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Abstract Many economic interactions are characterized by imperfect information and
imperfect enforcement. This thesis analyzes the use and the effectiveness of incentives,
reputation and learning and how economic agents use them to mitigate the problems
caused by both.

Chapter 1 presents experimental evidence on the use of price incentives and reputa-
tional incentives from gift-exchange game lab experiments in Ghana and the United King-
dom. While in the United Kingdom, like in other experiments, participants assigned the
role of employers reward high effort by increasing wages and punish low effort by de-
creasing wages, it appears that Ghanaian participants refrain from doing so. This results
in lower average effort in Ghana compared to the United Kingdom. Introducing competi-
tion for workers or a reputation mechanism does not improve effort.

Chapter 2 further examines low worker productivity in Ghana by empirically testing
two other incentive mechanisms: the employer giving feedback and the worker making a
pledge in advance. While these incentives on average do not affect effort, they do increase
conditional reciprocity of the worker’s behalf. Workers receiving a high wage are more
likely to exert high effort when feedback and promises are possible.

Chapter 3 presents a partial-equilibrium model showing how business networks can
lead to higher quality firms overall. The presence of such networks leads to a filtering effect,
which means that fewer low-quality firms produce, but also to a lock-out effect, implying
that networks redistribute demand to their own members and make production outside
the network less viable.

Chapter 4 presents a model and experimental evidence on learning and strategic ex-
perimentation in the context of a repeated ultimatum game. The model predicts that Pro-
posers make low offers in early periods, hoping that learning will benefit them in later
periods. However, when Responders also have strategic considerations, the Responders
will strategically reject low offers, which will optimally lead to higher offers. A series of
online experiments finds evidence that Responders reject low offers, but cannot disentan-
gle this from distributional preferences and reciprocity concerns.
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Introduction

This thesis investigates how firms cope with imperfect information and imperfect enforce-

ment and in particularly how they use incentives and reputation, how they learn and how

this behaviour is related to firm productivity and development. The main motivation for

this thesis comes from two big economic questions. The first question is why differences

in labour productivity across countries are so large, even after correcting for differences

in human and physical capital (Hall & Jones, 1999; Caselli & Coleman, 2006). One often

mentioned potential driver are differences in how workers are managed and motivated

(Bloom & Reenen, 2010). Incentives play an important role, but not all incentives work

equally well in every environment (Prendergast, 1999). The second question is how firms

and consumers deal with what Greif (2000) has called the “fundamental problem of ex-

change”: how do trading partners recognize mutually beneficial trading relationships and

how do they make sure that the other party keeps to their promises?

In this thesis I present three experimental studies on the use of incentives and learn-

ing in repeated interactions and one theoretical perspective on reputation and business

networks.

Contributions My thesis makes several contributions. The first contribution relates to

the use and effectiveness of incentives across different contexts. In this thesis I compare

the use of incentives in both a developed country setting, the United Kingdom, and a

developing country setting, Ghana. I show that the use of incentives, and in particular

wage incentives, in experiments is not universal. Even though the use and effectiveness

of incentives have been studied widely, both in the lab (e.g., Fehr et al., 2007; Brown et al.,

2004; Fehr et al., 1997), the field (e.g., Falk, 2007; Gneezy & List, 2006; Gneezy & Rustichini,

2000; Kube et al., 2006; DellaVigna et al., 2016; Bandiera et al., 2005) and the lab-in-the-field

(e.g., Fehr & List, 2004), many of these studies have been done in developed countries,

often with student populations. It can be questioned whether these results translate to

other contexts (Henrich et al., 2010; Cardenas & Carpenter, 2008; Falk et al., 2015). While

results from experiments in high income countries (e.g., Brown et al., 2004) and from my

own experiments in the United Kingdom show that monetary incentives, such as wage

incentives, encourage high effort by workers, I find in Ghana that such incentives are not
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as commonly adopted. Low effort is punished little and high effort is not much rewarded.

This lack of adoption of wage incentives in Ghana is robust across different experimental

specifications as well as when using a second sample of actual entrepreneurs.

The second contribution of my thesis relates to the use of monetary and nonmone-

tary incentives in the workplace. I show that in the Ghanaian context, where my earlier

experiments showed a lack of adoption of monetary incentives, nonmonetary incentives

can increase effort, but only when wages are high. Many earlier studies have shown that

promises (Charness & Dufwenberg, 2006; Vanberg, 2008), revealing identity (Gächter &

Fehr, 1999) or feedback (Masclet et al., 2003; Cooper & Lightle, 2013) can increase cooper-

ative behaviour, but that these incentives are less effective than monetary incentives or re-

peated interactions (Falk et al., 1999). The experiments presented in the thesis confirm that

nonmonetary incentive can increase effort in Ghana, but only when wages are high. Posi-

tive feedback is related to higher improvements in effort than negative feedback. This sug-

gests that the channel through which nonmonetary incentives like communication work is

that they increase reciprocity. However, it also suggests that monetary and nonmonetary

incentives are the most effective when used in tandem.

The third contribution of my thesis relates to reputation. I show that in the Ghanaian

context, multilateral reputational incentives are less strong than bilteral reputational in-

centives. Furthermore, I show theoretically that mechanisms to establish reputation, such

as business networks, can lead to an overall increase in quality of products and services,

but also lead to an inefficient redistribution of demand. When enforcement is imperfect

and relying on bilateral exchange cannot get you all the products or services you need

as a firm or consumer, reputations can be crucial to help in choosing which seller to buy

from (Greif et al., 1994; MacLeod, 2007). Experiments have shown that sharing informa-

tion on past performance of employees with other employers (multilateral reputation) can

increase effort (Falk et al., 2005). My thesis contributes to this literature by studying the

relative strength of multilateral and bilateral reputation in a series of experiments. I show

that employers are twice as responsive to low effort in their wage offers when this low

effort was exerted when the worker was working for them instead of another employer.

Besides this, my thesis studies theoretically how firms can use business networks as ways

to establish reputations. I show that firms do not only join networks for informational ad-

vantages, but also for protectionist reasons: networks allow firms to redistribute demand

to them. In some case the cost that this imposes outweighs the informational benefit that

the network provides.
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The fourth contribution relates to strategic learning behaviour. I show that, compared

to a rational utility maximizing model, people underestimate the opportunity costs of ex-

perimentation in an ultimatum game. Furthermore, I show that the evidence on strategic

rejection is mixed: there is an identifiable group of participants who rejects strategically,

but this does not affect the average offers or reservation prices in an ultimatum game.

This contributes to a larger literature on experimentation. When experimenting, economic

agents often face a trade-off between short-run losses as a result from making a suboptimal

choice and the long-term benefits of learning what the optimal offer is (see e.g. Bolton &

Harris, 1999; Keller & Rady, 1999). This means that agents sometimes stop experimenting,

even though there is still scope for learning (Aghion et al., 1991). In this thesis, I drop

the assumption that one party is myopic and show how this diminishes opportunities for

learning. Besides this, I conduct a series of online experiments to test the model of learning.

My final contribution is methodological. As part of the work for the thesis I developed

a platform for running realtime interactive experiments on tablets or online, LabBox. This

platform allows users to set up mobile labs in places where there were none. This platform

has the potential to allow us to conduct interactive experiments with subject pools who are

otherwise difficult to bring into a lab. The lightweight infrastructure, which can operate

independently from mains electricity or an internet connection, means that these experi-

ments can also be conducted in areas where infrastructure constraints make computer use

more difficult. Compared to similar platforms like Z-Tree (Fischbacher, 2007) and O-Tree

(Chen et al., 2016), LabBox is less demanding in its requirements of specific software on

both the client-side and the server-side.1

Overview This thesis consists of four chapters, each presented as a separate research pa-

per. Chapter 1 studies the adoption of wage incentives and the use of relational contracting

in principal-agent experiments in Ghana and the United Kingdom. The experiment is an

adapted version of the gift-exchange game (Fehr et al., 1993), repeated over five periods.

In this game, each period, employers make offers to workers, who can choose to accept

or reject this offer. Next, the workers who have accepted an offer can choose a level of

effort. While in the UK high effort is rewarded and low effort punished, like in earlier

experiments in high-income countries, I find limited evidence for this in Ghana. Overall

effort provision is low, but this seems to be driven by employers not setting the workers

incentives rather than the workers being more opportunistic or less trustworthy in Ghana.

1More details on the platform, including demonstrations, can be found online, at http://www.
elwyndavies.com/tools/labbox/.
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Additional experiments, including with actual entrepreneurs instead of students, show

similar patterns of behaviour. Introducing competition among workers and employers

does not change the result. Employers in the United Kingdom seem to be responsive to

reputation, but overall this does not increase effort.

Chapter 2 builds further on this result. The lack of usage of wage incentives by our

Ghanaian subject pool motivated us to study alternative incentives. In informal rela-

tionships nonmonetary incentives like praising and shaming can be important (see e.g.

Fafchamps, 2004). In this chapter we study the role of feedback and promises in an addi-

tional series of principal-agent experiments in Ghana, to see if these incentives are more

effective. In some treatments of the experiments employers have the opportunity to send

a feedback message after the worker has chosen effort. In other treatments, workers can

make a promise about what level of effort they will exert in the next period. The results

show that feedback increases effort, but only when wages are high. I do not find a strong

effect for promises.

Chapter 3 moves away from the topic of incentives and instead focuses on reputation

and networks. The chapter presents a model of how firms can use business networks, such

as business or trading associations, to gain information on the quality of suppliers within

the network. The chapter also studies the impact of the network’s existence on the quality

that firms provide in the entire economy, including those outside the network. I show

that the presence of such a network leads to two effects: a filtering effect, which means that

fewer low quality firms produce, but also to a lock-out effect, where networks redistribute

demand from firms outside the network towards their own members and make production

outside the network less viable. The lock-out effect occurs even when the informational

benefits from joining the network are low. In this case the cost of networking outweighs

the informational benefits.

Chapter 4 presents a study on experimentation, learning and strategic considerations

in the context of an ultimatum game. In this chapter I describe how a proposer in the ulti-

matum game will experiment strategically with their offers and how a responder can use

this experimentation of the proposer to their advantage, by feigning higher than true costs

and rejecting low but positive offers. I test the predictions of the model experimentally and

show that there is more downward experimentation than the model predicts, suggesting

that people underestimate the opportunity costs of experimenting. The results on strategic

rejection are more mixed: overall, I do not find significant evidence that strategic rejection
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consideration affect offers or reservation prices, but a heterogeneity analysis suggests that

there is a subset of responders who reject offers due to strategic reasons.

The motivation for this chapter followed from a conjecture on the results from Chapter

1, namely that the limited use of incentives was the result of learning. If an employer is

unsure about what wage the worker needs to exert high effort, the employer could take

low effort as a sign that the wage offer was to low and therefore decide to increase the

wage instead of decreasing it. The observed differences between the UK and Ghana might

therefore be the result from differences in bargaining strategies.

In the conclusion I discuss the implications for policy of this thesis as well as directions

for future research.
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Chapter 1

When No Bad Deed Goes Punished:
Relational Contracting in Ghana
versus the United Kingdom

with Marcel Fafchamps, Stanford University

Abstract In relational contracting the threat of punishment in future periods

provides an incentive to not to cheat. However, to what extent do people actually

carry out this punishment? We compare relational contracting patterns in Ghana

and the United Kingdom by conducting a repeated principal agent lab experi-

ment, framed in a labour market setting. Each period, employers make offers to

workers, who can choose to accept or reject this offer and, after accepting and

being paid, what effort to exert. The employers and workers interact repeatedly

over several periods. While in the UK, in line with theoretical predictions and pre-

vious experiments (e.g. Brown et al., 2004, 2012), high effort is rewarded and low

effort punished, we do not find evidence for the use of such incentives in Ghana.

As a result, employers fail to discipline a subgroup of “selfish” workers, resulting

in a low average effort and low and often negative employers’ earnings. Struc-

tural estimates of Fehr-Schmidt preferences find that in both countries the choices

by workers are not explained by a model of purely self-interested behaviour. The

estimated parameter for advantageous inequality aversion (“fairness”) is slightly

higher in the UK than in Ghana. However, set identification shows that the share

of “selfish” workers in Ghana is not substantially different from the UK or from

earlier experiments. Introducing competition for workers or a reputation mecha-

nism does not significantly improve workers’ effort.
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1.1 Introduction

Worker performance is a key determinant of firm productivity. In many sub-Saharan

African countries worker productivity is low, even after accounting for differences in phys-

ical and human capital (Hall & Jones, 1999; Caselli & Coleman, 2006). Firm surveys and

other studies have shown that employers in developing countries have substantial dif-

ficulties in managing their workers and making sure that their employees perform (e.g.

Bloom & Reenen, 2010; Fafchamps & Söderbom, 2006). At the same time, competition for

jobs is high: employers often face many applicants per opening (e.g. Falco & Teal, 2012).

This seems at odds with predictions from labour market models (Shapiro & Stiglitz, 1984;

Bowles, 1985), as well as empirical studies in the United States and the United Kingdom

(Green & Weisskopf, 1990; Wadhwani & Wall, 1991), in which competition for jobs and

threat of dismissal drive higher worker performance.

Relationships and reputation are important when the enforcement of formal contracts

is problematic: legal institutions in developing countries are often weak and wage con-

tracts are often incomplete, due to the complexity of many labour tasks. This means that

employers have to rely on other incentives. Interacting repeatedly with one party can

provide a viable alternative: if both parties gain enough value out of a relationship, the

threat of losing the relationship or having its value reduced can provide an incentive to

perform well. This is the essence of relational contracting. Many studies have been con-

ducted studying its importance, especially in developing country context (e.g, McMillan

& Woodruff, 1999; Macchiavello & Morjaria, 2015) Similarly, the ability to develop a pub-

lic reputation can work as an enforcement mechanism: if individuals gain enough value

out of having a good reputation, the threat of losing this reputation can deter cheating

(Milgrom et al., 1990; Greif, 2000).

This chapter looks at relational contracting in Ghana and compares this with the United

Kingdom. We conduct a labour market lab experiment to assess the use of relational con-

tracting and reputation in labour relations. In this experiment, based on the gift-exchange

games of Fehr et al. (1993) and Brown et al. (2004), participants interact as workers and em-

ployers in a principal-agent setting: employers start out by making an offer to a worker,

specifying a wage in return for effort. The worker then chooses to accept or reject this of-

fer and what effort to exert. Crucially, the employer cannot condition the wage on effort.

However, the workers and employers interact repeatedly, and the employers can adjust

their offers in the next periods. In five different treatments, we vary the size of the market,

the contractual completeness and the information available to employers.
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We find a substantial group of workers exerting low effort, despite high average wages,

in both Ghana and the United Kingdom. This does not differ from previous experiments.

What differs in Ghana from earlier experiments and our experiments in the UK is a lack of

punishment by employers: employers keep offering high wages to workers choosing low

effort, resulting in low and often negative payoffs for employers. This is at odds with re-

lational contracting models where low effort is punished by termination or by a lowering

of the wage (see e.g. Shapiro & Stiglitz, 1984; Kranton, 1996; Ghosh & Ray, 1996). This is

in stark contract with the experiments of Brown et al. (2004, 2012), conducted in Switzer-

land, and experiments in other countries, where low effort was strongly punished, even

when there was a shortage of labour. Furthermore, we find that introducing reputation or

increasing the number of market participants does not change this.

Our paper contributes to an emerging literature on how norms, preferences and strate-

gic behaviour differ across cultures (Henrich et al., 2006; Cardenas & Carpenter, 2008; Hen-

rich et al., 2010). The most extensive work in this area, the Global Preference Survey con-

ducted by Falk et al. (2015), showed large differences in preference measures across repre-

sentative samples in 76 countries. Not only did they find large differences between coun-

tries, but especially also within countries. While they elicited preferences through simple

survey questions, we compare behaviour in a more extensive lab game, where players

interact repeatedly and can respond to each other’s behaviour.

Our experiment intends to capture labour market heuristics influenced by prevailing

norms and expectations. Compared to many high income countries, the labour market in

Ghana is characterized by a large degree of informality. Informal labour, such as contribut-

ing to a family firm, as well as self-employment are more common than wage employment:

in 2012-13 only 20.2 percent of the country’s working population and 32.5 percent of the ur-

ban working population was wage employed (Ghana Statistical Service, 2014). This lower

importance of wage employment is likely to influence the expectations of both workers

and employers in wage relationships. Understanding these labour market norms and ex-

pectations in a developing country is crucial, especially now given that the share of wage

employment in Ghana has been rising over the last decade. Our results show that certain

actions predicted by theory, such as lowering wages of low effort workers, are not com-

monly used by our Ghanaian subjects. This is in line with earlier empirical findings that

have shown that labour management is inadequate and often problematic in developing

countries (Bloom et al., 2014; Fafchamps & Söderbom, 2006).
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The paper is structured as follows: Section 2 discusses related experiments. Section 3

presents the experiment and predictions based on the theory. Section 4 presents the results

and tests the predictions. Section 5 concludes and discusses possible explanations for the

behaviour found in this experiment.

1.2 Related literature

The gift-exchange game has been used widely to document the role of labour market in-

stitution and contract relations (Charness & Kuhn, 2011; Fehr et al., 2009). The first gift-

exchange game lab experiment was conducted by Fehr et al. (1993). Their experiment con-

sisted of one-shot interactions of workers and employers who were randomly rematched

after each period. Despite the lack of explicit incentives or future interactions, they showed

that employers offered wages above the market clearing level and workers exerted a higher

level of effort in return to this higher wage. This provides evidence for the fair wage-effort

hypothesis for involuntary employment as formulated by Akerlof (1982): employers and

workers engage in a “gift exchange”. This pattern can sustain even when there are more

workers than employers and workers bid for wage contracts: Fehr & Falk (1999) find that

some employers refuse to hire employees who undercut wages, fearing that they are more

likely to shirk.

In a repeated interaction, these concerns can be reinforced. Gächter & Falk (2002) intro-

duce a treatment of the gift-exchange game experiment in which an employer repeatedly

interacts with the same worker for ten periods. They find that a repeated interaction makes

the positive wage-effort relation stronger, compared to a treatment in which workers and

employers are randomly rematched every period. Furthermore, they find that the repeated

interaction can function as a disciplining device: “selfish” types imitate “reciprocal” types

in the first periods of the game. This is in line with the predictions of Kreps et al. (1982)

and Fehr & Schmidt (1999) on cooperation in finite games.

In Brown et al. (2004) this is taken further, by introducing multiple employers and

workers who can contract with each other in the same marketplace. They allow the em-

ployers to both make public offers, made to all workers and visible to all participants, and

private offers, only made to one specific worker. They show that relational contracting

can emerge naturally in this environment: employers keep offering high wage contracts to

workers that exerted high effort in the past. This leads to a higher effort than in a treat-

ment in which the identifiers of workers and employers are scrambled every period so

that employers cannot recognize their past workers. Follow-up experiments have repli-
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cated these results (see e.g. Brown et al., 2012; Altmann et al., 2014; Wu & Roe, 2007a). In

these experiments, employers, when faced with a low level of effort, choose to either termi-

nate the relationship (contingent contract renewal) or lower the wage in the next period.1

The threat of economic loss if the relationship is ended or its value reduced makes these

bilateral relationships feasible.

While these studies only revealed past performance to the past employers, and there-

fore only allowed for bilateral reputations to emerge, Falk et al. (2005) introduce a treat-

ment in which past performance of workers is made publicly available to all employers.

They find that effort in the public past history treatment is higher than in the treatment in

which employers cannot keep track of past performance of workers. However, the effect

of reputation is limited: bilateral relationships still play an important role.

In these experiments there is only contractual incompleteness on the side of the worker:

the worker is always ensured of receiving the promised wage, while the employer is un-

certain of what effort to receive. Several other experiments introduced the possibility of

ex post wage adjustments, such as giving a bonus to a worker or withholding some of the

promised wage (a malus) (see e.g. Fehr et al., 1997, 2007; Wu & Roe, 2007b,a; Falk et al.,

2008). This is generally effective: Falk et al. (2008) find that bonus systems can work of a

substitute for long-term contracts and Wu & Roe (2007b) note that the trading pattern is

very close to complete contracts.

The gift-exchange game has been conducted in many OECD countries: Austria (Fehr

et al., 1993, 1997), Germany (Abeler et al., 2010; Altmann et al., 2014; Falk et al., 2008;

Fehr et al., 2007), Switzerland (Fehr & Falk, 1999; Brown et al., 2004; Falk et al., 2005), the

Netherlands (Van Der Heijden et al., 2001), Portugal (Pereira et al., 2006), Spain (Brandts

& Charness, 2004), the United Kingdom (Gächter et al., 2016) and California, Ohio and

Florida in the United States (Charness, 2004; Cooper & Lightle, 2013; Wu & Roe, 2007a,b).

All these experiments have found evidence for a general pattern of high effort in return

for high wages. Similar results have been found in experiments in former communist

countries, such as Hungary (Falk et al., 1999) and Russia (Fehr et al., 2014). However, to

the best of our knowledge very few gift-exchange experiments have been conducted in a

developing country and none in a sub-Saharan African country.2

Another group of experiments to which our experiment is related are trust games

(Glaeser et al., 2000; Karlan, 2005; Bohnet et al., 2010). The gift-exchange game is very

1Brown et al. (2012) show that on their 10-point scale of effort, a one point increase in effort leads to an
increase of the wage of 5.527 (Table 4, column 6). This is significant at a 1 percent level. Their wage is bounded
between 1 and 100.

2Siang et al. (2011) conducted a bilateral gift exchange experiment in Malaysia.
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closely related to the trust game (see Berg et al., 1994; Camerer & Weigelt, 1988), with the

crucial difference is that in the gift-exchange game the size of the surplus is determined by

the choice of effort by the worker (the receiver), while in the trust game the size of the sur-

plus is determined by the initial offer by the employer (the proposer). Just like in the trust

game, trust plays an important role in the gift-exchange game: a high wage encourages

high effort, but an employer offering a high wage is making himself or herself vulnerable

to a worker choosing low effort, resulting in a potentially high loss for the employer.

1.3 The experiment

1.3.1 Experimental setup

The experiment is a multi-period gift exchange game, based on Brown et al. (2004) and the

original gift-exchange game of Fehr et al. (1993). This experiment mimics labour relations

in a principal agent setting. At the beginning of the experiment, participants are randomly

assigned the role of a worker or an employer. Markets consists of either one worker and

one employer or three workers and three employers, depending on the treatment. This

game is played for five periods, after which the employers and workers are rematched.

Each participant plays four games of five periods.3 The timing of the game in each period

is as follows:

• Contracting. In this stage employers and workers contract with each other, in a

virtual marketplace. Each of the workers is listed with their identification number

clearly visible. This stage consists of three steps:

– First, the employer can make offers to every worker individually. An offer spec-

ifies the payment that the employer will make to the worker w and the desired

level of effort e from the worker.

– Second, the employer observes all the offers that are made by other employers

and has then a chance to revise the offers to the workers. The initial offers are

not shown to the workers.

– Third, in a randomly determined sequence, each of the workers gets to see their

offers and then can choose to accept one of the offers. In case the worker rejects

all offers or no offers are available, the worker does not receive any payment.

If an offer of an employer is accepted by a worker, then no other worker can

3The worker-employer pairs or groups stay the same during the five periods. Participants can recognize
workers and employers using a random identification letter, which is randomized at the beginning of each
game.
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Table 1.1: The payoff structure in the experiment.

Effort level (e)

Low Medium High

B(e) Employer’s benefit 5 20 40
c(e) Worker’s cost 0 2 6

S(e) Surplus (B(e)− c(e)) 5 18 34

accept an offer from this employer. This ensures that each worker has at most

one employer and that each employer has at most one worker.

• Supply. In this stage, the worker first receives the payment w from the employer and

then chooses the amount of effort e to exert. This effort can either be low, medium or

high (e ∈ {L,M,H}) and costs the worker c(e). This level of effort gives the employer

a benefit of B(e). The payoffs to the employer πE and to the worker πW are:

πE = B(e)− w (1.1)

πW = w − c(e) (1.2)

The choice of effort is not revealed to the employer until the end of the next stage.

• Rehiring. Before moving to the next period, we ask the employer to make a contin-

gent choice for contract renewal in the next period. At this stage the employer does

not know the chosen level of effort yet. For each possible effort choice we ask the

employer whether he or she wants to rehire the worker in the next period and for

what kind of contract (specifying a wage and effort level, as before). Similarly, we

ask the worker what the minimum payment needs to be in order to accept the offer. If

the offer of the employer is equal or higher to this minimum payment, the employer

and worker will contract with each other in the next period, and proceed directly to

the supply stage of the next period.

The values of c(e) and Π(e) for the three different levels of effort are described in Table

1.1.4 High effort costs the worker 6 points and gives the employer a benefit of 40 points.

This is a desirable outcome for the employer, but it requires trust: the wage needs to be

high enough for the worker to cover the 6 point costs, but a high wage makes the employer

vulnerable to the risk that the worker chooses low effort. Medium effort costs the worker
4The payoff structure is designed in such a way that the marginal cost of effort is strictly increasing. The

effort levels are equal to three out of the ten effort levels in Brown et al. (2004). The number has been limited
to three to allow the strategy elicitation in the rehiring stage and to simplify the game.
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2 points and give the employer a benefit of 20 points. Finally, low effort is costless to the

worker, but gives the employer a benefit of only 5 points.

The rehiring stage is novel to this experiment. The strategy method applied allows us to

analyze the conditional responses to effort on behalf of the employer and the expectations

on behalf of the worker. When no agreement is reached, both parties are given a new

chance to contract with each other. The rehiring stage also allows for the development

of “long-term” relationships in the treatments with three workers and three employers: if

an agreement is reached both parties will continue to trade with each other. Due to the

random order in which workers choose offers, there is no such guarantee in the normal

contracting sequence.

Our experiment differs from Brown et al. (2004) in several ways, besides introducing

a rehiring stage. First, contracting takes place in stages and not continuously. We were

worried that differences in the participants’ technical ability would impact the result. For

example, high wage offers might be taken by those who can respond the most quickly,

which might be correlated with relevant personal characteristics (e.g. age, competitive-

ness and so on). Second, we reduced the number of effort levels to three, which simplifies

the game and allows for a simpler application of the strategy method. Third, the number

of workers and employers in our experimental markets is smaller and there is no market

imbalance: there is no excess labour demand or supply. In Brown et al. (2004) there were

7 employers and 10 workers, which makes unemployment more costly for workers. How-

ever, a follow-up study showed that introducing an excess of labour supply did not matter

for the prevalence and pattern of relational contracting, but only for the division of surplus

(Brown et al., 2012). Fourth, we reduced the number of periods of each interaction, and

introduced a sequential treatment design, where each participant plays four games of five

periods in a row. In a series of follow-up experiments we increased the number of periods

to ten and did not find significant differences. Finally, our experiment is explicitly phrased

in labour market terms, instead of describing work as a “good”, an employer as a “buyer”

and a worker as a “seller”. Our pilot tests showed that using more neutral terms decreased

the understanding of the game.5 Fehr et al. (2007) found in an earlier gift-exchange game

experiment with students in Munich that labour market framing did not produce different

results from a neutral framing.

5Especially the role of the buyer and seller confused participants: as it is the buyer (i.e., the employer) who
specifies the price of the product, while normally in transactions the price is often determined by the seller
(i.e., the worker).
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Table 1.2: Overview of the five treatments.

Treatment Number of workers Effort choice Information on past
and employers worker’s actions

(1C) 1 / 1 no only own information
(1E) 1 / 1 yes only own information

(3C) 3 / 3 no only own information
(3E) 3 / 3 yes only own information
(3ES) 3 / 3 yes shared between employers

Table 1.3: The number of participants in each treatment in each part of the sequence in Ghana.

Ghana United Kingdom

Treatment Game Game Game Game Game Game Game Game
1 2 3 4 1 2 3 4

(1C) 304 28 28 28 192 − − −
(1E) − 138 48 48 − 192 60 60
(3C) − 138 30 30 − − − −
(3E) − − 198 90 − − 132 54
(3ES) − − − 108 − − − 78

Total 304 304 304 304 192 192 192 192

As we will discuss later in the paper, despite our changes to the design, our results

for the United Kingdom are very similar to earlier experiments conducted in OECD coun-

tries. Arguably, some of the changes in our paper make conditional reciprocity more likely:

the introduction of the rehiring stage requires participants to explicitly think about their

conditional response.

1.3.2 Treatments

We introduce five treatments that vary in the number of market participants, whether com-

pliance is enforced and the available information on past actions. Table 1.2 presents the five

treatments. In the control treatments (1C) and (3C) workers can only choose the level of

effort that is demanded by the employer. The difference between these two treatments is

that in (1C) markets consist of one worker and one employer, while markets in (3C) con-

sist of three workers and three employers. These treatments are essentially an adapted

version of the ultimatum game, because the worker can only choose to accept or reject the

proposed split.

In treatment (1E) markets consist of one worker and one employer and the worker has

full choice of effort. This treatment is similar to bilateral gift-exchange games with fixed

partners (see e.g., Kirchler et al., 1996; Gächter & Falk, 2002). In treatments (3E) and (3ES)

markets consist of three workers and three employers and workers have full choice of
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Table 1.4: The seven treatment sequences of the experiment.

Ghana UK

Game 1 Game 2 Game 3 Game 4 No. of No. of
(5 periods) (5 periods) (5 periods) (5 periods) subjects subjects

I (1C) (1C) (1C) (1C) 28 −
II (1C) (1E) (1E) (1E) 48 60
III (1C) (1E) (3E) (3E) 36 54
IV (1C) (1E) (3E) (3ES) 54 78
V (1C) (3C) (3C) (3C) 30 −
VI (1C) (3C) (3E) (3E) 54 −
VII (1C) (3C) (3E) (3ES) 54 −

Total 304 192

Note: After each game of five periods employers and workers are rematched randomly.

effort. These treatments are the closest to the multilateral gift-exchange games conducted

by Brown et al. (2004). The difference between (3E) and (3ES) is that in treatment (3E)

employers only have information on whether a worker complied with their effort demand

while working for them, while in treatment (3ES) this information is shared among all

three employers. Treatment (3ES) allows for a multilateral reputation mechanism, while

the other effort choice treatments only allow for bilateral reputations.

Each participant plays four games of five periods. Table 1.4 shows the seven treatments

sequences and the number of participants. This setup is designed to allow for comparisons

within and between subjects as well as a gradual introduction of the more complicated

treatments. In the United Kingdom, we only conducted three out of the seven treatment

sequences.6

These treatments allow us to compare the impact of imperfect enforcement, the role of

competition (increasing the number of employers and workers) and the role of sharing in-

formation between employers. In treatment (1C) and (3C) the worker has to comply with

the demanded effort and by comparing these treatments with treatments (1E) and (3E),

where a choice of effort is possible, we can analyze the impact of imperfect enforcement,

following Brown et al. (2004). In treatments (3C), (3E) and (3ES), the employment markets

consist of three workers and three employers, creating a situation of (balanced) compe-

tition. By comparing these treatments with treatment (1C) and (1E), we can analyze the

impact of having a larger market on wage offers and effort. Finally, comparing treatments

(3E) and (3ES) allows us to see whether having more information on past enforcement

6Our aim of the United Kingdom experiments was to compare behaviour in the effort choice treatments.
We therefore only replicated the three treatments which featured predominantly effort choice treatments. See
Table 1.4 for an overview which treatments were selected.
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leads to employers offering higher wages to high effort workers that they did not employ

themselves.

1.3.3 Implementation

The participants of this study were students from colleges and universities in Accra, Ghana,

and Oxford, United Kingdom. In Ghana a total 16 sessions were held, with 18 to 20 par-

ticipants each and a total of 304 participants. In the UK we held 13 sessions, with 192

participants in total. The points that participants earned during the session were con-

verted to Ghana cedis or British pounds at the end of the session, with an exchange rate of

0.05 Ghana cedi and 0.03 British pound for every point. Sessions lasted between 1.5 and

2 hours. Including show-up fees, the average earnings were 32.2 Cedis (about 10 British

pounds) in Ghana and about 18 pounds in the UK.

For the experiments we developed our own tablet-based mobile lab, LabBox. This

platform can operate completely independently from mains electricity or existing network

structures. The experiments run on 7-inch Android tablets with a custom-built app, which

collects the user input and communicates with the LabBox central server using a wireless

connection. Each session started with a 15 minute instruction on how to use the touch

screen of the tablet, followed by an extensive demonstration of how the game is played.

The experiment was completely conducted in English, the common language of instruction

higher education in both countries. Visual on-screen aids were used to tell participants of

the prospective earnings every time they were about to make a specific choice (such as

making an offer), to make sure that participants were aware of the payoff structure of the

game.

1.3.4 Theory

The gift-exchange game is a sequential prisoner’s dilemma game. The game is sequential

in the sense that the worker makes a choice only after observing the employer’s choice. In

infinite games, the Folk Theorem tells us that grim trigger strategies can sustain coopera-

tion. Also other strategies, such as tit-for-tat strategies can sustain cooperation in games

like these (see e.g. Axelrod, 1984). The main difference between the grim trigger and the

tit-for-tat strategy is that tit-for-tat allows for redemption, while for the grim trigger the

punishment lasts forever. However, conditional reciprocity is an element of both: a player

will only cooperate if the other player cooperated in the past as well.
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Our experiment is a finite period game. Backwards induction, assuming that players

only maximize their own earnings, predicts non-cooperation as the subgame perfect equi-

librium: in the last period workers will choose low effort, regardless of the wage offered by

the employer. Anticipating this, employers will choose a minimum wage of zero, such that

the worker is indifferent between accepting or rejecting the offer. By backwards induction,

the subgame perfect equilibrium is that the employer offers a wage of zero points in every

period, regardless of past behaviour of the worker, and that the worker chooses low effort

in every round, regardless of the amount offered by the employer: cooperation unravels.

However, many experimental studies have shown that cooperation is possible in a fi-

nite game. Selten & Stoecker (1986) and Andreoni & Miller (1993) show that in a finite pe-

riod prisoner’s dilemma game subjects tend to cooperate for some period of time, until the

last couple of periods, when people defect. Theoretical models have tried to explain this,

for example by assuming that players have incomplete information on the other player’s

options or motivations. Kreps et al. (1982) show that if a player has a belief that there is a

small probability that another player is acting “irrationally”, i.e., not playing according to

the subgame perfect equilbrium, but for example to a tit-for-tat strategy instead, coopera-

tion can be feasible in a finite game. Fudenberg & Maskin (1986) use a similar argument

to show that in a finite repeated game an equilibrium is possible where in the first periods

of the game the game is played like an infinitely repeated game, and where players play a

cooperation with punishment strategy, while switching to behaviour consistent with back-

ward induction in the last periods of the game.

A similar result as Kreps et al. (1982) can also be achieved by incorporating other-

regarding preferences, such as inequity aversion and fairness concerns into the utility func-

tion of some of the players. In the Appendix we present a model in which there are two

types, a social type (S-type) and a rational self-interested type (R-type). The S-type’s ef-

fort choice is solely dependent on the wage offered: higher wages attract higher levels of

effort. The R-type is purely self-interested and aims to achieve the highest payoff. In the

Appendix we show that when the share of S-types in the population is high enough, a

Perfect Bayesian equilibrium exists in which the R-type’s optimal response is to mimic the

S-type until the second to last period and for the employer to keep offering a high wage as

long as the worker chooses high effort. In the last period the R-type will choose low effort.

If the worker chooses low effort, the employer infers that the worker must be the R-type

and will subsequently offer a zero wage. This punishment by the employer following low

effort provides an incentive for the R-type to choose high effort, as long as the high wage
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outweighs the cost of high effort. In this equilibrium, the R-type tries to build a reputation

for being a S-type, allowing him or her to capture parts of the surplus of exerting high

effort.

Depending on the wage parameters and the distribution of types in the population,

other types of Perfect Bayesian equilbria are possible as well, for example in which the

employer offers high wages in the first periods of the game and then a medium-level wage

in the last period or in which the employer offers medium level wages throughout.

The behaviour of the social type can be rationalised by other-regarding preferences,

such as models of altruism or inequality aversion. For example, in the Fehr-Schmidt model

of inequality aversion (Fehr & Schmidt, 2002) players receive a disutility from both earning

more than the other player (advantageous inequality) or from earning less than the other

player (disadvantageous inequality). The utility function in the two-player case can be

written as

Ui(x) = xi − αi max {xj − xi, 0} − βi max {xi − xj , 0} . (1.3)

In this equation αi represents the disutility from disadvantageous inequality and βj rep-

resents the disutility from advantageous inequality. Generally, it is assumed that αi ≥ βi:

a player has a higher disutility from disadvantageous inequality than from advantageous

inequality. We will use the Fehr-Schmidt model of inequality aversion later in this paper to

structurally estimate the reciprocity parameters of our participants in Ghana and the UK.

Competition and reputation

In treatments (3C), (3E) and (3ES) there are three workers and three employers. In our

setup there is no market imbalance, as each worker can in principle find an employer

and vice versa. A purely self-interested profit-maximizing principal will prefer to hire a

worker that is willing to exert high effort for a low wage. If employers had full information,

they would compete with each other to hire this worker, which can result in increasing

the wages to outbid the other employers. In Davies & Fafchamps (2016) we show that

if there is heterogeneity in the minimum wage that a worker needs to accept an offer,

competition between employers to hire the worker with the lowest minimum wage will

lead to employers increasing the wages offered to these workers to the level of the worker

with the highest minimum wage.

Introducing reputation in treatment (3ES) can have multiple effects. First, by reveal-

ing past compliance, an employer can identify more reliable workers, which can lead to

increased competition to hire this worker and therefore to wage increases. Second, the
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sharing of information on compliance can also function as an incentive, if employers use

this information in their offers. Non-compliance for a worker can now become more costly:

not only will the employer who he or she was working for lower their offer, also other em-

ployers will lower their offers. Greif et al. (1994) argue that such a multilateral reputation

mechanism can function as an enforcement device and deter cheating.

1.3.5 Predictions

On the basis of the theoretical model as well as the results from earlier experiments, we

predict three main patterns of contracting to happen.

First, we expect employers to offer high wages in the initial periods, rather than the

zero wage predicted by the subgame perfect equilibrium of purely self-interested ratio-

nal agents. The theoretical model shows that if there is a sizeable group of reciprocating

workers, offering a high wage is rationally the optimal choice for the employer.

Second, we expect conditional reciprocity on behalf of the workers. Workers will re-

ciprocate high wages with high effort. This behaviour is for example implied by other-

regarding models of altruism or inequality aversion. As we show in the Appendix, accord-

ing to the Fehr-Schmidt model of inequality aversion, a worker with inequality aversion

coefficients of αi = 0.5 and βi = 0.5 will choose high effort when the wage is 19 points or

higher, choose medium effort for wage offers between 8 and 19 points and choose low ef-

fort for lower offers. This positive reciprocity by the workers has been shown consistently

across many gift-exchange game experiments and happens even when there are no future

interactions present Fehr et al. (1997, 1993, 1998); Fehr & Falk (1999).

Third, we expect conditional reciprocity on behalf of the employers. This means that

we expect employers to reduce wages of workers choosing low effort or to cut the relation-

ship completely. In the finite period theoretical model with types, this is the outcome of

screening, as low effort reveals the type of the worker. The threat of lowering the wage pro-

vides an incentive even for rationally self-interested workers to exert high effort (provided

their incentive compatibility constraint is satisfied).

Earlier gift-exchange game experiments have confirmed this presence of conditional

reciprocity on behalf of employers. In the experiment of Brown et al. (2004, 2012) employ-

ers implemented a strategy of contingent contract renewal, in which they were more likely

to renew contracts of workers choosing high effort. Workers choosing low effort were ei-

ther fired or saw their wage reduced. These three predictions can be tested by analyzing

the contracting behaviour in treatment (1E), where one employer can make an offer to one

worker only, and where the worker can choose effort.
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Furthermore, we anticipate that introducing competition will increase wages, due to

the wage pushing up effect of bidding. This can be tested by comparing wage offers in

treatment (3E) with wage offers in treatment (1E). Moreover, we anticipate that sharing

information on the past workers’ actions increases compliance as the availability of a mul-

tilateral reputation mechanism increases the scope for collective punishment. This can be

tested by comparing wage offers following low and high effort in treatment (3ES) with

wage offers in treatment (3E).

1.4 Results

In our discussion of the results we start by discussing the main result of the paper, by

discussing the three predictions for relational contracting: first, employers offer higher

wages than what the the classical subgame perfect equilibrium with purely self-interested

agents predicts; second, workers reciprocate conditionally by exerting high effort after

receiving a high wage; and third, employers reciprocate conditionally by offering a high

wage following high effort. This conditional reciprocity on both sides makes deviations

from cooperation costly and sustains the pattern of cooperation. While we find evidence

for the first two predictions in both Ghana and the UK, we do not find evidence for the

third prediction in Ghana: employers are not rewarding high effort or punishing low effort.

Next, we discuss the impact of competition, by comparing treatment (3E) with treat-

ment (1E), and reputation, by comparing treatment (3ES) with treatment (3E). We do not

find any difference when it comes to effort exerted. Employers in the UK are slightly more

likely to increase wages to workers with whom they interacted in the past or to workers

with a good reputation.

1.4.1 Patterns of relational contracting in the bilateral treatment

In this section we describe the extent we find these patterns in the bilateral treatment (1E)

in our Ghanaian and UK experiments and the differences between the two countries. Fur-

thermore, we discuss how these difference relate to effort over time and earnings.

