1 turns out to be the optimal incentive from the point of view of the principal,

since y(p* = 1) > y(p* = 115). Indeed, the result above is nested in this example.
v>0,z=1:

Using the results above and plugging in for z = 1 one can obtain:

oWhenpS%andsos>O:

* 7
© = 8c? — ~?
. 2c
“a = 8¢ — ~2
B 16¢3
Y= (802 _ 72)2
° Whenp>%ands:0:
i wl—p)
222 — (1 —p)
* pc
e =
b 2¢2 —4%p(1 - p)
2pc3
y g
(2¢2 = 2p(1 — p))?

The solution to the two-step principal’s problem is given by one of the following p*:
e When p < 1, any p* € [0, 1] would work.

/2 19402
oWhenp>%,p*=é+7—+24

& ,as long as v > ¢
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Finally, the optimum will be determined by comparing;:

.1 N VE+24 273 (v + /72 + 24¢2)
\" 76 6y (242 — (v 4+ /7?2 + 24¢2))?

*<1 B 16¢3
y\P -2 _(802—72)2

The p* generating the largest level of output y will be chosen and this will depend on the

specific values of v and c.

D.6 Proof of Result 1

As before, we assume that Assumption 1 (% >~% ¢,v € RT) holds.

Result 1: When effort complementarity is lower than a threshold ¢, there is a unique
optimal incentive scheme, which is one sided (p* = 1). When effort complementarity is
larger than ¢, there is always a two-sided scheme which is optimal (p* € (0,1)). If there are
contractual frictions, this optimal two-sided scheme is the unique optimal scheme. If there

are no contractual frictions p* = 0 may also be optimal.

Proof: To prove this statement we will first separately prove the following claims (given

assumption 1):

Claim 1. The interior solution to the left-hand side problem (max,. A+ y) is strictly
optimal when there are contractual frictions (z > 1). Otherwise, any p < ﬁ leads to the

same level of output.

Claim 2. When 72 > ¢2, the principal’s maximization problem always has an interior

solution.

[NV

262((1“)2;(1“) ) such that for all v such that ¢ > 4% >

0, y(1) < y(533) iff 4> > ¢; while y(1) > y(535) iE£ 2> <t

Claim 3. There exists a point t =

Proof of Claim 1: When solving the model, we showed that the solution to the principal’s

left-hand side (LHS) problem, that is, max,. LY has a unique global solution p* = l}rz
1

when z > 1 and multiple solutions, namely any p < 7= when z = 1. This follows from the

derivative of the objective function (y) with respect to p, which is increasing in p whenever

z > 1 and is flat and equal to 0 whenever z = 1:
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dy _ 162¢3(2 — 1)(8zc* + ¥*(1 + p(z — 1))?)
dp (82z¢ —2(1+p(2 — 1))?)?

Proof of Claim 2: As explained above, p* = IJ%Z is a global (not necessarily strict) solution
to the principal’s LHS maximization problem regardless the value of z. For the right-hand
side (RHS) problem (maxp>1+% y) we found that there is an interior solution (which is also
the global solution to the RHS problem) whenever 42 > ¢2. Therefore, there will always be
an interior value p* € (0,1) that solves the principal’s problem (since the overall solution
follows from the comparison of the value of output achieved under the solution to the LHS

and RHS maximization problems).

2¢3(142)3

Proof of Claim 3: First, note: y(p =1) = %: and y (p = ﬁ) = BRI Now we
want to analyze when the following inequality is true:
(p=1)> 1 1 - 2¢3(1 + 2)3
= T\ PT1s 2c "~ (22(1 4 2)?2 — 22)?

= 21+ 22 =722 >4 (1+2)° = 41+ 2)° — 421+ 22 +9%2 >0

The LHS of the above inequality is a quadratic function in 2. Therefore, we solve for its
roots to understand when it takes positive or negative values (that is, when the inequality
holds) and we find the following two roots:

s 20

H =" (142 = (1+2)3)

2 2c? 2
V2 = 7((1+Z) + (1+2)

[SIY

)

Then plugging in for some value of 72 in the middle of the two roots, e.g., M, we
see that the quadratic function takes negative values:
2(1+2)2 (2214 2)2\? AcM(1 + 2)?
404(1+Z)3—4C2(1+Z)2C< +Z) +(C( +Z)) Z:_M<O
z z z

This means that 4¢*(1 + 2)* — 4c*(1+ 2)*y* + 9%z > 0 L.LL. 72 € (—00,7]) U (73, 00) and,
conversely, 4c(1 + 2)3 —4c2(1 + 2)*92 + 12 < 0 i.Lf. 42 € (2,43).

Finally, note that ¢ < ~2, which is equivalent to 1 < 2((1 + 2)2 + (1 + 2)2), that

z
3
is true for all z > 1 since 1 < W’# This implies that Vy? < ¢? it is true that

414 2)* — 4P (1 + 2)*>7* +7*2 > 0 (and so y(1) > y (1)) LEf 4* € (—00,77). And by

analogy, 4¢*(1 4 2)* —4¢®(1 4 2)*y* + 'z < 0 (and so y(1) < y (13%)) LEE 7% € (41, ).
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Noting that 2 = ¢ completes the proof of Claim 3.

We showed that if ¢* > t > ~2, then y(1) > y(ﬁ) Since the only two candidates for

being the global optimum of y with respect to p when ¢ > 742 and z > 1 are precisely

1
142z

p = 1. In addition, since under z =1 y(ﬁ) = y(0), as shown in the special case in Section

D.5; y(1) > y(355) also implies that y(1) > y(0), such that when ¢* >t > 7* and z = 1,

p=1andp= under contractual frictions (z > 1) the global optimum is attained when

p = 1 is still the global maximum. This shows: “When effort complementarity is lower than
a threshold ¢, there is a unique optimal incentive scheme, which is one sided (p* = 1).”

“When effort complementarity is larger than ¢, there is always a two-sided scheme which
is optimal (p* € (0,1)).” follows from Claim 2 when 7? > ¢* > ¢ and from Claim 3 when
2 > +% > t. On the other side, “If there are contractual frictions, this optimal two-sided
scheme is the unique optimal scheme.” follows from the previous discussion together with
Claim 1.

Finally, the last statement: “If there are no contractual frictions p* = 0 may also be

optimal.” is directly proved in the special case in Section D.5 where z =1 and v > 0.

D.7 The Model with Heterogeneity

In this final section we extend the model to allow workers and supervisors to have different
costs and benefits. Output is now given by: ae; + vejes. Further, we assume that the cost
of effort is given by: c(e;) = c1€2, c(es) = cae3. Moreover, both players get a different benefit
(by and by) for each unit of production. Finally, the payment per unit of output is given by
m.

The payoff of the worker will look as follows:

T = (e + verey)(by +mp + s) — cie?
And the payoff of the supervisor:

Ty = (ae; + yeres)(by +m(l — p) — s2) — co€d

Let us solve the model by backward induction:

Period 2:

The maximization problem of the worker in the second period is:

max(ae; + yeres)(by +mp + s) — crel
€1
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Thus, the worker’s optimal level of effort is:

(b1 + s+ mp)(ar + ye2)
261

*
61_

Period 1:

Anticipating the optimal effort of player 1, the maximization problem of player 2 becomes:

(b + 5+ mp)(bs+ m(1—p) —sz)(a+7e2)®

€2,8 201

Thus, the optimal effort of player 2 and the optimal side transfer are:

o = abit s +mp)(by +m(l —p) — s2)
27 9ci09 — v2(by + s+ mp)(by + m(1 — p) — s2)

(b2+m)—zb1 —mp(2+1) P S bo+m—zby

§* = 2z ) m(z+1)
0, p = b%@;ﬁbl
Let us first focus on the case where p < % In this situation:
yan®?

*

[ = -
2

8zc1cy — 722

where n = bz + by + m(1 + p(z — 1)).

And plugging e, into e;:

. 2amcy
el =——
b 8zeicy — 422

In this case, the output y as a function of p is:

16a%cic3zn
(8zc109 — 72n?)?

In the case in which p > %, we will assume that s = 0:
o — el +mp)(by +m(L — p))
2 2c1c5 — 2(by + mp)(by +m(1 — p))
; a(by +mp)cy
€1

" 2100 — v2(by + mp)(bs + m(1 — p))
And so the output is:

20%cic3(by + mp)
(2c1¢2 — ¥2(b1 + mp)(b2 + m(1 — p)))?
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Implications

There are at least two implications of this model’s extension. First, the condition for

bo+m—zby
m(z+1) °

z grows and as by — by shrinks. Second, as long as side payments are positive, output is

positive side payments is now p < This condition becomes harder to satisfy as

- 16&20103277
Y= ®erca—r2)?
level of output. On the other hand, when z > 1, output is a function of p.

. When z = 1, output is not a function of p: all levels of p result in the same
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E Prediction Survey

In collaboration with the Social Science Prediction Platform,* we invited social scientists to
forecast how our treatments affect household visits compared to the control group. The par-
ticipants made their forecasts before the results of this study were made public. Participants
were paid to participate in the survey. 90% of the participants are economists; 41% of whom
are faculty members and 45% are graduate students.

Participants were asked to forecast the average number of household visits health workers
conduct in Tyorker, Tsupy, and Tspareq after giving them a 700-words description of the study
— i.e., the organization, the role of health workers, the role of supervisors — and informing
them about the average number of household visits and its standard deviation for control
group workers:

“We are interested to hear your predictions about the effects of the different incentive
schemes on the main outcome variable, the number of household wvisits conducted by the
community health worker in the previous 6 months as reported by the household’s female
primary caregiver during the endline household survey. Control Group Reference: As a
reference point, community health workers in the control group conducted on average 5.3
visits per household in the 6 months preceding the endline survey, with a standard deviation
of 5.6. We would like you to predict the number of visits that the health workers conducted
i the other three experimental conditions: How many visits do you think the health workers
carried out when the 2,000 incentive was paid in full to the community health worker? How
many visits do you think the health workers carried out when the 2,000 incentive was paid in
full to the supervisor? How many visits do you think the health workers carried out when the
2,000 incentive was shared equally between the community health worker and the supervisor?”

The average forecasts for the number of household visits by survey participants are 7.73
in Tyorker (compared to 7.42 we find in the data), 6.28 in Ty, (7.48), and 7.41 in Tspareq
(8.7). 52% of participants forecasted Tyorker to be the most effective treatment in our paper,
4% chose Tsypy, 28% chose Tsparea, and 18% forecasted either two or all three treatments to

have the same effect.

45Gee https://socialscienceprediction.org. This prediction platform enables the systematic collection and
assessment of expert forecasts of the effects of untested social programs.
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