Offers

We start by presenting evidence for the first prediction, that employers make wage offers

that are above the minimum wage predicted by the subgame perfect equilibrium.

Wages We confirm the first finding from previous experiments for the bilateral treatment

(1E) in both our UK and Ghanaian sessions. Figure 1.1 shows the average wage offers

20



Table 1.5: The average wage, the share accepted, compliance and the average earnings in the various treat-
ments.

Ghana United Kingdom

Average Share Average Average Average Average Share Average Average Average
Treatment wage accepted compli- employer’s worker’s wage accepted compli- employer’s worker’s

offer ance payoff payoff offer ance payoff payoff

(1C) Game 1 20.0 76.7% 100.0% 11.0 16.8 18.6 77.9% 100.0% 17.0 14.3
(1C) Game 2 20.0 75.7% 100.0% 18.3 14.2 - - - - -
(1C) Game 3 20.2 87.1% 100.0% 16.1 15.3 - - - - -
(1C) Game 4 21.4 84.3% 100.0% 16.1 17.1 - - - - -

(1E) Game 2 15.3 86.1% 42.1% 0.2 14.5 12.9 78.8% 56.1% 5.9 12.4
(1E) Game 3 13.3 92.0% 40.2% −1.1 12.4 13.6 80.7% 60.3% 6.3 12.7
(1E) Game 4 13.1 88.0% 38.6% −1.6 12.9 13.9 86.0% 72.1% 9.7 11.7

(3C) Game 2 20.4 30.1% 100.0% 11.7 17.2 - - - - -
(3C) Game 3 20.6 29.3% 100.0% 12.0 17.5 - - - - -
(3C) Game 4 19.8 28.9% 100.0% 11.4 17.3 - - - - -

(3E) Game 3 14.7 30.7% 45.3% −0.0 14.3 12.9 30.4% 62.5% 6.5 12.6
(3E) Game 4 11.7 30.4% 40.2% 1.5 12.0 13.5 29.9% 76.0% 10.3 13.0

(3ES) Game 4 13.2 30.4% 53.9% 1.7 13.1 13.2 29.4% 75.6% 9.4 12.7

Note: The above figures are averaged over all five periods in each game. Compliance is defined as whether a worker chose the level of effort that
was demanded, or a higher level of effort. For the multilateral treatments, Share accepted indicates the share of offers that were taken up, regardless
of whether that offer was presented to any of the workers. As employers can make offers to three workers and only one can be taken up, this
figure is likely to be smaller in the multilateral treatments.
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Figure 1.1: Average wage offers in treatment (1E) in Ghana and the UK.
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across all periods in treatment (1E) for both Ghana and the UK. Table 1.5 shows the av-

erage offered wages, the share accepted offers, compliance with demanded effort and the

average earnings for all treatments in the United Kingdom and Ghana. The average of-

fered wage in game 2 of treatment (1E) is 15.3 in Ghana and 12.9 in the United Kingdom.

In game 3 and 4 the average offered wages are respectively 13.3 and 13.3 in Ghana and

respectively 13.6 and 13.9 in the United Kingdom (see also Table 1.5). These average wage

offers are significantly higher than the wage predicted by the subgame perfect equilibrium

of the model of rational and purely self-interested agents (0 or 1 points). This is in line

with findings from earlier bilateral gift-exchange experiments (e.g., Kirchler et al., 1996;

Fehr et al., 1998; Gächter & Fehr, 2001).

Result 1.1. In both countries, the average wage offers in treatment (1E) are higher than the wage

predicted by the subgame perfect equilibrium of the model of rational and purely self-interested

agents.

This confirms our first prediction.

Wage offers like these expose employers to losses if a worker chooses low effort. The

average wage offer is significantly higher than the employer’s benefit of low effort (5

points), which means that unless the worker chooses medium or high effort an employer

that offers this average wage will face a loss. Again, this is in line with the results from

earlier gift-exchange game experiments as well as trust game experiments, which showed

that participants are willing to make themselves vulnerable to choices made by others in

order to encourage reciprocity.

We see few differences between our Ghanaian and UK sessions when comparing aver-

age wage offers in treatment (1E). The differences are small, especially in the later games,

and mostly insignificant. In Ghana, compared to the United Kingdom, average wage of-

fers are 2.4 points higher in game 2, 0.4 points higher in game 3 and 0.8 points higher in

game 4. However, only the difference in game 2 is significant and only at the 10% level

(the p value is 0.066).7

Result 1.2. The differences between the UK and Ghana in average wage offers in treatment (1E)

are small. Average wage offers are slightly higher in Ghana, but this is only statistically significant

in game 2, at the 10% level.

7The t test of the difference in means in game 2 yields a p value of 0.066 when clustering at the individual
level. For games 3 and 4 the corresponding p values are 0.878 and 0.738.
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Figure 1.2: Histograms of the wages offered in treatment (1E), games 2-4, in Ghana and the United Kingdom.
The line represents a kernel density estimate, calculated using a Epanechnikov kernel.

This means that we do not find much difference between the two countries to the extent

that the first prediction holds.

The averages mentioned so far pool data from all periods and therefore partially in-

corporate the employer’s response to the worker’s choices. In contrast, the wage offered

in period 1 cannot, by construction, depend on worker effort and is therefore more infor-

mative of the employer’s initial expectation. However, the results are very similar and we

do not find evidence for a significant difference between the UK and Ghana. The initial

average wage offers in games 2, 3 and 4 of treatment (1E) are respectively 16.2, 12.9 and

13.6 in Ghana and respectively 13.9, 14.1 and 13.9 in the United Kingdom. None of the

differences between the UK and Ghana are significant.8

Figure 1.2 shows the distribution of wage offers in treatment (1E). In Ghana the dis-

tribution of wage offers is more spread out than in the United Kingdom, with only small

peaks. The distribution in the United Kingdom is multimodal, concentrated around 3, 11

and 23 points. These levels correspond to more or less equal earnings when the worker

8The offer in period 1 of game 2 is 2.3 points higher in Ghana than in the United Kingdom, but this differ-
ence is marginally insignificant (the p value of the t test is 0.107). In later games the differences are smaller.
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chooses respectively low, medium or high effort.

However, non-parametric equality of distribution tests show that the differences in dis-

tributions are mostly insignificant. Both the Kolmogorov-Smirnov and the Mann-Whitney

U rank-sum tests fail to reject the null hypothesis of equal distributions (e.g., in game

2, the Kolmogorov-Smirnov test gives p = 0.393 and the U-test gives p = 0.234, with

Z = −1.189). The Epps-Singleton test rejects the null hypothesis of equal distributions in

game 2, but only at the 10% level (p = 0.076).9

We also confirm the finding of Brown et al. (2004) that contractual incompleteness leads

to lower offers. Compared to treatment (1C), where the workers cannot choose effort,

average wage offers in treatment (1E) are lower. The average wage offer in treatment (1C)

is 20.2 in Ghana and 18.6 in the UK, while the average wage offer in treatment (1E) is

14.5 in Ghana and 13.2 in the United Kingdom.10 The difference between treatment (1C)

and (1E) in average wages are significant for both countries (for both countries, a t-test of

the difference in means yield p-values smaller than 0.001). In Appendix Section 1.B.1 we

calculate the effect of imperfect enforcement using a within-subject, between-subject and

difference-in-difference approach. Most tests indicate that the difference in wage offers

between treatment (1E) and (1C) is significant.

Effort demands Figure 1.3a shows the effort demanded by the employers in treatment

(1E). For a majority of offers in both Ghana and the United Kingdom (respectively 51.4%

and 51.3% of the offers), employers demand high effort. Remarkable is the substantial

share of employers in both countries that demand low effort in their offers. 12.3% of the

offers in Ghana and 14.2% of the offers in the United Kingdom demand low effort. It might

seem surprising that these employers do not ask for a higher level of effort, given that effort

demand is a form of “cheap talk” and that the worker cannot choose a lower level of effort

than low effort. However, in most cases, low effort is only demanded when a low wage

wage is offered. One explanation for this behaviour is that employers anticipate that a

9 All tests were conducted with unmatched data pairs, with the offer averaged across the five periods for
each employer, such that each employer counts as one observation in the test. Wherever appropriate, the
tests were two-sided and exact t statistics were used. Wage offers are discrete and therefore we expect the
Kolmogorov-Smirnov test to be more conservative, as ties in the distribution are more likely to exist. As we
averaged the offers across five periods, this becomes less of a concern (out of 155 combined observations, there
are 96 unique observations). The discreteness of the data is not a problem for the U-test or the Epps-Singleton
test. The Kolmogorov-Smirnov test detects differences in the empirical distribution functions, while the U-test
detects locational shifts. The Epps-Singleton test detects differences in the distribution characteristic function,
based on the Fourier transformation of the distribution (see e.g. Georg & Kaiser, 2009).

10These figures are averaged over all games (see Table 1.5 for the breakdown by game). Note that treatment
(1C) only occurred in game 1 of the experiment in the UK. The difference between the UK and Ghana in
average wage offers in treatment (1C) is significant at the 10% level (a t-test yields p = 0.080, clustered at the
employer level).
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Figure 1.3: The distribution of demanded effort and chosen effort in the (1E) treatment. The dashed areas
indicate that the effort chosen was lower than the effort that was demanded. Note: In the left graph, None
means that no offer was made.

worker is more likely to reject a low wage offer asking for high effort than a similar offer

asking for low effort.11

Response of the workers

We now present evidence for our second prediction of relational contracting, conditional

reciprocity on behalf the workers: workers reciprocate high wages with high effort and low

wages with low effort or a rejection of the offer. We first focus on the acceptance of offers

and then on effort choice.

Acceptance Figure 1.3b shows a breakdown of rejection and effort choice in treatment

(1E) for both countries. Across all periods and games, 12.3% of the offers in Ghana and

19.5% of the offers in the United Kingdom in treatment (1E) are rejected. Figure 1.4 shows

non-parametric local polynomial regressions of the rate of acceptance and compliance on

the wage offered. This Figure shows that workers are more likely to reject low wage offers

than high wage offers. The rejection rate of offers with a wage of five or less points is

23.6% in Ghana and 45.7% in the United Kingdom. Table 1.6 presents a linear probability

model of acceptance and compliance on wage, for both Ghana and the UK as well as for

11There is some evidence for this behaviour on behalf of workers in the UK. Of the wage offers of five points
or less, workers reject 64.5% of the offers asking for high effort, but 51.4% and 28.6% of the offers asking for
respectively low or medium effort. We do not find large differences in Ghana: the rejection rates for low wage
offers asking for low, medium and high effort are respectively 24.0%, 21.2% and 25.0%.
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Figure 1.4: The relationship between the wage offered and acceptance, compliance with offers demanding
medium effort and compliance with offers demanding high effort, in games 2-4 of treatment (1E). Compliance
is defined as having chosen the demanded level of effort or a higher level of effort. These figures include data
from all periods in each game. The size of the bubbles are scaled with the amount of offers made at this wage
level. The solid line is a non-parametric local polynomial regression of the outcome variable on the wage. The
confidence levels are at the 95% level.
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both countries pooled. The linear probability model in Table 1.6 confirms this positive

relation between wage offers and acceptance. This relation is stronger in the UK than in

Ghana: according to the results of the linear model, a one point wage increase is related to

an increase in the probability of acceptance by 0.96 percentage points in Ghana and 2.20

percentage points in the UK. The difference between Ghana and the UK in the size of this

coefficient is significant at the 1% level, as the interaction term in Column (7) in Table 1.6

shows.

Result 1.3. High wage offers are more likely to be accepted. This relationship between wages and

acceptance is stronger in the United Kingdom than in Ghana.

This result is in in line with the second prediction of conditional reciprocity on behalf

of the workers.

Compliance with effort demands The dashed areas in Figure 1.3b indicate non-compliance

with the employer’s effort demand. In these cases, the worker chose a lower effort than

what the employer demanded. As these areas show, there is considerable amount of non-

compliance in both Ghana and the UK. We define compliance as a worker choosing the

demanded effort level or a higher level of effort. Compliance is higher in the UK than in

Ghana: in Ghana the level of compliance is respectively 42.1%, 40.2% and 38.6% in games

2, 3 and 4 of treatment (1E), while the corresponding figures are 56.1%, 60.3% and 72.1% in

the United Kingdom (see Table 1.5).

For both countries, we confirm the second prediction of conditional reciprocity on be-

half of the worker. We find a positive wage-effort relation found in earlier studies. Both

the non-parametric regressions in Figure 1.4 and the linear probability model in Table

1.6 show a positive relationship between wage and compliance.12 The linear probability

model shows that a one point wage increase is related to an increase in the probability of

complying with a high effort demand by 1.56 percentage points in Ghana and 2.60 percent-

age points in the United Kingdom.13 Both coefficients are significantly different from zero,

at the 5% level. However, despite the coefficient for the UK being higher, the difference

between Ghana and the UK in the size of the coefficient is not significant, as the interaction

12As can be seen in Figure 1.4, the relationship between wage and compliance resembles an inverted U-
shape. However, the decline in compliance following higher wage offers is only driven by a few observations
(there are few offers above 35 points) and is mainly driven by low effort choice following offers of 40 points.
The offers of 40 points are difficult to rationalize: even in the best scenario for the employer, when the worker
chooses high effort, the employer’s payoff is zero.

13The figure and the tables pool data from all periods within each game and might therefore mask certain
dynamic effects. However, inclusion of an interaction term between the wage and the period dummy in the
regressions in Table 1.6 does not yield significant coefficients at the 5% level.
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Table 1.6: Compliance and acceptance in relation to the wage in treatment (1E).

Ghana United Kingdom Both countries (pooled)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Acceptance Compliance Compliance Acceptance Compliance Compliance Acceptance Compliance Compliance

(medium (high (medium (high (medium (high
demand) demand) demand) demand) demand) demand)

Wage 0.00959∗∗ 0.0100 0.0156∗∗ 0.0220∗∗∗ 0.0322∗∗ 0.0260∗∗∗ 0.00959∗∗∗ 0.0100 0.0156∗∗∗

(0.00239) (0.00717) (0.00495) (0.00235) (0.0136) (0.00628) (0.00224) (0.00678) (0.00460)

Wage×UK 0.0124∗∗∗ 0.0221 0.0104
(0.00322) (0.0150) (0.00775)

Constant 0.784∗∗∗ 0.398 −0.0330 0.527∗∗∗ 0.178 0.0519 0.778∗∗∗ 0.356∗∗ −0.0944
(0.0395) (0.244) (0.154) (0.0389) (0.201) (0.161) (0.0512) (0.145) (0.105)

N 478 160 224 763 217 358 1241 377 582
Adjusted R2 0.225 0.513 0.297 0.316 0.398 0.450 0.238 0.235 0.433
Fixed effects Worker Worker Worker Worker Worker Worker Worker Worker Worker
Period
dummies Yes Yes Yes Yes Yes Yes Yes† Yes† Yes†

∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
† These regressions also include the interaction of the period dummies with the country dummy.

Note: This is a fixed effects linear probability model regression of acceptance and compliance on the wage offered. Acceptance is an
indicator variable and is equal to one if the worker accepted the offer. Compliance is an indicator variable and is equal to one if the
worker chooses the effort level specified by the employer, or a higher effort level. For the Compliance (medium demand) and Compliance
(high demand) columns the regression only includes observations where medium or high effort is demanded by the employer. The
regressions include worker fixed effects. Columns (7), (8) and (9) also include the interaction of the period dummies with the country
dummy. Standard errors are clustered by session.

terms in Column (9) shows (p = 0.196).14 The coefficients in the regression of compliance

with medium effort demands show a similar pattern, even though not all coefficients are

significant.

Result 1.4. In both countries, compliance with effort demands is higher for higher wage offers.

We therefore find in both countries strong evidence for the second prediction of condi-

tional reciprocity on behalf of the worker.

Wage revision by employers

We now discuss the evidence for the third prediction, conditional reciprocity on behalf the

employer. Models of relational contracting predict that employers continue to offer a high

wage as long as the worker chooses high effort (reward behaviour) and low effort leads to

the employer ceasing to offer high wages (punishment behaviour). This behaviour forms

an incentive for workers to exert high effort, since the punishment following low effort

becomes too costly.

14The regression specifications in Table 1.6 include worker fixed effects and therefore control for individual
differences in the likelihood of accepting or complying. The coefficients should therefore be interpreted as the
worker’s response to wage variations that a worker faces throughout the experiment. Excluding fixed effects
in the regression does lead to a significant difference in the size of the coefficient between Ghana and the UK,
as can be seen in Appendix Table 1.19.
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Table 1.7: Response to the previous period’s effort for above median wages in treatment (1E)

Ghana United Kingdom

Worker’s effort in period t− 1 Worker’s effort in period t− 1
for above median wages (wt−1 ≥ 15) for above median wages (wt−1 ≥ 15)

Low Medium High All Low Medium High All

Panel A. Response in period 2
Share of effort in period 1 37.0% 39.1% 23.9% 100.0% 10.1% 33.3% 56.5% 100.0%

Employer’s response in period t = 2
Decrease wage 41.2% 38.9% 54.6% 43.5% 71.4% 60.9% 10.3% 33.3%
Same wage (±2 points) 29.4% 38.9% 36.4% 34.8% 0.0% 26.1% 84.6% 56.5%
Increase wage 29.4% 16.7% 9.1% 19.6% 14.3% 8.7% 5.1% 7.3
No offer 0.0% 5.6% 0.0% 2.2% 14.3% 4.4% 0.0% 2.9%

Panel B. Response in all periods
Share of effort in period t− 1 41.3% 32.3% 26.4% 100.0% 11.0% 20.9% 68.1% 100.0%

Employer’s response in period t
Decrease wage 50.7% 29.6% 45.5% 42.5% 70.0% 70.2% 6.5% 26.7%
Same wage (±2 points) 24.6% 46.3% 47.7% 37.7% 10.0% 19.3% 88.2% 65.2%
Increase wage 21.7% 20.4% 4.6% 16.8% 13.3% 8.8% 4.3% 6.2%
No offer 2.9% 3.7% 2.3% 3.0% 6.7% 1.8% 1.1% 1.8%

Note: Panel B includes the responses from periods 2-5. Only responses to effort following above median wages are included
in this table. Rejected offers are not included in this table. We use a 2 point margin in the wage classification. Wages that
were more than 2 points lower are classified as a wage decrease, and wage increases of more than 2 points are classified as a
wage increase. Wages within these 2 points margin as classified as being the same wage.

We first focus on wage revision following a high wage, with the median wage of 15

points (inclusive) as cutoff.15 Table 1.7 shows the employer’s response in treatment (1E)

to low, medium and high effort, provided that the employer offered an above median

wage in the previous period. The top rows (Panel A) relate to the response in the second

period, while the bottom rows (Panel B) pool data from periods 2 to 5. The Table highlights

two main differences between our British and Ghanaian sessions in how employers revise

wages. First, following low effort, Ghanaian employers are less likely to decrease their

wages than the British employers.16 In Ghana, 41.2% of the wages are lowered in period 2

following low effort in period 1, while in the UK the corresponding figure is 71.4%. Across

all periods, these figures are respectively 50.7% and 70.0%.

Second, following high effort, British employers are more likely to keep offering the same

wage than the Ghanaian employers. In the UK, 84.6% of the wages are kept the same in

the second period after high effort in period 1, while the corresponding figure in Ghana is

36.4%. Ghanaian employers are more likely to lower wages following high effort: in Ghana

54.6% of the wages were lowered in period 2 following high effort in period 1, while in the

15The median wage is 15 when pooling the data from the UK and Ghana together. The median wage in
Ghana is 14 and the median wage in the United Kingdom is 16.5.

16Just like in Table 1.7 we adopt a 2 point margin in the figures presented in the text (i.e., a wage of 24
following a wage of 22 is considered as the “same” wage). This is to account for potential imprecise input
from the tablet’s touch screen. None of the results change qualitatively when no margin or a margin of 1 point
is used.
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Table 1.8: Linear regression of wage offers on rejection and previous compliance in treatment (1E).

Ghana United Kingdom Both countries (pooled)

Dependent variable:
Wage offer in period t (1) (2) (3) (4) (5) (6)

Rejection in period t− 1? −1.192 −1.087 2.487∗∗∗ 2.645∗∗∗ −1.172 −1.043
(1.376) (1.339) (0.773) (0.811) (1.309) (1.292)

Compliance in period t− 1? 0.283 6.260∗∗∗ 0.221
(0.902) (1.228) (0.923)

Compliance in period t− 1? 0.744 10.21∗∗∗ 0.678
(high effort demanded) (2.356) (1.460) (2.285)

Compliance in period t− 1? 0.875 4.906∗∗∗ 0.822
(medium effort demanded) (0.945) (1.384) (0.973)

UK × Rejection in period t− 1? 3.684∗∗ 3.676∗∗

(1.521) (1.528)

× Compliance in period t− 1? 6.092∗∗∗

(1.502)

× Compliance in period t− 1? 9.544∗∗∗

(high effort demanded) (2.750)

× Compliance in period t− 1? 4.047∗∗

(medium effort demanded) (1.689)

Constant 16.79∗∗∗ 16.66∗∗∗ 11.05∗∗∗ 10.45∗∗∗ 13.25∗∗∗ 12.85∗∗∗

(1.239) (1.414) (0.828) (0.631) (0.662) (0.629)

Observations 380 380 608 608 988 988
R2 0.0475 0.0496 0.158 0.266 0.0669 0.0882
Adjusted R2 0.0136 0.0132 0.139 0.249 0.0545 0.0742
Fixed effects Employer Employer Employer Employer Employer Employer
Period dummies Yes Yes Yes Yes Yes Yes
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: This is a fixed effects regression of wage offered on previous compliance and rejection. Rejection is an indicator
variable and equal to one if the worker rejected the offer. Compliance is an indicator variable and equal to one if the
worker chose the effort level demanded by the employer, or a higher level. Only wage offers in period 2-5 are
included. Standard errors are clustered on the session level.
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United Kingdom only 10.3% of the wages were lowered.

The lower likelihood of wage cuts following low effort and the higher likelihood of

wage cuts following high effort in Ghana is also reflected in the coefficients in the linear

regression of wage offers on past compliance and past rejection. Table 1.8 shows this re-

gression. We see that in the United Kingdom, compliance is related to a wage increase

of 6.260 points in the next period. This figure is significantly different from zero at the

1% level. In Ghana the corresponding coefficient is 0.283, meaning that, on aggregate,

compliance is associated with a wage increase of only 0.283 in the next period. However,

this coefficient is not significantly different from zero and small in magnitude, given that

wages can range between 0 and 40 points. The difference between the UK and Ghana in

the employer’s response to compliance is significant: in the last two columns of this Table

we pool the observations from Ghana and the UK together and add an interaction term

between compliance and the country indicator, which is significant at the 1% level.

Result 1.5. There is a strong and positive relation between the offered wage and compliance in the

previous period in the United Kingdom. There is no such relation in Ghana. Employers in the

United Kingdom are more likely to decrease wages following low effort than employers in Ghana.

The behaviour in the United Kingdom is in line with the third prediction of conditional

reciprocity on behalf of the employer. However, the lack of a relation between compliance

and wage revision in Ghana stands in a stark contrast with this as well as earlier results

from experiments in high income countries.17

Consequences

We continue by discussing how, following this lack of punishment and reward in Ghana,

effort evolves over time in Ghana and the United Kingdom. We also discuss the employers’

and workers’ earnings and compare these with the earnings in treatment (1C).

Evolution of effort over time Table 1.9 shows the transition matrix of effort for treatment

(1E) for both Ghana and the United Kingdom. This table omits observations from period 5

to exclude final period effects. In the United Kingdom, there are few transitions out of high

effort. Of the workers that chose high effort in one period, 74.0% will choose high effort

again in the next period. The corresponding figure in Ghana is 48.5%. This shows that

17For example, in Brown et al. (2012) the coefficient on the relation between effort chosen and the subsequent
rent that is offered is positive and significant (Table 4, Column (6)). The coefficient has a magnitude of 5.527
and is significant at the 1% level. In their experiment, effort can take 10 values and offered wages can vary
between 0 and 100. This coefficient is based on data from both the ICF-S and ICF-D treatments. The data for
the ICF-S treatment, with an excess supply of labour, is the same data as used in Brown et al. (2004).
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Figure 1.5: Transitions between effort levels of workers in game 2 of the (1E) treatment. The numbers and the
size of the circles indicate the percentage of workers choosing this effort level in that particular period. The
thickness of the lines indicates the share of transitions between effort levels. The shading of the lines indicate
whether the employer increased the wage (with more than 2 points), kept it the same (within a±2 point range)
or decreased the wage (with more than 2 points). Rejections are not included in this graph.
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Table 1.9: Evolution of effort in treatment (1E)

Ghana United Kingdom



↓ t−1
t→ Low Medium High

No
offer Rejected

Low 69.6 10.9 5.4 4.3 9.8

Medium 25.9 37.0 22.2 5.6 9.3

High 24.2 24.2 48.5 0.0 3.0

No offer 37.5 25.0 25.0 12.5 0.0

Rejected 30.0 20.0 5.0 10.0 35.0





↓ t−1
t→ Low Medium High

No
offer Rejected

Low 47.3 12.2 6.8 4.1 29.7

Medium 23.6 38.9 20.8 2.8 13.9

High 11.7 9.1 74.0 1.3 3.9

No offer 40.0 40.0 20.0 0.0 0.0

Rejected 30.0 16.7 8.3 1.7 43.3


Note: These are right stochastic (transition) matrices (each row adds up to 100%). The numbers represent percentages.
Data from period 5 has been omitted. The rows represent the choices in period t − 1 and the columns represent the
choice in the next period (period t).

the Ghanaian participants acting as employers are failing to maintain high effort provision

by their workers, while the British employers are better at this. As discussed earlier, the

higher likelihood of employers in our Ghanaian sessions to lower wages after high effort

could play a role.

Figure 1.5 shows the transitions between efforts graphically. The size of the bubbles and

the number inside the bubbles indicate the percentage of workers choosing a particular

level of effort. The thickness of the lines indicate the likelihood of a transition. This graph

confirms the observation from the Table that in the UK, apart from period 5, there are few

transitions out of high effort. Furthermore, the graphs show some evidence for final period

effects, which are the strongest in the United Kingdom. In period 5, the share of workers

choosing low effort is similar in both countries (44% against 47%).

The shading of the lines indicate whether wages increased, decreased or remained the

same. For our British sessions we see that offering the same wage (the light gray line)

after high effort is almost always followed by high effort again in the next period, apart

from period 5. Increasing the wage (the dark gray line) is likely to increase effort, while

decreasing the wage (the black line) is likely to decrease effort. In Ghana we see a similar

pattern, even though employers in our Ghanaian sessions are less likely to keep offering

the same wage.

Earnings

These differences in contracting and effort levels between Ghana and the UK also have

consequences for the earnings of the employers and the workers in our experiment. Un-

der the (1C) perfect enforcement condition, the earnings of the worker and employer are

close to equal, especially in the later games (see Table 1.5). However, introducing imper-
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fect enforcement, as is done in treatment (1E), reduces the employers’ average earnings

substantially. Compared to game 1 of treatment (1C), the average employer’s earnings in

game 2 of treatment (1E) drop from 11.0 to 0.2 points in Ghana and from 17.0 to 5.9 points

in the United Kingdom. These differences are highly significant (see Appendix Table 1.17).

The average employer’s earnings in treatment (1E) are higher in the UK and this difference

is significant. In later games the difference in average earnings between the UK and Ghana

increases even further: while in Ghana, the average employer’s earnings are negative in

games 3 and 4 (at respectively −1.1 and −1.6 points), the average employer’s earnings

in the UK increase (to respectively 6.3 and 9.7 points). Just like in game 2, the difference

between the UK and Ghana is significant.

Result 1.6. Imperfect enforcement reduces average employer’s earnings. The average employer’s

earnings in treatment (1E) are lower in our Ghanaian sessions than in our British sessions.

In contrast, we do not see any significant differences in average worker’s earnings,

both when we compare treatment (1E) with (1C) and when comparing the United King-

dom with Ghana. Compared to treatment (1C) the average worker’s earnings are slightly

lower in treatment (1E) in both Ghana and the United Kingdom, but this difference is not

significant (see also Table 1.5 and Appendix Table 1.17). This suggests that in Ghana it’s

especially the employers who are “paying the price” of the low exerted effort.

1.4.2 The role of competition

We now discuss the impact of competition, by analyzing the treatment effect of being as-

signed a treatment with multiple workers and employers. In treatments (3C), (3E) and

(3ES) there is competition between employers to find the best worker and between work-

ers to receive the best offers. In our design there is no market imbalance: the number of

workers is equal to the number of employers.

We find no evidence for a difference in wage offers when comparing treatment (3E)

with treatment (1E). For example, in game 3 of treatment (3E) the average wage is 14.7 in

Ghana and 12.9 in the United Kingdom, while in game 3 of treatment (1E) the average was

is 13.3 in Ghana and 13.6 in the United Kingdom (see Table 1.5).18 The difference between

treatment (3E) and treatment (1E) is not significant. Also the treatment effect calculated

using a within-subject, between-subject and a difference-in-difference estimation are not

significant (see Appendix Tables 1.16, 1.17 and 1.18).

18We focus on game 3, since treatment (3E) is introduced from that game onwards.
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Figure 1.6 shows the distribution of wage offers made in the (1E), (3E) and (3ES) treat-

ments in Ghana and the United Kingdom. For both countries, non-parametric tests do not

find significant differences in the distribution of offers between these treatments.19 This

leads to the following result:

Result 1.7. There are no significant difference in wage offers between treatment (3E) and (1E).

This suggests that there is no strong treatment effect of introducing competition.

However, we do find a difference when comparing the offers in the competition treat-

ments between the United Kingdom and Ghana. The average wage offer is significantly

higher in the United Kingdom and non-parametric tests reject the null hypothesis of hav-

ing the same distribution of offers in Ghana and the United Kingdom.20

Wage setting One of the key results in models of relational contracting and from earlier

experiments is that employers offer higher wages to employees with whom they have

successfully interacted in the past. In Brown et al. (2004), where employers could make

both private and public offers, private offers were higher than public offers and employers

based their wages on how successful the past interactions were.

We see a similar pattern in the United Kingdom, but not in Ghana. Table 1.10 shows

how the employer’s wage offer relate to the number of past interactions with a worker,

regardless of whether the worker complied with the demanded effort. In the United King-

dom a higher number of past interactions is associated with a significantly higher wage

offer. For example, in period 5, the wage offer is 4.85 points higher when an employer has

interacted with a worker for three periods. In Ghana we do not find a significant relation

between the number of past interactions and the wage offered.

We see a similar difference between Ghana and the United Kingdom when we also

consider whether the worker in the past interaction complied with the demanded effort.

Columns (1) and (3) of Table 1.11 show a fixed effects regression of how the employer’s

wage offer depends on whether the employer contracted with this worker in the past pe-

riod and whether the worker complied with the demanded effort. We find significant coef-

ficients for our British sessions, but not for our Ghanaian sessions. In the United Kingdom,

19A Wilcoxon (Mann-Whitney) rank-sum test and a Kolmogorov-Smirnov test do not reject the null hypoth-
esis that there is a significant difference in the distributions between treatment (1E) and (3E) (e.g. in game
3, the Wilcoxon rank-sum test yields for Ghana Z = −0.966 and p = 0.334, and for the United Kingdom
Z = −0.022 and p = 0.9822).

20A Wilcoxon rank-sum test rejects the null hypothesis of the same distribution in Ghana and the United
Kingdom for game 4 (Z = 2.90, p = 0.0037), but not for game 3 (Z = −0.986, p = 0.324). A Kolmogorov-
Smirnov test rejects the null hypothesis of the same distribution for game 3 at the 10% level (p = 0.093) and
for game 4 at the 1% level (p = 0.000).
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Figure 1.6: Histograms of the wages offered in treatment (1E), (3E) and (3ES), in Ghana and the United King-
dom. To allow for comparisons, only game 4 data has been included, because treatment (3ES) was only
conducted as game 4. The line represents a kernel density estimate, calculated using a Epanechnikov kernel.
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Table 1.10: Wages and past interactions in treatment (3E)

Ghana United Kingdom

Period 1 2 3 4 5 1 2 3 4 5

Wage without past interactions 15.18 14.38 13.92 12.47 13.40 14.23 13.69 13.43 11.02 11.11

Wage increase/decrease after
. . . 1 past interaction −0.60 0.18 1.21 −1.56 −1.18 −1.96 −0.83 −1.72
. . . 2 past interactions −0.92 1.98 −0.94 2.73∗ −0.03 −0.91
. . . 3 past interactions −1.11 −1.72 8.94∗∗ 4.85∗∗∗

. . . 4 past interactions −1.41 6.45∗∗

Observations 341 329 316 310 313 273 197 200 173 180
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: The reported numbers are from a fixed effects linear regression of the wage on the number of interactions. Fixed
effects are taken on the employer level. For the tests, standard errors (not reported) are clustered on the session level.

compliance is associated with a 7.512 higher wage in the next period. The corresponding

coefficient for Ghana is small, at at 0.965, and not significant at a 10% level.

Result 1.8. In the United Kingdom, employers offer higher wages to workers with whom they have

successfully interacted in the past. We do not find evidence for this in Ghana.

The result from the United Kingdom is very much in line with the findings by Brown

et al. (2004), who find that employers offer higher wages to workers they successfully

interacted with in previous periods, and theories of relational contracting. The results

from Ghana stand in a stark contrast to this.

1.4.3 The role of reputation

Next, we discuss the treatment effect of being assigned the reputation treatment, treatment

(3ES). In this condition employers can see past compliance not only for their own work-

ers, but also for the workers that contracted with a different employer. This provides the

employers with an additional mechanism for screening, which in itself can increase the

incentive for workers to comply with the effort demanded.

Wages We find little evidence that reputation increases the average wage offer in Ghana,

but find some evidence for this for the United Kingdom. Table 1.12 compares treatment

(3ES) with treatment (3E) for a number of outcome variables, using a within subject, be-

tween groups, a (fixed effects) difference-in-difference analysis (see also Appendix Section

1.B.1). For Ghana, the within subject estimator shows a significant drop in the wage as

a result of information sharing, but when we control for a time trend, as the difference-

in-difference and the fixed effects estimators do, the effect disappears. For the United

Kingdom, the within subject, difference-in-difference and fixed effects estimators show a
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Table 1.11: Wage offers in treatment (3E) and (3ES)

Ghana United Kingdom

Dependent variable: (1) (2) (3) (4)
Wage offer by employer i in period t Treatment Both Treatment Both

(3E) only treatments (3E) only treatments

Contracted with employer i?t−1 −0.872 −0.682 −3.070∗∗∗ −3.292∗∗∗

(0.837) (0.892) (0.885) (0.951)

Contracted with other employer?t−1 −0.614 −0.442 0.525 0.518
(0.830) (0.877) (0.913) (0.950)

Compliance with employer i’s offer?t−1 0.965 0.813 7.512∗∗∗ 7.851∗∗∗

(0.630) (0.743) (1.039) (0.981)

Compliance with other employer’s offer?t−1 0.543 0.401 −0.0199 0.103
(0.467) (0.484) (0.765) (0.748)

Treatment (3ES)? 0.133 2.085
(1.658) (1.655)

× Contracted with employer i?t−1 −0.307 1.618
(0.955) (0.973)

× Contracted with other employer?t−1 −0.662 −0.925
(0.965) (1.127)

× Compliance with employer i’s offer?t−1 0.102 0.0279
(1.245) (0.995)

× Compliance with other employer’s offer?t−1 0.414 4.060∗∗∗

(1.020) (0.981)

Constant 14.92∗∗∗ 15.14∗∗∗ 12.43∗∗∗ 11.67∗∗∗

(0.719) (0.799) (0.499) (0.576)

Observations 1268 1795 750 1038
R-squared 0.710 0.699 0.616 0.624
Adjusted R-sq 0.687 0.681 0.572 0.592
Fixed effects Employer Employer Employer Employer
Period dummies Yes Yes Yes Yes
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: This is a linear regression with the wage offered by employer i in period t as dependent variable.
All independent variables are indicator variables and relate to period t − 1, i.e. the period before the
offer. Standard errors are clustered on the session level.
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Table 1.12: Treatment effect of treatment (3ES) compared with treatment (3E)

Ghana United Kingdom

(1) (2) (3) (4) (5) (6) (7) (8)
Within Between DID FE Within Between DID FE

Offered wage
(3ES) vs. (3E) −2.145∗∗∗ 1.506 −0.306 −0.262 1.681∗∗ −0.305 3.040∗∗∗ 3.264∗∗∗

(0.653) (2.309) (0.902) (0.984) (0.573) (1.837) (0.926) (0.962)
Acceptance
(3ES) vs. (3E) −0.0112 −0.0125 −0.0143 −0.0144 0.0178 0.0267 0.0443 0.0409

(0.0149) (0.0164) (0.0145) (0.0160) (0.0235) (0.0433) (0.0295) (0.0313)
Compliance
(3ES) vs. (3E) 0.0529 0.136 0.0643 0.0517 0.113∗∗ −0.00452 −0.0310 −0.0406

(0.0304) (0.0813) (0.0526) (0.0598) (0.0379) (0.0406) (0.0643) (0.0686)
Surplus
(3ES) vs. (3E) 0.283 1.214 1.022 1.022 3.718∗∗∗ −1.377 2.785∗ 2.785

(1.710) (2.171) (1.971) (2.076) (1.018) (2.909) (1.452) (1.528)
Employer’s earnings
(3ES) vs. (3E) 1.996 0.156 1.179 1.179 2.723∗∗∗ −0.943 0.0712 0.0712

(1.625) (1.200) (1.697) (1.787) (0.538) (1.365) (0.836) (0.880)
Worker’s earnings
(3ES) vs. (3E) −0.278 1.072 1.651 2.543 −1.916 −2.644 2.139 0.623

(1.349) (5.109) (2.208) (2.271) (1.346) (1.838) (2.681) (2.889)

Note: Each cell corresponds to a separate regression. Standard errors are given in parentheses.

positive and significant effect of reputation on wage offers, while the between group esti-

mator shows a small and insignificant negative effect.

We also find that in our British sessions employers are basing their wage offers on the

information provided by the reputation mechanism in treatment (3ES), while we do not

find evidence for this in our Ghanaian sessions. Columns (2) and (4) of Table 1.11 show

that compliance with another’s employer’s offer is associated with a wage increase of 4.060

in the UK, while in Ghana the corresponding figure is only 0.414. The Ghanaian figure is

not significant, while the British figure is.

Result 1.9. In the United Kingdom employers in treatment (3ES) base their wages on the multi-

lateral reputation of the worker. We do not find evidence for this in Ghana.

We see that the employers in the British sessions put more importance on the worker’s

compliance with their own offers than on compliance with other employer’s offers. The co-

efficient for compliance with own offers is almost double in size, at 7.851. One explanation

for this could be that employers value their own experiences more and therefore “punish”

their own non-complying workers more than the non-complying workers of other employ-

ers. Another explanation is that employers, despite the reputation mechanism, have better

information on their own workers. The only information that is shared is compliance and

not the actual wage offered or the effort that was demanded. This information is important
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for evaluating whether the worker was truly at fault. For example, even an honest worker

might choose to not comply with a high effort demand if the wage is unreasonably low.

Effort choice and compliance We have seen that in the UK, employers base their wages

on the worker’s reputation. However, does this incentivize workers to comply with high

effort? We do not find strong evidence that this is the case. As can be seen in Table 1.5 the

rate of compliance in Ghana is 53.9% in treatment (3ES) and 40.2% in treatment (3E). In

the United Kingdom rate of compliance is 75.6% in treatment (3ES) and 76.0% in treatment

(3E). However, as the treatment effects estimations in Table 1.12 show, the difference in

compliance between treatment (3E) and treatment (3ES) is not significant.

Also when we correct for the wage offered, we find limited evidence that having a rep-

utation mechanism significantly increases compliance. Table 1.13 presents a linear proba-

bility model of acceptance and compliance as a function of the wage and whether the par-

ticipant is in treatment (3ES). While the coefficient on the wage is positive and significant

in both Ghana and the United Kingdom, the coefficient on treatment (3ES) is not signifi-

cant in most columns. Only the coefficient in the regression of compliance with medium

effort demands in Ghana is significant at the 10% level.21

Result 1.10. We do not find significant evidence that reputation increases compliance in both

Ghana and the United Kingdom.

This means that we do not find significant evidence that multilateral reputation works

as a stronger “disciplining mechanism” compared to bilateral reputation, even though

multilateral reputation leads to higher wage offers.

1.5 Discussion and conclusion

We find striking differences in relational contracting patterns between the United Kingdom

and Ghana. In this section we will discuss a number of alternative specifications as well as

results from a series of additional experiments we ran. In the additional experiments we

find a stronger response of the wage to past effort, but the relationship is weaker than in the

United Kingdom. Next, we dive deeper into the question whether the differences in effort

are due to different distributional preferences on behalf of the workers. To do this, we

estimate a structural model of worker’s preferences and categorize workers according to

21Even though mostly not significant, some of the effect sizes themselves are large: for example, Column
(5) in Table 1.13 implies that multilateral reputation increases compliance with medium by 14.5 percentage
points, when controlling for the wage.
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Table 1.13: Compliance in treatments (3E) and (3ES)

Ghana United Kingdom

(1) (2) (3) (4) (5) (6)
Acceptance Compliance Compliance Acceptance Compliance Compliance

(medium (high (medium (high
demand) demand) demand) demand)

Wage 0.00579∗∗∗ 0.0137∗ 0.0101∗∗ 0.0187∗∗∗ 0.0548∗∗∗ 0.0229∗∗

(0.000924) (0.00703) (0.00424) (0.00203) (0.0157) (0.00887)

Treatment (3ES) ? −0.00566 0.217∗ 0.127 −0.00719 0.145 −0.0264
(0.0194) (0.104) (0.100) (0.0288) (0.0936) (0.111)

Constant 0.226∗∗∗ 0.437∗∗ 0.188 0.0329 0.190 0.235
(0.0256) (0.151) (0.120) (0.0411) (0.174) (0.158)

Observations 2270 288 396 1423 186 352
R-squared 0.0283 0.617 0.664 0.153 0.779 0.643
Adjusted R-sq −0.0137 0.445 0.559 0.106 0.645 0.549
Fixed effects Worker Worker Worker Worker Worker Worker
Period dummies Yes Yes Yes Yes Yes Yes
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: This is a fixed effects linear probability model regression of acceptance and compliance on the wage
offered, with data from games 3 and 4 from treatments (3E) and (3ES). Acceptance is an indicator variable and
is equal to one if the worker accepted the offer. Compliance is an indicator variable and is equal to one if the
worker chooses the effort level specified by the employer, or a higher effort level. Treatment (3ES) is an indicator
variable and equal to one if the treatment is (3ES). The medium demand and high demand columns only include
observations where medium or high effort was demanded by the employer. Fixed effects are taken on the
worker level. Standard errors are clustered by session.

this model. Finally, we discuss the implications of our results as well as several hypotheses

of what could be driving the observed differences.

1.5.1 Robustness

Alternative specifications

Our result of the lack of wage response to past non-compliance in Ghana is robust to a

number of alternative specifications. In Appendix Table 1.21 we present two additional

specifications of the regression of the wage on past compliance. Including a lagged value

of the wage or taking the change in the wage as the dependent variable does not change

the results in either magnitude or significance.

In Appendix Table 1.22 we regress the wage offered on past effort and whether the cho-

sen effort was a positive or negative “surprise” (i.e., higher or lower than demanded), in a

similar way as Brown et al. (2012) present their results from their German experiments.22

We find that in both Ghana and the United Kingdom higher effort is rewarded with a

higher wage in the next period, but the coefficient is (significantly) higher in the UK than

in Ghana. Also the response to negative surprises is significantly different: in the UK a

22See columns (4) and (5) of Table 4 of Brown et al. (2012).
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negative surprise is related to a lowering of the wage of −2.1 points, while in Ghana this

is related to a wage increase of 1.7 points.

Out-of-sample validation

In Chapter 2 we run a second series of experiments, where we focus on the role of feedback.

However, these experiments also allows us to validate the experiments conducted for this

paper. For these experiments, we simplified the game and also invited real entrepreneurs

from small and medium-sized entreprises. We reduced the effort levels from three to two

(only low and high effort) and made high effort the default demanded effort level. The

payoff function was kept equal, only in some sessions we increased the employer’s benefit

from low effort from 5 to 10 or 15 points. In total we held 31 sessions with a total of 61

entrepreneurs and 559 students.

In this series of experiments we actually find a significant relationship between wage

and past effort. Table 1.14 replicates the regression of wage on past compliance with high

effort and past rejection. Unlike in the first series of the experiment, the coefficient on

compliance in this experiment is significantly different from zero, at 1.976 points. How-

ever, this coefficient is small, given that wages can range between 0 and 40, and that the

employer’s loss of low effort ranges between 25 and 30 points.

We find evidence for a stronger degree of conditional wage setting by the entrepreneur

participants. The coefficient for entrepreneurs is higher, at 3.523, and this figure is signifi-

cantly higher than the corresponding figure for students, as the regression with the inter-

action term in Column (4) of Table 1.14 shows. However, compared to the British subjects

from the first series of experiments, this figure is still low (the coefficient on compliance

with high effort was 10.21 as Table 1.8 shows).

1.5.2 Heterogeneity of workers: a structural model

The finite period theoretical model relies on the presence of a group of “social” type work-

ers, who act reciprocally. The “opportunistic” workers will mimic the behaviour of the

social types and act reciprocally until the last period, in which they make a purely selfish

choice. According to this model, the higher the share of “social” type workers is, the more

likely a pattern of relational contracting can emerge.

In this section we use two different estimation strategies of a structural model of in-

equality aversion to show that there is little difference between the UK and Ghana when

it comes to the distribution of “social” types in the population. We do not find evidence

for Ghanaian workers acting more opportunistically than their British counterparts, in fact
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Table 1.14: Linear regression of wage offes on rejection and previous compliance in treat-
ment (1E) of the additional experiments in Ghana.

Students Entrepreneurs Both groups (pooled)

Dependent variable:
Wage offer in period t (1) (2) (3) (4)

High effort in period t− 1? 1.762∗∗∗ 3.523∗∗ 1.976∗∗∗ 1.762∗∗∗

(0.381) (0.855) (0.377) (0.380)

Rejection in period t− 1? 1.788∗∗∗ 0.805 1.602∗∗∗ 1.788∗∗∗

(0.407) (0.825) (0.370) (0.406)

Entrepreneur?

× High effort in period t− 1? 1.762∗∗

(0.858)

× Rejection in period t− 1? −0.983
(0.846)

Constant 15.30∗∗∗ 12.39∗∗∗ 14.68∗∗∗ 14.69∗∗∗

(0.278) (0.382) (0.273) (0.270)

Observations 2496 458 2954 2954
R2 0.0269 0.0612 0.0250 0.0318
Adjusted R2 0.0207 0.0272 0.0197 0.0212
Fixed effects Employer Employer Employer Employer
Period dummies Yes Yes Yes Yes
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: This is a fixed effects regression of wage offered on previous high effort choice and
rejection, for the additional experiments conducted in Ghana. Rejection is an indicator vari-
able and equal to one if the worker rejected the offer. High effort is an indicator variable and
equal to one if the worker chose high effort. Only wage offers in period 2-5 are included.
Standard errors are clustered on the session level.
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some of our results point in the opposite direction. The structural model is derived from

the model of inequality aversion by Fehr & Schmidt (1999), which is more extensively dis-

cussed in the Appendix. The utility function is given by Equation 1.3. The key parameter

here is βi, which represents the disutility from advantageous inequality, meaning that the

agent received more than the agent’s partner. A higher value of βi corresponds to a higher

degree of advantageous inequality aversion. We also estimate αi, which represents disad-

vantageous inequality, but our experiment is underpowered to provide precise estimates.23

A fully rational self-interested agent would have parameters αi = βi = 0.

We use two methods to estimate these parameters: a set identification by considering

which values of αi and βi are consistent with the choices made and a maximum likelihood

estimation of a multinomial logit model. Set identification gives an idea of the potential

bounds on the parameters, while maximum likelihood gives a point estimate of the pa-

rameters that predicts the observed data the best.

Set identification For the set identification, we construct bounds on the parameters αi

and βi by calculating for each realized choice in each period the set of values of αi and βi

for which this choice maximizes utility. Next, for each worker in each five period game,

we calculate the overlap in the sets from each period. For 33.9% of the workers in Ghana

and 23.9% of the workers in the UK we find that the sets overlap in all periods. For 71.2%

of the workers in Ghana and 61.4% of the workers in the UK we find that the sets overlap

in at least four out of the five periods. For the rest of the analysis, we focus on the group

of workers with an overlap in at least four out of five periods.

This allows us to construct the potential range of cumulative distribution functions

(CDFs) for αi and βi. Figure 1.7 shows the potential cumulative distribution function for

βi. Figures 1.7a and 1.7b show the CDFs for the values that overlap in four out of the

five periods, while Figures 1.7c and 1.7d show the CDFs for the sets in period 5 only.

In the Appendix 1.B.7 we show the corresponding CDFs of αi, but as noted before, our

experiment is not particularly informative on the values of this parameters.

These CDFs shows that there is substantial heterogeneity in the βi values of the workers

in both countries. From Figures 1.7a and 1.7b we can see that in Ghana for 45% of the

workers the value of βi is 0.14 or higher. The corresponding share in the United Kingdom

is 67%. These workers could be typed as reciprocal: workers with a βi of 0.14 will choose

23As noted by Charness & Haruvy (2002), in the gift-exchange game most of the worker’s choices involve
payoff distributions where the worker earns more than the employer, i.e. where the worker faces advanta-
geous inequality. These choices will therefore be informative about βi, but not very much about αi.
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medium or high effort if the wage is sufficiently high. For 33% of the workers in Ghana

and 12% of the workers in the United Kingdom we find a βi that is lower than 0.13. This

value of βi corresponds to a choice of low effort, even for high wages, and these workers

could be typed as being more “selfish”. From these figures follow that the share of workers

acting reciprocally is larger in the United Kingdom than in Ghana.

However, this analysis masks strategic changes in behaviour. As discussed earlier, in

the Kreps model purely self-interested agents mimic the behaviour of “social” types up

until the last period and in that period the agent will lower effort. In our analysis, workers

acting this way will be typed as “fair”, because they are behaving reciprocally in four

out of five periods, while in reality they might not have reciprocal preferences, but are

just acting out of their pure self-interest. Only in period 5 their “true” social preferences

are revealed. Figures 1.7c and 1.7d are based on period 5 behaviour, and we see that the

differences between the UK and Ghana disappear. In fact, the pattern is reversed and the

share of workers acting reciprocally is higher in Ghana than in the United Kingdom: 44%

of the workers in Ghana can be classified as having a βi parameter of 0.14 or higher and

17% as having a βi of 0.13 or lower. For the UK, these figures are respectively 36% and

23%.24

Maximum likelihood As an alternative approach to estimating αi and βi we can use

a random utility model with multinomial logit choice probabilities and estimate αi and

βi using maximum likelihood. The multinomial logit choice probabilities are based on

the four options that a worker has: rejecting an offer or choosing low, medium or high

effort. Table 1.15 shows the maximum likelihood population estimates of α and β for both

countries. While the value of α is not significantly different from zero (at the 5% level), we

find that the estimate of β is significantly larger than zero, at 0.147 in Ghana and at 0.213

in the UK. The estimate for the UK is significantly larger than in Ghana, even though the

difference is smaller in period 5.

We repeat this estimation, but now for each worker individually, using the observa-

tions from all five periods of the game.25 Figure 1.8 shows the distribution of βi estimated

using this procedure, for both Ghana and the UK. Just like in the CDF estimated by our

24However, in both countries there is a substantial group of workers for whom we cannot bound their βi
parameter. For this group, either their behaviour is not captured by the Fehr-Schmidt model or the employer’s
wage offer does not allow for the identification of βi. For example, for a low wage, choosing low effort is
consistent with low values of βi as well as very high values of βi.

25Unfortunately, our data is not rich enough to estimate βi for a particular worker in a particular period. We
can therefore not detect changes in behaviour, as is possible using the set identification method.
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Figure 1.7: Cumulative distribution of βi in treatment (1E). The dashed line represents the cumulative distri-
bution of the βi value of the geometric centre (i.e., the two-dimensional average) of each choice set.

Table 1.15: Maximum likelihood population estimates of α and β of the Fehr-Schmidt model in Ghana and
the United Kingdom

Ghana United Kingdom Both countries (pooled)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
All periods Period 1 Period 5 All Period 1 Period 5 All periods Period 1 Period 5

α (disadvantageous −0.0291∗ −0.0195 −0.0393 0.0238 −0.00935 0.0263 −0.0291∗ −0.0195 −0.0393
inequality aversion) (0.0171) (0.0285) (0.0296) (0.0165) (0.0303) (0.0194) (0.0163) (0.0271) (0.0281)

UK? 0.0529∗∗ 0.0101 0.0656∗

(0.0230) (0.0403) (0.0340)

β (advantageous 0.147∗∗∗ 0.158∗∗∗ 0.141∗∗∗ 0.213∗∗∗ 0.208∗∗∗ 0.181∗∗∗ 0.147∗∗∗ 0.158∗∗∗ 0.141∗∗∗

inequality aversion) (0.00777) (0.0106) (0.0117) (0.00886) (0.0125) (0.0125) (0.00738) (0.0101) (0.0111)

UK? 0.0663∗∗∗ 0.0497∗∗∗ 0.0399∗∗

(0.0114) (0.0159) (0.0166)

Observations 562 115 108 763 155 153 1325 270 261
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: The parameters have been estimated using a random utility multinomial logit model, using all observations of the
entire subject pool. Positive numbers indicate inequality aversion.
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Figure 1.8: Cumulative distribution function of the estimated βi using maximum likelihood estimation, based
on treatment (1E).

set identification, the estimated βi values tend to be higher in the UK than in Ghana. Nev-

ertheless, in both countries we find a group of workers with a positive estimate of βi that

is significantly different from zero. Therefore, a conclusion that the workers are purely

self-interested across the board is unwarranted.

Response of employers We can use the classification of workers with a low value of βi

and workers with a high value of βi to look at the contracting behaviour of employers

to these types across time. Figure 1.9 shows the wage offered and the earnings of the

employers, grouped by whether we can classify them as having a βi below 0.13 (“selfish”)

or a βi above 0.13 (“fair”). We see that in the United Kingdom employers facing with a high

βi type lower their wage offers from period 3 onwards, while in Ghana the wage offers to

these types remain high in all periods. Another difference can be seen in the bottom two

graphs, which show the employer’s payoff. In the United Kingdom employers facing low

βi types increase their payoffs from period 3 onwards, while Ghanaian employers keep

making losses.26

26In these graphs, reverse causality is a potential issue: low wage offers by employers might lead to more
selfish behaviour by the worker. We can find some evidence for this in the United Kingdom, where the low
βi workers faced lower wages in the first period. Nevertheless, if we redo the analysis where we base the
classification of βi on the behaviour in game 2 and look at the response of the employer in game 3 or 4, we see
very similar patterns.
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Figure 1.9: The amount offered by the employer and the per period employer’s earnings when facing the
“fair” type (βi ≥ 0.13) and the “selfish” type (βi < 0.13). Not classified are workers for whom the potential
range of βi covers both values below 0.13 and above 0.13 or worker for whom we could not find an overlap-
ping set for αi and βi in four out of five periods.
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1.5.3 Concluding remarks

Earlier experiments with gift-exchange games in developed countries have shown strong

support for cooperating behaviour and relational contracting, based on reciprocity. Our

results in the United Kingdom support this. However, in our Ghanaian sessions we find

low levels of effort and low levels of cooperation, especially on the side of the worker. A

substantial group of workers chooses low effort, even after receiving “fair” offers, where

a large share of surplus is given to the worker. We find a substantial degree of worker

heterogeneity. We find little evidence for punishment behaviour on behalf of the employ-

ers: while their economic loss of a worker choosing low effort instead of high effort is 35

points, there is no significant decrease in the wage they offer to a worker choosing low

effort in the next period. On average, despite low compliance, employers keep offering

high wages, proposing an equal or better split of surplus.

Even though the low worker productivity found in our experiment in Ghana is in line

with firm surveys in developing countries, the lack of punishment on behalf of the employ-

ers in our Ghanaian experiments is surprising. It differs from the behaviour found in the

UK and is at odds with both predictions of prominent theoretical models of cooperation

and other earlier experiments done in developed countries: just like in our UK treatments,

in Brown et al. (2004) and Brown et al. (2012) employers punish poorly performing work-

ers, even in a situation of a shortage of labour.

We believe that our results are not the result of a lack of understanding by the partici-

pants. In the game, we tried to make the payoffs under the different effort levels as salient

as possible, by explicitly showing the possible payoffs under different levels of effort while

making the offer. Also, in the rehiring stage we explicitly ask the employers to make condi-

tional offers based on the effort chosen of the worker, encouraging the employers to think

about what they would offer in the next period. Despite this encouragement, we do not

find strong evidence for conditional contracting in the offer stage of the game.27

The next question is what our experiments capture from developing country labour

markets. As noted in the introduction, the Ghanaian economy is characterized by a large

informal employment sector. Recruitment for workers often happens informally, through

social networks. This social dimension might mean that employers could be less likely

to punish workers, since employment also serves a social function. Even though theory

and some studies suggests that recruitment through social networks can increase effort

27Note that in the rehiring stage, we do find some evidence for conditional reciprocity in some treatments.
However, the difference between offers after low and high effort provision is small compared to the losses
faced by the employer. See also appendix section 1.B.6.
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(e.g., Montgomery, 1991; Bandiera et al., 2009), other studies have shown that incentives

which result in workers receiving different wages can lead to opposite effects. For example,

Breza et al. (2015) find that the effort of workers in India decreased after they received

wages based on their past effort. This effect seems to be stronger when pay is relative

and the effort of one worker imposes a negative externality on another worker (Bandiera

et al., 2005). One interpretation of our result is that employers internalize this norm while

playing the game.

Another interpretation has to do with status and the expected levels of transfers that

people with a certain status are expected to make to others in their surroundings. Our

games were explicitly framed in labour market terms. However, introducing such a frame

comes with strong cultural connotations of employers providing a living to employees.

Even though roles are randomly assigned, by giving somebody the identity of being an

employer and somebody else the identity of a worker, these identities could affect their

fairness concerns. An employer could be seen as a person who is well off, which then

could reduce the reciprocity motivations of the worker.28

Another question is to what extent wage cuts as opposed to termination of the relation-

ship are effective as a punishment. In our experiments, firing is not a salient option, but

it can be achieved by not making an offer to a worker. In the one-to-one treatments, there

is no outside option for both the employer and the worker. Not making an offer essen-

tially means that the employer will not have a worker for that period and players might

refrain from that for that reason. Making firing a more attractive or salient option could

increase the incentive to exert high effort. Nevertheless, the gift-exchange game experi-

ment in Brown et al. (2012) showed that even when there is excess demand for labour (and

firing is therefore relatively unattractive), there was little difference in contracting patterns

compared to treatments with an excess supply of labour.

A further question to study is that employers rely on nonmonetary incentives instead of

monetary incentives. They could vent their frustration with the worker’s effort in different

ways, for example by cursing at the person or spreading a negative reputation in their

social networks. Chapter 2 further explores the role of feedback.
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Appendices of Chapter 1

1.A Model of cooperation

1.A.1 Basic model of cooperation

For our model, we follow Kreps et al. (1982) as well as the Appendix of Brown et al. (2004).

Let w be the wage offer. We assume there are two types in the population, a social type

and a purely self-interested type:

Assumption 1.1. There exist two types, a “social” type S(w̄M , w̄H) and a rationally self-interested

type R. The share of social types in the population is σ. The social type S-type will choose

• high effort if w ≥ w̄H ,

• medium effort if w̄M ≤ w < w̄H ,

• and low effort if w < w̄M .

The threshold wages w̄H and w̄M are fixed and w̄H > w̄M > 0.

The rationally self-interested R-type will maximize monetary earnings across the game. The

utility function of earnings in a particular period is

πW (w, e) = w − c(e), (1.4)

with c(e) the cost of effort. We assume no discounting.

The employers are risk-neutral:

Assumption 1.2. Employers are risk-neutral and maximize their monetary earnings, i.e. choose

the wage w such that their payoff πE(w, e) is maximized, with

πE(w, e) = Π(e)− w. (1.5)

Furthermore, we assume full knowledge of the relevant parameters:

Assumption 1.3. The share social types σ and the threshold wages w̄H and w̄M are public knowl-

edge.
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High effort equilibrium

Proposition 1.1. Under certain conditions, a perfect Bayesian equilibrium exists in which the

employer offers w̄H in all periods, unless the worker deviates from the S-type behaviour, after which

the employer will offer wL = 0. The S-type worker chooses effort according to the offered wage

throughout. The R-type mimics the actions of an S-type in all periods except for the final period, in

which the R-type will choose low effort.

We can use backward induction to prove the existence of such an equilibrium under

certain conditions:

• In the last period, T , the R-type will choose low effort and the S-type will choose

effort dependent on the offered wage, as described above. When offered a wage of

zero, both types of workers accept the offer, as they are indifferent between rejection

and acceptance, and both types will choose low effort.

• In the last period, the employer will choose the wage that gives the highest expected

payoff. Let XT be the history of play up until period T . The expected employer’s

payoff when offering w is

P (S|XT )Π(H) + (1− P (S|XT ))Π(L)− w if w ≥ w̄H ,

P (S|XT )Π(M) + (1− P (S|XT ))Π(L)− w if w̄M ≤ w < w̄H ,

Π(L)− w if w < w̄M ,

0 if no offer is made.

In the above PT (S|XT ) is the probability that the worker is a social type given history

XT .

If the R-type mimics the social type until this period, the belief of the employer

that the worker is of the S-type equals PT (S|XT ) = σ. (For any other behaviour

PT (S|XT ) = 0 and the employer will offer wL = 0.) The lowest wage possible to en-

courage high effort from the S-type is w̄H and the lowest wage to encourage medium

effort from the S-type is w̄M . The employer will offer w̄H over w̄M if

Π(H)−Π(M) ≥ w̄H − w̄M
σ

, (1.6)

and over wL = 0 if

Π(H)−Π(L) ≥ w̄H − wL
σ

=
w̄H
σ

. (1.7)

If the employer is presented with a worker that does not choose according to how an

S-type chooses, PT (S|XT ) = 0, and the employer will offer a wage of wL = 0.
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• In period T − 1 the R-type worker will mimic the actions of the S-type if the sum of

payoffs in period T − 1 and period T of doing so outweighs the payoffs of choosing

low effort. The incentive compatibility constraint for the R-type worker in period

T − 1 becomes, when w̄H is offered,

w̄H − c(H) + w̄H − c(L) ≥ w̄H − c(L) + wL − c(L).

so

w̄H ≥ c(H).29 (1.8)

• Given that the R-type will mimic the S-type in period T − 1, the earnings in this

period are respectively Π(H) − w̄H , Π(M) − w̄M and Π(L) when offering w̄H , w̄M

and wL = 0. The employer will offer w̄H if

Π(H)−Π(M) ≥ w̄H − w̄M and Π(H)−Π(L) ≥ w̄H (1.9)

Note that these conditions are satisfied when conditions (1.6) and (1.7) are satisfied.

• We can repeat this exercise for the earlier periods and show that conditions (1.8) and

(1.9) need to hold in these periods as well.30

Provided conditions (1.6), (1.7), (1.8) and (1.9) hold, the Perfect Bayesian equilibrium

as described in Proposition 1.1 holds.

Alternative Perfect Bayesian equilibria

For other conditions, other Perfect Bayesian equilibria exist, for example in which the em-

ployer offers w̄H in the first periods and then offers w̄M in the last period, or in which the

employer offers w̄M throughout.

The equilibrium in which w̄M is offered in the last period, and w̄H in the periods before

that, can exist under the following conditions:

29When this condition holds, the worker will also mimic the S-type when offered w̄M in this period, because
if c(H) > c(M),

w̄M − c(M) + w̄H − c(L) ≥ w̄M − c(L) + wL − c(L).

30E.g., the R-type worker in period t will choose high effort if

w̄H − c(H) + (T − t)w̄H − (T − t− 1)c(H)− c(L) ≥ w̄H − c(L) + (T − t)wL − (T − t− 1)c(L)− c(L),

which is equivalent to
w̄H ≥ c(H).
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• In the final period, the employer will offer w̄M provided this yields a higher payoff

than offering w̄H or zero, so if

Π(H)−Π(M) ≤ w̄H − w̄M
σ

and Π(M)−Π(L) ≥ w̄M
σ

, (1.10)

• In period T − 1, the R-type worker will mimic the S-type worker and choose high

effort following w̄H if

w̄H − c(H) + w̄M − c(L) ≥ w̄H − c(L) + wL − c(L),

w̄M > c(H). (1.11)

and choose medium effort following w̄M if

w̄M − c(M) + w̄M − c(L) ≥ w̄M − c(L) + wL − c(L),

w̄M > c(M). (1.12)

• In period T − 1 w̄H is the optimal wage if

Π(H)−Π(M) ≥ w̄H − w̄M and Π(H)−Π(L) ≥ w̄H (1.13)

• For periods t < T − 1 the R-type will choose high effort following w̄H if

w̄H − c(H) + (T − t− 1)(w̄H − c(H)) + w̄M − c(L) ≥ w̄H − c(L) + (T − t)(wL− c(L)),

⇒ w̄H ≥
(T − t)c(H)− w̄M

T − t− 1
, (1.14)

which is implied by condition (1.11).31

Proposition 1.2. Under conditions (1.10), (1.11) and (1.13) a Perfect Bayesian equilibrium is

possible in which the employer offers w̄H in all but the final period and w̄M in the final period to

workers that choose according to the wage-effort schedule of the S-type and zero to other workers.

R-type workers will choose according to the S-type schedule up until the second to last period and

choose low effort in the last period.

31We can rewrite the left had side of (1.14) using condition (1.11):

(T − t− 1)wH + wM
T − t− 1

>
(T − t− 1)wM + wM

T − t− 1
=

(T − t)wM
T − t− 1

≥ (T − t) c(H)

T − t− 1
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Figure 1.10: The levels of w̄H and w̄M as a function of βi in the Fehr-Schmidt framework (using αi = 0.5 and
the parameters from the game).

The main difference between the all high wage equilibrium and this equilibrium is that

the expected payoff in the last period from offering w̄H is not high enough, for example

if there are too few S-types in the population. Offering w̄M in the last period will yield a

higher payoff in expectation. In the periods before that offering w̄H is - in expectation - the

most profitable choice, as both the R- and the S-type will reciprocate this with high effort

(see condition (1.13)).

There are also equilibria possible where the employer offers w̄M throughout. This will

be the case when condition (1.13) is violated, and the wage differential w̄H − w̄M is higher

than the profit differential Π(H)−Π(M). For these wage levels, even if the entire popula-

tion were S-types, offering w̄M would be more profitable than offering w̄H .

1.A.2 Microfoundations of other-regarding behaviour

The model in the previous section did not provide a microfoundation for the behaviour of

the social S-type, but rather assumed that this type would choose according to a sched-

ule. A common model to provide such a microfoundation is the Fehr-Schmidt model of

inequality aversion, where the individual utility function is defined by

Ui(xi, xj) = xi − αi max (xj − xi, 0)− βi max (xi − xj , 0) .

In this equation αi represents the disutility from having a lower payoff than the other

player and βj represents the disutility of having a higher payoff than the other player.

Generally, it is assumed that αi ≥ βi: a player has a higher disutility from disadvantageous

inequality (represented by αi) than from advantageous inequality (represented by βi).

Figure 1.10 shows the relation between βi and the threshold wages w̄M and w̄H , taking

αi fixed at 0.5 and using the parameters from our experiment. When both αi and βi are
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fixed at 0.5, the corresponding threshold wages are w̄M = 8 and w̄H = 19.

Other classes of utility functions exist that result in similar threshold wages. For exam-

ple, a model of altruism with a linear weighting of individual utility functions, e.g.,

Ui(xi, xj) = γv(xi) + (1− γ)v(xj)

will lead to the worker choosing high effort for high wages, medium effort for medium-

level wages and low effort for low wages, provided the individual value functions v(xi)

are sufficiently concave.32

1.A.3 Screening and incentives

In the Perfect Bayesian equilibrium an employer observing low effort following a wage

offer of w̄M or w̄H will infer from this that the worker is aR-type worker and subsequently

reduce the wage to zero. This reduction of the wage following low effort provides the

basis of the incentive compatibility constraint (1.8). The screening mechanism used by the

employer provides the incentive for the R-type worker to exert high effort.

In the model, screening is perfect and instant: if the worker chooses low effort follow-

ing a high wage, the worker is singled out as an R-type and will be offered zero wages for

the remaining periods. There is no rationale for still offering a high wage following low

effort. Such a rationale could be provided by models where the effort choice is not perfect.

Suppose we introduce a small margin of error in the decision of the S-type.

Assumption 1.4. With probability ρ < 1 each period, a S-type worker will choose low effort.

For simplicity, assume we play the game for only two periods. Suppose that in period 1

the worker received a high wage, w̄H , but chose low effort. The probability that the worker

is a S-type is

P (S|w̄H , L) =
P (L|w̄H , S)P (S|w̄H)

P (L|w̄H , S)P (S|w̄H) + P (L|w̄H , R)P (R|w̄H)
=

ρσ

ρσ + P (L|R, w̄H)(1− σ)
.

Now suppose the R-type always chooses low effort, so P (L|R, w̄H) = 1, does it make

sense to offer w̄H again? The employer will offer a high wage if

w̄H − w̄M ≤ ρσ

ρσ + (1− σ)
(1− ρ) (Π(H)−Π(M)),

and w̄H ≤ ρσ

ρσ + (1− σ)
(1− ρ) (Π(H)−Π(L)).

32Given that the payoff functions for both the worker and employer are linear in w, using a linear value
function instead of a convex value function will result in either always the same effort choice, regardless of
wage, or in a corner solution, or in indifference between two effort levels for all wages.
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Figure 1.11: The maximum level of w̄H for which it is rational for an employer to offer this wage, after observ-
ing low effort for one period (solid line), two periods (dashed line), three periods (dot-dashed line) and four
periods (dotted line), as a function of ρ.

If ρ and σ are sufficiently high and w̄H sufficiently low, these conditions indeed hold,

and it is optimal for the employer to offer high effort following low effort. Given this, it is

optimal for the R-type to choose low effort in the first period.

If we add another period to the model, and look at whether it is still rational to offer

high wage following two choices of low effort, we see that the conditions become even

stricter: we require a higher level for ρ and σ and a lower level for w̄H :

w̄H − w̄M ≤ ρ2σ

ρ2σ + (1− σ)
(1− ρ) (Π(H)−Π(M)),

and w̄H ≤ ρ2σ

ρ2σ + (1− σ)
(1− ρ) (Π(H)−Π(L)).

Figure 1.11 shows these conditions graphically, with σ = 0.8 and w̄M = 10, for the

two-period game (solid line), the three-period game (dashed line), the four-period game

(dot-dashed line) and the five-period game (dotted line), using the payoff parameters of

our game. From the graph it can be seen that the maximum level of w̄H that supports such

an equilibrium is low for low values of ρ (if an employer sees low effort, the probability

is high that the worker is an R-type), then increases for medium levels of ρ and finally

decreases again (for high values of ρ offering w̄H becomes to risky, because the probability

that S-types choose low effort is high).

The Figure shows that when σ = 0.8, w̄M = 10, the highest level of w̄H that can sustain

offering w̄H following low effort in a 2-period game is 13, if ρ = 0.3. As discussed earlier,

most other-regarding models point to values of w̄H that are higher than this and therefore

cannot sustain an equilibrium where high wages are offered following low effort. The
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equilibria where employers offer high effort following two instances of low effort require

high values of ρ (i.e., the probability that an S-type makes a mistake must be high) and

also w̄H must be low (S-types are willing to exert high effort following a low wage).

Other equilibria exist, for example in which the employer lowers the wage from w̄H to

w̄M following low effort. These equilibria can exist for higher levels of w̄M and w̄H and

lower levels of ρ and σ.

1.B Further regressions and alternative specifications

1.B.1 Treatment effects

This section presents the treatment effects of the various treatments. The staggered se-

quence of treatments allows us to use both a within-subject as well as between-groups

analysis. Furthermore, we can also apply difference-in-difference methods to measure the

treatment effects.

We compare two treatments across two games at a time. One of the treatments func-

tions as “control” treatment. Our notation is as follows: Tig equals one if participant i

receives the treatment in game g. Di is time-invariant and equals one if participant i is in

the treatment group and will receive the treatment at some point. Pg indicates the game

and is equal to one for observations from the second game.

For example, if we compare treatments (1C) and (1E) across games 1 and 2, we treat

(1C) as the control treatment and (1E) as the treatment of interest. The control group (Di =

0) in this case consists of participants who were given treatment (1C) in both games, while

the treatment group (Di = 1) consists of the participants that received treatment (1C) in

game 1 and treatment (1E) in game 2. Tig equals one for observations from treatment (1E).

Pg equals one for observations from game 2. Due to the incremental setup of our sequences

(see Table 1.4), Tig is equal to the interaction of Di and Pg.

1. Within-subject test. For this test, we compare the outcome variable y of the same

participant in the control in the first game and the treatment in the second game.

Only participants from the treatment group are included, as they received the control

in the first game and the treatment in the second game. This corresponds to running

the following fixed-effect regression on the treatment group:

yigt = αi + β1Tig + εigt (1.15)

The coefficient β1 corresponds to the treatment effect.
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2. Between groups test. For this test, we compare the outcome of the control group and

the treatment group in the same game (g = Ḡ), while receiving different treatments.

We ignore the observations from the first game in which both groups received the

control treatment. This corresponds to the following regression:

yiḠt = β0 + β1 TiḠ+ εiḠt (1.16)

3. Difference-in-difference. In the difference-in-difference test we correct for the com-

mon time trend of both groups across the two games. This corresponds to the fol-

lowing regression:

yigt = β0 + β1 Tig + β2 Pg + β3Di + εigt (1.17)

Here Di is a time-invariant indicator on whether an individual is in the treatment

group, Pg is an indicator for the second game. Note that in our setup, Tig = Di × Pg.

4. Fixed effects. The fixed-effects regression is in its essence similar to the difference-in-

difference regression, but exploits the full panel dimension of the data by controlling

for individual characteristics. This approach has potentially more power. Just like

in the difference-in-difference regression we rely on a common trend assumption for

our estimation of the treatment effect. This corresponds to the following regression:

yigt = αi + β1 Tig + β2 Pg + εigt (1.18)

The main difference between this equation and Equation (1.17) is that in Equation

(1.17) β0 and β3 are estimated on the basis of the entire sample, while in this equation

αi is estimated for each individual separately.

Tables 1.16, 1.17 and 1.18 present the effects of the treatments on the offered wages,

surplus, the earnings of the worker and the employer, the rate of acceptance and the rate

of compliance.
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Table 1.16: Treatment effects.

Ghana United Kingdom

(1) (2) (3) (4) (5) (6) (7) (8)
Within Between DID FE Within Between DID FE

Panel A. Offered wage

(1E) vs. (1C)
Game 2 / Game 1 −4.025∗∗ −4.624∗ −2.207 −1.891 −5.698∗∗∗

(1.526) (2.309) (2.027) (2.110) (0.862)
Game 3 / Game 1 −7.033∗∗∗ −6.896∗∗ −5.383∗∗∗ −5.140∗∗∗ −4.406∗∗

(1.184) (2.354) (1.282) (1.448) (1.473)
Game 4 / Game 1 −7.128∗∗∗ −8.235∗∗ −6.722∗ −6.402∗ −4.406∗∗

(1.711) (2.873) (3.059) (3.274) (1.473)
(3C) vs. (1C)
Game 2 / Game 1 0.452 0.444 2.030 2.585

(0.795) (2.112) (1.580) (1.646)
Game 3 / Game 1 −2.513∗∗∗ 0.439 −1.309 −0.621

(0.570) (4.702) (0.632) (0.738)
Game 4 / Game 1 −3.097 −1.587 −3.335 −2.372

(1.952) (3.429) (2.081) (2.163)
(3E) vs. (1E)
Game 3 / Game 2 −0.617 1.428 1.903 1.765 0.911 −0.712 0.585 1.190

(0.457) (1.836) (1.815) (1.350) (0.958) (1.460) (1.572) (1.643)
Game 4 / Game 2 −2.079 −1.380 0.892 0.368 1.547 −0.386 0.862 1.653

(1.705) (3.057) (2.835) (1.785) (1.245) (1.180) (1.606) (1.753)
(3E) vs. (3C)
Game 3 / Game 2 −5.146∗∗∗ −5.908 −5.374∗∗∗ −4.752∗∗∗

(0.951) (4.503) (1.196) (1.045)
Game 4 / Game 2 −6.998∗∗∗ −8.028∗∗ −7.187∗∗ −6.392∗∗

(1.448) (2.838) (2.445) (2.604)
(3ES) vs. (3E)
Game 4 / Game 3 −2.145∗∗∗ 1.506 −0.306 −0.262 1.681∗∗ −0.305 3.040∗∗∗ 3.264∗∗∗

(0.653) (2.309) (0.902) (0.984) (0.573) (1.837) (0.926) (0.962)

Panel B. Surplus

(1E) vs. (1C)
Game 2 / Game 1 −7.675∗∗∗ −11.96∗∗ −9.017 −9.017 −10.06∗∗∗

(1.803) (4.397) (6.493) (6.835) (0.845)
Game 3 / Game 1 −10.57∗∗∗ −16.97∗∗∗ −14.74∗∗∗ −14.74∗∗∗ −8.087∗∗∗

(1.285) (1.528) (1.577) (1.658) (1.297)
Game 4 / Game 1 −11.06∗∗∗ −18.00∗∗∗ −15.77∗∗∗ −15.77∗∗∗ −8.087∗∗∗

(1.098) (1.462) (1.639) (1.723) (1.297)
(3C) vs. (1C)
Game 2 / Game 1 4.313∗∗∗ 1.577 2.970 2.970

(0.954) (4.105) (6.469) (6.811)
Game 3 / Game 1 4.387 −1.522 0.215 0.215

(3.874) (1.889) (4.810) (5.055)
Game 4 / Game 1 3.293∗ −3.158 −1.421 −1.421

(1.746) (2.503) (2.665) (2.800)
(3E) vs. (1E)
Game 3 / Game 2 −1.949∗∗ 2.683∗ 1.144 −0.789 3.258∗∗ 2.127 2.604 2.604

(0.826) (1.295) (2.639) (2.625) (1.395) (2.403) (2.305) (2.427)
Game 4 / Game 2 −2.544 2.324 0.189 −0.894 6.267∗∗∗ 2.433 2.527 2.527

(1.910) (2.091) (3.860) (3.071) (2.010) (2.136) (2.585) (2.721)
(3E) vs. (3C)
Game 3 / Game 2 −12.47∗∗∗ −12.76∗∗∗ −17.21∗∗∗ −15.54∗∗∗

(1.576) (2.553) (3.456) (3.831)
Game 4 / Game 2 −13.23∗∗∗ −12.52∗∗∗ −16.29∗∗∗ −15.21∗∗∗

(2.855) (2.509) (2.281) (3.580)
(3ES) vs. (3E)
Game 4 / Game 3 0.283 1.214 1.022 1.022 3.718∗∗∗ −1.377 2.785∗ 2.785

(1.710) (2.171) (1.971) (2.076) (1.018) (2.909) (1.452) (1.528)

∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: Each cell corresponds to a separate regression. Standard errors are given in parentheses.
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Table 1.17: Treatment effects (continued).

Ghana United Kingdom

(1) (2) (3) (4) (5) (6) (7) (8)
Within Between DID FE Within Between DID FE

Panel C. Employer’s earnings

(1E) vs. (1C)
Game 2 / Game 1 −7.939∗∗∗ −13.70∗∗∗ −12.30∗∗∗ −12.30∗∗∗ −8.652∗∗∗

(1.326) (2.617) (3.034) (3.194) (0.590)
Game 3 / Game 1 −8.350∗∗∗ −15.05∗∗∗ −12.88∗∗∗ −12.88∗∗∗ −7.480∗∗∗

(0.522) (2.195) (1.271) (1.337) (0.677)
Game 4 / Game 1 −8.730∗∗∗ −14.96∗∗∗ −12.79∗∗∗ −12.79∗∗∗ −7.480∗∗∗

(1.229) (2.556) (1.741) (1.830) (0.677)
(3C) vs. (1C)
Game 2 / Game 1 2.103∗∗∗ −3.279 −2.254 −2.254

(0.652) (2.594) (3.162) (3.329)
Game 3 / Game 1 5.627 −3.537 1.098 1.098

(3.982) (3.630) (4.953) (5.205)
Game 4 / Game 1 4.960∗ −3.732 0.903 0.903

(2.621) (2.379) (1.404) (1.475)
(3E) vs. (1E)
Game 3 / Game 2 −2.703∗∗∗ 0.983 −2.522 −3.843 1.218 0.897 0.498 0.498

(0.750) (2.100) (3.606) (3.571) (0.877) (1.461) (1.432) (1.508)
Game 4 / Game 2 −2.256∗∗ 2.764 −2.310 −3.016 4.059∗∗∗ 0.855 0.0459 0.0459

(0.765) (2.618) (2.819) (2.729) (0.890) (1.194) (1.712) (1.801)
(3E) vs. (3C)
Game 3 / Game 2 −10.76∗∗∗ −10.53∗∗ −15.71∗∗∗ −14.56∗∗∗

(1.569) (4.028) (2.769) (3.234)
Game 4 / Game 2 −10.06∗∗∗ −8.459∗∗∗ −13.89∗∗∗ −13.19∗∗∗

(2.387) (1.897) (1.552) (2.472)
(3ES) vs. (3E)
Game 4 / Game 3 1.996 0.156 1.179 1.179 2.723∗∗∗ −0.943 0.0712 0.0712

(1.625) (1.200) (1.697) (1.787) (0.538) (1.365) (0.836) (0.880)

Panel D. Worker’s earnings

(1E) vs. (1C)
Game 2 / Game 1 −0.520 4.455 1.164 1.205 −2.410

(0.630) (3.657) (3.368) (3.957) (1.882)
Game 3 / Game 1 −3.421 7.279 −3.051 −4.265 1.354

(3.698) (5.142) (3.342) (3.787) (4.015)
Game 4 / Game 1 −2.483 4.035 −3.216 −4.779 1.354

(2.451) (4.227) (4.096) (3.419) (4.015)
(3C) vs. (1C)
Game 2 / Game 1 2.641∗ 5.771 4.969 4.365

(1.294) (3.327) (3.287) (3.283)
Game 3 / Game 1 1.321 9.840 0.428 0.478

(2.463) (3.670) (4.914) (3.970)
Game 4 / Game 1 0.818 7.111∗∗ 1.023 −1.478

(6.853) (1.534) (4.804) (7.535)
(3E) vs. (1E)
Game 3 / Game 2 0.840 −2.620 1.602 2.036 3.015 −0.290 0.139 0.261

(2.461) (3.164) (4.295) (5.360) (2.111) (3.411) (3.680) (3.724)
Game 4 / Game 2 0.996 −4.343 −3.295 −0.329 5.821∗∗ 2.760 8.113 7.706

(1.786) (5.453) (4.775) (2.544) (2.014) (3.428) (4.599) (5.101)
(3E) vs. (3C)
Game 3 / Game 2 −1.250 −5.181 1.963 1.042

(1.960) (6.178) (1.552) (2.074)
Game 4 / Game 2 −4.221∗∗∗ −7.419 −2.008 −3.683

(0.616) (5.339) (5.379) (4.536)
(3ES) vs. (3E)
Game 4 / Game 3 −0.278 1.072 1.651 2.543 −1.916 −2.644 2.139 0.623

(1.349) (5.109) (2.208) (2.271) (1.346) (1.838) (2.681) (2.889)

∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: Each cell corresponds to a separate regression. Standard errors are given in parentheses.
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Table 1.18: Treatment effects (continued).

Ghana United Kingdom

(1) (2) (3) (4) (5) (6) (7) (8)
Within Between DID FE Within Between DID FE

Panel E. Acceptance

(1E) vs. (1C)
Game 2 / Game 1 0.132∗∗∗ 0.144 0.185 0.176 0.0153

(0.0343) (0.140) (0.198) (0.207) (0.0189)
Game 3 / Game 1 0.137∗ 0.0417 0.0497 0.0476 0.0376

(0.0686) (0.0522) (0.0674) (0.0687) (0.0358)
Game 4 / Game 1 0.101∗ 0.0551 0.0631 0.0664 0.0376

(0.0501) (0.0388) (0.0735) (0.0776) (0.0358)
(3C) vs. (1C)
Game 2 / Game 1 −0.436∗∗∗ −0.399∗∗ −0.408∗ −0.393

(0.0185) (0.141) (0.205) (0.210)
Game 3 / Game 1 −0.460∗∗∗ −0.564∗∗∗ −0.569∗∗ −0.549∗∗

(0.0797) (0.0257) (0.0823) (0.0951)
Game 4 / Game 1 −0.455∗∗∗ −0.511∗∗ −0.516∗∗ −0.490∗∗

(0.0453) (0.0585) (0.0740) (0.0826)
(3E) vs. (1E)
Game 3 / Game 2 −0.533∗∗∗ −0.597∗∗∗ −0.539∗∗∗ −0.534∗∗∗ −0.361∗∗∗ −0.401∗∗∗ −0.379∗∗∗ −0.361∗∗∗

(0.0232) (0.0202) (0.0354) (0.0373) (0.0428) (0.0388) (0.0529) (0.0558)
Game 4 / Game 2 −0.517∗∗∗ −0.554∗∗∗ −0.492∗∗∗ −0.478∗∗∗ −0.406∗∗∗ −0.499∗∗∗ −0.510∗∗∗ −0.484∗∗∗

(0.0465) (0.0284) (0.0546) (0.0554) (0.0730) (0.0379) (0.0580) (0.0611)
(3E) vs. (3C)
Game 3 / Game 2 −0.0235 0.00854 −0.0201 −0.0187

(0.0170) (0.0312) (0.0377) (0.0399)
Game 4 / Game 2 −0.0158 0.0122 −0.00618 −0.0171

(0.0207) (0.0314) (0.0344) (0.0270)
(3ES) vs. (3E)
Game 4 / Game 3 −0.0112 −0.0125 −0.0143 −0.0144 0.0178 0.0267 0.0443 0.0409

(0.0149) (0.0164) (0.0145) (0.0160) (0.0235) (0.0433) (0.0295) (0.0313)

Panel F. Compliance

(1E) vs. (1C)
Game 2 / Game 1 −0.585∗∗∗ −0.579∗∗∗ −0.579∗∗∗ −0.585∗∗∗ −0.443∗∗∗

(0.0401) (0.0325) (0.0325) (0.0399) (0.0334)
Game 3 / Game 1 −0.590∗∗∗ −0.598∗∗∗ −0.598∗∗∗ −0.590∗∗∗ −0.413∗∗∗

(0.0971) (0.0884) (0.0886) (0.0935) (0.0629)
Game 4 / Game 1 −0.617∗∗∗ −0.614∗∗∗ −0.614∗∗∗ −0.617∗∗∗ −0.413∗∗∗

(0.0919) (0.0829) (0.0831) (0.0885) (0.0629)
(3E) vs. (1E)
Game 3 / Game 2 −0.0353 0.0512 −0.0980 −0.113 0.0431 0.0213 −0.0473 −0.0524

(0.0643) (0.0958) (0.157) (0.168) (0.0410) (0.0672) (0.0811) (0.0830)
Game 4 / Game 2 −0.178 0.0161 −0.209 −0.232 0.186∗∗∗ 0.0394 −0.0167 −0.0168

(0.145) (0.0964) (0.159) (0.175) (0.0262) (0.0538) (0.0682) (0.0736)
(3E) vs. (3C)
Game 3 / Game 2 −0.521∗∗∗ −0.547∗∗∗ −0.547∗∗∗ −0.521∗∗∗

(0.0632) (0.0421) (0.0421) (0.0627)
Game 4 / Game 2 −0.584∗∗∗ −0.598∗∗∗ −0.598∗∗∗ −0.584∗∗∗

(0.157) (0.0729) (0.0731) (0.156)
(3ES) vs. (3E)
Game 4 / Game 3 0.0529 0.136 0.0643 0.0517 0.113∗∗ −0.00452 −0.0310 −0.0406

(0.0304) (0.0813) (0.0526) (0.0598) (0.0379) (0.0406) (0.0643) (0.0686)

Note: Each cell corresponds to a separate regression. Standard errors are given in parentheses.
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1.B.2 Excluding fixed effects

Table 1.19: Acceptance and compliance in treatment (1E), no fixed effects

Ghana United Kingdom Both countries (pooled)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Acceptance Compliance Compliance Acceptance Compliance Compliance Acceptance Compliance Compliance

(medium (high (medium (high (medium (high
demand) demand) demand) demand) demand) demand)

Wage 0.00688∗∗ 0.0145∗∗ 0.0139∗∗ 0.0205∗∗∗ 0.0371∗∗∗ 0.0453∗∗∗ 0.00688∗∗∗ 0.0145∗∗∗ 0.0139∗∗∗

(0.00183) (0.00482) (0.00424) (0.00215) (0.00983) (0.00361) (0.00171) (0.00449) (0.00395)

UK −0.244∗∗∗ −0.130 −0.374∗∗∗

(0.0589) (0.211) (0.127)

Wage × UK 0.0136∗∗∗ 0.0226∗ 0.0314∗∗∗

(0.00273) (0.0108) (0.00534)

Constant 0.803∗∗∗ 0.317 −0.0512 0.559∗∗∗ 0.187 −0.425∗∗∗ 0.809∗∗∗ 0.314∗∗∗ −0.125∗

(0.0490) (0.168) (0.0830) (0.0373) (0.142) (0.101) (0.0384) (0.0842) (0.0700)

N 478 160 224 763 217 358 1241 377 582
Adjusted R2 0.225 0.513 0.297 0.316 0.398 0.450 0.238 0.235 0.433
Fixed effects None None None None None None None None None
Period
dummies Yes Yes Yes Yes Yes Yes Yes† Yes† Yes†

∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
† Columns (7), (8) and (9) also include the interaction of the period dummies with the country dummy.
Note: This is a linear probability model regression of acceptance and compliance on the wage offered, without fixed effects (see Table

1.6 for the table with fixed effects). Acceptance is an indicator variable and is equal to one if the worker accepted the offer. Compliance
is an indicator variable and is equal to one if the worker chooses the effort level specified by the employer, or a higher effort level. For
the Compliance (medium demand) and Compliance (high demand) columns the regression only includes observations where medium or
high effort was demanded by the employer. Standard errors are clustered by session.
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Table 1.20: Linear regression of wage offers on rejection and previous compliance in treatment (1E), without
fixed effects.

Ghana United Kingdom

Dependent variable:
Wage offer in period t (1) (2) (3) (4)

Rejection in period t− 1? −1.195 −1.093 1.677∗∗ 1.690∗

(1.448) (1.397) (0.712) (0.944)

Compliance in period t− 1? 0.789 7.558∗∗∗

(0.807) (1.034)

Compliance in period t− 1? 1.799 13.01∗∗∗

(high effort demanded) (2.357) (1.000)

Compliance in period t− 1? 1.252 5.308∗∗∗

(medium effort demanded) (0.969) (1.314)

Constant 13.82∗∗∗ 13.12∗∗∗ 8.602∗∗∗ 7.572∗∗∗

(2.640) (3.521) (1.319) (1.021)

Observations 380 380 608 608
R2 0.0475 0.0496 0.158 0.266
Adjusted R2 0.0136 0.0132 0.139 0.249
Fixed effects None None None None
Period dummies Yes Yes Yes Yes
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: This is a linear regression of wage offered on previous compliance
and rejection, without fixed effects. Rejection is an indicator variable and
equal to one if the worker rejected the offer. Compliance is an indicator
variable and equal to one if the worker chose the effort level demanded by
the employer, or a higher level. Only wage offers in period 2-5 are included.
Standard errors are clustered on the session level.

1.B.3 Alternative specifications

Table 1.21: Alternative specifications of Table 1.8

Ghana United Kingdom

(1) (2) (3) (4)
Waget ∆ Waget Waget ∆ Waget

Wage in period t− 1 0.0850 0.326∗∗∗

(0.0995) (0.0740)

Compliance in period t− 1? 0.254 −0.653 6.065∗∗∗ 5.582∗∗∗

(0.896) (1.599) (1.073) (1.188)

Rejection in period t− 1? −0.767 5.198∗∗ 4.751∗∗∗ 9.855∗∗∗

(1.772) (1.612) (1.116) (1.522)

Constant 15.46∗∗∗ 0.0808 6.145∗∗∗ −3.998∗∗∗

(2.878) (1.227) (1.126) (0.685)

Observations 371 371 595 595
R-squared 0.0594 0.0565 0.239 0.205
Adjusted R-sq 0.0224 0.0221 0.221 0.187
Employer fixed effects Yes Yes Yes Yes
Period dummies Yes Yes Yes Yes
Standard errors in parentheses
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 1.22: Alternative specifications of Table 1.8

Ghana United Kingdom Both countries (pooled)

Dependent variable: (1) (2) (3) (4) (5) (6)
Wage offer in period t

Medium effortt−1 2.502∗ 3.167∗∗ 3.989∗∗∗ 3.072∗∗ 2.502∗∗ 3.167∗∗∗

(1.065) (0.916) (1.195) (1.110) (0.995) (0.856)

High effortt−1 2.951 4.231∗ 9.583∗∗∗ 7.823∗∗∗ 2.951 4.231∗∗

(1.831) (1.791) (1.275) (1.508) (1.711) (1.673)

Positive surpriset−1 0.887 0.270 0.887
(1.043) (1.985) (0.974)

Negative surpriset−1 1.725∗∗∗ −2.132∗∗ 1.725∗∗∗

(0.339) (0.976) (0.317)

UK ×Medium effortt−1 1.487 −0.0950
(1.545) (1.392)

× High effortt−1 6.632∗∗∗ 3.592
(2.126) (2.242)

× Positive surpriset−1 −0.616
(2.193)

× Negative surpriset−1 −3.857∗∗∗

(1.017)

Constant 14.49∗∗∗ 13.34∗∗∗ 5.677∗∗∗ 7.416∗∗∗ 9.221∗∗∗ 9.796∗∗∗

(2.197) (2.106) (1.447) (1.499) (1.189) (1.188)

Observations 416 416 619 619 1035 1035
R-squared 0.0741 0.0818 0.263 0.273 0.182 0.191
Adjusted R-sq 0.0369 0.0402 0.243 0.251 0.156 0.162
Employer fixed effects Yes Yes Yes Yes Yes Yes
Period dummies Yes Yes Yes Yes Yes Yes
Standard errors in parentheses

1.B.4 Extensive-form representation

Figure 1.12 shows an extensive form representation of the game.
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0 40

selects w between 
0 and 40, and
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* payoffs if employer makes no offer: (0, 0)
payoff notation: (employer, worker)

(20 − w, w − 2)

medium

Figure 1.12: Extensive-form representation of the game

1.B.5 Fairness and effort choice

Figure 1.14 shows the effort choice corresponding to the αi and βi parameters of the Fehr-

Schmidt model in a one-shot interaction.

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

α (disadvantageous)

β
(a
dv
an
ta
ge
ou
s)

w = 7

REJECT
choose
MEDIUM

choose
LOW

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

α (disadvantageous)

β
(a
dv
an
ta
ge
ou
s)

w = 19

REJECT

choose
HIGH

choose
MEDIUM

choose LOW

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

α (disadvantageous)

β
(a
dv
an
ta
ge
ou
s)

w = 27

choose HIGH

choose MEDIUM
choose LOW

Figure 1.13: Expected behaviour by worker in the fairness model for different parameters of αi and βi, as
response to the wage w offered by the employer. Figure 1.14 shows expected behaviour for all possible values
of the wage w.
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1.B.6 Rehiring behaviour of employers

Dependent variable: (1) (2) (3)
Wage offered (1E) (3E) (3ES)

Medium effort exerted 4.139∗∗ 0.0258 0.650
(1.230) (0.343) (1.521)

High effort exerted 6.749∗ 0.173 -0.640
(2.855) (0.320) (1.305)

Constant 13.41∗∗∗ 13.38∗∗∗ 12.95∗∗∗

(1.750) (0.169) (0.626)

Observations 133 579 309
Standard errors in parentheses
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 1.23: The amount offered by the employer to the worker in the rehiring stage in treatments (1E), (3E)
and (3ES). Standard errors are clustered on the session level.

In the rehiring stage, we ask the employers for each of the possible effort levels whether

they would like to make an offer to the worker again, and what the offer would be. Sim-

ilarly, the workers are asked for their minimum wage in order to accept an offer. On av-

erage, 27.4% of the employers specify offers in the rehiring stage. Only a small share of

trades is initiated through this rehiring: around 2-3 percent.

The Table above shows a regression of the amount offered by the employer to the

worker, with the level of effort chosen by the worker as one of the regressors. In the (1E)

treatment, we find that high effort is rewarded with a wage that is 6.7 points higher than

a low effort offer (significant at the 10% level). A medium effort offer is rewarded with a

wage that is 4.2 points higher and is significant at the 5% level. We do not find significant

differences in the (3E) and (3ES) treatments.

These results show that there is some presence of conditional contacting by employers.

However, the differences in wages are small and not sufficient to cover the losses incurred

by low effort provision (the difference in the payoff to the employer between high and low

effort provision is 35 points).

1.B.7 Classifying worker types

This appendix section describes the classification of types for the estimation of the struc-

tural model in a more detailed way. As a starting point, we assume that in every period

the workers choose according to Fehr-Schmidt preferences:

Ui(x) = xi − αi max (xj − xi, 0)− βi max (xi − xj , 0)
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Figure 1.14 shows the areas of αi and βi that are consistent with making a particular

choice. For each worker, using these sets of values, we can take his or her choices, and plot

the value sets of αi and βi that are consistent with this choice for the five periods in each

game:
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Figure 1.15: The value sets of αi and βi consistent with the choice made by one worker in the five periods of
a game.

Next, we can overlap the areas with each other and then consider the set of values

which are consistent with at least four out of the five choices made by a worker:
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Figure 1.16: The overlapping area of αi and βi for one worker.

We repeat this process for each worker, and using this way, derive bounds for αi and

βi.

1.C Instructions

Script

Below is an excerpt of the script used in the experiment for our British sessions. For our

Ghanaian sessions the same script was used, with the exception of the references to the

currency used for payment.

“Good morning. / Good afternoon. My name is Elwyn Davies. I am a researcher at the

University of Oxford. This is [...], who will be helping out today.

Welcome to this session of the experiment. This experiment is part of a wider study

done by the University of Oxford on entrepreneurship and firms. The goal is to see how
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people behave in a virtual marketplace. Please remain silent during the entire duration of

the experiment. Please turn off any mobile phones.

During this session you will earn points. These points will be converted to pounds

at the end of the session. 100 points is equal to 3 pounds. You will receive this amount in

private at the end of the session. You will also receive a show-up payment of 4 pounds.

All earnings will be rounded up to the next 10p.

I will explain more about this experimental session later on. First, I will talk about how

to use the tablet. You will use the tablet to make choices in this experiment. Please have a

look at your tablet and read the message. If you are done reading, press OK.

Make sure to touch the screen gently. Do not press it too hard.

If, at any point, you have a question about the experiment, please raise your hand and

we will come to your desk to answer your question in private.

(Wait.)

We are now going to practice how to make offers. In this game you will be either an

employer or a worker. Employers make offers to the workers. I will talk about that more

later on. First we will practice how to make an offer.

Please press the green Make Offer button. You will see a new screen in which you can

make an offer. You always have to indicate two things. First you always need to select the

level of effort you demand from the worker, by pressing Low, Medium or High.

Please press Low, Medium or High.

Your selected choice becomes yellow.

Now try to change your choice. For example: from High to Low, and from Low to

Medium.

Second, you need to select an amount of compensation, on the right part of the screen.

Please touch here, and select a number. The number has to be between 0 and 40. After

selecting a number, please change the number, for example from 0 to 5, or from 32 to 37.

And then change the number again.

On the bottom left of the screen you can see graphs. These graphs show you how much

you can earn if the worker accepts the offer. Please change the number on the right hand

side, and see how the graphs change as well. Yellow means that you are earning money,

gray means that points will be deducted.

Click on OK if you want to make the offer. You can also click on Cancel, or on Delete

offer, if you don’t want to make an offer to the worker. After clicking on OK, you will see

the offer you have made. If you want to change the offer, click on Change offer.
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If you have any questions, please ask them. We will come to your desk to answer them.

(Wait until everybody is done.)

I will now talk about the experiment itself and what we are going to do.

Some of you will be employers, some of you will be workers. We will determine by

chance which role you get.

Each period the employers start by making offers to the workers. Each offer must

specify a level of effort and an amount of compensation. The workers then choose to

accept or reject an offer. If they reject an offer, both get zero points.

If the worker accepts the offer, the worker will work for the employer. This work gives

a profit to the employer, but working hard is tiring for the worker, so the worker will get

less.

There are three levels of effort: high, medium and low.

• High effort means that the employer gets 40 points. The worker will lose 6 points.

• Medium effort means that the employer gets 20 points. The worker will lose 2 points.

• Low effort means that the employer gets only 5 points, but the worker will not lose

anything.

We will hand out a paper to remind you about this. You can also use the graphs to help

you with the calculation.

The effort level chosen is the same as what the employer demanded: the worker can

only choose the effort level demanded by the employer.

So the points you get each round are as follows:

• As a worker, you get the amount offered minus the cost of effort, which is 6, 2 or 0

points.

• As an employer, you get the profit of 40, 20 or 5 points minus the payment to the

worker.

Remember, the graphs will remind you of what you can earn when making an offer.

Please let us know if you have any questions about this. We will have two rounds of

practice. (Walk around and check for questions.)

(Initialize the main game by pressing the Start button on the admin screen.)

The screen will now tell you whether you are a worker or an employer. Please press

OK to continue. We will first play two rounds of practice. No points can be lost or earned.
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Please press OK to continue. If you see a waiting screen, please wait. You will see this

screen a couple of times during the experiment. You will have to wait until everybody is

finished making their choices.

(Wait until everybody has clicked OK twice)

We are now in the first practice period. If you are an employer, please make an offer by

selecting a number on the gray bar. And then press Submit. Make sure to do this before

the time runs out.

(Wait until the workers can choose.)

Now the workers can choose to accept or reject the offer. If you want to accept the offer,

press Select. Then click OK. For this practice round, make sure to accept the offer, so that

you know how this works.

Make sure to do this before the time runs out. At the top of the screen you can see how

many minutes are still remaining.

If you have accept an offer, we will ask you how many points you need in the next

round to accept the offer. For example, if you select 30, you will accept all offers of 30 and

higher, and reject the offers of 29 and lower.

We will also ask the employers what they would like to offer to you. If both of you

agree, you will automatically accept the offer in the next period. If you don’t accept, the

employer will make you an offer again in the next period, just as before.

(At the end of the two practice periods.)

We will now play for real points, that will be converted to pounds at the end of the

session. If you have any questions, please raise your hand and we will come to your desk

to answer them.

You will have the same worker or employer for the next five periods. The letter on

your screen does not correspond to the letter on the desk: they are different. You cannot tell

who in the room your worker or employer is.

You can check your number of points by pressing the Show history button during the

experiment. You can then also see what has happened in the previous rounds.

Press I am ready to continue.

(Part 2: Treatment (1E))

We have now finished the first set of five periods.

For the next part of the experiment, we are going to do the same thing. However, now

the workers can choose their level of effort. They do not have to do what you demanded as
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an employer. So for example, if you ask for high effort, the worker can also choose medium

or low effort. If you ask for low effort, the worker can also choose medium or high effort.

As an employer you will now see graphs for all the three options.

During the making of an offer, you will see bullets indicating what the worker has done

in previous rounds. Gray means that the worker rejected the offer. Green means that the

worker chose the level of effort that was demanded, or higher. Red means that the worker

choose a lower level of effort than you demanded.

You will have a different worker than before. You will have the same worker or em-

ployer for the next five periods.

(Part 3: Treatment (3E))

For the next five periods, workers can still choose their level of effort. However, some

of the employer can now make offers to three workers at the same time. Similarly, workers

can accept offers from different employers. Every worker can only choose one offer. An

employer can only have one worker.

Workers will take turns in choosing their offer. Sometimes you might be the first one,

and have all the offers available. Sometimes you might be the last one, and there might be

fewer offers available. We will determine the order in which you choose by chance.

As an employer, when you make your first offer, this will be shared with the other

employers that can offer to this worker.

Again, as an employer, you can see what the workers have done in the previous peri-

ods when they were working for you. You cannot see what workers did when they were

working for someone else.

(Part 4: Treatment (3E))

For the next five periods, you will have new workers or employers. There is no practice

period.

(Part 4: Treatment (3ES))

For the next five periods, you will have new workers or employers. There is no practice

period.

As an employer, you can now see what the workers have done in the previous periods,

not only when they were working for you, but also what they did when they were working

for someone else.

(Questionnaire)
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Ok, we are now almost done with the experiment. Please fill in the questions in the

questionnaire. In the meantime we will prepare your payment. We will call you when we

are done with making the payments.”
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Chapter 2

Pledging, Praising, Shaming:
Experimental Labour Markets in
Ghana

with Marcel Fafchamps, Stanford University

Abstract Firm surveys have shown that labour management in developing coun-

tries is often problematic. Earlier experimental research (Davies & Fafchamps,

2017) has shown that managers in Ghana are reluctant to use monetary incentives

to motivate workers. This chapter presents the results from a gift-exchange game

experiment in Ghana in which the worker can make a promise to the employer be-

fore a contract is offered (ex ante communication) and in which the employer can

send negative or positive feedback to the worker after the worker has chosen ef-

fort (ex post communication). The results indicate that feedback can help sustain

cooperate behaviour (high effort provision), but only if the wage offered is high

enough. Feedback reinforces reciprocity concerns on the behalf of the worker. In

particular positive messages (praising) leads to higher effort provision, no signif-

icant relation between negative feedback and effort can be found. Promises are

related to higher effort, but do not necessarily lead to higher wages.

2.1 Introduction

Monetary incentives, either implicit or explicit, are often seen as effective in encouraging

employees to exert high effort (Prendergast, 1999; DellaVigna et al., 2016). However, it

can be questioned to what extent such incentives are effective in countries where informal

employment is the norm. In Chapter 1, we showed that participants in a gift-exchange

game were less likely to adopt wage incentives in Ghana than in the United Kingdom.

Other studies have shown that monetary incentives can lead to a decrease in morale and

effort, because workers dislike the implied income inequality (e.g. Breza et al., 2015) or
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the negative externality they impose on others in case of relative pay incentives (Bandiera

et al., 2005). In such environments, it could be more effective for employers to resort to

other means of motivating their workers. A natural alternative is to motivate the worker

in a different way, by for example providing feedback on their performance or to verbally

agree on what level effort is put in, by for example letting the worker make a promise. Lab

experiments have shown that promises ex ante (Charness & Dufwenberg, 2006; Vanberg,

2008) or providing a feedback message ex post (Masclet et al., 2003) can increase trustwor-

thiness in a trust game.

This chapter studies the use and effectiveness of feedback and promises as nonmone-

tary incentives in labour relationships in Ghana. Employment in Ghana is characterized

by a by a huge informal sector: only 20.2 percent of the country’s working population is in

wage employment (Ghana Statistical Service, 2014). In informal employment, contracts are

rare and many of the employment conditions are established verbally. Even though labour

surveys have shown that many formal and informal firms in Ghana offer bonuses (Barr &

Serneels, 2009), differentiating bonuses on the basis of performance is seen as controver-

sial.1 The lack of usage of monetary incentives by employers in the Ghanaian experiments

of Chapter 1 corresponds with such a story.

The raises the question if nonmonetary social incentives could function as an alterna-

tive to monetary incentives. To test for this, we implement an amended version of the

gift-exchange game (Fehr et al., 1993). In one treatment, we allow the employers to send

either positive or negative feedback to the worker after the worker has exerted effort. The

employer can choose from three prespecified positive feedback messages and three pre-

specified negative feedback messages. The employer can also choose not to send feedback.

In another treatment we also allow the workers to make a promise about future effort to

the employer.

Our results show that allowing for promises and feedback does not increase average

effort significantly. However, allowing for feedback does increase reciprocity on behalf

of the workers. In the feedback treatments workers who received a high wage are more

likely to exert high effort compared to the non-feedback treatments. Furthermore, we see

that in particular positive messages are related to an increase in effort. Workers who have

made a promise are also significantly more likely to exert high effort, provided the wage is

1Many firms choose to give the bonus to all workers. Debrah & Mmieh (2009) describe the problems a
large formal insurance company in introducing a bonus system. Bonuses were initially given to everyone
and workers felt entitled to receiving them. Making these bonuses dependent on performance led to protests
from long-serving staff who were underperforming. The CEO eventually succumbed to the pressure after two
years and cancelled the scheme.
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high enough. This suggest that the success of communication as an incentive is very much

dependent on the wage that is offered.

This paper is structured as follows. Section 2 of this chapter discusses related literature.

Section 3 presents the experiment and the treatments. Section 4 discusses the implementa-

tion of the experiment in Ghana. Section 5 presents the results. Section 6 concludes.

2.2 Related literature

Our study focuses on whether positive and negative feedback as well as promises can

encourage cooperation. Earlier experimental studies suggest that communication can in-

deed be effective in increasing trust and cooperation, but the extent of the effect is often

dependent on the type of communication that the experiment allows for as well as the so-

cial distance between the players. The behavioural reasons underlying this behaviour are

often explained as a preference for people to avoid guilt, a preference for consistency or

concerns about social approval. However, generally, communication incentives are found

to be less effective than monetary incentives. We will now discuss this in more detail.

Promises and cheap talk Even though promises are “cheap talk” and do not directly

affect earnings, earlier studies found that they can increase cooperation. In trust game ex-

periments that allowed for hidden actions, promises generally lead to increased levels of

trusting and trustworthiness (Charness & Dufwenberg, 2006, 2010; Ismayilov & Potters,

2015). In these games a sender can choose whether she puts the responder in a position

in which the responder can make a choice that is either very beneficial or costly for the

sender. With some probability the reverse choice of the responder is implemented, giv-

ing the responder some level of plausible deniability when choosing the harmful option.

Promises generally improve both the level of trust and the level of trustworthiness. Char-

ness & Dufwenberg (2006) gave responders the possibility to write a non-binding message

on a piece of paper before the game. This made senders more likely to trust the responder

and also responders more likely to reciprocate.

We can think of several reasons why responders might prefer to keep to their promises.

The first one, as argued by Charness & Dufwenberg, is people keep promises due to an

aversion to the experience of guilt. They show that making a promise shifts beliefs on the

other side and therefore raises expectations of what choice the responder makes. Breaking

these expectations leads to a feeling of guilt that people want to avoid by not breaking their

promises. Another view for the effectiveness of promises is a desire of consistency and that

making a promise commits you to keeping it. Vanberg (2008) randomly swapped some of
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the participants in a two-sided dictator game, putting them in the shoes of someone else

who had exchanged messages with another participants. Even though the other party

knew that a swap was possible, they were kept in the dark whether a swap was actually

made and therefore beliefs and expectations were not changed. Nevertheless, participants

predominantly only kept to promises they made themselves and not to promises made by

the person in whose shoes they were put. They were mainly reluctant to break expectations

that they set themselves, but not the ones set by others. Vanberg argues that this provides

evidence that people are keeping to their promises out of concern for consistency.

The effectiveness of promises are found to be dependent on whether communication

is constrained. In our experiment we use pre-specified “canned” messages. Earlier ex-

periments have shown that such “canned” messages (e.g. “I promise to choose Roll”,

where “Roll” corresponds to the responder’s reciprocating choice) are generally less effec-

tive than free-form messages (Charness & Dufwenberg, 2010; Brandts et al., 2015). Fur-

thermore, other experiments have shown that trustworthy behaviour just does not follow

from sending the message, but that it is important that the promise is received at the other

side. Ismayilov & Potters (2015) show that receivers behave less trustworthy if they made

a promise that was undelivered than if that promise was delivered. This could be inter-

preted that people do not necessarily have a preference to for consistency with respect to

themselves, but they might have a preference to be perceived as consistent by the other

party.

Feedback and social approval Positive and negative feedback gives an idea of whether

the principal approves of the action of the agent after the choice has been made. Earlier

studies of social approval find that this can increase contributions in a public goods game

or effort in a gift-exchange game, as discussed below. Many of these studies test social

approval by revealing the identity of the participants at the end of the experiment. Gächter

& Fehr (1999) reveal the participants’ identities and contributions after playing ten rounds

of a public goods game and find that this increases contributions in the treatment where

participants engaged in a group activity before the start of the experiment. Having a basic

level of social familiarity with each other is key: the contributions in the treatment where

identities are revealed but no group activity took place were not higher than in the treat-

ment with full anonymity. Falk et al. (1999) reveal the identity of the participants in a

gift-exchange game, by letting them play the game face-to-face and letting them openly

discuss the outcomes of the game in some of the treatments. They find only a weak effect

79



of revealing identity on effort. Letting participants play each other repeatedly but anony-

mously is almost as effective. This suggests that reciprocity is more important than social

approval.

When feedback is public, reputational concerns start playing a role. Rege & Telle (2004)

conduct a similar experiment, but make the revelation of the contribution and identity

more salient, by letting the participants open the envelop with their contribution in front

of the entire group immediately after making their choice. They find that even if the par-

ticipants do not know each other before the start of the experiment, such a social approval

incentive can increase contributions. Similar results have been found in studies in develop-

ing countries, where participants who had to reveal their contributions in front of a group

significantly increased their contributions (e.g. Barr, 2001).

Another approach for testing for social approval is allowing for feedback after a choice

is made, as we do in our experiment. Masclet et al. (2003) test the effectiveness of such a

mechanism in a public goods game. In their experiment, participants can give each other

“punishment points”, which do not carry any monetary value. Even though these points

do not have monetary consequences, they do lead to higher contributions. However, the

contributions are lower than in the treatment where these punishment points have mone-

tary consequences.

However, there could also be internal motivations to give feedback. It can function as a

way of venting frustration and therefore mitigate the need to use costly punishment. Xiao

& Houser (2005) showed that responders in an ultimatum game were less likely to costly

reject low offers if they had the opportunity to convey their feelings through a message.

The paper closest to our setup is Cooper & Lightle (2013), who conducted a gift-exchange

game with communication in the United States. In this experiment the workers could send

a free-form message to the employers after the interaction. They found that communica-

tion increased both wages and effort. The increase in effort was mainly due to employers

increasing their wages. Positive and negative responses were less effective than advice

given by the worker to increase the wage. Our experiments differ from their design in

three ways: first, feedback is sent by the employer and not by the worker; second, we

allow for promises while their experiment only allowed for feedback (players were ran-

domly rematched after each period, so no reputational effects could emerge); and third,

our messages are pre-specified while their experiment allowed for free-form communica-

tion.
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* payoffs if employer makes no offer: (0, 0) 
payoff notation: (employer, worker) 

Figure 2.1: Extensive form representation of a single period in the game.

2.3 Design of the experiment

2.3.1 The gift-exchange game

The experiment is an adaptation of the gift exchange game and mimics labour relations in a

principal agent setting. Participants are divided into workers and employers. Employers

and workers are randomly matched to one other, in such a way that each employer is

matched to one worker and each worker is matched to one employer. Each treatment

consists of five or ten trading periods, in which the matched employer and worker can

enter a labour contract with each other. The worker can choose two levels of effort: high

effort or low effort. A higher level of effort is more beneficial to the employer, but comes

at a higher cost to the workers. For the five or ten trading periods, the same employer and

worker are contracting with each other. Each trading period consists of three stages: the

contracting stage, the supply stage and the rehiring stage:

The contracting stage. In this stage the employer can choose to make an offer to the

worker. The worker can then choose to accept or reject the offer. If the employer does not

make an offer or the worker chooses to reject the offer, both the worker and the employer

receive a payoff of zero points.
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Effort level low high

Benefit to employer 5, 10 or 15 40

Cost to worker 0 6

Surplus 5, 10 or 15 34

Table 2.1: Payoff structure. The benefit to the employer is varied between sessions.

The supply stage. In this stage, the worker first receives the payment w from the em-

ployer and then chooses either a low or a high level of effort. A high level of effort is costly

to the worker, but gives the employer a higher benefit. The choice of effort is not revealed

to the employer until the end of the next stage.

The rehiring stage. If the worker accepts the offer, the employer is asked what wage she

would offer if the worker chose low effort and what she would do if the worker chose high

effort. The worker is asked what the minimum payment needs to be to accept the offer.

If the offer of the employer matches the minimum desired payment, the worker and the

employer will contract again with each other in the next period, skipping the contracting

stage. If there is no match, contracting in the next period will happen as before. At the end

of this stage the effort choice of the worker and the final payoffs are revealed.

A choice of high effort gives the employer a payoff of 40 points, from which the wage is

deducted. The cost of providing high effort for the worker is 6 points, which is deducted

from the wage. In case the worker chooses low effort, the worker does not lose any points,

but the employer receives a lower payoff. This payoff is varied across the sessions, and

is either 5, 10 or 15 points. Figure 2.1 shows an extensive-form representation of a single

period in the game, and the payoffs are summarized in Table 2.1.

2.3.2 Treatments

The starting point of our experiment is treatment (1E), in which workers have a choice

between providing high and low effort. To assess the effect of limited enforceability of

contracts, we introduce control treatment (1C), in which workers can only choose high

effort after accepting: in other words, a worker has to comply by choosing high effort.2

This version of the game is equivalent to the ultimatum game. In both treatment (1E) and

2In Brown et al. (2004) employers can ask for other levels of effort than just high effort. This possibility is
removed here, just like in perfect contracting treatments of earlier gift-exchange experiments, such as Fehr &
Falk (1999)
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Table 2.2: The four different treatment sequences.

Sequence Game 1 Game 2 Game 3 Game 4
no. (5 periods) (5 periods) (5 periods) (10 periods) No. of participants

1 (1C) (1C) (1C) (1C) 40
2 (1C) (1E) (1E) (1E) 100
3 (1C) (1E) (1EM) (1EM) 100
4 (1C) (1E) (1EMP) (1EMP) 80

Note: Treatment (1C) is the control treatment, in which the worker can only choose high
effort. In treatments (1E), (1EM) and (1EMP) the worker has the choice of both low and
high effort. In treatments (1EM) and (1EMP) the employer can send a positive or negative
feedback message to the worker. In treatment (1EMP) the worker can make a conditional
promise.

(1C) no communication between workers and employers can take place, apart from the

offers posted.

In the third treatment, treatment (1EM), the employer can send a feedback message to

the worker, after the worker’s effort choice has been revealed. Three positive and three

negative feedback messages are available, in varying degrees of strength. Some of the

messages have a direct link with the previous action of the worker (e.g. “Thank you” or

“Why did you do this to me?”), while the stronger messages allow the employer fully

praise or shame the character of the worker in more general terms (e.g. “You are a very

reliable person” or “I pity your children”).3 The messages are sent anonymously. The

workers see the messages directly on their screens after they have been sent.

In the fourth treatment, treatment (1EMP), not only the employer, but also the worker

can communicate by making a promise. This promise is made at the end of each period for

the next period. The promise is predefined: “If you offer me a high payment, I will choose

high effort.” If a promise has been made, this is revealed to the employer. If no promise

has been made, nothing is shown to the employer.

Besides this we vary the benefit of low effort provision to the employer, as an exoge-

nous way of stimulating employers to make more varied wage offers. This benefit is either

5, 10 or 15 points (see also Table 2.1).

Each session consists of four subsequent treatments. The first three treatments consist

of five trading periods, while the last treatment consists of ten trading periods. The exact

treatment sequences can be found in table 2.2. After each treatment, the workers and

employers are rematched randomly for the next five or ten periods.4

3The messages available were selected from a wider range of messages to suit the Ghanaian context. They
were set up in consultation with our local team, and were piloted in early sessions of the experiment.

4In the five or ten periods of the treatment, no rematching takes place: the worker keeps facing the same
employer and vice versa. Random rematching also takes place for the practice rounds.
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2.3.3 Predictions

Both feedback messages and promises are “cheap talk” in the sense that they do not di-

rectly influence the participant’s monetary earnings. However, if we assume that partici-

pants have preferences over processes and not only care about the monetary payoffs but also

about the way these payoffs are achieved, feedback and promises can influence behaviour.

Guilt aversion or a preference for consistency deters workers who have made a promise

from breaking that promise. We therefore anticipate that the possibility for promises in-

creases conditional cooperation and reciprocity: workers who receive a high wage will be

more likely to exert high effort when they have made a promise. Feedback can increase

effort levels if workers care about the approval or disapproval by the employer.

Other potential channels could be that allowing some degree for communication makes

the transaction less “impersonal”. The feedback messages can make it more salient that the

participants are playing with another human being. This realization can in itself increase

reciprocity.5 Furthermore, the text of the promise (“If you offer me a high payment, I will

choose high effort.”) strongly suggests conditional play by the workers and might prime

some participants into playing conditionally.

2.4 Implementation

For this experiment, we invited 320 students and entrepreneurs from Accra, Ghana, to

participate. Students were recruited from the main universities and polytechnic schools in

Accra, and the entrepreneurs were recruited from participants of firm surveys conducted

earlier. We used LabBox, a custom-made platform developed by one of the co-authors.

Participants were given Android tablets running a custom-made HTML/JavaScript plat-

form as participant terminals. A PHP web server was used to facilitate the communication

between the participant terminals. All participants were able to read and write and exten-

sive instructions were given to make sure that participants were comfortable with using

the technology. The experiment was conducted in English, which is the main language of

instruction at tertiary institutions in Ghana and often used in business interactions, espe-

cially within larger firms. Each session lasted for 1.5 to 2 hours and the average payoff was

30-35 cedis (about 10 dollars).

While making offers, employers are presented graphs indicating the potential conse-

quences of their offers, showing the amount of points they and their worker would earn

5It should be noted that a large share of the subjects were unfamiliar with lab experiments. A way of testing
this channel would be to allow for communication unrelated to the transaction in the game.
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Table 2.3: The average wage, the share accepted, compliance and the average earnings in the various treat-
ments.

Mean Share Mean Mean Mean
Treatment wage accepted compli- employer’s worker’s

ance payoff payoff

(1C) Game 1 21.1 83.4% 100.0% 18.0 16.0
(1C) Game 2 23.7 87.0% 100.0% 15.3 18.7
(1C) Game 3 24.7 94.0% 100.0% 15.1 18.9
(1C) Game 4 24.0 97.0% 100.0% 15.8 18.2

(1E) Game 2 15.9 88.5% 36.1% 4.1 14.5
(1E) Game 3 15.3 85.6% 32.7% 3.4 14.4
(1E) Game 4 15.9 85.6% 34.1% 3.2 15.0

(1EM) Game 3 15.5 87.6% 42.9% 6.6 13.7
(1EM) Game 4 13.3 88.0% 38.0% 7.2 11.9

(1EMP) Game 3 17.3 95.0% 33.2% 2.2 15.7
(1EMP) Game 4 15.2 90.8% 35.5% 4.7 13.8

Note: The above figures are averaged over all five or ten periods in each game.
Compliance is defined as whether a worker chose high effort. For the multilat-
eral treatments, Share accepted indicates the share of offers that were taken up.
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Figure 2.2: Average wage offers and compliance (i.e., high effort choice) for treatment (1C) and treatment (1E)

in case of low and high effort choice by the worker. Similarly, workers are shown graphs

with the consequences for the payoffs when making the choice between high or low effort.

The screens and exact instructions can be found in the Appendix.

2.5 Results

2.5.1 Wages and effort when communication is not allowed

Just like earlier gift-exchange game experiments, we find that employers offer higher than

minimum wages and a positive relationship between wages and effort. Table 2.3 shows the

average wage, the share of accepted offers, the mean compliance with wages and the av-

erage employer’s and worker’s payoff. Compliance is defined whether a worker chooses

high effort. We can see that both wages and the share of offers that are accepted drop
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Figure 2.3: The relationship between wage and effort in treatment (1E), (1EM) and (1EMP). The dependent
variable is share of compliance (i.e., high effort choice).

when enforcement is no longer perfect. In games 2, 3 and 4 of treatment (1E) the workers

choose high effort in 36.1%, 32.7% and 34.1% of the cases, which is significantly lower than

the perfect compliance we see in treatment (1C). However, as in previous gift-exchange

games, there is a pattern of positive reciprocity: effort is higher when wages are higher.

Figure 2.2 shows the average amount offered and the average share of workers choosing

high effort in treatment (1C) and (1E), breaking these figures down by period. The lower

level of compliance at the end of treatment (1E) suggests that there are some end game

effects.

Figure 2.3 shows the relationship between wage and high effort. Nevertheless, in treat-

ment (1E), even for high wages, effort provision is low. For example, in treatment (1E), for

offers higher than 23 points the average compliance rate is 40.4%. These offers can be seen

as generous, because even when choosing high effort, the worker receives at least half of

the surplus. This results in a unequal distribution of surplus: the workers capture most of

the surplus. Making fair offers close to 23 points (which corresponds to an equal sharing

of surplus if the worker chooses high effort) is costly for employers: offers between 20 and

25 points lead to an average loss of 4.7 points, while in the full compliance case this led to

a profit of 18.8 points. We see that the introduction of effort choice is costly for both the

employer, whose average income drops from 15.7 points to only 3.0, and for the worker,

whose average income drops from 18.2 points to 15.0 points (see Table 2.3 for a breakdown

by game). A t-test shows that the differences are highly significant (p = 0.000 in both

cases). In this case, limited enforcement hurts both parties.
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Table 2.4: Feedback messages sent in treatments (1EM) and (1EMP)

Feedback Low effort High effort

No feedback 20.7% 9.1%

Negative feedback
“Why did you do this to me?” 30.2% 3.0%
“I pity your children” 6.5% 0.0%
“You are a disgrace to your family” 10.7% 0.7%

Positive feedback
“Thank you” 22.9% 49.0%
“You are hardworking” 5.7% 17.6%
“You are a reliable person” 3.4% 20.6%

Total 100.0% 100.0%

Note: This table pools the observations from games 3 and 4 of
treatment (1EM) and treatment (1EMP).
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Figure 2.4: A local polynomial regression of compliance as a function of the wage offered. Compliance is
defined as choosing high effort after accepting an offer. The figure compares the treatment with messages
(1EM) with the treatment without messages (1E).
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Table 2.5: Share of high effort choice in treatments (1C), (1E), (1EM) and (1EMP)

Game 3 Game 4

Period 1 2 3 4 5 All 1 2 3 4 5 6 7 8 9 10 All

Panel A. All offers
High effort choice in

... treatment (1C) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

... treatment (1E) 0.36 0.28 0.33 0.26 0.41 0.33 0.41 0.45 0.32 0.38 0.39 0.38 0.32 0.30 0.24 0.24 0.34

... treatment (1EM) 0.47 0.42 0.47 0.47 0.49 0.43 0.44 0.44 0.26 0.40 0.42 0.43 0.39 0.44 0.43 0.37 0.38

... treatment (1EMP) 0.34 0.36 0.31 0.34 0.31 0.33 0.43 0.45 0.29 0.47 0.36 0.43 0.26 0.34 0.30 0.21 0.35

Panel B. Above-median
wages (wt ≥ 16)
High effort choice in

... treatment (1C) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

... treatment (1E) 0.33 0.27 0.33 0.26 0.53 0.34 0.39 0.50 0.45 0.37 0.40 0.39 0.50 0.44 0.26 0.31 0.38

... treatment (1EM) 0.58 0.46 0.63 0.58 0.65 0.58 0.48 0.70 0.33 0.68 0.52 0.65 0.50 0.56 0.60 0.50 0.56

... treatment (1EMP) 0.39 0.42 0.38 0.50 0.45 0.43 0.56 0.67 0.42 0.63 0.59 0.64 0.33 0.60 0.50 0.21 0.46

Panel C. Treatment (1EM)
% Sent positive feedback 0.55 0.53 0.55 0.45 0.50 0.52 0.43 0.55 0.33 0.50 0.43 0.50 0.45 0.50 0.53 0.53 0.47
High effort after positive msg - 0.52 0.71 0.57 0.67 0.62 - 0.65 0.42 0.75 0.63 0.56 0.58 0.71 0.60 0.58 0.61
% Sent negative feedback 0.18 0.23 0.30 0.33 0.25 0.26 0.28 0.23 0.40 0.23 0.38 0.33 0.30 0.28 0.28 0.28 0.30
High effort after negative msg - 0.33 0.11 0.17 0.46 0.27 - 0.20 0.00 0.29 0.22 0.36 0.18 0.10 0.20 0.18 0.19

Panel D. Treatment (1EMP)
% Made promises 0.50 0.45 0.43 0.73 0.68 0.56 0.68 0.68 0.63 0.73 0.60 0.73 0.65 0.70 0.63 0.63 0.66
High effort after promise - 0.37 0.29 0.44 0.32 0.36 0.54 0.32 0.57 0.39 0.46 0.32 0.36 0.30 0.22 0.39
High effort after no promise - 0.35 0.32 0.27 0.25 0.30 - 0.25 0.23 0.31 0.30 0.40 0.10 0.31 0.30 0.20 0.27

Note: The All column shows the average choice of high effort or the average share of workers or employers sending feedback or making
a promise.

2.5.2 Positive and negative feedback

In treatments (1EM) and (1EMP) employers are given the possibility to send out feedback.

They have a choice out of six pre-specified messages. In a majority of the cases employers

make use of this opportunity. Table 2.4 shows the feedback messages sent by the employer

following low and high effort. High effort is followed by positive feedback in 87.2% of the

cases, negative feedback in 3.7% of the cases and no feedback in 9.1% of the cases. This

suggests that high effort generally is rewarded with a positive message. After low effort

employers send negative feedback in 47.4% of the cases, positive feedback in 32.0% of the

cases and no feedback in 20.7% of the cases. The high share of positive feedback following

low effort is remarkable, but this could indicate a sarcastic or ironic response.

The average wages in the feedback treatments are similar to the other treatments. In

treatment (1EM), the average wage offer is 15.5 and 13.3 points in games 3 and 4, while in

treatment (1E), the average wage offers in games 2, 3 and 4 are 15.9, 15.3 and 15.9 points.

These differences are not significant. The acceptance rates are very similar in the two

treatments and not different significantly from each other.6

6When averaging across all games, the average in treatment (1E) is 85.6% and in treatment (1EM) is 88.0%.
A t-test of the differences yields a p-value of 0.263.
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The rate of compliance is higher in treatment (1EM) than in treatment (1E). The share

of high effort choices is 36.1%, 32.7% and 34.1% in games 2, 3 and 4 of treatment (1E) and

42.9% and 38.0% in games 3 and 4 of treatment (1EM). However, these differences are not

significant.7

Figure 2.4 compares the relationship between compliance and wage for both treatments

(1E) and (1EM). As can be seen in the figure, the relationship between wages and effort is

stronger in treatment (1EM) than in treatment (1E): for low wage offers, high effort is less

likely, but for higher wage offers, high effort has become more likely. This differential

response could explain the lack of a significant overall effect of feedback. The decrease in

high effort provision at low wages partially cancels the increase in high effort provision at

high wages.

If we consider wages below and above the median (16 points) separately, we see that,

compared to treatment (1E), high effort is about 4-7% less likely for below-median wages

in treatment (1EM) than in treatment (1E), even though the differences are not significant.8

However, for wages at or above the median we find a significant difference. High effort

is 23.8% more likely in game 3 of treatment (1EM) compared to game 3 of treatment (1E).

This difference is statistically significant at the 5% level (p = 0.024). The corresponding

difference for game 4 is 15.0%, but this figure is statistically insignificant (p = 0.151).

Result 2.1. Feedback leads to a stronger relationship between wages and effort. In game 3, for

above-median wages, high effort is 23.8% more likely.

These results suggest that reciprocity on the worker’s side becomes stronger when

feedback is possible. However, the lower difference for game 4 suggests that this effect

wears off and decreases over time.

Result 2.2. The possibility of feedback does not lead to significantly lower or higher offers. Positive

messages are significantly related to higher wage offers in the next period.

We now ask the question whether this is mainly driven by positive or by negative

feedback. Table 2.5 shows that compliance is generally higher following positive feedback.

However, this is not surprising, because positive feedback generally follows after a worker

chose high effort in the previous round and these workers might be more likely to choose

7A t-test yields p = 0.112 when comparing the game 3 values, p = 0.451 when comparing the game 4
values.

8For game 3 high effort is 7.2% less likely for below-median wages in treatment (1EM), while for game 4
high effort is 4.2% less likely. However, these differences are not significant.
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Table 2.6: Linear probability model of effort

Dependent variable:
Choice of high effort in period t (1) (2) (3) (4)

Feedback possible? 0.0726 −0.0407 0.0194 −0.0194
(0.0716) (0.0630) (0.0787) (0.0792)

Negative feedback sent?t−1 0.0242 −0.00892
(0.0375) (0.0635)

Positive feedback sent?t−1 0.0802∗∗ −0.0661
(0.0363) (0.0394)

Promise possible? −0.0459 −0.0525 −0.0856 −0.0239
(0.0757) (0.0560) (0.0841) (0.0772)

Promise made?t−1 0.102∗∗∗ −0.000969
(0.0158) (0.0211)

Waget 0.00964∗∗∗ 0.00679∗∗∗ 0.00943∗∗∗ 0.00653∗∗∗

(0.00115) (0.00111) (0.00120) (0.00115)
× Feedback possible? 0.00684∗∗∗ 0.00189

(0.00220) (0.00327)
× Negative feedback sent?t−1 0.00251

(0.00341)
× Positive feedback sent?t−1 0.00918∗∗∗

(0.00308)
× Promise possible? 0.000310 −0.00366

(0.00244) (0.00283)
× Promise made?t−1 0.00560∗∗∗

(0.00124)

Constant 0.223∗∗∗ 0.272∗∗∗ 0.197∗∗∗ 0.246∗∗∗

(0.0354) (0.0333) (0.0307) (0.0310)

Observations 3,136 3,136 2,640 2,640
R-squared 0.058 0.063 0.064 0.075
Period dummies Yes Yes Yes Yes
Worker fixed effects Yes Yes Yes Yes
Session dummies Yes Yes Yes Yes

∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: This is a linear probability model, with high effort as the dependent variable
and worker fixed effects. Observations from treatments (1E), (1EM) and (1EMP) are
included. Standard errors (in brackets) are clustered by session.
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high effort again, for example because the employer keeps offering a high wage. We there-

fore not claim a causal relationship between positive messages and effort. To derive some

meaningful conditional correlations, we control for other factors besides feedback influ-

encing effort choice, such as the wage offered, and include worker fixed effects, which will

absorb time-invariant characteristics of the worker.

Table 2.6 shows a linear probability model of high effort choice. Column (1) and (2)

show the intention to treat regressions, including coefficients for whether the employer

had the possibility of sending feedback. Column (3) and (4) include variables for whether

feedback was actually sent and break this down into positive and negative feedback. In

columns (2) and (4) we interact these terms with the wage.

In all regressions there is a positive and significant coefficient for the wage. From Col-

umn (1) we can see that an increase of a wage offer by 1 point is related to an increase

the probability of choosing high effort by 0.964 percentage points. The coefficient on the

possibility of feedback by the employer is not significant. The coefficient of the interaction

between the wage and whether feedback is possible is positive and significant. This con-

firms the earlier finding that the possibility of feedback is related to a stronger relationship

between wage and effort.

In Columns (3) and (4) feedback is broken down in positive and negative feedback. We

can see a differential pattern. Column (3) shows that receiving negative feedback is asso-

ciated with a 2.4 percentage point higher probability of choosing high effort and positive

feedback is related to a 8.0 percentage point increase in the probability of choosing high

effort. Only the coefficient for positive messages is significant. When we include the inter-

action with wage in Column (4), we see that the interaction coefficient of wage and these

terms is positive, but again only significant for positive feedback.

These coefficients suggest that especially positive messages play a role in strengthening

reciprocity. However, as can be seen in Table 2.4, positive messages are mainly sent out

when the worker already chose high effort. The results therefore suggest that for these

relationships were the worker already exerted high effort, positive feedback makes the

workers more likely to choose high effort again. Feedback therefore mainly seems to work

as a positive reinforcement mechanism.

Negative messages are predominantly sent out following low effort. The lack of a

significant coefficient for negative feedback therefore suggests that workers who already

exerted low effort are not much more likely to choose high effort following negative feed-

back. However, workers are also not more likely to choose low effort following negative

91



Table 2.7: The relation between wages, feedback and promises.

Dependent variable:
Wage offer in period t (1) (2) (3) (4)

Wage offert−1 0.198∗∗∗ 0.198∗∗∗

(0.0413) (0.0413)

Rejection?t−1 1.169∗∗ 1.966∗∗∗ 1.445∗∗∗ 2.190∗∗∗

(0.442) (0.388) (0.497) (0.428)
High effort?t−1 3.000∗∗∗ 2.575∗∗∗ 2.995∗∗∗ 2.464∗∗∗

(0.561) (0.467) (0.613) (0.504)

Feedback possible? −0.680 −0.474 −1.324 −1.101
(1.182) (1.006) (1.321) (1.146)

Negative feedback sent?t−1 0.912 0.569
(0.732) (0.660)

Positive feedback sent?t−1 0.825∗∗ 0.981∗∗

(0.341) (0.363)

Promises are possible? 1.353 0.841 1.302 0.842
(1.190) (0.922) (1.254) (0.974)

Promise made?t−1 0.00606 −0.0817
(0.338) (0.290)

Observations 2,954 2,932 2,954 2,932
R-squared 0.582 0.600 0.582 0.601
Period dummies Yes Yes Yes Yes
Employer fixed effects Yes Yes Yes Yes
Session dummies Yes Yes Yes Yes

∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: This is a linear regression, with the wage offer as the dependent variable and

employer fixed effects. Observations from treatments (1E), (1EM) and (1EMP) are
included. Standard errors (in brackets) are clustered on the session level.

feedback. Negative feedback therefore seems to have little impact on the worker’s be-

haviour.

Result 2.3. Of the feedback sent, only positive feedback is significantly related to higher effort levels

and a higher degree of conditional reciprocity on behalf of the worker.

We now discuss how feedback influence wages offers. Table 2.7 shows a series of fixed

effect regressions of wage offers. Columns (1) and (2) provide an intention-to-treat analy-

sis. Column (3) and (4) include indicator variables whether positive or negative feedback

was sent. From all regressions it follows that a rejection in the previous period is related

to a higher wage in the next period. The next period wage is 1.1 to 2.2 points higher. High

effort is also related to a higher wage in the next period: the coefficients suggest that the

wage is 2.4 to 3.0 points higher. Including a lagged dependent variable does not change

the variables significantly.

As discussed in Chapter 1, the coefficient for high effort, despite being significant, is
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small. This means that there is relatively little change in wages offered to workers that

chose high effort and workers that chose low effort. This is surprising, especially if we

take the difference in the employer’s payoff into account. High effort yields the employer a

benefit of 40 points, while low effort only yields the employer 5, 10 or 15 points, depending

on the session.

The possibility of sending messages as feedback does in itself not significantly influ-

ence wage offers. The coefficients on whether feedback is possible and whether promises

are possible are both statistically insignificant in Column (1). However, when we include

variables to indicate a negative or positive message was sent, we see that negative feed-

back is related to wages of 0.6 or 0.9 points higher and positive feedback is related to wages

of 0.8 to 1.0 points higher. Despite that the coefficient for negative and positive feedback

have similar magnitudes, only the figure for positive feedback is significant.9

2.5.3 Promises

We next ask how promises affect these results. In treatment (1EMP) the workers can send

out a pre-specified promise (“If you offer me a high payment, I will choose high effort.”),

in addition to the possibility for feedback by the employer. In 73.0% of the cases workers

make this promise.

The possibility of making promises does not increase average effort. As we can see in

Table 2.3, in game 3 of treatment (1EMP) the workers choose high effort 33.2% of the cases.

This is lower than in the corresponding treatment (1EM) figure, 42.7%, and only barely

higher than the share of high effort in game 3 of treatment (1E), which was 32.7%. None of

these differences are significant.10 Also the rate of acceptance does not differ significantly

between treatment (1EMP) and treatment (1EM).

If we consider wages above and below the median separately, we do not find a signifi-

cant difference in effort level either. For below-median wages (w < 16), the average share

of high effort provision is 19.5% in treatment (1EMP) and 23.8% in treatment (1EM). For

wages at or above the median (w ≥ 16), the shares are 48.7% for treatment (1EMP) and

56.1% for treatment (1EM). These differences are not significant p = 0.624 and p = 0.419).

This suggests that promises, at least in addition to feedback, do not lead to a stronger or

weaker relationship between wages and effort. The linear probability model of high effort

9These figures should not be given a causal interpretation, because the employer is both sending the mes-
sage and subsequently setting the wage offer. There is scope for omitted variable biases: for example, a
positive message could indicate that the employer deems the worker to be trustworthy, which in itself could
lead to higher offers. In the regression we control for past effort choice, but this variable might not capture all
relevant information to establish whether the employer deems the worker trustworthy.

10A t test comparing the shares in treatments (1EMP) and (1EM) yields p = 0.146.
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in Table 2.6 confirms this. Column (2) shows that the the coefficient of interaction term

between the wage and whether promises are possible is not significant. The estimate is

also small compared to the coefficient of interaction between wages and the possibility for

feedback.

Result 2.4. The possibility of sending out promises, in addition to feedback, does not significantly

impact average wages and average effort or the relationship between wages and effort.

However, even though the possibility for making promises, on aggregate, does not affect

effort, we might still see a difference in behaviour between workers who made a promise

and workers who did not make a promise. In Column (4) of the linear probability regres-

sion of effort in Table 2.6, the coefficient of the interaction term of wage and having made

a promise is positive and significant. This suggests that there is a positive correlation be-

tween making a promise and exerting high effort, at least when the wage is high enough.

This might seem at odds with the lack of effect of promises we found earlier, but could

suggest a sorting effect: for example, if promises are only made by the workers who, with-

out the possibility for promises, were already responding conditionally to wages and the

other workers do not make promises, then there is no overall change in behaviour, but the

coefficient for the interaction term between wages and having made a promise will still be

positive and significant.

Promises do not seem to affect wage offers significantly. In Table 2.7 the coefficients for

whether promises are possible and whether a promise was actually made are not signifi-

cant.

2.6 Discussion

2.6.1 Comparison between students and entrepreneurs

In our experiments both students and entrepreneurs participated. Most of these entrepreneurs

were managers from small and medium sized enterprises. The vast majority of entrepreneurs

in the game were given the role of employer, to reflect their actual role of employer within

the business. Overall, we find little evidence for strong differences between our student

subjects and our employer subjects. Appendix Table 2.8 breaks down the feedback mes-

sages by whether the employer in the game was an entrepreneur and shows that behaviour

is similar. Appendix Table 2.9 compares the offer behaviour, broken down by player type,

and suggest that there are some minor differences between the groups, but this behaviour
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is not significant.11

2.6.2 Concluding remarks

As we already have seen in the experiments of Chapter 1, and confirmed in the exper-

iments in this paper, the average level of worker’s effort in this experiment is low. In

Chapter 1 we saw that participants acting as employers in our experiments Ghana were

less likely to use wage incentives to motivate workers, compared to the United Kingdom,

which contributed to the lower level of effort. In this chapter we introduced the possibil-

ity for feedback as well as for promises in additional experiments run in Ghana, arguing

that because of the high prevalence of informal employment in Ghana, social incentives

could be more effective than monetary incentives. Communication, and in particular feed-

back, indeed seems to matter. Feedback increases conditional reciprocity on behalf of the

worker. For higher wages, feedback, and in particular positive feedback, increases effort.

This suggests that communication is not an substitute for monetary incentives, but rather

a complement.

The absence of a separate effect for promises, even at high wages, could suggest that a

motivation to avoid guilt or a motivation to be consistent across the choices have little role

in influencing effort. However, we did not study promises in isolation of feedback, and it

might very well be that promises in isolation have an effect.

As discussed in Section 2.2, a preference for social approval is often suggested as an

underlying motive for why feedback can function as an effective way to encourage higher

effort. However, we find that feedback is mainly effective at high wage levels. At low wage

levels, there is no significant difference in the choice of effort. This begs the question why

workers would be less receptive to social approval incentives when facing an employer

offering a low wage. The literature on social approval suggest that it is important to take

into account who the social approval is coming from (see e.g., Gächter & Fehr, 1999). In

our experiment the social distance between the worker and the employer does not play a

role, since the worker and employer are interacting anonymously. However, the actions of

employers could reveal something to the worker about their personality or identity, and

this could make the worker care more about gaining their approval. An example would

be that a worker observing a high wage sees the employer as being of a “noble” or a

11In the robustness checks in Chapter 1, part of the sample of this experiment is used to analyze the use of
incentives by the two groups. As discussed in Chapter 1, here there is some difference between the student
participants and the actual entrepreneurs: the entrepreneurs’ wage offers are responding more to the worker’s
effort choice than the wage offers by the student participants.
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“just” personality type, with whom the worker would like to identify (see e.g., Akerlof &

Kranton, 2000).

Another interpretation of the results is that feedback reduces the uncertainty surround-

ing distributional concerns. A worker with distributional concerns does not only care

about their own utility but also about the utility of others. However, if the worker faces

imperfect information regarding the other employer’s utility, feedback allows the worker

to learn about the preferences of the employer. Receiving a positive feedback message

indicates that the worker is behaving in line with the employer’s interest.

Alternatively, the increase in effort after a positive message could be a result of posi-

tive reciprocity. If the worker gains utility from simply receiving a positive message, then

reciprocity models suggest that the worker is more likely to reciprocate. However, the

credibility of the message is important. If we analyze “sarcastic” messages (positive mes-

sages that follow after low effort) and include these in the linear probability regression of

Table 2.6, we find that these messages are not effective in increasing effort.

Another question is how anonymity influences our results. Earlier experimental stud-

ies indicate that social approval incentives became more effective when there is some de-

gree of social familiarity (Gächter & Fehr, 1999) or when there is a face-to-face interaction

(Rege & Telle, 2004; Falk et al., 1999). Real life employment situations are far from being

anonymous and particularly in informal unemployment social networks play an impor-

tant role. Nevertheless, many firm surveys still suggest that despite the higher degree of

social proximity between workers and employers in many developing countries, worker

management is problematic (Bloom & Van Reenen, 2007).

A further unexplored issue is how feedback can function when it is more public. Prais-

ing and, in particular, shaming are often inherently public. Part of the deterrence effect of

shaming is that other people know. A relevant question here is whether publicly shaming

someone of an action, which does not only tell third parties about the action itself but also

how the action was perceived by the other party, is more effective than just spreading the

information on the action.
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Appendices of Chapter 2

2.A Additional graphs and figures

2.A.1 Payoffs of workers and employers
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Figure 2.5: The payoffs of workers and employers, and the offers made by employers in the four treatments.
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Figure 2.6: Average wage offers and compliance for treatment (1C) and treatment (1E)
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Figure 2.7: Average earnings in treatment (1C) and (1E)

2.A.2 Further analysis of the impact of incomplete contracting

Figures 2.6 and 2.7 show the average wage, average compliance and the payoffs for each

period of each game. We see that the offered wages are lower than in the perfect enforce-

ment treatment. However, we do not find a significant difference in acceptance rates, apart

from the last game. This could be related to the lower wages, which are linked to lower

acceptance rates. The average compliance rate is low and appears to decrease over time.

This low level of compliance leads to a highly unequal distribution of the surplus, where

workers capture most of it.

Amounts offered The bottom graphs of Figure 2.8 shows the distribution of offers. When

comparing the full compliance treatment (1C) with the effort choice treatment (1E) we see

that in the case of the control treatment a substantial part of the offers lie around 20 points.

A clear single peak pattern can be seen here, while in the effort choice treatments two

peaks in the distribution of amounts offered appear: one around five or six points and one

around 20 points. The peak around 20 point corresponds to a scenario where the surplus

is almost equally shared between workers and employers (the amount corresponding to
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an exactly equal sharing of surplus if the worker chooses high effort is 23 points). In case

of the full compliance (1C) model, these offers are in line with the predictions made by the

fairness models and reject the predictions of the model assuming perfectly self-interested

agents.

At an offer of five or six points and a choice of low effort most of the surplus is captured

by the worker (depending on whether the cost of low effort is 5, 10 or 15 points). When

accepting an offer of five or six points, it is not (strictly) profitable for a worker to choose

high effort, because a high effort offer will cost the worker six points. Employers offering

this amount are probably anticipating that the worker is choosing low effort in the next

round. Still, the offer is higher than what a purely self-interested worker would need to

accept the offer (zero or one), indicating that either the employers still care about fairness

at these low wage levels or that they anticipate that the worker will still care about this

(and reject an offer that is too low).

Acceptance of offers The top graphs in Figure 2.8 show the relation between wage and

acceptance of the offer. When looking at acceptance rates, we see that for the same wage

acceptance rates are higher in the effort choice treatments, especially for offers above 10

points: here almost all offers are accepted. The model assuming solely self-interested sub-

jects predicts that any offer of six or higher in case of full compliance treatments and any

offer of zero or higher in case of the effort choice treatments should be accepted by the

worker. We find that participants still reject offers above these levels. Acceptance rates

are higher for the effort choice treatments. This is in line with predictions from the fair-

ness models, as workers now can punish low offers costlessly by accepting them and then

choosing low effort. This is of course not possible in the full compliance treatment (1C).

Effort choice This is discussed in further detail in the main text.

2.A.3 Comparison between entrepreneurs and students

Table 2.8 shows the messages sent by the student and the entrepreneur samples (replicating

Table 2.4). The pattern in both groups is very similar: low effort is followed by a negative

message in the overall majority of the cases, while high effort is followed by a positive

message. Entrepreneurs are less likely to send stronger messages to their workers.

Table 2.9 compares wage setting by the student and entrepreneur samples, replicating

columns (2) and (4) of Table 2.7. The differences are mostly insignificant.
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Table 2.8: Feedback messages sent in treatments (1EM) and (1EMP) (comparison between en-
trepreneurs and students)

Students Entrepreneurs

Feedback Low effort High effort Low effort High effort

No feedback 19.6% 8.9% 19.8% 3.5%

Negative feedback
“Why did you do this to me?” 28.0% 3.6% 42.6% 0.0%
“I pity your children” 6.4% 0.4% 7.9% 0.0%
“You are a disgrace to your family” 10.0% 0.5% 13.9% 0.0%

Positive feedback
“Thank you” 26.1% 44.3% 10.9% 79.3%
“You are hardworking” 6.6% 18.4% 1.0% 6.9%
“You are a reliable person” 3.2% 23.9% 4.0% 10.3%

Total 100.0% 100.0% 100.0% 100.0%

Note: This table pools the observations from games 3 and 4 of treatment (1EM) and treatment
(1EMP).
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Table 2.9: The relation between wages, feedback and promises (comparison between entrepreneurs and stu-
dents).

Students Entrepreneurs Both groups (pooled)

(1) (2) (3) (4) (5) (6)

Wage offert−1 0.197∗∗∗ 0.197∗∗∗ 0.202 0.203 0.197∗∗∗ 0.196∗∗∗

(0.0432) (0.0431) (0.154) (0.154) (0.0431) (0.0430)

High effort?t−1 2.438∗∗∗ 2.358∗∗∗ 3.671∗∗ 3.265∗∗∗ 2.448∗∗∗ 2.371∗∗∗

(0.498) (0.548) (0.809) (0.677) (0.502) (0.552)

Rejection?t−1 2.074∗∗∗ 2.301∗∗∗ 1.519 1.758 2.069∗∗∗ 2.304∗∗∗

(0.430) (0.473) (1.014) (1.157) (0.433) (0.472)

Feedback possible? −0.673 −1.272 0.716∗∗∗−0.275 −0.350 −0.962
(1.168) (1.314) (0.0601) (0.227) (1.053) (1.181)

Promise possible? 0.713 0.723 0.715 0.725
(0.982) (1.032) (0.980) (1.037)

Negative feedback sent?t−1 0.574 0.796 0.601
(0.756) (0.399) (0.759)

Positive feedback sent?t−1 0.867∗∗ 2.241∗∗∗ 0.880∗∗

(0.346) (0.433) (0.349)

Promise made? −0.0439 −0.0443
(0.290) (0.290)

Entrepreneur?

× Amount offeredt−1 0.00660 0.00906
(0.139) (0.138)

× High effort?t−1 1.174 0.811
(1.029) (0.926)

× Rejection?t−1 −0.500 −0.537
(0.950) (1.108)

× Feedback possible? −0.505 −0.753
(0.625) (0.821)

× Negative feedback sent?t−1 −0.0311
(0.947)

× Positive feedback sent?t−1 1.258∗∗

(0.553)

Constant 11.77∗∗∗ 11.79∗∗∗ 11.38∗∗ 11.37∗∗ 11.71∗∗∗ 11.72∗∗∗

(1.040) (1.054) (2.499) (2.488) (0.935) (0.945)

Observations 2477 2477 455 455 2932 2932
R-squared 0.613 0.613 0.509 0.511 0.601 0.601
Adjusted R-sq 0.567 0.567 0.421 0.421 0.553 0.552
Period dummies Yes Yes Yes Yes Yes Yes
Employer fixed effects Yes Yes Yes Yes Yes Yes

∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: This is a linear regression, with the wage offer as the dependent variable and employer fixed
effects. Observations from treatments (1E), (1EM) and (1EMP) are included. Note that treatment
(1EMP) was only given to student participants and not to entrepreneur participants. Standard errors
(in brackets) are clustered on the session level.
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2.A.4 Messaging and the wage-effort relationship
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Figure 2.9: The wage-effort relationship before and after a positive and negative message, in treatment (1EM).
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Figure 2.10: The wage-effort relationship change after no message (treatment (1E)), a negative or positive
message (treatment (1EM)), given that the worker chose high effort in the previous period.
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Figure 2.11: The wage-effort relationship change after no message (treatment (1E)), a negative or positive
message (treatment (1EM)), given that the worker did not chose high effort in the previous period.

2.B Instructions

2.B.1 Screens

Participants used tablets to make their choices. In Figure 2.12 shows the offer screen for the

employer. The user can both slide the slider or use the plus and minus buttons. A popup

appears while adjusting the offer (see Figure 2.13), showing the payoffs for the worker and

the employer.
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Figure 2.12: Employers make offers.

Figure 2.13: The pop-up indicating potential payoffs.
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Figure 2.14: Workers choose to accept or reject the offer.

Figure 2.15: Worker chooses the level of effort.

107



Figure 2.16: Messages in the (1EM) and (1EMP) treatments.

Figure 2.17: Promises in the (1EMP) treatment.

2.B.2 Script

Below is an excerpt of the script used in the experiments. First, we make sure that partic-

ipants feel comfortable using the tablets, without going through the details of the game.

After this, we explain the game in an interactive way, without using the tablets. Finally,

we let the participants practice the game for two periods on the tablets, before starting the

first treatment.

“Good morning. / Good afternoon. My name is Elwyn Davies. I am a researcher at the

University of Oxford. This is Martin Černý, who is also working on this project. Besides

this, we have (insert names of local team).

Welcome to this session of the experiment. This experiment is part of a wider study
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done by the University of Oxford on Ghanaian entrepreneurship and firms. The goal is

to see how people behave in a virtual marketplace. Please remain silent during the entire

duration of the experiment and keep your mobile phones switched off. I don’t want to

hear any mobile phones during this session.

During this session you will earn points. These points will be converted to Cedis at the

end of the session. 100 points is equal to five Cedis. If you arrived on time, you will earn

10 cedis in addition to this.

I will explain more about this experimental session later on. First, I will talk about how

to use the tablet. You will use the tablet to make choices in this experiment. Please have a

look at your tablet and read the message. If you are done reading, press OK.

Make sure to touch the screen gently. Do not press it too hard.

(Wait.)

We are now going to practice how to make offers. In this game you will be either an

employer or a worker. Employers make offers to the workers. I will talk about that more

later on. First we will practice how to make an offer.

Please press somewhere on the gray bar. You will see a number appear. You can select

a number between 0 and 40. Please try to select different numbers: 0, 5, 10, 15 and so on.

Try to change from 0 to 5, or from 32 to 37. And then change the number again.

You can use the plus and minus signs to change the number. Please try this as well.

If you don’t want to make an offer, you can click on Remove. The number then disap-

pears. You can get the number back by clicking on the bar. Please try this as well.

If you have any questions, please ask them. We will come to your desk to answer them.

(Wait until everybody is done.)

I will now talk about the experiment itself and what we are going to do. Some of you

will be employers, some of you will be workers. We will determine by chance which role

you get. Each period the employers start by selecting the payment they would like to offer

to the workers. You have to select a number on the gray bar. The workers then choose

to accept or reject the payment. If they reject this payment, both get zero points. If the

worker accepts the offer, the worker will get paid the amount and will then work for the

employer. The worker is working hard for the employer, and this gives a profit of 40 points

to the employer. Working hard is tiring for the worker, so the worker will get less, and lose

6 points. But of course, the worker received a payment from the employer.

Let’s give you an example. Suppose I am an employer, and Martin is a worker. Workers

are indicated by a letter. You cannot tell who in the room this worker is, but it is somebody
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in this room. Let’s assume that Martin is worker A. (Show the sign of worker A) I am an

employer and can make an offer to Martin, by selecting a number between 0 and 40. (Ask

somebody in the public.) Can I get a number between 0 and 40 from you? (Write down

the number)

Ok, I am now going to make an offer of X points to Martin. Martin, do you accept or

reject this offer?

(Martin rejects.)

Martin rejects, we now both get 0 points.

Now let’s say he accepts the offer.

(Martin gets the offer and keeps it.)

I pay him the X points and he is going to work for me. That gives me a profit of 40

points. But I have paid him X points. So how much have I earned?

(Ask public and check understanding.)

Martin was working hard, and that is tiring for him. He lost 6 points, but got my

payment of X points. So how much has he earned?

(Ask public and check understanding.)

So I have earned ... points and Martin has earned ... points.

Please let us know if you have any questions about this. (Walk around and check

understanding with participants.)

As long as you touch the bar, you can see graphs on top of the screen. These graphs

show you how much you can earn if the worker accepts the offer. Please change the num-

ber, and see how the graphs change as well. Green means that you are earning money, red

means that points will be deducted. Try to offer X points, and check the graphs. These

numbers are the same as we just calculated together.

(Initialize the main game by pressing the Start button on the admin screen.)

We will now tell you whether you are a worker or an employer. Please press OK to

continue. We will first play two rounds of practice. No points can be lost or earned. Please

press OK to continue. If you see a waiting screen, please wait. You will see this screen a

couple of times during the experiment. You will have to wait until everybody is finished

making their choices.

(Wait until everybody has clicked OK twice)

We are now in the first practice period. If you are an employer, please make an offer by

selecting a number on the gray bar. And then press Submit. Make sure to do this before

the time runs out.
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(Wait until the workers can choose.)

Now the workers can choose to accept or reject the offer. If you want to accept the offer,

press Select. Then click OK. For this practice round, make sure to accept the offer, so that

you know how this works. Make sure to do this before the time runs out. If you have

accept an offer, we will ask you how many points you need in the next round to accept the

offer. For example, if you select 30, you will accept all offers of 30 and higher, and reject

the offers of 29 and lower. We will also ask the employers what they would like to offer

to you. If both of you agree, you will automatically accept the offer in the next period.

If you don’t accept, the employer will make you an offer again in the next period, just as

before. (At the end of the practice period.) We will now play for real points, that will be

converted to Cedis at the end of the session. Press I am ready to continue. If you have any

questions, please raise your hand and we will come to your desk to answer them.”

111



Chapter 3

The Use and Misuse of Business
Networks: Overcoming Information
Asymmetries and Locking Out

Abstract This chapter presents a model of how business networks, such as busi-

ness associations, can lead to higher quality firms overall. There are two types of

firms: competent firms, who provide high quality services, and inept firms, who

provide low quality services. Consumers and firms can choose to join a network.

Members of this network know exactly what the type of other members is and

can therefore assure themselves of consuming high quality services. However,

joining the network is costly and the cost of joining differs heterogeneously be-

tween agents. The presence of such network leads to a filtering effect and fewer

inept firms will produce. At the same time, these networks redistribute demand

to their own members and make production outside the network less viable. This

occurs even when the informational benefits from joining the network are low.

This is the lock out effect.

3.1 Introduction

One fundamental challenge for firms is to find a high quality inputs, whether it is capital,

intermediate goods, services or labour. For many transactions it is hard to objectively

verify the quality of what is provided, meaning that specifying quality in a contract is often

impossible. Firms might therefore have to rely on other means to verify or ensure quality of

their suppliers. Entering into a long-term relationships is one way, but this is problematic

when the product or service sought is only a one-off transaction. This is where business

networks can play a role. Through the contacts in business networks, reputations can be

established and members can gain information that is normally hidden in the market.

This chapter explores the scope for business networks as a way to overcome informa-

tional asymmetries. Business networks can take many shapes, from informal networks
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such as trading or business associations to a formal hierarchy of firms belonging to the

same conglomerate, such as the keiretsu in Japan (Rauch, 2001; Morck et al., 2005). Central

to this chapter is the assumption that some institution is necessary to allow reputations to

be established. The main aim of this chapter is to discuss the implications of the existence

of such a network for the composition of firms in the economy.

In this chapter I present a stylized model of networking, that aims to mimic the inter-

actions in existing business networks, such as business associations, or certain social clubs

with a strong networking function (e.g., local charity organizations). There are two types

of firms: competent firms who provide high quality services and inept firms who provide

low quality services. Besides this there is a group of final consumers, who only consume.

Consumers and firms can choose to join a business network.1 Inside the business network,

information about quality flows freely and members of this network know exactly what

the quality of other members is and can therefore assure themselves of consuming high

quality products. However, joining the network is costly and the cost of joining differs

heterogeneously between agents.

This network structure leads to two effects. First, the network causes sorting in quality:

if the costs of receiving bad quality products becomes too high, more firms will see a benefit

for joining the network, which makes it harder for inept firms outside the network to

produce. This improves the quality composition of the economy, filtering out the lower

quality firms. This is the filtering effect. The higher the cost of receiving a bad quality

product is, the stronger the need to join the network. At very high costs, practically all

consumers and producing firms will be part of the network, so that for a firm outside the

network it is no longer profitable (in expectation) to produce. Because the proportion of

inept firms outside the network is relatively higher, fewer inept firms are producing.

However, the firms use networks not only as a way of improving the quality of their

consumption, but also as a way of coordinating supply and demand: it provides an im-

plicit mechanism for competent firms inside the network to agree to only consume each

other’s services, while still providing to firms outside the network. This means that firms

outside the network receive fewer customers than they would have received when net-

work opportunities were not present. However, this lock-out effect bears a cost, as firms

are joining the network, even when the informational benefit from networking is small.

Even when the cost of receiving a bad quality product gets close to zero, the presence of a

1Usually, “pure” consumers are not members of business associations; however, they might be members
of networks that are formed around social clubs, such as charity organizations. Alternatively, the “pure”
consumers can be thought of as firms in a different segment in the market (e.g. manufacturing goods instead
of services) or by their nature having a customer base outside the local network (e.g. exporting firms).
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network leads to fewer firms entering and producing compared to the case without such

network.

The model is especially applicable to products where the quality is difficult to mea-

sure or to be included in a contract. One particular group of transactions for which this

often holds true are services. Services do not have a physical appearance like goods have.

They are intangible and non-storable, which means that they are consumed while they are

produced. It is for this reason often not possible to try out the service, in the way that

this is possible for goods, where it is often easier to try out a sample of the good. More-

over, because of their intangible nature, it is difficult to draw up complete contracts where

every detail of the service is captured and, even if a contract is detailed, it is often diffi-

cult to objectively determine whether the services were provided according to the terms

of the contract and what the quality of the services was. Even if indicators of quality are

available, they are often affected by other factors. For instance, in order to measure the

quality of an advice of a consultancy firm it could be possible to use all kinds of output

and profitability indicators, but these indicators are also affected by the extent that the ad-

vice is actually followed and implemented or by other external factors. This could lead to

a potential moral hazard problem, where service providers have an incentive to minimize

effort and quality to the standard which can be enforced.

Second, many services are tailor-made and customized to the needs of the service con-

sumer. This makes every provided service different from other services. The possibility of

standardizing a service will differ from sector to sector. For software producers, the prod-

uct provided to each consumer is more or less the same, while consultancy or lawyer firms

will provide a different service to each of their clients. This great degree of differentiation

means that a centralized or organized market is often absent. The matching of consumers

and producers often more resembles the matching of employers and employees than that

of standardized goods: consumers look around for a potential provider and bargain over

the price and what service should be delivered.

Services are often locally produced and consumed. While this is necessary in case

of “contact services” where physical proximity is required (e.g. plumbing or cleaning),

is actually a wide range of services where this need for physical presence is not necessary

(e.g. Jones & Ruane, 1990). Thanks to improvements in communication technologies, many

services could actually be provided from a different location than the consumer’s. To some

extent this is already happening, think of the increase in the use of teleconferencing in

businesses or the outsourcing of customer services call centres. However, many services
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are still traded locally to a large extent, which has been called the “proximity burden”

of services (Christen & Francois, 2010). Several reasons can be given for this: legal and

institutional barriers to trade in services, the need for face-to-face interactions (Storper &

Venables, 2004) or the difficulty in finding customers or suppliers outside your own area.

The model focuses on the last reason. Reputations are often strongly local: a well-

known firm in one region might be unknown in a different region. Building a reputation

requires time and effort, where firms have to make sure that they get noticed in a market

and are able to reach potential customers. Reputations can be spread through a variety of

ways, in which recommendations and social networks have an important role. Personal

and often informal interactions are important in these recommendations and social net-

works. Since these are often organized on a local level, it means that this kind of matching

primarily takes place on local levels.

3.2 Related literature

The matching problem is essentially one of incomplete information. In this situation the

provider has more information about the service than the consumer. Models often consider

two types of information asymmetries: the difficulty in finding a high quality provider or

the difficulty in finding the right complimentary provider. In the first case, services are

differentiated vertically: some firms provide high quality services, while others provide

lower quality services, but this ordering in high and low quality services is the same for

all agents. The consumer does not know the quality of the service in advance. In the

second case, products are heterogeneous and differentiated horizontally: specific customers

prefer one specific type of service to another type, but this preference will differ between

customers.

In many ways the matching problem of trade in services is similar to other matching

problems in the literature. In this chapter I focus on the case of vertical differentiation,

where customers try to find a high quality service provider. However, in the literature

a large part of the models focus on either horizontal differentiation, where agents try to

match their complementary type, or on improving matching from the producer’s point

of view. This section provides an overview of some of these models and discusses their

applicability to services provision.

3.2.1 Models of reputation

Reputation is one of way of dealing with the information asymmetry of unknown quality.

Based on the history of qualities provided in the past, firms can gain a good reputation
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and use this reputation as a signal for service consumers to convince them that their prod-

ucts are of a high quality. The existence of such a reputation mechanism also means that

firms have an incentive to provide higher quality products: providing a low quality prod-

uct would harm your reputation and therefore also your chances of attracting customers.

Shapiro (1983) provides a model of perfect competition, but imperfect consumer infor-

mation, where firms are homogenous and incur costs to be able to provide high quality

products. Consumers are heterogeneous and differ in their taste regarding quality and

their willingness to pay. A firm with an established good reputation can charge a price

above the cost of production, but firms with no established reputation will initially charge

a price below the cost of production, to convince consumers to buy their product (an intro-

ductory offer). Reputation can be seen as an asset, in which firms first invest by offering

products at low prices, and in return it offers the possibility to charge higher prices as soon

as the reputation has been established. In the case where the reputation is determined by

the quality of the product in the last period, firms that have established a reputation can

charge a price above cost:

p(q) = c(q) + r [c(q)− c(q0)] .

The price of the product p(q) is equal to the cost of the product c(q) plus a term representing

the returns of having established a good reputation, which is equal to the interest rate r

times the investment made for providing a high quality product, which equals the cost

of providing a high quality product c(q) minus the cost of a minimum standard product

c(q0).

The prospects of being able to charge a price above cost, provides an incentive to pro-

vide high quality products. In this way reputations exist as both a way of overcoming

informational asymmetries as well as an incentive mechanism.

However, reputations can form an informational barrier to trade: the reputation that

well-established firms have built up make it difficult for entrants to compete. Grossman

& Horn (1988) consider the situation where products in the domestic market are supplied

by a well-established foreign sector and the lack of reputation puts domestic entrants at

a comparative disadvantage. This informational barrier to entry is sometimes used as a

justification to legitimate infant industry protection. In the first period, the quality of the

foreign firms is known, while the quality of local firms is unknown. By introducing a tariff

on foreign products only in the first period, people can be convinced to also consume local

products and get to know their quality. In the case with rational expectations, they pay a

price which makes them indifferent whether they consume a foreign product or an average
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quality domestic product. However, this leads to a fly-by-nights problem: the local firms

who need to invest more to produce high quality products have an incentive to provide

a minimum quality product and thereby gaining a profit in the first period. Grossman &

Horn (1988) show that infant-industry protection reduces welfare in this case. Only when

expectations of local firms are very pessimistic, which means that entry is difficult, a minor

tariff can raise welfare.

They note that these informational issues especially matter when it comes to trade in

services, because of the tailor-made nature of services: the producer and consumer must

enter into a purchase contract before the performance of the service is actually delivered.

However, even though the infant industry argument might be used to justify protection

and this might be relevant for some countries, for most countries the situation is actually

the opposite: local firms providing services in their home markets, while it is difficult for

foreign firms to enter the market and compete with them.

These two models assume perfect competition, but imperfect information: customers

have an overview of all the firms that are present and the price they offer for a specific

good, but the quality is unknown. While this assumption might be realistic for trade in

goods, where often either reference prices or organized markets exists, this assumption

might be less realistic for trade in services: since services are often tailor-made to the cus-

tomer, the customer must specify its needs to the producer, which is costly and this means

that customers will limit the number of potential providers they start negotiations with. As

is discussed later on, the search process in that sense is more similar to matching between

employers and potential employees than to these perfect competition models, where prices

play an important role.

3.2.2 Matching and geography

The occurrence of matching is often used in economic geography as an explanation of why

certain spatial patterns develop. Agglomeration means that population is dense and close

to each other and this improves matching. Duranton & Puga (2004) give an overview

of models explaining the interplay between matching and agglomeration and discuss the

two main effects of agglomeration on the matching process: it improves the chance of being

matched and it improves the quality of matches. They apply these ideas to matching on

the labour market, but in principle these ideas can also be applied to matching between

consumers and producers.
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For agents engaging in matching agglomeration has the benefit that there are plenty of

opportunities nearby. This can either be a disadvantage, because having more opportuni-

ties and applicants leads to more frictions (resulting in decreasing to returns to scale in the

matching process), but can also be an advantage: when more opportunities are present,

chances are lower that none of the opportunities work out, leading to a higher probability

of being matched (Coles & Smith, 1998).

Another advantage of agglomeration is that it can not only improve the matching pro-

cess itself, but also the quality of the matches themselves. In a situation of horizontal

differentiation, where workers have heterogeneous skills and firms differ in their prefer-

ences for skills, agglomeration allows firms seeking for workers to choose from a more

diversified range of skills. Increasing the number of workers means that firms can find a

closer match between worker skills and the skills they need for a certain job, leading to

less mismatch costs. This agglomeration effect is mitigated by an urban crowding effect,

creating a trade-off between these two effects.

In the case of vertical differentiation, where agents care about quality, agglomeration

can also improve the quality of the matching. Venables (2011) presents a model where

the costs of urban crowding functions as a signalling mechanism: just like education in

the signalling model of Spence (1973) could function as a signal of ability, location could

function as a signal of ability and lead to self-selection: in an expensive city there will

be more agents with higher abilities. In this model agents match with another agent to

undertake a joint project, which gives them a joint benefit. It is assumed that good matches

are of greater value for high ability type agents than for lower type agents. As a result of

this assumption, a separating equilibrium can be sustained, where low type agents stay

in a low-cost place, while high type agents are willing to incur the cost of living in an

expensive city that makes it possible for them to match with another high type agent to

undertake their joint project.

Using a similar model of two types of agents undertaking joint projects, Storper & Ven-

ables (2004) analyze a model where agents can form “in-groups” where past performance

can be tracked. The probability of success of a project, which can either succeed or fail,

is determined by the ability of each of the partners and the (costly) effort they make. If a

project fails, the two matched agents inside the group face the probability of being ejected

from the group. This leads to a situation where agents who are a member of the in-group

have a higher than average ability. Members will therefore have higher earnings, because
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they match more often with a more able agent. This model does not only target the infor-

mation asymmetry, but also the incentive structure: because these in-groups reveal more

information about their members, there is an incentive for agents to make a greater effort

to provide high quality output. Storper & Venables (2004) relate the formation of these in-

groups to the importance of face-to-face interactions, because this allows agents to judge

each other and to be judged.

To a large extent the ideas of these models can also be applied to service provision.

However, this assumption of jointly undertaking a project ignores the aspect of the asym-

metry of the relation between customers and producers in service provision: in service

provision, it is often one party (the producer) that incurs the costs and the other party

(the customer) enjoys the benefits. The customer compensates the producer for its costs

by a transfer in the form of the price paid for the service. This leads to a different incen-

tive structure: without any reputational effects or other implicit or explicit incentives to

induce effort, the producer will have an incentive to minimize its effort to the minimal

objectively verifiable level. Imposing an informational structure, such as reputations that

can be spread or “in-groups” that can be formed, will have a different effect on a consumer

than on a producer and this difference should be taken into account in a more complete

specification.

3.2.3 Matching on the labour market

The matching problem of service firms is similar in many ways to the matching problem

between employers and employees. Employers try to hire the employee with the right set

of skills and abilities, while potential employees look around for employers that will give

them the highest personal utility, both in monetary as in non-monetary terms. This search

process has been studied quite extensively by labour economists (Rogerson et al., 2005).

Central to these models is the notion that frictions are important. Because there is no

centralized market where workers and employers can meet and trade at a single price,

agents have to search for a suitable match. When a worker meets a possible prospective

employer who gives him an offer, the worker will compare this with the expected benefit

of waiting some more time and receiving an offer from another employer. This could lead

to situations where workers of similar abilities end up being paid different wages.

To a large extent these ideas could also be applied to trade in services: because services

are often tailor-made to wishes of the consumer, there is no centralized market where ser-

vice providers and consumers meet. The matching between service providers and con-

sumers resembles the matching of workers and employers in the way that both parties
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have to engage in a purchase contract and negotiate over the terms. However, most labour

matching models assume that workers can only match one employee at a time, while most

service providers will be able to provide their services to a second customer.

Role of social networks

Sociological studies have shown that a substantial part of the workforce have found their

job through personal contacts (Granovetter, 2005). Several models have been set up that

emphasize the role of personal networks in finding a job.

Montgomery (1991) studies the role of social networks in labour-market outcomes by

focusing on the role of referrals. In his model, production takes place in two periods, but

workers live only for one period and after this period the firms can observe the produc-

tivity of the first period worker. At the end of the period, the firm can choose to engage

in referral hiring or not. In case of referral hiring, the first period worker can relay the

employer’s offer to a second period worker in his own network, who can accept or reject

his offer. Agents that do not engage in referral hiring or who refuse the referred offer, will

be matched on the market.

Crucial for the working of the model is the assumed social structure, which depends

on two parameters: network density and inbreeding bias. A high network density means that

first period workers and second period workers are well connected and a high inbreed-

ing bias means that high quality first period workers are more connected to high quality

second period workers than low quality first period workers are. Because of this assumed

inbreeding bias, employees will only choose to engage in referral hiring when the first

period worker was highly productive. In a situation with a high networking density and

a high inbreeding bias, high quality second period workers are mostly found by referral

hiring, implying that mostly low quality workers are left over on the market, lowering the

wage offered on the market, which is a “lemons effect”.

Calvó-Armengol & Jackson (2004) focus less on the ability of the worker, but more on

how a specific network pattern between agents affect unemployment. In his model, agents

receive job offers from either an employer or from another agent, which they can choose to

accept or pass on to other agents to which they are linked. This creates a situation where an

agent who has been unemployed for a long time is more likely to remain unemployed than

an agent who has just became unemployed, because being unemployed for a long time

means that it is more likely that the agents to which you are connected are unemployed as

well, meaning that it less likely that you receive a relayed offer from them.
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3.2.4 Networks and firms

These ideas of social networks have also been applied to the relation between firms. Sev-

eral empirical studies have shown the importance of social relationships and networks

in markets. Uzzi (1996) finds that social relationships in apparel markets are important

in cases where firms have repeated interactions. These social relationships increase trust

between the parties to overcome hold-up problems, improve the transfer of information

between parties and encourages joint problem solving to deal promptly with problems

that arise (Jackson, 2008). In their study of the fish market of Marseille Weisbuch et al.

(2000) show that a substantial share of fish buyers are loyal to a single seller, while other

fish buyers purchase from many sellers. For these “tied” sellers, predictability of supply is

important, while price is more important for the untied sellers. In this way networks offer

a possibility of insurance: a high cuisine restaurant that is famous for a certain fish dish

will consider it to be more important that this fish dish is served than that the price is not

too high.

Kranton & Minehart (2001) examine exchange of goods through networks as an alter-

native to markets. Sellers produce one unit of indivisible output and buyers desire one

unit, but have a private, uncertain valuation of the produced output. Goods can only

be obtained if a link exists between the buyer and the seller. Within the established link

pattern, the goods are auctioned by an ascending-bid auction (which can be regarded as a

“fictional Walrasian auction”), so the price is determined by the valuation of the seller who

drops out last in each auction. It is assumed that there are more buyers than sellers. Kran-

ton & Minehart (2001) point out two reasons why networks will be formed: one economic

reason for suppliers and a strategic reason for buyers. For suppliers the network offers a

possibility to pool uncertainty in demand: when a seller is connected to multiple buyers, a

drop in the valuation of a single buyer will have less effect, since the firm can now rely

on more sellers. For the buyers, being well-connected means that you have access to more

sources of supply and therefore can assure better terms of trade for sellers. However, the

formation of networks is costly, so buyers and sellers have to balance their benefits with

costs.

The role of social networks in international trade is assessed by Rauch (2001). A central

question is whether networks will grow or shrink as a consequence of international trade.

This is difficult to answer, because networks are often created because of trade. In an

earlier paper, Rauch (1999) argues that a distinction should be made between goods with

reference prices and those without reference prices. Some commodities are sufficiently
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differentiated so that prices cannot convey enough information for international trade.

Networks are in particular important for differentiated products (and therefore also for

most kinds of services).

In this setting networks exist as an informal barrier to restrict market access. An exam-

ple of such a strong network would be the Japanese keiretsu: a group of companies with

interconnected business relationships and shareholdings. Companies like Mitsubishi are

often involved in a wide range of services and goods provision, varying from bank and

shipping services to cars and petroleum.

These networks can be transnational. Much attention in the literature has been paid to

the role of ethnic networks facilitating trade, for example the role of the overseas Chinese

Diaspora in facilitating trade. Rauch & Casella (2003) set up a model where firms need to

find a producer of the right complementary type to form a joint venture. The firms can

choose to produce with a domestic or a foreign producer. Domestic firms knew exactly

of other the domestic producers which firm is of the right complementary type, while

most domestic firms do not know this of foreign firms. However, some domestic firms are

exogenously “tied” and they know one foreign producer of the right complementary type.

Labour, necessary for the production, is immobile, leading to wage differences between the

countries. It is assumed that wages are lower in the foreign country. If domestic firms can

make a good match, it is more profitable for them to produce with a foreign producer. Tied

firms obviously have an advantage in this, highlighting the importance of these networks.

The idea of networks playing an important role in how firms match with each other

has also been applied on issues of development and how markets develop. In these mod-

els agents can choose to match on the market or to match with an agent in an exclusive

bilateral relationship. Kranton (1996) sets up a model where agents are consuming one

good and can choose to find this good on the market (as a result of which search costs are

incurred) or to form a reciprocal relationship with another agent and consume the goods

that the other agent in the reciprocal relationship is producing. The downside of reciprocal

exchange is that this sometimes means that the agent does not desire the good that the

other agent is producing. As long as market exchange is not very attractive, agents will

exert effort and incur costs in their production for the other agent, because the punishment

of not doing so (which means breaking up the reciprocal exchange and matching on the

market) is too severe. However, as market exchange becomes more attractive, it becomes

more difficult to sustain a reciprocal exchange relationship, because the punishment of

breaking up is less severe. There is a thick market externality: as more agents leave their
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reciprocal relationships and match on the market, market exchange becomes even more

attractive, meaning that more agents will switch. Other models have built on these ideas

and are used to explain switches from personal economic relationships, which were the

main mode of trade in the past and are still prevalent in many developing countries, to a

more impersonal market exchange (e.g. Fafchamps, 2002).

3.3 Model

This section presents the model. There are two categories of agents in the model: final

consumers, who only consume services, and service-producing firms, who both consume and

produce services. A part of the produced services is used as intermediate inputs in the

production of services: a service producer needs to consume one service to be able to

produce services itself. Service producers can produce multiple services.

The central matching problem in this model is one of quality: there are two categories

of quality on offer (high and low quality) and this quality cannot be observed in advance.

There are two types of service-producing firms: competent firms who produce high quality

products, and inept firms who produce low quality services. Consuming a low quality

service incurs a cost θ for the consumer. There is no cost when consuming a high quality

service. It is assumed that it is not possible to write a contract offering a compensation

in case that the firm produces a low quality product and that other forms of insurance are

also unavailable. This assumption means that even though the service consuming firm can

observe the quality of the service provided, this quality cannot be observed objectively and

high quality service provision is therefore not enforceable. Because of this, price cannot be

dependent on quality on offer.

In this model, to circumvent this problem of asymmetric information, firms and final

consumers can choose to join a network. The cost of entering the network is heterogeneous

and differs across firms. Inside the network information about the characteristics of firms

inside the network is freely available: a member of the network knows exactly the quality

on offer provided by another member of the network. Members of the network can choose

to procure a service inside the network or outside the network. If they choose to find a

provider within the network, they will match randomly with a high quality provider inside

the network. This is called network matching. The firms and final consumers outside the

network consume randomly from any producing service firm, including those inside the

network. This is called random matching. Given that network matching always results in a

match with a high quality firm, while random matching could lead to a match with a low
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Figure 3.1: Timing and decisions of the competent and inept firms in the model. First, the firm has to choose
whether to enter the game (decision [1]), then whether to join the network or not (decision [2]) and finally
whether to produce (decision [3a] and [3b]).

quality firm, firms inside the network will only buy a service through network matching.

However, firms inside the network will still provide services through random matching to

firms outside the network.

For all members, both firms and final consumers, the network offers the benefit of being

assured of high quality service consumption, which means that they do not have to incur

the cost associated with consuming a low quality service. For competent firms the network

provides an additional benefit, since they can benefit from a larger consumer base. The

matching process between consumers and producers is described by a bargaining process

similar to many labour market search models: a consumer and a potential producer match

randomly (either inside or outside the network) and bargain over the price of their service.

The Nash bargaining solution is used to model the outcome of this bargaining process.

3.3.1 Timing of the model

There is a fixed number of final consumers F , who will always consume one service to

fulfil their needs.2 The number of services firms is variable and will depend on several

2The model requires a number of outside consumers. When there are no final consumers and the cost of
receiving a bad quality service is positive (i.e. θ > 0), no firm outside the network will produce, because
you sell fewer products than you buy when there are firms inside the network (who will only buy within
the network). Incompetent firms will never join the network, because their is no market for their products
(outside the network). This means that the network then only consist of competent firms inside the network.
These firms will buy one product and sell one product. However, the revenue made by selling a service (p)
will not outweigh the cost of production (k), the cost of procuring a service (cost p) and the cost of joining the
network (c(z)). When facing the decision to enter at the beginning of the game, a firm will therefore choose
not to enter.
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conditions that will be discussed later on. Both types of firms and consumers exist in a

continuum and are, for convenience, indexed separately: competent firms are indexed by

zH , inept firms by zL and final consumers by zF . The index zj is used to refer to an agent

in general, without specifying its type or role (so j = H,L, F ).3 Firms are heterogeneous

in two ways: they differ in the quality of the services they produce and they differ in their

cost of joining the network cj(zj). The distribution of high and low quality firms is fixed:

of the firms entering a share µ is competent, providing high quality services, and a share

1 − µ is inept, providing low quality services. The timing of the model consists of the

following stages:

1. Entry stage. There is a large supply of potential firms. These potential firms know

all the exogenous variables (see Appendix Section 3.A), but do not know their own

quality or their cost of joining the network. An entry cost fe has to be incurred for

a firm to be able to produce and to learn their own characteristics. The number of

firms that choose to enter is Se.

2. Network joining stage. All the firms that have chosen to enter incur the entry cost

and learn the quality of their services (high or low) and their cost of entering the

network cj(zj) (with j = H for competent firms and j = L for inept firms). Also the

final consumers learn their cost of entry cF (zF ). Now, the firms and final consumers

have to make the choice whether they will join the network or not. The number of

competent firms that choose to join is NH , the number of inept firms that choose to

join is NL and the number of final consumers that choose to join is NF .

3. Decision to produce. The firms and final consumers joining the network incur the

joining cost cj(zj) (with j = H,L, F , depending whether the agent is a competent

firm, an inept firm or a final consumer). Firms can choose whether they will engage

in the matching process and produce or to not produce at all. The number of firms

producing is Sp.

4. Matching stage. Matching takes place. The services firms that have chosen to pro-

duce and the final consumers will need to consume one service. They look for pro-

ducers, either through matching with a high quality provider inside the network (net-

3Technically, because firms and consumers exists in a continuum, it does not make sense to speak about
the “number of firms” or the “number of consumers”. However, the assumption of a continuum instead of
discrete firms has been made to simplify the analysis; the intuition behind the model and the mechanisms
are the same in the discrete version. Also, some of the graphs in this paper have been made using numerical
methods, which rely on a discrete version of the model, because an analytical solution could not be found in
these cases. A discussion of these numerical methods can be found in appendix section 3.D.2.
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Figure 3.2: Timing and decisions of the final consumers in the model. Final consumers always consume one
good and can choose whether to consume that good inside the network or outside.

Type Quantity Provides through Consumes through

competent inside network NH random matching and network matching
service firm network matching

outside network RH random matching random matching

inept inside network NL random matching network matching
service firm outside network RH random matching random matching

final service inside network NF network matching
consumers outside network RF random matching

Table 3.1: The matching patterns of the two types of services firms (given that they are producing) and the
final consumers. Final consumers only consume services, while services firms both produce and consume
services.

work matching) or matching entirely random (random matching). If a match is made,

the consumer pays price p for the service and the producer incurs a fixed marginal

cost k. (It is assumed that p > k).

5. Consumption and production stage. Firms produce their services and consumers

consume their bought services simultaneously. Final payoffs are realized. If it turns

out that the service consumed is of bad quality, a cost θ is incurred.

This means that there are two types of matching: network matching and random match-

ing. Firms and final consumers inside the network will buy a service randomly from a

competent firm inside the network (network matching), while firms and final consumers

outside the network match randomly with any firm that is producing (random matching).

This firm could either be inside or outside the network. As can be seen in Table 3.1, this

means that competent firms inside the network will provide their services through both

network matching and random matching.

Firms inside the network always produce, while under certain conditions some firms

outside the network will choose not to produce. The body of producing firms consists
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therefore of the competent and inept firms inside the network (their number being re-

spectively NH and NL) and the competent and inept firms outside the network that are

producing (their number being respectively RH and RL). By definition, Sp equals the sum

of producing firms:

Sp ≡ NH +NL +RH +RL. (3.1)

The number of final consumers inside the network is NF and the number of final con-

sumers consuming outside the network is RF . The total number of consumers F is equal

to the sum of these:

F ≡ NF +RF . (3.2)

The outcome of this matching process is determined by considering Nash equilibria

of this game: given the strategy of other firms, firms cannot do better. This analysis is

restricted to equilibria that are subgame perfect: the strategy of each firm must be a Nash

equilibrium in every subgame of the game. The solution can then be found by backwards

induction.

This means that we first need to analyze the payoff from the last two stages, the match-

ing and the consumption stage. From this an expression for the expected payoffs of both

types of matching is derived. Second, using these expected payoffs we can consider which

firms inside and outside the network are actually going to produce. Third, we consider

which firms will join the network by looking at the marginal firm that is indifferent be-

tween joining and not joining. Finally, we need to consider the number of firms entering.

3.3.2 Matching process and payoffs

As discussed earlier, firms engage in two kinds of matching: random matching, where the

sellers are outside the network, and network matching, where the sellers and the buyers

are inside the network. We analyze these two kinds of matching separately. To simplify

the analysis, we consider the payoffs of both kinds of matching separately from a buyer’s

perspective and a seller’s perspective.

Random matching

In random matching, the buyer can match with any firm that is producing, including the

firms inside the network. The benefit for buyer depends on whether the buyer is consum-

ing a high or low quality service. In case the service of the seller is of low quality the buyer
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incurs not only the price p, but also the disutility θ of receiving a low quality service (by

assumption, θ > 0). So the benefit to buyer zj , UR(zj), is given by

UR(zj) ≡

{
−p if seller competent (high quality);
−p− θ if seller inept (low quality).

(3.3)

The probability of matching an inept seller is equal to the share of inept sellers in the

population of all sellers. The number of inept sellers equalsRL+NL (withNL inept sellers

inside the network and RL inept sellers outside the network) and the number of all sellers

is Sp, the number of producing firms. The expected benefit to the buyer is given by

E [UR] = −p− RL +NL

Sp
θ.4 (3.4)

The benefit to seller zj , VR(zj), equals the number of buyers of its service times the

benefit from each transaction v(p):

VR(zj) ≡ number of random matching buyers of zj ’s service× v(p).

The benefit of each transaction equals price p minus marginal cost k, so v(p) = p− k. Since

matching happens randomly, the expected number of buyers depends on the total number

of buyers through random matching divided by the number of sellers through random

matching, so expected benefit equals

E [VR] =
number of random matching buyers
number of random matching sellers

× v(p).

All firms producing will sell their services through random matching, but only firms and

final consumers outside the network will buy through random matching. The number of

buyers therefore equals the number of firms and final consumers outside the network, so:

E [VR] =
RH +RL +RF

Sp
(p− k) =

(Sp + F )− (NL +NH +NF )

Sp
(p− k). (3.5)

For a final consumer outside the network, the total expected payoff is only given by

the buyer’s side utility E [UR]. For a competent or inept firm outside the network, the total

expected payoff is the sum of the buyer’s side utility and the seller’s side utility, minus

incurred cost. This total expected payoff is given by:

E [πR] = E [UR + VR]− fe.

4In the case that the proportion of quality of the producing firms equals the ex ante proportion of quality
(this is the case when Se = Sp), a share 1 − µ of the firms is inept and provides low quality services. In this
case expected benefit to the buyer is given by

E [UR] = −p− (1− µ)θ.
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Type Inside network Outside network

competent firm E
[
πHN (zH)

]
= E [VN + VR + UN ]− cH(zH)− fe E [πR] = E [VR + UR]− fe

inept firm E
[
πLN (zL)

]
= E [VR + UN ]− cL(zL)− fe E [πR] = E [VR + UR]− fe

final consumer E
[
πFN (zF )

]
= E [UN ]− cF (zF )− fe E

[
πFR
]

= E [UR]− fe

Table 3.2: Expected total profits E [π(zj)] for the two types of services firms (if they are producing) and the
final consumers, including the cost of joining the network cj(zj) and entry cost fe.

Network matching

Buyers inside the network will only choose to consume high quality products. The only

cost they are incurring is the price of the service p. This cost is given by:

UN ≡ −p. (3.6)

Only competent firms inside the network will provide services through network match-

ing, and will do this in addition to provision through random matching. The benefit of

sellers inside the network equals the number of buyers of their product times the benefit

of each transaction v(p) = p− k:

VN (zj) ≡ number of network matching buyers of zj ’s service× v(p).

Each firm inside the network has the same probability of being matched with a customer.

The expected number of buyers is therefore equal to the total number of buyers inside the

network divided by the number of other firms that are also selling through the network.

Expected benefit from selling through the network is therefore equal to:

E [VN ] =
number of network matching buyers
number of network matching sellers

× v(p)

=
NH +NL +NF

NH
(p− k). (3.7)

The final payoff for a final consumer inside the network is just given by E [UN ]−cF (zF ).

A competent firm inside the network will provide services through both random matching

and network matching, and its total expected payoff including incurred costs is therefore

given by:

E
[
πHN (zH)

]
= E [UN + VR + VN ]− cH(zH)− fe.

An inept firm inside the network will consume its service through network matching, but

provide its service through random matching. So its expected payoff including incurred

costs is given by:

E
[
πLN (zL)

]
= E [UN + VR]− cL(zL)− fe.
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Bargaining process

Prices and costs are constant in this model, resulting in a constant mark-up p − k per

service delivered. As discussed by Rauch (2001), differentiated products such as services

often lack organized markets and reference prices. In the case of services, price setting

should be seen more as the result of a search and bargain process between the buyer and

seller, rather than full price competition on the market. In this section a bargaining model

is described, which provides a justification for a constant price p for the services without

any strategic role for prices as present in reputation models (e.g. Grossman & Horn, 1988;

Shapiro, 1983).

This bargaining model is similar to what is often found in labour matching models

(Rogerson et al., 2005): consumers and producers are matched randomly with each other

each period and bargain over the price of the service with each other, just like employ-

ers and potential employees are matched with each other and negotiate over the wage

in labour matching models. The consumer’s value of the bargaining outcome is deter-

mined by their outside option, which in turn is determined by the value of the outcome

of a similar bargain with another, but similar, producer, just like the negotiated wage of

a potential employee is determined by his or her expectations of what a bargain with an-

other employer would yield. For this bargaining model, the Nash bargaining axioms and

the resulting Nash bargaining solution are used to describe the outcome of the bargaining

process, as in Rogerson et al. (2005). It is assumed that bargaining is costly from the con-

sumer’s perspective, since the consumer needs to specify to the potential producer what

kind of service it needs. This bargaining cost adds an additional trading friction and can

result in prices above marginal costs.

Consumers and producers meet randomly, except for consumers inside the network:

they match randomly with one of the competent firms inside the network. The outside

option for the producer is to not provide the service to a client, so u0 = 0.5 The firms

that have chosen to produce6 and the final consumers each consume exactly one service.

The outside option for these consumers is therefore equal to u0 = u(p∗) − ξ, where ξ is

a renegotiation cost and u(p∗) is the outcome of a bargain with another provider (for a

5An important difference with many labour market matching models is that workers, because they can
only produce one unit of labour, have a benefit to work for the employer that values their output the most. In
this case the outside option of the worker depends on the expectation of the value of other potential employ-
ers. In this model, producers can supply to multiple consumers and for this reason this consideration is not
important. The outside option now is not to produce for this particular customer, i.e. the outside option is a
payoff of zero.

6It is assumed that if a firm has chosen to produce, it cannot withdraw from the bargaining process. Even
if a firm that has chosen to produce cannot find a consumer, it must still consume one service.
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consumer outside the network this other provider is randomly chosen among all firms,

but for a consumer inside the network this is another competent firm inside the network).

The Nash bargaining solution maximizes

max
p

[v(p)− 0] [u(p)− u(p∗) + ξ] ,

where v(p) is the benefit of a transaction for the producer (i.e. v(p) = p − k) and u(p)

represents the cost for the consumer, at price p (i.e. u(p) = −p).7 The first order condition

is

v′(p) [u(p)− u(p∗) + ξ] + v(p)u′(p) = 0.

The price p that results from this bargain, is the same what the consumer would get if it

would bargain with another producer (since this would result in the same bargain), and

should therefore equal p∗. This means that in the above first order condition p = p∗:

ξv′(p) + v(p)u′(p) = 0

ξ − (p− k) = 0

p = p∗ = k + ξ

This bargaining model provides a justification for, given constant marginal costs k, a con-

stant price p > k, where the mark-up in this case is determined by the renegotiation cost ξ

that the consumer has to incur every period when it starts bargaining with a new potential

producer.

3.3.3 Decision to produce

Inside the network A firm inside the network will choose to engage in matching and

produce if the expected profits of doing so are larger than its outside option not to produce.

The cost of entry fe and cost of joining the network cj(zj) are sunk costs at this point. So

a competent firm inside the network will produce if the expected benefits of doing so are

larger than zero:

E [UN + VR + VN ] ≥ 0. (3.8)

Similarly, an inept firm inside the network will produce if

E [UN + VR] ≥ 0. (3.9)

7At this stage the bargaining cost for the consumer is a sunk cost and is therefore not included.
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These expected benefits of production will depend on choices made by other firms. Firms

inside the network will always produce, because they have incurred costs to join the net-

work. A strategy where a firm is joining the network, but not producing cannot be a Nash

equilibrium. So these firms always produce:

Proposition 3.1. Firms inside the network always produce.

See the appendix for a proof.

Outside the network The expected profits excluding incurred costs for a firm outside the

network when producing are E [UR + VR]. A firm outside the network will find it profitable

to produce if

E [UR + VR] ≥ 0. (3.10)

The more firms are selling through random matching, the lower its expected profits are.

This is stated in the following proposition:

Proposition 3.2. Expected profits for a firm outside the network excluding sunk costs E [UR + VR]

are decreasing in the number of producing firms Sp, given that these expected profits are weakly

positive (E [UR + VR] ≥ 0) and that NHµ > NL
1−µ .

A proof is given in the appendix. Later it will be shown that NH
µ > NL

1−µ , so that the

second condition is satisfied. The equilibrium value of expected profits excluding sunk

costs for a firm outside the network, E [UR + VR], is connected to the number of firms

producing through random matching:

• If E [UR + VR] is strictly positive in the equilibrium, it must be that all firms that have

entered are also producing (Sp = Se). A situation where no firms that have entered

are producing (Sp < Se) and E [UR + VR] > 0 cannot be a Nash equilibrium, because

in this case a firm that is not producing can do better by producing.

• If E [UR + VR] is zero in the equilibrium, it is possible to have an equilibrium where

some firms that have entered are not producing (Sp < Se). Proposition 3.2 implies

that if E [UR + VR] = 0, a firm that is not producing cannot do better by choosing to

produce, because then E [UR + VR] would decrease and be negative (and therefore

lower than the outside option of not producing).

• If E [UR + VR] is strictly negative in the equilibrium (E [UR + VR] < 0), then it must

be the case that no firm is selling through random matching (R ≡ RH +RL = 0). If a
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firm would still produce through random matching in this case, then this firm would

earn negative profits and could do better by not producing, which yields zero profits

in the equilibrium (ignoring the sunk costs).

These conditions determine the total number of firms outside the network that are

producing R, but not the quality composition of these firms (i.e. RH and RL, where R ≡

RH +RL). Suppose that E [UR + VR] = 0 and not all firms that have entered are producing

(Sp < Se). All firms outside the network are then indifferent between producing and not

producing. It is assumed that every firm, regardless of its type, has an equal probability

of being one of the producing firms outside the network. Therefore, the (expected) ratio of

firms that choose to produce is the same ratio as the quality composition of firms outside

the network.8 This leads to the following expected values of RH and RL:

Proposition 3.3. Given that the probability of producing is the same for each firm outside the

network, regardless of its quality type, the expected number of competent firms producing through

random matchingRH and the expected number of inept firms producing through random matching

RL is equal to

E [RH ] = (µSe −NH)
Sp −NH −NL

Se −NH −NL
, (3.11a)

E [RL] = ((1− µ)Se −NL)
Sp −NH −NL

Se −NH −NL
. (3.11b)

A derivation of these expressions is given in the appendix.

Decision to join the network

Competent firms will join the network if the expected profits from joining the network

minus the cost of joining are higher than the outside option of selling through random

matching or not selling at all:9

E [UN + VN + VR]− cH(zH) ≥ max {0,E [UR + VR]} .

Similarly, inept firms will join the network if

E [UN + VR]− cL(zL) ≥ max {0,E [UR + VR]} .

Final consumers will always consume and therefore will join the network if

E [UN ]− cF (zF ) ≥ E [UR] .
8The ratio of the quality composition of firms outside the network is equal to µSe−NH

(1−µ)Se−NL
. The term in the

numerator is the number of competent firms that have entered, but have not joined the network. The term in
the denominator is the number of inept firms that have entered, but not have joined the network.

9Firms that are indifferent between joining and not joining, are assumed to join the network.
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Firms and final consumers are heterogeneous in their cost of joining the network. Fol-

lowing Storper & Venables (2004), this cost is distributed in a linear way between c and

c, depending on the firm’s index zj . This leads to the following joining cost functions for

respectively competent firms, indexed by zH ; inept firms, indexed by zL; and final con-

sumers, indexed by zF :

cH(zH) = c+
c− c
µSe

× zH (3.12a)

cL(zL) = c+
c− c

(1− µ)Se
× zL (3.12b)

cF (zF ) = c+
c− c
F
× zF (3.12c)

These functions are set up in such a way that the lowest indexed firm has a joining cost of

c and the highest indexed firm has a joining cost of c.10

The number of firms and final consumers joining the network is determined by the

marginal firm that is indifferent between joining and not joining the network. Firms or

final consumers with a higher index than this marginal one, have a higher cost of joining

the network and will not have an incentive to enter. This gives the following conditions for

the number of firms and consumers joining the network (provided that E [VR + UR] ≥ 0):

NH =

NH+NL+NF
NH

(p− k) + RL+NL
Sp

θ − c
c− c

× µSe, (3.13a)

NL =

RL+NL
Sp

θ − c
c− c

× (1− µ)Se, (3.13b)

NF =

RL+NL
Sp

θ − c
c− c

× F . (3.13c)

A derivation of these (implicit) solutions is given in appendix 3.B.4. Proposition 3.4

follows from these equations:

Proposition 3.4. The share of competent firms joining the network in the total population of com-

petent firms is higher than the share of inept firms joining the network in the total population of

inept firms, so:
NH

µ
>

NL

1− µ
or, equivalently:

NL

NH
<

1− µ
µ

.

10To illustrate this, consider the joining costs of competent firms: of the total number of firms that have
entered in the first stage (Se), a share µ is competent, so there are µSe competent firms in total. The competent
firm with the lowest index zH = 0 has cost of joining cH(0) = c, while the competent firm with the highest
index zH = µSe has a cost of joining equal to cH(µSe) = c.
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Decision to enter

Finally, we consider the decision to enter the game. At this point firms still do not know

whether they are competent or inept and they also do not know what it will cost for them

to join the network, so their expected profits will depend on their probability of being

competent or inept and the associated expected profits:

E [π] = µ×
[
NH

µSe
(E [VR + VN + UN ]− ĉH) +

RH
µSe

(E [VR + UR])

]
+ (1− µ)×

[
NL

(1− µ)Se
(E [VR + UN ]− ĉL) +

RL
(1− µ)Se

(E [VR + UR])

]
− fe

=
NH

Se
(E [VR + VN + UN ]− ĉH) +

NL

Se
(E [VR + UN ]− ĉL)

+
RH +RL

Se
(E [VR + UR])− fe. (3.14)

Here ĉH and ĉL are the expected joining costs for respectively a competent and an inept

firm, given that it is going to join the network.11

In the equilibrium, expected profits must equal zero, otherwise a firm that has chosen

not to enter would be better off by choosing to enter instead. This leads to the following

free entry condition:

E [π] = 0. (3.15)

3.3.4 Solving the model

In the model, there are eight endogenous variables: the number of entering firms Se, the

number of producing firms Sp, the number of competent firms, inept firms and final con-

sumers inside the network NH , NL and NF , and the number of competent firms, inept

firms and final consumers matching outside the network RH , RL and RF . The number

of entering firms is determined by equation (3.15). The number of firms and consumers

that join the network is given by (3.13a–c). The number of firms that produce outside the

11So for a competent firm ĉH = E [cH | cH < c∗H ], where c∗H = cH(NH), the cost of the threshold competent
firm that is indifferent between joining and not joining. Because cH(zH) is linear, so:

ĉH =
1

NH

NH∫
0

cH(zH) dzH = c+
c− c
µSe

NH
2

Similarly, for an inept firm ĉL = E [cL | cL < c∗L], where c∗L = cL(NL). Using the functional form:

ĉL =
1

NL

NL∫
0

cL(zL) dzL = c+
c− c

(1− µ)Se

NL
2
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network and their quality composition is determined by equations (3.11a–b) and (3.10).

These equations together imply the number of producing firms Sp. Finally, the number

of final consumers outside the network is determined by equation (3.2). By solving these

equations, the outcome of the model can be determined.

For some parameter values it is possible to find an analytical solution, but for most

parameter values numerical methods have been used to find equilibrium number of firms.

This solution method relies on making the number of firms discrete instead of continuous

and checking for every configuration whether a unit of firms has an incentive to deviate.

Appendix 3.D.2 describes this way of finding solution in greater detail, as well as its limi-

tations.

3.3.5 Interpretation of the model

The model incorporates elements of how businesses find trading partners. In reality, firms

do not just consume a service from a random service provider, but try to get an idea of its

quality in advance by considering the firms’ reputation or asking around for past experi-

ences. This can partly be done in professional organized settings, such as local business

groups or chambers of commerce, but more often these interactions take place in informal

settings, where social contacts play an important role. In some countries a more formal or-

ganization of networks has been documented, such as the keiretsu in Japan and the chaebol

in South Korea (Rauch, 2001).

The network could be interpreted as the structure representing these informal inter-

actions. Even though this is only a one period model, this network can be interpreted as

an arena of reputation sharing: other members of the network have consumed services from

this particular firm before and share this information with other firms inside the network,

without any strategic considerations (i.e. no calumniation of high quality producers). This

concept of a network follows the definition given by Rauch (2001), based on Granovetter

(1973): the network is a “set of actors who know each other’s relevant characteristics or

can learn them through referral.” Networks like these provide a bidirectional benefit for

competent firms: from the buyer’s perspective, the network allows the firm to consume

high quality services, but also from a seller’s perspective it provides a larger consumer

base.

The model can be applied to a wide range of services which can be characterized by a

consumer-provider relation, for example legal services, accountancy or management con-

sultancy, for which the quality of the delivered service is often crucial to the consumer.
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The heterogeneous cost of joining the network can be given multiple interpretations.

The first interpretation is that some firms differ in their “networking skills” and therefore

joining the network is more costly for some firms than for others. Firms consist of people

and several studies have showed that networking patterns differ between individuals.12

The second interpretation is one of increasing costs as the network grows: it is less costly

to join a small network than a large network. So the first firms that join incur less costs of

joining the network than the last firms that join. However, this is not a model of subsequent

entry, but of simultaneous entry, and therefore this interpretation might fit the model less

well.

The final consumers can be regarded as other actors in the economy who are also con-

suming services, such as other firms (e.g. producers of manufacturing), the government

or households. Just like inept firms, who will not sell through the network, their main

interest of joining the network is to match with higher quality suppliers.

The cost θ of receiving a bad quality service is the loss in payoff or (monetary) utility,

which could just represent the dislike of people to receive bad quality services. However,

in case of consuming services firms it can be seen as the additional cost that the firm needs

to incur to make up for the bad quality, so that it is still able to produce its own good.

3.3.6 Relation to other models

The model is based on ideas that can be found in other matching models. However, the

model differs from other models in several ways in order to incorporate some specific

features of services exchange.

First of all, the model allows firms to provide multiple services and not just one. In

the labour market referral model of Montgomery (1991) workers can only work for one

employer. Current employees can refer new potential employees to their employer and

because of the assumed inbreeding bias, employers will prefer to hire a new employee

through referral if the current employee is of high ability. Potential workers with a higher

ability are therefore more likely to be found through referral and therefore the workers that

are left over (i.e. not referred) will consist of more than proportionally lower able work-

ers, making non-referral hiring even less attractive. This lemons effect is not present in this

model: if a producing firm is matched through network matching, it can still be matched

through random matching. The introduction of a network does not lower the benefits of

12This feature has been documented in different types of networks, for example co-authorship data from
economics journals (Goyal et al., 2006) or prison data on friendships between inmates (see also Jackson &
Rogers, 2007; Jackson, 2008).
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random matching, as was the case in the model of Montgomery (1991): in that model,

when hiring through referral becomes more attractive, this will negatively affect those not

hiring through referral. However, here there are no capacity constraints: in principle a firm

can provide as many services as it can find consumers for.13

Second, the model acknowledges the particular nature of the customer-producer relation:

most of the time only one party benefits from increased quality and the other party will

only benefit if incentives are set correctly. Some models assume a symmetric relation be-

tween agents in the economy (e.g. Storper & Venables, 2004), where agents jointly under-

take a project and benefit equally from the achieved quality. This setting may work well in

an intrafirm interaction, but is less appropriate in this setting of service provision.

Furthermore, other models allow for a possibility for low quality service providers to

provide high quality by increasing their investment or effort level (e.g. Grossman & Horn,

1988; Storper & Venables, 2004), which creates a richer environment, but also makes the

network structure more complicated.

In this model the term network is used to describe the information sharing structure.

The set-up of the network is limited compared to other models: a firm is either inside

the network or outside, while other models emphasize the internal network structure (e.g.

Kranton & Minehart, 2001). These models describe the exact structure of how information

is shared, specifying every relationship between nodes and considering strategic interac-

tions between them. This model does not focus on how the network is organized on the

level of nodes: it does not describe the relation between two nodes inside the network

or how links between nodes form. While in other models some degree in connectedness

is allowed, in this model connectedness is binary: a firm is (completely) connected to the

network or not connected at all.

Jackson & Rogers (2007) provide some justification for this binary structure in their

discussion of the structure of social networks. They show that most social networks can

be characterized by having a substantial group of highly-connected nodes as well as a

substantial group of low-connected nodes, leading to “fat tails” in the distribution of the

degree of connectedness of the nodes. Nodes with a medium degree of connectedness are

relatively underrepresented. The binary structure of the model can be seen as a further

simplification of this.

13Of course, in the case firms face capacity constraints, they have to make choices who they will serve and
who not. However, in this model there is no increased benefit from a producer perspective to provide to
someone inside the network compared to providing to a customer outside the network: profits from a sale are
the same.
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Figure 3.3: The effect of a rise in the cost of receiving a bad service θ on the number of entering firms Se, the
number of producing firms Sp, the number of competent firms inside the network NH , the number of inept
firms inside the network NL and the number of firms producing through random matching R ≡ RH +RL.

3.4 Filtering and locking out

In this section the effects of changes in parameters on the outcome of the model are ana-

lyzed. Because the model is set-up for only one-period, these changes are not caused by

dynamic effects: there is no process of adjustment from one outcome to another; it only

shows how outcomes differ if the initial parameters are adjusted. This section focuses es-

pecially on the effect of a rise in the cost of receiving a bad quality service θ on the network

structure and the consequences for welfare.

This network structure leads to two effects when θ increases. First, the network causes

sorting in quality: if receiving bad quality services becomes too costly, fewer inept firms

will find it profitable to produce, improving the quality composition of the economy, filter-

ing out the lower quality firms. This is the filtering effect. Second, firms use networks not

only as a way of improving the quality of their consumption, but also as a way of coordi-

nating supply and demand: it provides an implicit mechanism for competent firms inside

the network to agree to only consume each other’s services, while still providing to firms

outside the network. This means that firms outside the network receive fewer customers

than they would have received without a network. This lock-out effect bears a cost, for low

values of θ fewer firms will enter and produce than in the case of no networking.
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Exogenous variables Standard
value

F Number of final consumers 2000
µ Share of competent (high quality type) firms in pool of firms 0.5
θ Cost of consuming a bad quality service 1.0
p Price of consuming a service 1.0
k Marginal cost of providing a service 0.5
c Lowest cost of joining the network (i.e. if zj = 0) 0.0
c Highest cost of joining the network 4.0
fe Entry cost for firm at first stage 1.0

Table 3.3: The exogenous variables of the model and the standard values used in the simulations.

3.4.1 The filtering effect of the network

One of the crucial parameters in the model is the cost of consuming a bad service θ. As

θ increases, firms consuming through random matching will incur higher costs in expec-

tation and therefore joining the network will become more attractive. This in turn affects

expected profits and therefore also the number of firms entering Se and the number of

firms producing Sp. For increasing values of θ three “stages” can be identified in the out-

come of the model: the first stage where all firms that have entered are producing, the

second stage where some firms outside the network are not producing and the final stage

where no firms outside the network are producing. Figure 3.3 shows the impact of a rise

of θ on the number of firms entering, producing and joining the network.

In the first stage, all firms that have entered are producing, so Se = Sp. The rise in θ

means that consuming a service outside the network becomes more costly and therefore

joining the network becomes more attractive. This leads to an increase in the number of

firms joining the network. If the number of entering firms Se is kept constant, the increase

in θ will have a negative impact on expected profits in the first stage E [π], because firms

buying outside the network incur higher costs when receiving a bad quality service and

the average cost of joining the network ĉj increases, because a larger proportion of the firm

joins the network. As a result of the free entry condition (3.15), fewer firms will choose to

enter and this will mean a decline in Se as θ rises, as can be seen in figure 3.3. Figure 3.4

shows the effect of a rise in θ on profits of the firms. Since all firms outside the network are

producing, it must be the case that expected profits outside the network excluding sunk

costs, E [UR + VR], are positive.

The quality composition of the economy remains constant in this stage, because all

firms that have entered are producing: a share µ of the firms that have entered are compe-

tent and so a share µ of the producing firms are competent as well. Because of the decrease

in Se as θ increases, the absolute number of competent and inept firms decreases as well.
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As can be seen in figure 3.4b, at a sufficiently high value of θ expected profits for a firm

outside the network excluding sunk costs, E [UR + VR], become zero. For higher values of

θ this means that now some firms that have chosen to enter will not produce, as is stated

in the following proposition:

Proposition 3.5. For sufficiently high values of θ, it must be the case that the expected profits for

a firm outside the network excluding sunk costs are nonpositive (E [UR + VR] ≤ 0) and that some

firms that have entered are not producing (Sp < Se).

In the second stage, there are still some firms producing and condition (3.10) must be

binding: E [UR + VR] = 0. The firms outside the network consist disproportionately of

inept firms, because a competent firm is more likely to have joined the network than an

inept firm (see proposition 3.3). If fewer firms outside the network choose to produce, this

also means that inept firms are more likely to not produce. In this situation the presence of

this network structure improves the quality composition of the economy: proportionally

there will be fewer inept firms producing than competent firms. This is the filtering effect of

the network:

Definition. The filtering effect occurs when the ratio of inept firms to competent firms producing

is lower than the ratio of inept firms to competent firms entering, so:

NL +RL
NH +RH

<
1− µ
µ

.

Proposition 3.6. If not all firms that have entered are producing (Sp < Se), then the filtering effect

occurs.

A proof is given in the appendix. From proposition 3.5 and 3.6 we can conclude:

Corollary 3.7. For sufficiently high values of θ the filtering effect occurs.

In figure 3.5b it can be seen that from the point where E [UR + VR] = 0, the share of pro-

ducing competent firms increases, while the number of producing inept firms decreases.

This filtering effect means that the negative effect of a rise of θ on expected buyer’s profit

E [UR] is counterbalanced: fewer inept firms producing means that from a seller’s point of

view it is less likely to match an inept firm, even though θ is higher. This can be seen in

figure 3.4a, where the decrease in expected buyer’s profit outside the network E [UR] in the

second stage (θ ∈ [2.5, 5.0]) is small.

The number of firms entering increases as well, even though the cost of receiving a bad

service θ increases. To see why, fix the number of entering firms at Se′ such that expected
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Figure 3.4: (a) Left: The expected utility from selling through network matching E [VN ] and through random
matching E [VR] and the expected utility from buying inside the network E [UN ] (constant) and outside the
network E [UR]. (b) Right: Expected profits for a producing competent firm inside the network (equal to
E [VN + VR + UN ]), a producing inept firm inside the network (equal to E [VR + UN ]) and a producing firm
outside the network (equal to E [VR + UR]). Excludes entry cost fe and cost of joining the network cj(zj).
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Figure 3.5: (a) Left: The number of competent firms producing (RH + NH ) and the number of inept firms
producing (RL +NL). (b) Right: The share of producing competent firms in the group of producing firms and
the share of producing inept firms in this group.

profits are zero (E [π] = 0) for a certain value θ = θ′ and let θ increase by a little bit (i.e.

θ = θ′ + δ, with δ > 0). As derived in equation (3.14), expected profits are determined

by the expected profits of competent and inept firms inside the network as well as the

expected profits of firms outside the network:

E [π] =
NH

Se
E
[
πHN
]

+
NL

Se
E
[
πLN
]

+
RL +RH

Se
E [πR] .

In the first stage, as θ increases, the profits of a competent firm inside the network E
[
πHN
]

increase (more clientele inside the network), while E [UR + VR] decreases and so the profits

of firms outside the network E [πR] decrease as well. This decrease has a stronger effect

on expected profits than the increase of expected profits for a competent firm inside the
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network. For fixed values of Se′, this leads to lower expected profits , so E [π] < 0, which

means fewer firms will enter if we allow Se to vary.

However, in the second stage E [UR + VR] is equal to zero and so E [πR] does no longer

decrease as θ increases (keeping Se fixed again). Because E
[
πHN
]

still increases, expected

profits E [π] will be larger than zero at the fixed value Se′. If we allow Se to vary again,

than the number of firms entering Se will increase such that E [π] = 0. So more firms will

find it beneficial to incur the entry costs and will enter, even though not all firms that have

entered will produce. However, the prospect of possibly being a profitable competent firm

inside the network will encourage them to enter, causing a rise in Se as θ increases.

In the third stage, no firms outside the network are producing, only the firms inside

the network are producing. If a firm outside the network would choose to produce, it

would earn negative profits (E [UR + VR] < 0) and therefore no firm outside the network

will choose to produce. However, inept firms inside the network will still provide services

to the final consumers outside the network, but as θ rises, the number of final consumer

outside the network is dwindling as well, causing fewer inept firms to join the network and

produce (so NL decreases).14 This means that the filtering effect of the network continues

as θ increases, as can be seen in figure 3.5.

3.4.2 Strategic market protection: the lock-out effect

An interesting case to analyze is when the cost of consuming a bad service θ approaches

zero. In this case very few final consumers and inept firms will join the network. How-

ever, under certain conditions competent firms will still join the network, even though the

informational benefit of joining the network is small:

Proposition 3.8. Even when the cost of receiving a bad service θ approaches zero, competent firms

will join the network if (p − k) > c. The limit from above of the number of competent firms inside

the network is positive in this case:

lim
θ↓0

NH > 0 if (p− k) > c.

As θ approaches zero, receiving a bad quality service is not very costly and it is clear

that the network yields very little informational benefits. However, for competent firms it

is still beneficial to join the network if (p−k) > c. The reason for this is as follows: all firms

are equally likely to provide a service to a consumer or firm outside the network. However,

competent firms inside the network have an additional consumer base: the firms inside the

14Depending on the cost structure of entering the network, even at high values of θ there will be consumers
outside the network.
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Figure 3.6: (a) Left: Total costs incurred to join the network and the total informational benefits of networking
for low θ values. (b) Right: Difference in costs and benefits.

network. In this setting the competent firms that join the network are implicitly agreeing

to consume each other’s services, while still providing services to firms and consumers

outside the network, just like every other firm. By jointly doing this they increase their

number of customers at the expense of the firms outside the network, who now supply to

fewer customers. In this way, networks “lock out” a part of the market, even though there

is little informational benefit in doing so. This is the lock-out effect:

Definition. The lock-out effect occurs when the total costs incurred to join the network are higher

than the total benefits of networking.

Total costs of joining the network are the sum of the costs that final consumers and

firms incur to join the network, so:

total costs =

NH∫
0

cH(zH) dzH +

NL∫
0

cL(zL) dzL +

NF∫
0

cF (zF ) dzF .

The total benefits of joining the network are equal to the sum of benefits that final

consumers and firms enjoy from networking (i.e. the expected costs of receiving a bad

service that firms inside the network are now avoid by joining) and the benefits from the

filtering effect for firms and consumers outside the network. So, when filtering does not

occur total benefits are equal to

total benefits = (E [UN − UR])× (NH +NL +NF ) =
RL +NL

Sp
θ × (NH +NL +NF ) .

The lock-out effect only involves a redistribution of customers: the gain in clientele and

profits by competent firms inside the network is equal to the loss in clientele and profits by
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Figure 3.7: (a) Left: Welfare in a situation without network formation and the situation with network forma-
tion. (b) Right: The number of firms entering Se and producing Sp with network formation and the number
of firms without network formation (in the latter case all firms that have entered are also producing).

firms outside the network. For this reason this redistribution does not affect total benefits

of networking.

Figure 3.6 shows the total costs and benefits of networking for low values of θ. It shows

that for low values of θ the lock-out effect occurs, because the costs of joining the network

outweigh the informational benefits.15

This lock-out effect has not been present in previous models that relied on the assump-

tion that agents can only provide one service.16 In that case it would not make sense for

firms to join the network at low values of θ, since this would not have increased their

payoffs. By making the assumption that firms can supply multiple services, this means

that firms will also care about the number of clients they serve and will use the network

structure to their benefit to achieve this.

3.4.3 Networks and welfare

Networks improve the information available to firms and consumers and prohibit its mem-

bers from consuming bad quality services. In this way networks can improve welfare.

However, the network itself is not costless: firms must incur a cost to join the network

(e.g., a social cost), which on itself decreases welfare. Welfare is determined by adding up

15At θ = 0 multiple equilibria can occur, because firms and consumers inside the network are indifferent
between random matching and network matching. An equilibrium can occur where a group of firms joins the
network and then only chooses to procure services through the network. Another equilibrium is one where
no firms join the network and subsequently all services are procured through random matching.

16In previous models this assumption of providing only service was often the basis of which sorting occurs.
For example in Montgomery (1991), if finding workers through referrals becomes more attractive, more high
quality agents will be referred, meaning that fewer high quality agents are left over in the labour market
outside of referrals. This is the so-called lemons effect, referring to the adverse selection model of Akerlof
(1970).
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all the profits of the firms and the buyer’s side utilities of the final consumers:

W ≡
NH∫
0

πHN (zH) dzH +

µSe∫
NH

πR(zH) dzH +

NL∫
0

πLN (zL) dzL +

(1−µ)Se∫
NL

πR(zL) dzL

+

NF∫
0

UN − cF (zF ) dzF +

F∫
NF

UR(zF ) dzF , (3.16)

where the profit terms πHN (zH), πLN (zL) and πR(zj) take the sunk costs into account.

Expected welfare is the sum of all profits made by the firms and the expected buyer’s

side utilities of the final consumers:

E [W ] = Se × E [π] +NF × (E [UN ]− ĉF ) + (F −NF )× E [UR] . (3.17)

In this equation ĉF is the average joining cost of final consumers. In the model the first

term in the above equation is zero, because E [π] = 0 by the free entry condition for firms

(3.15). Welfare is therefore completely determined by the buyer’s side utilities of the final

consumer.

To answer to what extent the availability of a network actually improves welfare, the

case where all firms and consumers engage in random matching (i.e. it is not possible to

join the network) is used as a benchmark. Expected welfare in the benchmark model is de-

termined by the expected profits of firms and final consumers. All firms in the benchmark

model that have entered, are also producing (Se = Sp). For a final consumer in the bench-

mark model, the expected payoff is determined by the price and the expected quality they

get:

E
[
πBF
]

= E [UR] = −p− (1− µ)θ.

Expected total profits for a firm (regardless of their type) also include the expected payoff

from sales and the entry cost that has to be incurred:

E
[
πBj
]

= −p− (1− µ)θ +
Sp + F

Sp
(p− k)− fe (with j = H,L).

Expected welfare in the benchmark model is determined by adding up these profits for

both the services producers and the final consumers:

E
[
WB

]
= E

[
πBF
]
× F + E

[
πBH,L

]
× Se.

In the case of free entry, expected profits of the service producers E
[
πBH,L

]
must be

zero. By comparing this benchmark model with the networking model, it can be shown

that networking increases expected welfare:
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Proposition 3.9. If the free entry condition (3.15) holds, then

E [W ] = E
[
WB

]
if θ ≤ c

1−µ ,

E [W ] > E
[
WB

]
if θ > c

1−µ .

A proof is given in the appendix. Final consumers and inept firms will join the network

if θ > c
1−µ and as is shown in this proposition, in this case networks are welfare improving

compared to the benchmark model. This can also be seen in figure 3.7a. This effect is

enhanced for higher values of θ, when the filtering effect is present. Welfare decreases as θ

increases, but the filtering effect mitigates this decrease: it causes “bad apples” to be taken

out, which implies that the quality of matches improves.

The lock-out effect only affects firms and therefore does not affect welfare in the free

entry case. However, the lock-out effect does have an effect on the number of producing

firms: in figure 3.7b it is shown that the number of firms for low θ values is actually lower

with the presence of networks than without networking. The number of producing firms

is directly related to the volume of transactions, because every firm consumes one service

and therefore requires one transaction. This is a consequence of the lock-out effect of the

network: because a group of firms have (implicitly) agreed to consume each other’s ser-

vices, this redistribution of customers means that for fewer firms outside the network it is

feasible to produce. This leads to a lower number of producing and entering firms. For

high values of θ the lock-out effect is outweighed by the informational benefits and the

resulting filtering effect, which means that more firms will enter and produce.

If the free entry condition is dropped and instead the number of entering firms Se is

kept fixed, welfare must now incorporate the profits of firms and the effects of networking.

The lock-out effect causes in this case an inefficiency for low values of θ: compared to a

situation where the same number of firms enters and networking is not possible, welfare

is actually lower with networking.17 However, compared to the welfare gains caused by

the filtering effect, these welfare losses are small.

Of the two effects discussed in this paragraph, the filtering effect is the most influential

on the welfare gains caused by networking. Networking not only improves information,

which on its own is welfare improving, but it also causes a selection effect, which has a

large positive impact on welfare.

17See appendix section 3.C for a graph showing this result.
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3.5 Conclusion and discussion

This chapter analyzed the consequences of reputational business networks, such as busi-

ness or trading associations, on the provision of low and high quality products or services.

From the viewpoint of the final consumers, networks like these always improve welfare

compared to a benchmark model where no networking can take place. This effect is further

enhanced when networking pushes some incompetent firms out of business: an increase

in networking means that fewer customers will consume through the regular market, re-

ducing its profitability. This filtering effect of the network is important when identifying the

benefits of networking.

However, networking also creates side effects: even when the informational benefits of

joining the network are low, competent firms will have an incentive to join the network, as

this provides an implicit agreement to consume each other’s services, while still provid-

ing services outside the network. Other firms outside the network will now have fewer

customers. This redistribution of customers results in only very few improvements in the

quality of matching and is costly: the costs incurred to join the network are lower than the

benefits of the improved quality of matching. This lock-out effect is a direct consequence

of the reciprocal structure of the network, where firms are both producers and consumers.

Without the double role of firms as both producers and consumers, this effect would not

have been present.

The model relied on several assumptions, which do not necessarily hold for all trans-

actions. First of all, the quality of the product or service is not contractible. This is often

the case for services, which by their nature are intangible and therefore it is often difficult

to draw up complete contracts that can fully specify the requirements that a specific ser-

vice must fulfil. Second of all, firms in the network are both producers and consumers.

This is often the case for service firms, who often have to rely on the consumption of other

service providers to be able to produce their own services. For example, a financial insti-

tution needs to rely on law firms for legal advice and law firms need to rely on financial

institutions for their banking needs. This creates a reciprocal element and reinforces the im-

portance of networks: networks are not only used to improve the quality of consumption,

but also as a way to increase one’s clientele. If a firm joins the network to be able to con-

sume higher quality services, this firm will also use the network to sell its services, given

that its services are of good quality.

Face-to-face contacts are often seen as crucial in the transmission of such information

(Storper & Venables, 2004) and the need for physical proximity means that such networks
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are often bound geographically. Given the more local nature of these networks, it is also

more likely that service provision will be more locally oriented. Furthermore, the model

predicts that in places where the cost of networking is low, the average quality that firms

provide will increase.

Cities provide one such environment. Given the smaller distances, it is easier and less

expensive to form networks. Empirical studies have indeed shown that cities have a rela-

tively higher proportion of workers of high ability (Glaeser & Resseger, 2010). Assuming

that better skilled workers produce better quality goods and services, cities will have rela-

tively more high quality service providers. However, too tight trading networks can also

be detrimental for outsider firms. The formal organized networks as seen in some Asian

countries, such as the keiretsu, where a lot of trade is contained within a business agglom-

erate, make it difficult for new firms to enter, essentially locking them out.

A question is how valuable the information on quality is and whether a firm or con-

sumer could sell this off to another firm. If a firm or consumer could credibly sell this infor-

mation, there would be scope for this, because this reduces the expected cost of receiving a

bad quality service. However, the credible selling of information could also signal whether

the firm or consumer is inside the network. Given that firms inside the network tend to be

of a higher quality, it might be beneficial for a consumer to not buy the information from

such firm, but to directly procure the service from the firm selling information. This could

result in interesting dynamics, especially if consumers can sell information on particular

suppliers to each other as well. The model in this Chapter assumes that no credible infor-

mation on quality can flow outside the network and therefore precludes such dynamics.

The model is limited in its set-up: it does not, for example, describe how the actual

information sharing takes place or the strategic interactions behind it. Moreover, the model

does not provide a full specification of the internal structure of the network itself: it is

assumed that everyone in the network shares information with everyone else. The network

is a binary design: firms and consumers are either a member or not, while it is more likely

that in reality almost everyone is connected to someone else in one way or another, but that

the degree of connectivity will vary across individuals. Theories of distributed networks,

where some agents in a network collect information and spread this around, and theories

of information dissemination in networks might provide starting points that could be used

to consider these aspects in further detail.

Another topic not covered is the geographical scope of networks. There is no reason

in the model why networks are solely attached to a specific geographic unit. In practice,
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some networks might cross geographical units, as is the case, for example, with ethnic

networks between countries (discussed in further detail in Rauch, 2001; Rauch & Casella,

2003) or multinational firms. Reputations are nowadays not only locally oriented, but can

also spread globally, implying that the role of local networking might decline and a more

global form of network might result from this. However, even though new communication

technologies might facilitate the formation of these networks, networking on a global scale

will remain more costly to firms than networking on a local scale, which often relies heavily

on face-to-face interactions. This would predict that local networks will remain important

in the future and that the “proximity burden” should be seen as a characteristic of trade in

services that will continue to exist.
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Appendices of Chapter 3

3.A List of variables

Exogenous variables

F Number of final consumers
µ Share of competent (high quality type) firms in pool of firms
1−µ Share of inept (low quality type) firms in pool of firms
θ Cost of consuming a bad quality service
p Price of consuming a service
k Marginal cost of providing a service
cj(zj) Cost of joining the network for firm or consumer with index zj

with j = H,L, F
H competent (high quality) firms
L inept (low quality) firms
F final consumers

c Lowest cost of joining the network (i.e. if zj = 0)
c Highest cost of joining the network
fe Entry cost for firm at first stage (before learning type or joining cost cj(zj))

Endogenous variables

Se Number of firms entered after the first stage
Sp Number of firms actually producing
NH Number of competent (H-type) producing firms inside the network
NL Number of inept (L-type) producing firms inside the network
NF Number of final consumers inside the network
RH Number of competent (H-type) producing firms outside the network
RL Number of inept (L-type) producing firms outside the network
RF Number of final consumers outside the network

Other

UR Cost to buyer when consuming through random matching
UN Cost to buyer when consuming through network matching
VR Benefit to seller when providing through random matching
VN Benefit to seller when providing through network matching
u(p) Cost to buyer from consuming a good
v(p) Benefit to seller from selling a good
ξ Renegotiation cost
πR(zj) Total profits of firm zj (j = H,L) outside the network (including sunk costs)
πHN (zj) Total profits of competent firm zH inside the network (including sunk costs)
πLN (zj) Total profits of inept firm zL inside the network (including sunk costs)
π(zj) Total profits of firm zj (j = H,L)
W Welfare (of the networking model)
WB Welfare in the random matching benchmark model (without networks)
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3.B Proofs and derivations

3.B.1 Proposition 3.1: Firms inside the network always produce

Proof (by contradiction). Consider the case where there is an inept firm that has chosen to

join the network, but not to produce. Assume that this is a Nash equilibrium. Furthermore,

assume that cj(zj) > 0. This means that the payoff of not producing must be larger or equal

to the payoff when it would produce, so

E [VR + UN ] ≤ 0.

Noting that the behaviour of other firms and consumers can be fully determined, be-

cause the cost of joining is determinate (cj(zj) is exactly known and not drawn from a

distribution), this can be anticipated in advance. This means that if this firm has chosen to

enter, it must be that

E [VR + UN ]− cL(zL) ≥ max {0,E [VR + UN ]}

for the firm to make the decision to join the network. Since E [VR + UR] ≤ E [VR + UN ] ≤ 0,

it must be that the right hand side is zero. This is a contradiction, since the left hand side

is smaller than zero.

The reasoning for competent firms is similar. The assumption that cj(zj) > 0 does not

hold in cases where c = 0, since cj(0) = 0 in these cases. However, this only occurs for this

particular firm of infinitesimal size and is therefore ignored in the exposition.

3.B.2 Proposition 3.2: Expected profits outside network decreasing in Sp

This section shows that E [VR + UR] (given that it is positive) is decreasing in Sp, taking all

the other parameters (except for RL and RH ) as given. A change in Sp means a change

in the number of firms selling through random matching. This includes both competent

and inept firms selling through random matching, their number being respectively RH

and RL. It is assumed that a competent and an inept firm are affected in the same way

when Sp increases (i.e. an inept firm and a competent firm outside the network have an

equal chance to be one of the producers, see proposition 3.3). However, since the number

of competent and inept firms selling through random matching might not be equal, the

effect of the change on RH can differ from the effect of the change on RL.
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Proof. E [VR + UR] is given by:

E [VR + UR] =
Sp + F − (NL +NH +NF )

Sp
(p− k)− p− RL +NL

Sp
θ

= (p− k) +
F − (NL +NH +NF )

Sp
(p− k)− p− RL +NL

Sp
θ

=
F − (NL +NH +NF )

Sp
(p− k)− RL +NL

Sp
− k. (3.18)

It is given that this is (weakly) positive, E [VR + UR] ≥ 0. We proceed by showing that

(i) the first term is strictly decreasing in Sp and (ii) the second term is weakly decreasing in

Sp. These two conditions imply that E [VR + UR] is strictly decreasing in Sp, which is what

we want to prove.

Condition (i) is trivially satisfied if F − (NL + NH + NF ) > 0. Because Sp is in the de-

nominator of the first term in (3.18), and the terms in the numerator are positive (note

that p > k), an increase in Sp means a decrease of the whole fraction. We show that

F − (NL +NH +NF ) > 0 by assuming the opposite and showing that this lead to a contra-

diction. So assume F−(NL+NH+NF ) ≤ 0. In this case it is clear from equation (3.18) that

E [VR + UR] must be strictly negative. This is a contradiction, so F − (NL +NH +NF ) > 0

must hold and condition (i) is satisfied.

The proof that condition (ii) is satisfied is less trivial and relies on the fact that com-

petent firms are more likely to join the network than inept firms, and for this reason

NH > µ
1−µNL.18 By proposition 3.3, the number of competent and inept firms is given

by

RH = (µSe −NH)
Sp −NH −NL

Se −NH −NL
,

RL = ((1− µ)Se −NL)
Sp −NH −NL

Se −NH −NL
.19

So:

RL +NL

Sp
θ =

θ

Sp

[
((1− µ)Se −NL)

Sp −NH −NL

Se −NH −NL
+NL

]
=

(1− µ)Se −NL

Se −NH −NL
θ − θ

Sp

[
(1− µ)Se −NL

Se −NH −NL
× (NH +NL)−NL

]
. (3.19)

This term is increasing in Sp (and therefore the second term in equation (3.18) is de-

creasing) if the term between brackets in the last equation is positive. So we need to show

that
(1− µ)Se −NL

Se −NH −NL
(NH +NL)−NL > 0.

18This can be seen by first considering the situation that that competent firms are equally likely to join the
network as inept firms. In this case NH = α×µSe and NL = α× (1−µ)Se, where α is the share of competent
and inept firms joining the network. It follows that NH = µ

1−µNL. If competent firms are strictly more likely
to join the network, it must be that NH > µ

1−µNL.
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This holds if [
(1− µ)Se −NL

Se −NH −NL

]
NH +

[
(1− µ)Se −NL

Se −NH −NL
− 1

]
NL > 0

⇔
[

(1− µ)Se −NL

Se −NH −NL

]
NH +

[
−µSe +NH

Se −NH −NL

]
NL > 0

⇔ [(1− µ)Se −NL]NH + [−µSe +NH ]NL > 0

⇔ (1− µ)SeNH − µSeNL > 0

⇔ (1− µ)NH > µNL

⇔ NH >
µ

1− µ
NL.

It is assumed that NH > µ
1−µNL indeed holds, which implies that the last term in brackets

in equation (3.19) is indeed positive.

This proves that given that when E [VR + UR] is positive (for which F > NH +NL+NF

is a necessary condition) and that competent firms are more likely to join the network (so

NH > µ
1−µNL), expected profits E [VR + UR] are decreasing in Sp.

3.B.3 Proposition 3.3: Quality composition of firms outside the network

Each firm outside the network, whether competent or inept, is equally likely to be one of

the producing firms. There are in total Se −NH −NL firms that have entered outside the

network. The firms that have joined the network will produce (see proposition 3.1), so the

total number of firms outside the network that produce is equal to R = Sp − NH − NL,

where R ≡ RH +RL.

So the probability that a firm is going to produce is equal to

Probability of producing =
Sp −NH −NL

Se −NH −NL
.

The number of competent firms outside the network is equal to the number of compe-

tent firms that have entered (µSe), minus the number of competent firms that have joined

the network (NH ). So the expected number of competent firms producing outside the net-

work E [RH ] is equal to:

E [RH ] = (µSe −NH)
Sp −NH −NL

Se −NH −NL
. (3.20a)

Similarly, the expected number of inept firms producing outside the network E [RL] is

equal to:

E [RL] = ((1− µ)Se −NL)
Sp −NH −NL

Se −NH −NL
. (3.20b)
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3.B.4 Derivation of network size

Each firm (either competent, with typeH , or inept, with type L) and consumer (designated

with F ) is heterogeneous in its cost of joining the network. As given by equations (3.12a),

(3.12b) and (3.12c), the costs of joining for a specific firm or consumer (indexed by zj , where

j = H,L, F ) are

cH(zH) = c+
c− c
µSe

× zH ,

cL(zL) = c+
c− c

(1− µ)Se
× zL

and cF (zF ) = c+
c− c
F
× zF .

The number of firms and final consumers joining the network is determined by the

marginal firm z∗j that is indifferent between joining and not joining the network. Given the

number of firms and consumers in the network, a firm or consumer with zj > z∗j will not

join the network, since in this case the cost of joining outweigh the expected benefits when

it would join the network.

Note that the values of Nj are bounded above and below: it value must be larger or

equal to zero (Nj ≥ 0) and smaller or equal to the total group that could potentially join

the network (so NH ≤ µSe, NL ≤ (1− µ)Se and NF ≤ F ). In case one of these conditions

are binding, the indifference conditions derived here will not hold necessarily, since the

marginal firm or consumer can now be strictly better off in network matching.

In the case of final consumers, consider the consumer that is indifferent between being

inside the network and being outside and solve for its index zF :

E [UN ]− cF (zF ) = E [UR]

−p− cF (z) = −p− RL +NL

Sp
θ

cF (zF ) = c+
c− c
F

zF =
RL +NL

Sp
θ

⇒ NF = zF =

RL+NL
Sp

θ − c
c− c

× F . (3.21)

Suppose that E [UR + VR] ≥ 0. The derivation of the number of inept firms inside the

network is similar:

E [UN ] + E [VR]− cL(zL) = E [UR] + E [VR]

⇒ NL = zL =

RL+NL
Sp

θ − c
c− c

× (1− µ)Se. (3.22)
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This condition can be solved explicitly (provided that NL < (1−µ)Se, i.e. there are still

some inept firms not inside the network):

NL =
cSp −RLθ

(1− µ)θSe − Sp(c− c)
(1− µ)Se. (3.23)

For competent firms the expression is a bit more complicated, since the value of being

inside the network will also depend on the number of firms inside the network. In the case

that E [UR + VR] ≥ 0:

E [UN ] + E [VN ] + E [VR]− cH(zH) = E [UR] + E [VR]

−p+
NH +NL +NF

NH
(p− k)− cH(zH) = −p− RL +NL

Sp
θ

cH(zH) = c+
c− c
µSe

zH =
RL +NL

Sp
θ +

NH +NL +NF

NH
(p− k)

⇒ NH = zH =

NH+NL+NF
NH

(p− k) + RL+NL
Sp

θ − c
c− c

× µSe. (3.24)

A closed form solution of this condition for NH can be calculated, yielding two solu-

tions, of which one is negative. This calculation and the final result are omitted for its

length.

In the case that E [UR + VR] < 0, the value of not joining the network is zero for com-

petent and inept firms. The expressions are in this case determined by analyzing the firm

that is indifferent between joining the network and producing or not joining the network

and earning a payoff of zero. The expression for the final consumer remains the same.

3.B.5 Proposition 3.4: Number of firms inside the network

A simple comparison between (3.22) and (3.24) shows that

NH

µ
>

NL

(1− µ)
,

which is the result of proposition 3.4.

This implies that the ratio of competent firms inside the network to the general “pop-

ulation” of competent firms that have entered is higher than the ratio of inept firms inside

the network to the “population” of inept firms that have entered. The networking rate

of competent firms is higher than the networking rate of inept firms. In other words, a

competent firm is more likely to join the network than an inept firm.
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3.B.6 Proposition 3.5: Not all firms are producing for certain θ

Proof (by contradiction). Assume that all firms that have entered are also producing (i.e.

Se = Sp) for all values of θ. This implies that E [UR + VR] ≥ 0 orRH = RL = 0 (the number

of producing firms outside the network is zero). If some firms outside the network are

still producing (i.e. RH + RL > 0) and expected profits are negative (E [UR + VR] < 0),

a firm would have been better off by not producing and earning zero profits instead of

the negative profits it is earning right now. It is shown that this assumption leads to a

contradiction and should therefore be rejected.

Since all firms that have entered are also producing, this means that the share of inept

firms in the population of producing firms, RL+NL
Sp

, equals the share of inept firms in the

population of entering firms, 1 − µ. This means that RL+NL
Sp

θ = (1 − µ)θ and the ratio of

firms and final consumers joining the network is equal to:

NH

µSe
=

NH+NL+NF
NH

(p− k)

c− c
+

(1− µ)θ − c
c− c

, (3.13a)

NL

(1− µ)Se
=

(1− µ)θ − c
c− c

, (3.13b)

NF

F
=

(1− µ)θ − c
c− c

. (3.13c)

As θ increases, these ratios increase as well, until for a certain value of θ they will equal

their maximum possible value of one. Define θ∗ as the lowest value of θ such that all firms

and consumers are inside a network: so NH = µSe, NL = (1 − µ)Se and NF = F . This is

the case when:
(1− µ)θ − c

c− c
= 1 ⇒ θ∗ =

c

1− µ
.

At θ ≥ θ∗, expected profits from matching outside the network E [VR + UR] are nega-

tive:

E [VR + UR] =
(Sp + F )− (NL +NH +NF )

Sp
(p− k)− p− (1− µ)θ

= −p− (1− µ)θ < 0.

This is a contradiction. Clearly, a firm that is now producing and earning negative

profits can do better by not producing and earning a payoff of zero. So we reject the

assumption that all firms that have entered are also producing and conclude that Sp < Se

for sufficiently high θ.

Using continuity of the solutions, we can also prove that there exist values θ < θ∗

where not all firms are producing. Note that the endogenous variables are continuous in
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θ: taking limits from the left (limθ↑θ̂) and right (limθ↓θ̂) near a point θ̂ does not alter the

equations or the outcome, on the domain θ ∈ (0,∞).

Now assume again that all firms that have entered are producing (i.e. Sp = Se) and

consider a value of θ that is just smaller than θ∗ , so take θ = θ∗ − ε, with ε > 0. It must

hold that NL < (1−µ)Se at this value of θ and therefore RL > 0. This means that expected

profits of an inept firm outside the network must at least as large as the outside option of

earning zero profits, so E [VR + UR] ≥ 0. Continuity ensures that there is a range of values

of ε > 0 such that E [VR + UR] < 0, because when ε = 0, E [VR + UR] < 0.

This means that there is a range values with lower bound θ < θ∗ for which RL > 0 and

E [VR + UR] < 0, which is a contradiction: an inept firm that is producing is better off by

not producing and this can therefore not be an equilibrium.

3.B.7 Proposition 3.6: Filtering effect

Proof. If not all firms that have entered are producing, then Sp < Se. By proposition 3.4,

we have:
NH

µ
>

NL

1− µ
.

By proposition 3.3, the number of competent and inept firms outside the network is

given by:

RH = (µSe −NH)
Sp −NH −NL

Se −NH −NL
,

RL = ((1− µ)Se −NL)
Sp −NH −NL

Se −NH −NL
.

This means that NH +RH is equal to:

NH +RH = NH ×
[
1− Sp −NH −NL

Se −NH −NL

]
+ µSe

= NH ×
[
Se −NH −NL − (Sp −NH −NL)

Se −NH −NL

]
+ µSe

= NH ×
[

Se − Sp
Se −NH −NL︸ ︷︷ ︸

>0

]
+ µSe.

The calculation of NL +RL is similar:

NL +RL = NL ×
[

Se − Sp
Se −NH −NL

]
+ (1− µ)Se.

Dividing NH +RH by µ, and using that NHµ > NL
1−µ :

NH +RH
µ

=
NH

µ
×
[

Se − Sp
Se −NH −NL

]
+ Se

>
NL

1− µ
×
[

Se − Sp
Se −NH −NL

]
+ Se =

NL +RL
1− µ

.
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Rearranging this gives:

NH +RH
µ

>
NL +RL

1− µ
⇔ NL +RL

NH +RH
<

1− µ
µ

.

3.B.8 Corollary 3.7: Filtering effect

This corollary follows directly from proposition 3.5 and 3.6.

3.B.9 Proposition 3.8: Size of the network for low θ values

When the cost of receiving a bad quality service approaches zero (θ ↓ 0), then there will be

less of an incentive to join the network, and fewer firms will do so. However, competent

firms will still have an incentive to join the network, even if θ is very close to zero.

When θ is very close to zero, both final consumers and inept firms will not join the

network (in the limit, the number of firms joining the network is zero):

lim
θ↓0

NF = lim
θ↓0

max

{
0,

RL+NL
Sp

θ − c
c− c

}
= max

{
0,
−c
c− c︸ ︷︷ ︸
≤0

F

}
= 0.

Using the explicit form for NL (3.23), its limit value can be calculated:

lim
θ↓0

NL = lim
θ↓0

max

{
0,

cSp −RLθ
(1− µ)θSe − Sp(c− c)

(1− µ)Se

}
= max

{
0,
−c
c− c︸ ︷︷ ︸
≤0

(1− µ)Se

}
= 0.

Provided that its limit value ∈ [0, µSe], the number of competent firms inside the net-

work NH if θ ↓ 0 can be calculated.

lim
θ↓0

NH = lim
θ↓0

NH+NL+NF
NH

(p− k) + RL+NL
Sp

θ − c
c− c

µSe

=
(1 +

limθ↓0NL+limθ↓0NF
limθ↓0NH

(p− k)− c
c− c

µSe

=
(p− k)− c

c− c
µSe.

This value is not necessarily equal to zero. This implies that if p − k > c competent firms

will still join the network for very small θ. For (p− k) ≥ c all competent firms will join the

network.
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3.B.10 Proposition 3.9: Networks improve welfare

Proof. Expected welfare in the benchmark model is given by

E
[
WB

]
= E

[
πBF
]
× F + E

[
πBH,L

]︸ ︷︷ ︸
=0

×Se = E
[
πBF
]
× F =

F∫
0

E [UR] dzF ,

since E
[
πBH,L

]
= 0 by the zero profit condition. Expected welfare in the networking model

is given by

E [W ] =

NF∫
0

UN − cF (zF ) dzF +

F∫
NF

E [UR] dzF .

If θ ≤ c
1−µ no final consumers are joining the network (see equation (3.21)) and welfare

remains the same, so E [W ] = E
[
WB

]
. If θ > c

1−µ , final consumers will join the network.

The consumer with index zF = NF is indifferent between joining and not joining (i.e.

E [UN ] − cF (NH) = E [UR]). Consumers with index zF < NF are strictly better off in

expectation by joining the network, so for these values of zH it must hold that

UN − cF (zF ) > E [UR] (if zF < NF ).

This implies:

NF∫
0

UN − cF (zF ) dzF >

NF∫
0

E [UR] dzF

⇒
NF∫
0

UN − cF (zF ) dzF +

F∫
NF

E [UR] dzF >

NF∫
0

E [UR] dzF +

F∫
NF

E [UR] dzF

⇒
NF∫
0

UN − cF (zF ) dzF +

F∫
NF

E [UR] dzF >

F∫
0

E [UR] dzF .

The left hand term is equal to E [W ], the right hand side is equal to E
[
WB

]
, so:

E [W ] > E
[
WB

]
.

3.C Welfare with fixed entry

Without free entry condition (3.15), but instead a fixed number of entrants, expected profits

of firms will no longer be zero, but vary, depending on the value of θ. Welfare, as defined

by (3.16) will in this case incorporate profits. The figure below shows the difference in
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Figure 3.8: Difference in welfare between networking model and benchmark model with entry fixed at Se =
300.

welfare between a model with only random matching and the networking model, both

with the number of entrants Se fixed at 300 firms:

(Note the similarity with figure 3.6b. However, these figures depict different situations,

in the above figure Se is held constant, while in figure 3.6b Se will vary.)

3.D Solving the model

3.D.1 Overview of equations

The number of entering firms Se is determined by the free entry condition (3.15):

E [π] =
NH

Se
(E [VR + VN + UN ]− ĉH) +

NL

Se
(E [VR + UN ]− ĉL)

+
RH +RL

Se
(E [VR + UR])− fe = 0. (3.15)

If E [UR + VR] ≥ 0, the number of firms and consumers inside the network is given by:

NH =

NH+NL+NF
NH

(p− k) + RL+NL
Sp

θ − c
c− c

× µSe, (3.13a)

NL =

RL+NL
Sp

θ − c
c− c

× (1− µ)Se, (3.13b)

NF =

RL+NL
Sp

θ − c
c− c

× F . (3.13c)

These values are bounded above and below (i.e. NH ∈ [0, µSe], NL ∈ [0, (1− µ)Se] and

NF ∈ [0, F ]). If E [UR + VR] < 0 different equations will apply for NH and NL, such that

NH and NL represent the firm that is indifferent between joining the network and not

joining the network (and not producing).
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All final consumers will consume a good, either through random matching or through

network matching. The number of consumers engaging in random matching equals RF ,

the number of consumers engaging in network matching equals NF and their sum should

equal the number of final consumers F :

F = RH +NH

E [RH ] = (µSe −NH)
Sp −NH −NL

Se −NH −NL
(3.20a)

E [RL] = ((1− µ)Se −NL)
Sp −NH −NL

Se −NH −NL
(3.20b)

E [UR + VR] = −p− RL +NL

Sp
θ +

(Sp + F )− (NL +NH +NF )

Sp
(p− k) ≥ 0 (3.10)

For certain parameter values, especially in the case where all the firms that have en-

tered are also producing, this method can be used to solve analytically for a solution. The

analytical solutions used in this research have been calculated either by hand or by apply-

ing the Solve-function of the Wolfram Mathematica software package. The Solve-function

automatically reduces a set of equations and present a set of possible solutions. Solutions

with negative values (i.e. a negative number of firms) or unrealistic values (e.g. the num-

ber of competent firms inside the network NH being larger than the number of competent

firms in total) have been discarded.

3.D.2 Numerical methods

For certain parameter values solving this model by analytical methods becomes very tricky

or impossible. In these cases a program script written in Python has been used to find a

numerical solution to the problem. This script checks a set of possible solutions against

the equilibrium conditions and checks whether any firm has a reason to deviate from the

equilibrium or not. If no firms have an incentive to deviate from the equilibrium, then this

set of values constitute a solution.

In these cases the analysis is discrete instead of continuous, as is the case in the ana-

lytical: the unit of analysis is now a firm of size δ, instead of a firm of infinitesimal small

size, as was the case in the analytical model. This results of the numerical simulation have

been verified with the results of the analytical solutions (or if available, an approximation

of this solution).
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To simplify notation, define the expected profits in the last stage as (excluding sunk

costs):

π̂HN = E [VN + VR + UN ] ,

π̂LN = E [VR + UN ] ,

π̂R = E [VR + UR] .

As discussed in section 3.3.1, there are three stages in the game: first, the decision

to enter, second, the decision to join the network and third, the decision to produce. By

backwards induction, this leads to the following conditions (in reverse order):

• The decision to produce

1. Inside the network: is it beneficial for a competent firm to produce? Or would

a firm be better off not to produce and earn zero profits? The solution should

satisfy

π̂HN (NH , NL, NF , Se, Sp) ≥ 0.

2. Inside the network: is it beneficial for an inept firm to produce? Or would a firm

be better off not to produce? The solution should satisfy

π̂LN (NH , NL, NF , Se, Sp) ≥ 0.

3. Outside the network: is it beneficial for a firm (competent or inept) to produce?

Or would it be better off not to produce? The solution should satisfy

π̂R(NH , NL, NF , Se, Sp) ≥ 0.

4. For a firm not producing: would it be beneficial to that firm to have chosen to

produce instead? If a firm that has entered, but is not producing would pro-

duce, profits must be lower than zero, otherwise this firm would be better off to

produce:

π̂R(NH , NL, NF , Se, Sp + δ) < 0.

• The decision to join the network

1. The marginal competent firm inside the network must not be better off by being

outside the network:

π̂HN (NH , NL, NF , Se, Sp)− cH(NH) ≥ max {0, π̂R(NH − δ,NL, NF , Se, Sp)} .
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2. The marginal competent firm outside the network must not be better off by

being inside the network:

π̂HN (NH + δ,NL, NF , Se, Sp)− cH(NH + δ) ≤ max {0, π̂R(NH , NL, NF , Se, Sp)} .

3. Similarly for inept firms:

π̂LN (NH , NL, NF , Se, Sp)− cL(NL) ≥ max {0, π̂R(NH , NL − δ,NF , Se, Sp)} .

π̂LN (NH , NL + δ,NF , Se, Sp)− cL(NL + δ) ≤ max {0, π̂R(NH , NL, NF , Se, Sp)} .

• The decision to enter

1. Expected profits must be larger than the free entry cost, but if Sp increases by δ

it must be below the free entry cost. The solution should satisfy

E [π] (Sp) ≥ fe,

E [π] (Sp + δ) < fe.

Due to rounding errors, the solution for a certain value of Se might be indeterminate.

In that case a solution with a lower value of Se has been taking (leading to higher expected

profits). However, this might lead to small fluctuations in the solution.
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Chapter 4

Aiming for the Moving Target:
Learning and Strategic
Experimentation

Abstract This chapter presents a model and experimental evidence on learning

and strategic experimentation in the context of a repeated ultimatum game with

imperfect information on the Responder’s cost of acceptance. The model predicts

that Proposers underbid in early periods, hoping that learning will benefit them

in later periods. However, when Responders also have strategic considerations,

the Responders will strategically reject low offers. If Proposers anticipate these

higher reservation prices, they will respond by offering higher offer. I conduct a

series of online experiments in which I vary the scope for strategic considerations,

by varying the number of periods, whether the Responder is a computer or a

human player and the information available to the Proposer. I find that Proposers

make higher offers to Responders who are human and that Responders set the

minimum required offer above their true cost. For most participants we cannot

rule out that this is driven by distributional preferences or reciprocity concerns.

There is a large degree of heterogeneity and both the analysis of play as well as

self-reported descriptions of strategies provide evidence that some Responders

indeed play strategically.

4.1 Introduction

Imagine being on an archery range, where you have to aim for a fixed target. Through trial

and error you learn the best technique and where to aim to hit the target. Now imagine

that the target is no longer fixed, but can move, like a clay pigeon. Aiming for the target

now becomes harder, as you need to anticipate where the target is when your arrow has

crossed the distance of the field.
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Many economic interactions are characterized by moving targets. For example, a mo-

nopolist tries to set the optimal price given demand. An employer needs to decide what

wage to offer in order to induce a prospective employee to accept their offer. However, if

the preferences of the consumer or the employee are not known, experimentation is cru-

cial. At the same time, if the consumer or employee realizes that the monopolist or the

employer is experimenting, this gives rise to strategic considerations. By rejecting high

prices or low wages, the consumer or employee can pretend to be of a more demanding

type: they will move the target. The monopolist or employer now needs to take this move-

ment into account while taking their aim.

In this chapter I present a model of learning and experimentation in the context of a re-

peated ultimatum game.1 In this game a Proposer can make a proposed split of an endow-

ment to a Responder and only if the Responder agrees, the proposed split is implemented.

I introduce one change to the standard ultimatum game: the Responder has a cost of ac-

ceptance which is unknown to the Proposer, but drawn from a known distribution. First,

consider the case where the Responder has no strategic considerations: the Responder will

accept all offers at or above their true cost (their cost of acceptance). Through experimenta-

tion, the Proposer can gain information on the potential values of this true cost. However,

experimentation could lead to a short-term loss if the offer is rejected and the Proposer has

to weigh this short-term loss against the long-term benefit of having better information on

the Responder’s true cost.

So, the Proposer’s optimal offer is determined by the trade-off between the short-run

earnings and the long-run benefits from experimentation to increase information. The

fewer number of periods are ahead, the lower this benefit from experimentation. The

optimal series of offers is characterized by a pattern of no downward experimentation: the

Proposer will start with a low offer and sticks to this offer when it is accepted by the em-

ployee. The opening offer itself will depend on the length of the game and the Proposer’s

discount rate.

This changes when the Responder takes into account how the acceptance and rejection

decision will influence offers in future periods. Responders will now strategically reject

some offers to elicit higher offers in the future. In a Perfect Bayesian Equilibrium, Pro-

posers take this strategic rejection into account, both while updating the information on

the true cost of acceptance and when making the offers. In all but the last period, the

1See Güth & Kocher (2014) for a recent literature overview of ultimatum bargaining.
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Proposer will increase offers to reduce the risk of rejection, but decrease offers follow-

ing acceptance, because only Responders with a low true cost of acceptance would have

accepted the offer in the first period. Given that the Responder’s benefit from strategic

rejection declines with the number of remaining periods, Responders can lower the offer

to ensure acceptance by these types.

Next, I conduct a series of online experiments. In this experiment participants play a

repeated ultimatum game with either a human player or a computer player. The computer

player is instructed to accept any offer above their randomly assigned true cost, while with

a human player there is scope for strategic considerations. Furthermore, I change the scope

for strategic considerations by varying the number of periods of the game and by revealing

the Responder’s true cost to the Proposer in certain treatments.

The experiments show that Proposers make higher offers in the human treatments,

but that most Proposers are not responsive to other changes in the design. Furthermore,

Responders set their reservation prices above their true cost, but do not change their reser-

vation prices over time or when in a five or one period game. This could suggest that

most Responders are not strategically rejecting, but that their behaviour is likely driven

by distributional preferences or reciprocity concerns. Nevertheless, heterogeneity analy-

sis shows that there is a subgroup of Responders whose behaviour can be described as

strategic.

The contributions of this chapter are twofold. First, I develop a model of experimenta-

tion predicting patterns of learning, experimentation and strategic rejection. While previ-

ous models have often emphasized the patterns of learning (see e.g. Aghion et al., 1991),

few papers have considered the consequences of strategic rejection for learning (e.g., Logi-

nova & Taylor, 2008). Second, I conduct a series of online experiments to entangle the

patterns of experimentation and strategic play. Previous experiments have shown how

people learn social norms by playing many different players (Avrahami et al., 2013) or

how people bargain in a repeated ultimatum game with a fixed partner (Slembeck, 1999).

While some of these studies have suggested that strategic rejection could happen, they do

not provide direct evidence for this. My experiment directly elicits reservation prices by

using the strategy method and therefore can provide direct evidence for strategic rejec-

tion. Furthermore, my experiment allows to distinguish how learning differs when there

is scope for strategic rejection.

This chapter is organized as follows. Section 2 discusses related literature. Section 3

presents the model. Section 4 presents the experimental design, the implementation and
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the hypotheses. Section 6 presents the results. Section 7 concludes.

4.2 Related literature

Most experimentation models imply a trade-off between the opportunity cost of experi-

menting and reaping the benefits from experimentation (see e.g. Bolton & Harris, 1999;

Keller et al., 2005; Keller & Rady, 1999). Aghion et al. (1991) provide an example of a typi-

cal model of experimentation. A monopolist who is facing the same consumer for multiple

periods, can learn more about the consumer’s demand curve by experimenting. Each pe-

riod the monopolist has to weigh the potential loss of custom when overcharging for the

product against the informational benefit of learning more about the consumer’s demand

curve. At some points the potential loss might outweigh these benefits.

Aghion et al. show that in such a situation a monopolist can find the true optimal price

if the payoff function is analytic, smooth and quasi-concave and there is no discounting.

However, often consumer demands are far from satisfying these conditions. Models of

ultimatum bargaining often assume that the consumer has a discontinuous demand: above

her reservation price all prices are rejected, while prices below her reservation price are

accepted. In such a situation the monopolist is facing a discontinuous payoff function.

Aghion et al. show that in such a model with a discontinuous payoff learning is inadequate

and the monopolist will never learn the true value of the reservation price. Unless the

reservation price is zero, at some point the monopolist will stop increasing the price to

avoid the risk of not being able to sell the good.

Aghion et al.’s paper does not discuss the potential for the Responder to reject offers

strategically. In their paper, it is assumed that the consumer is acting myopically and

accept all prices below their reservation price. However, many earlier ultimatum game ex-

periments have shown that, when parties in bargaining have private information, for ex-

ample about the “size of the pie” (Mitzkewitz & Nagel, 1993; Straub & Murnighan, 1995;

Croson, 1996; Rapoport & Sundali, 1996), the value of the experimental currency units

(Kagel et al., 1996) or the outside option for the responder (Knez & Camerer, 1994; Kahn &

Murnighan, 1993), they will use this information strategically and use their informational

advantage. For example, in Boles et al. (2000) the size of the pie is unknown to the Respon-

der, but known to the Proposer. In their experiments, many Proposers take advantage of

having this private information, by both deceiving the Responder in their communication,

pretending that the size of the pie is smaller, and by making lower offers, anticipating that

the Responder can not rule out that the size of the pie was actually smaller. Nevertheless,
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the Responders do not look favourably upon Proposers deceiving them this way and when

they find out later in the game that the Proposer deceived them, they were more likely to

reject future offers at their own cost, potentially as a means of retribution.

Much of the literature on learning in the ultimatum game focuses on learning the pre-

vailing social norm. Many of the ultimatum game studies conducted repeated ultimatum

games (e.g., Roth et al., 1991; Slonim & Roth, 1998; Cooper & Dutcher, 2011), with practi-

cally all of them using stranger matching or perfect stranger matching after each period.

Many of these papers show that by repeated play with different partners a norm of equal

sharing emerges: offers propose to split the surplus equally (Avrahami et al., 2013). How-

ever, few of them repeat bargaining with the same proposer or responder. To my knowl-

edge, there is one paper studying the ultimatum game with fixed opponents. Slembeck

(1999) conducted a repeated ultimatum game with both fixed and randomly rematched

(i.e., stranger) opponents. Proposers in the fixed opponent treatment tend to start their

offers at a lower rate than Proposers in the stranger treatment and subsequently increase

their offers over time. Rejection rates decrease over time, indicating that Proposers are

learning the optimal offer that is accepted.2

In a repeated ultimatum game there is scope for strategic rejection. However, to what

extent does the Proposer anticipate the opportunity for strategic rejection in their offers?

Higher-order rationality or level-k thinking matters here (Costa-Gomes et al., 2001). In

the ultimatum game with strategic experimentation level-0 would correspond to a naı̈ve

Proposer making offers without taking the possibility of strategic rejection into account.3

Level-1 then corresponds to the optimal Responder’s choice of reservation prices given the

Proposer’s level-0 choices. Level-2 then corresponds to the Proposer’s best choice of offers

given the Responder’s level-1 reservation prices, and so on. A Proposer adjusting their

behaviour anticipating strategic rejection must think at least at level-2. Generally speak-

ing, experiments on level-k thinking find considerable diversity in the degree of strategic

thinking. For example, Kneeland (2015) estimates that 93% of the participants are acting

rationally at at least level-1, 44% are rational at least level-2 and 22% are rational at least at

level-3.
2It should be noted that the sample size of this study was small (58 students, of whom 38 were in the fixed

opponent treatment) and many of the results are insignificant, e.g. the increasing offers in the fixed opponent
treatment. This study did not use the strategy method and is therefore not informative about reservation
prices.

3One topic of debate is how to define level-0 thinking (Hargreaves Heap et al., 2014). Generally level-0 is
defined as the nonstrategic case, based on “nonstrategic, behaviorally plausible general principles” (Crawford
et al., 2008).
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4.3 Model of experimentation

The section develops the model and shows the pattern of experimentation without strate-

gic considerations and then with strategic considerations.

4.3.1 An ultimatum game with private information

The basis of the model is a finitely repeated Ultimatum Game, where the Responder has an

unknown cost of acceptance cA, which I will call the true cost. Each period, the Proposer

makes a proposal to split an amount to the Responder. If the Responder rejects the pro-

posed split, both the Responder and the Proposer do not earn anything. If the Responder

accepts the proposed split, the proposal gets implemented and the true cost cA is deducted

from the Responder’s payoff. I normalize the total surplus to 1 and denote the amount

that the Proposer offers to the Responder with x. If the Responder accepts, the payoffs of

the Proposer πP and the Responder πR are:

πP = 1− x

πR = x− cA

This payoff gives utility u(πP ) to the Proposer and utility v(πR) to the Responder. The

true cost cA represents potential outside opportunities or, in case of a buyer and a seller,

the cost of producing.

Let F (y) = P (cA ≤ y) be the cumulative distribution function of the true cost. I assume

that both F (y) and u(y) are twice differentiable. Furthermore, I assume that the offer x can

take any value between zero and one, so the support of cA is [0, 1] (including 0 and 1) and

F ′(y) > 0 for all y ∈ [0, 1]. Without loss of generality, I set the utility value of not receiving

any amount to zero, so u(0) = 0. I assume that the players are expected utility maximizers.

The game is played repeatedly for T periods and the discount factor of the Proposer is δ

and discount factor of the Responder is β.

4.3.2 Without strategic considerations

First, I look at the case where the Responder has no strategic considerations, but where the

Proposer can act strategically. I assume that the Responder is completely myopic (β = 0)

and purely self-interested. This implies that the Responder will only accept any offer that
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equals or is larger than cA.4 The Responder’s acceptance or rejection choice can now be

used by the Proposer to put bounds on the potential values of cA.

Each period, the Proposer faces a trade-off between trying to lower the offer to see if it

is accepted and running the risk that the lower offer leads to rejection. As will be shown,

under quite general assumptions on u(y) and F (y) this leads to a pattern of experimenta-

tion where the Proposer starts offering a low amount and increases this amount when it is

rejected, but stops experimenting when the offer is accepted.

The Proposer’s optimization problem can be formulated as a finite dynamic program-

ming problem, with the lower and upper bound of cA as the state variables. Let the bounds

on cA be [a, b]. In the initial period a = 0 and b = 1, which means that cA can take any value

in the domain [0, 1]. If the Responder accepts an offer xt, then cA ≤ xt and the new bounds

on cA become [a,min {b, xt}]. If the Responder rejects, then cA > xt, the new bounds be-

come [max {a, xt} , b].

The value function for the Proposer is

Vt(a, b) = max
xt

u(1− xt)P (cA ≤ xt|a < cA ≤ b)

+ δ [P (cA ≤ xt|a < cA ≤ b)Vt+1(a,min {b, xt})

+ (1− P (cA ≤ xt|a < cA ≤ b))Vt+1(max {a, xt} , b) ] .

The first term in the maximization represents the expected payoff in the current period,

which equals the utility u(1 − xt) times the probability that the offer xt is accepted. The

second term represents the next period’s value when the offer is accepted times the prob-

ability that the offer is accepted. The third term represents the next period’s value when

the offer is rejected times the probability that the offer is rejected. The probability of accep-

tance, i.e. the probability that cA ≤ xt conditional on a < cA ≤ b, is

P (cA ≤ xt|a < cA ≤ b) =
F (xt)− F (b)

F (b)− F (a)
. (4.1)

The game is finite with T periods and therefore VT+1 = 0.

The value function can be further simplified by restricting the choice xt to the domain

[a, b]. Offers outside this domain are always weakly dominated by offers inside this do-

main. An offer xt < a will lead to a certain rejection and therefore a zero payoff and is

weakly dominated by an offer xt ≥ a. Similarly, an offer xt > b is weakly dominated by an

4I assume that when the Responder is indifferent between accepting and rejecting, the Responder will
accept the offer. So, the Responder will accept offers equal to the true cost cA.
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offer of b (which is accepted for sure), since u(1− xt) ≤ u(1− b). This means that the value

function can be simplified to

Vt(a, b) = max
xt∈[a,b]

u(1− xt)
F (xt)− F (a)

F (b)− F (a)

+ δ

[
F (xt)− F (a)

F (b)− F (a)
Vt+1(a, xt) +

(
1− F (xt)− F (a)

F (b)− F (a)

)
Vt+1(xt, b)

]
.

We can solve for the Proposer’s optimal choices of x∗t by using backwards induction.

In the final period, the optimal choice x∗T is given by the solution of

− u′(1− xT )(F (xT )− F (a)) + u(1− xT )F ′(xT ) = 0, (4.2)

provided that the solution falls within the domain [a, b]. The Proposer’s optimal offer is a

trade-off between receiving a higher “prize” (if a lower offer is accepted) and the probabil-

ity that the offer is accepted. A lower offer gives the Proposer a higher payoff if accepted,

but reduces the probability of acceptance. This is reflected in the above first order condi-

tion: the first term represents the marginal loss in utility of a higher offer, while the second

term represents the increase in the probability of acceptance of the offer.

The optimal choice x∗T is bounded between a and b. When there is no solution of equa-

tion (4.2) for xT in the domain [a, b], the optimal choice x∗T equals b.5 This means that the

optimal offer will be a < xT ≤ b. Equation (4.2) does not feature b, which mean that any

interior solution does not depend on b.

We can now use backward induction to derive the optimal choices in the periods before

the last period, by solving the value function for each period. The solution is given by the

following proposition:

Proposition 4.1. The optimal choice in period t, x∗t , is the minimum of b and the solution of the

first-order condition

−u′(1−xt)(F (xt)−F (a))+u(1−xt)F ′(xt)−
δ
∑T

k=t+1 δ
k−(t+1)u(1− x∗k,f (xt))F

′(a)(
1 + δ

∑T
k=t+1 δ

k−(t+1)I(x∗k,s(xt) = xt)
) = 0,

(4.3)

where x∗k,s(xt) is the optimal offer in period k following acceptance (“success”) in period t, x∗k,f (xt)

is the optimal offer in period k following rejection (“failure”) in period t and I(x∗k,s(xt) = xt) is an

indicator function equal to one if x∗k,s equals xt and zero otherwise.

5The optimal solution cannot be a (provided a < b), because the first order condition (4.2) will then be
positive, which means any offer xT > a yields a higher level of utility.
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The derivation can be found in the Appendix. Compared to the final period first-order

condition in equation (4.2), the first-order condition (4.3) now contains a third term which

represents the benefit from experimentation for future periods. A lower offer means that

the Proposer learns more about cA and can therefore increase their earnings in the future

period. We can show that under certain conditions the presence of a benefit from experi-

mentation leads to lower initial offers.

Proposition 4.2. Let H(xt; a) ≡ −u′(1− xt)(F (xt)−F (a)) + u(1− xt)F ′(xt). If ∂H(xt;a)
∂xt

< 0

for all xt and δ > 0 and given beliefs a and b, offers in all but the last period will be lower than

when no future periods are present.

Proof. The first-order condition (4.3) can be rewritten as

H(xt; a) =
δ
∑T

k=t+1 δ
k−(t+1)u(1− x∗k,f (xt))F

′(a)(
1 + δ

∑T
k=t+1 δ

k−(t+1)
) . (4.4)

When δ > 0 and t < T , the term on the right is positive, provided u(1− x∗k,f (xt)) > 0.

Let x∗1·1 be the optimal offer in the one shot game, so H(x∗1·1; a) = 0.6 Now, consider

a game with multiple periods and consider a period t < T . In the first order condition

(4.4) the last term is now strictly positive and the optimal choice in this period must satisfy

H(x∗t·T ; a) > 0. If ∂H(xt;a)
∂xt

< 0, then the only value that satisfies (4.4) is a value of xt <

x∗1·1.

The condition ∂H(xt;a)
∂xt

< 0 ensures that the solution of the first-order condition is in-

deed a maximum. Whether the condition holds depends on the utility function u(x) and

density functions F (x). The condition holds, for example, when x is uniformly distributed

and u(x) is linear or logarithmic.7

Patterns of experimentation

We can use this result from the Proposition to compare the predicted play in the two-period

game with the one-period game. Two patterns emerge:

First of all, the first-period offer in the two-period game x∗1·2 is lower than the offer of

the one-period game x∗1·1. The Proposer will make a lower offer when there is another

period ahead of her.

6I use the following notation: the optimal offer in period t of a game with in total T periods is denoted as
x∗t·T .

7In the uniform distribution case F (x) = x. A suitable logarithimic specification is u(x) = ln(1 + x).
Proposition 4.2 also holds under less stringent conditions, for example when ∂H(xt;a)

∂xt
< 0 for all values that

H(xt; a) ≥ 0 (but can be positive otherwise). The isoelastic constant relative risk aversion (CRRA) utility
function meets this condition.
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Second, when the offer x∗1·2 is accepted in the first period, it will be re-offered in the

second period. Following acceptance in period 1, the Proposer’s bound on cA are now

[0, x∗1·1], and the upper bound b = x∗1·1 in the second period. However, the first-order

condition for the last period does not depend on b, but only on a. The value of a has not

changed, which means that the optimal choice is determined by (4.4), but now with the

right hand term equal to zero, as no future periods are coming up. In contrast, the optimal

choice in the first period x∗1·2 was determined by (4.4), with a positive term on the right

hand side (i.e., H(x∗1·2; a) > 0). The final period first order condition is H(x∗2·2; a) = 0, and

if ∂H(xt;a)
∂xt

< 0, the solution to this equation must be larger than x∗1·2 and therefore larger

than the upper bound b. As discussed earlier, the optimal offer will never exceed b, so the

optimal offer is now to re-offer x∗1·2 in the final period as well.

Similar patterns also holds for longer games, because the benefit from experimentation

increases with more periods to come.8 The longer the game, the lower the initial offer,

which will be re-offered in case of success. The crucial insight from this is that there is

no downwards experimentation. If an offer was successful in the first period, it will be

re-offered in the second period, but the offer will not be lowered. This result is driven by

the fact that the first-order condition in equation (4.4) does not depend on b and therefore

acceptance in the past will not influence the solution, apart from providing an upper bound

for offers in future periods.

Intuitively, an offer is determined by the trade-off between the size of the “prize”, the

probability of losing it and the expected future gains from experimentation. After success,

lowering an offer increases the size of the prize and increases the expected future benefit of

experimentation, but decreases the probability of acceptance. The risk of losing the prize

outweighs the increase of the size of the prize and the value of experimentation.9 Learning

therefore ceases after the first success and no further attempts to learn anything about cA

are made, simply because learning has become too costly.

Linear utility and uniform distribution

The described pattern of experimentation holds for a wide range of utility functions and

distributions. The rest of this chapter will focus on the case where utility is linear, so

8This mostly depends on how the right-hand side term in equation (4.4) evolves when the number of
periods that are still coming up. In case of the linear utility model with a uniform distribution the right-hand
term indeed increases when there are more periods coming up.

9For example, in a two-period game, if utility is linear and the true cost is drawn from a uniform distribu-
tion, if you have offered 0.50 in the first period and this is accepted, lowering the offer in the second period to
0.49 increases the size of the earnings by 2%, but the probability that it is accepted has decreased by 2%. The
expected earnings are 98%× (1− 0.49) = 0.4998, which is lower than 0.50. Offering 0.50 again will give you
0.50 for sure and is therefore preferred.
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u(y) = y, and the true cost cA is drawn from a uniform distribution, cA ∼ U(0, 1), and

F (cA) = cA, with cA ∈ [0, 1]. The value function can now be written as

Vt(a, b) = max
xt∈[a,b]

(1− xt)
xt − a
b− a

+ δ

[
xt − a
b− a

Vt+1(a, xt) +

(
1− xt − a

b− a

)
Vt+1(xt, b)

]
.

Again, we can use backward induction and the first order condition (4.4) to find the

optimal choices x∗t . The optimal offer in the final period is the solution of

1 + a− 2x = 0,

and so

x∗T = min

{
1 + a

2
, b

}
. (4.5)

The optimal offer is either the average of 1, representing the maximum value of x, and

a, representing the highest unsuccessful offer, or b, the lowest successful offer, whichever

values is smaller.

We can use this solution in the final period, combined with the first-order condition

(4.4) to find the optimal offers in the periods before the last one. For example, in period

T − 1 the first order condition (4.4) equals

(1 + a− 2x)(1 + δ)− (1− x∗T (xT−1) = 0,

to which the solution is

x∗T−1 = min

{
1 + a+ (1

2 + a)δ

2 + 3
2δ

, b

}
. (4.6)

Figure 4.1 shows the sequence of offers following rejection in the one to five period

game, assuming δ = 1. One can see that the opening offer is lower for longer games,

because the benefit of experimentation increases with the number of periods.

The solutions (4.5) and (4.6) also show that the Proposer will not lower her offer after

success in period T − 1. Consider the two-period game. In the first period a = 0 and b = 1

and the Proposer will offer 1+ 1
2
δ

2+ 3
2
δ
. If the Responder accepts this offer, in the last period a = 0

and b =
1+ 1

2
δ

2+ 3
2
δ
. The optimal offer according to equation (4.5) is now equal to b, because

b =
1 + 1

2δ

2 + 3
2δ

<
1 + a

2
=

1

2
,

provided δ > 0. So the Proposer will re-offer the offer from the first period in the second

period. We can show that a similar pattern holds for longer period games as well.
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Figure 4.1: Offers following rejection in games with one to five periods.

4.3.3 With strategic considerations

Until so far I have assumed that the Responder is myopic. This means that the Responder

is not acting strategically: the Responder accepts any offer above his true cost cA. However,

when the Responder in his decision to accept or reject also takes the future behaviour of the

Proposer into account, the Responder might reject some offers above the true cost in order

to elicit higher offers in the next period. In a Perfect Bayesian equilibrium the Proposer

should take this strategic rejection into account and she will adjust her offers accordingly.

For the following part, I again assume that the utility functions of both the Proposer

and the Responder are linear, so u(1 − xt) = 1 − xt and v(xt − cA) = xt − cA, and that cA

is drawn from a uniform distribution U(0, 1) (including 0 and 1), as before. The discount

factor of the Proposer is δ and the discount factor of the Responder is β > 0. I illustrate

this case by focusing on the two-period game.

Strategic rejection by the Responder

The main difference with the case discussed in the previous section is that Responders

reject offers to signal a higher true cost and to receive higher offers in the future. In the

previous case the reservation price equalled the cost of production. With strategic interac-

tions this is no longer the case, apart from the final period, when no future interactions are

present and the Responder will accept any offer above cA.

Let x2s be the second period offer when the offer in period 1 is accepted (success) and
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let x2f be the offer when the offer in period 1 is rejected (failure). Let x̂2f and x̂2s be the

Responder’s beliefs of x2f and x2s, in period 1. In the first period the Responder faces a

trade-off between accepting the offer now and receiving a low offer in the future period or

rejecting the offer now and receiving a higher offer in the next period. The Responder will

accept an offer in the first period if

v(x1, cA) + βv(x̂2s, cA) ≥ βv(x̂2f , cA).

So,

x1 ≥ cA + β [max(x̂2f − cA, 0)−max(x̂2s − cA, 0)] .

Next, provided that x̂2f ≥ x̂2s, the offer made after a rejection is higher than the offer made

after an acceptance, the Responder’s reservation price (the lowest offer the Responder ac-

cepts) is given by

x1,min(cA) =


cA + β (x̂2f − x̂2s) if x̂2s ≥ cA
cA + β (x̂2f − cA) if x̂2f ≥ cA > x̂2s

cA if cA > x̂2f .
(4.7)

Proposition 4.3. In a two-period game, if β > 0 the Responder rejects some offers above their true

cost cA in the first period.

This follows from equation (4.7). When cA < x̂2f and β > 0, the reservation price x1,min

is larger than cA. This means that the Responder rejects some offers that he would have

accepted in a myopic game. Figure 4.2 shows the relation between the offer made and the

true cost cA for fixed x̂2f and x̂2s. Given x̂2f and x̂2s, we see that a Responder with a zero

true cost will reject offers close to zero, while a Responder with a true cost close to one will

accept offers equalling his true cost.

Anticipation by the Proposer

In a Perfect Bayesian equilbrium the Proposer will take this strategic rejection into account

while making offers, both in the initial and in the second period.

Period 2 In the second period, the Proposer needs to take into account that some cA-types

strategically rejected the first period offer x1. Let x̃2s and x̃2f be the Proposer’s conjecture

of x̂2s and x̂2f , which are the Responder’s conjecture of the final period offers following

acceptance and rejection.

Based on the Responder’s reservation price x1,min(cA) we can now find an expression

for the highest cA-type that would have accepted an offer of x1 in the first period. Let us
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Figure 4.2: The cutoff point k(x1) for fixed x̂2f and x̂2s, for β = 0.6.

denote the highest cA-type that accepts the offer x1 by k(x1). All types above this cutoff

reject the offer in the first period, while types at or below this cutoff reject this offer. We

can rewrite (4.7) to find an expression for k(x1),

k(x1) =


x1 − β (x̃2f − x̃2s) if x1 < (1− β)x̃2s + βx̃2f ,
x1−β x̃2f

1−β if (1− β)x̃2s + βx̃2f ≤ x1 < x̃2f ,
x1 if x1 ≥ x̃2f .

(4.8)

In case of acceptance, it must be that cA ≤ k(x1). Therefore acceptance will set the upper

bound b = k(x1). In case of rejection, k(x1) becomes the new lower bound a. Given that no

strategic rejection will happen in the last period, we can use (4.5) to derive the Proposer’s

final period offer:

x2f =
1 + k(x1)

2
(4.9)

x2s = min

{
1

2
, k(x1)

}
(4.10)

Using the condition that in a Perfect Baysian Equilibrium beliefs correspond to the actual

actions, we can use these expressions for x2f and x2s to find the cutoff cA-type accepting

offer x1, which equals

k(x1) =
2x1 − β
2− β

. (4.11)

The derivation can be found in the Appendix. Figure 4.3 graphs this relationship. All types

with cA ≤ k(x1) will accept an offer x1, while types with cA > k(x1) will reject this offer.

We can see that all cA-types will reject offers when x1 <
β
2 , because k(x1) = 0.
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Figure 4.3: The cutoff point k(x1) in the Perfect Bayesian equilibrium, as a function of x1, for β = 0.6. Com-
pared to Figure 4.2 x̂2f and x̂2s are no longer fixed in this graph.

When β = 0 there are no strategic considerations and k(x1) = x1, so a Responder will

accept any offer at or above their cost of acceptance. However, in the Perfect Bayesian

equilibrium, k(x1) is smaller than x1, provided that x1 < 1 and β > 0. If a Responder

accepts an offer x1, it must be that the Responder’s cA-type is lower than when there are no

strategic considerations (only the lower cA-types accept offers when β > 0). This means

that acceptance in the strategic considerations case has become a lot more informative of

the Responder’s cA-type: if an offer was accepted, it must have been from a quite low

cA-type.

We can use this to formulate the reservation price x1,min(cA) as a function of β and cA.

The reservation price represents the minimum offer that the Responder accepts. We can

rewrite equation (4.11) and show that the reservation price equals

x1,min(cA) =

(
1− β

2

)
cA +

β

2
. (4.12)

The markup of the reservation price, µ1(cA), which is defined as the difference of the reser-

vation price and the true cost cA, equals

µ(cA) = x1,min(cA)− cA =
β

2
(1− cA) . (4.13)

Period 1 Now let us turn to the period 1 offer x∗1. Just like in the first game, the Proposer

faces a trade-off between the size of the “prize” if the offer is accepted, the probability it is

accepted and the benefit from experimentation.
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Figure 4.4: The optimal offer x1 as a function of β and δ.

However, as is discussed previously, the Responder will now reject some of the offers.

The probability of acceptance of an offer x1 equals k(x1), since k(x1) represents the highest

cA-type accepting the offer.

The maximization problem in the first period, assuming linear utility, therefore be-

comes

max
x1

(1− x1)P (cA ≤ k(x1)) + δ [P (cA ≤ k(x1))(1− x2s)P (cA ≤ x∗2s|cA ≤ k(x1))

+ (1− P (cA ≤ k(x1)))(1− x∗2f )P (cA ≤ x∗2f |cA > k(x1))
]

.

Given that P (cA ≤ k(x1)) = F (k(x1)) = k(x1), this simplifies to

max
x1

(1− x1)k(x1) + δ

[
k(x1)(1− x∗2s)

x2s

k(x1)
+ (1− k(x1))(1− x∗2f )

x2f − k(x1)

1− k(x1)

]
.

Using equations (4.9), (4.10) and (4.11) we can now derive the first-order condition and

calculate the optimal first-period offer. This offer x∗1 is given by

x∗1 =
1 + 1

2δ + 1
2βδ −

1
4β

2

2 + 3
2δ − β

. (4.14)

Figure 4.4 shows the optimal first period offer x∗1 as a function of the discount factors for

the Responder and the Proposer, β and δ. The higher the value of β is, the higher the first

period offer will be. The reason for this is that a lower offer will have a higher probability

of being rejected if β is higher. High values of δ lead to lower first period offers, because for

a high value of δ the Proposer will put more weight on the benefits from experimentation

and therefore offers a lower offer.
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two-period game, assuming linear utility and cA uniformly distributed.

4.3.4 Comparing strategic with non-strategic play

Figure 4.5 shows the predicted play for the non-strategic game (assuming δ = 1) and the

strategic game (assuming β = δ = 1). In the non-strategic game, the first period offer is

lower than in the strategic game. In the strategic game the opening offer is inflated, due to

the cA-types rejecting low offers, making lower offers unviable. Following acceptance in

the non-strategic game, the Proposer maintains the same offer in the next period. Rejection

leads to a higher offer.

In the case of the strategic game, we see an opposite pattern. Now rejection leads to

maintaining more or less the same offer in the next period (depending on the value of

β). The reason for this is that in the first period, some cA-types strategically rejected their

offers. In the last period they do not have a reason for strategic rejection anymore and their

reservation prices will now be equal to cA. Acceptance of the first-period offer now leads

to a lower offer in the second period. Only the lowest cA-types will accept the first-period

offer, even if it is inflated, and by accepting the offer this low cA-type is revealed. Given

that no further strategic considerations are present in the last period, the Proposer can now

lower the offer in the second period.

4.4 Experiments

This section presents the experiment used to test the predictions of the model and to de-

scribe the patterns of learning and experimentation.
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4.4.1 Design

The design of the experiment follows the setup of the model. A participant is assigned a

role of either a Proposer or a Responder and then matched with either a human partici-

pant or a computer participant, for either one or five periods. The Responder is randomly

assigned the true cost cA, which can take any value between 0 and 40, and is informed

about this. Each period, the Proposer can make an offer, between 0 and 40 points, and

the Responder has to indicate their reservation price, the minimum amount at which they

accept the offer. If the offer is accepted, the Proposer receives a payoff of 40 points minus

the amount offered and the Responder receives this amount minus their true cost. If the

offer is rejected, both payoffs are zero.

The computer player always takes the role of Responder and is by construction non-

strategic. The computer is programmed to accept any offer at or above their true cost cA.

The Proposer is informed that the computer follows such strategy. The Proposer is also

informed whether she faces a computer player or a human player. The human players are

not constrained in their strategies and can potentially play strategically.

The experiment is framed in market language: the Proposer’s role is described as be-

ing a buyer and the Responder’s role is described as being a seller. The true cost cA is

described as a cost of production in order to sell the good. There are five treatments, which

vary whether the Responder is a computer or a human player, the number of periods and

whether the true cost cA is revealed:

• C1. Matched with a computer player for one period.

• C5. Matched with a computer player for five periods.

• H1. Matched with a human player for one period.

• H5. Matched with a human player for five periods.

• H5Rev. Matched with human player for five periods, and the true cost cA is revealed

to the Proposer.

In treatments C1 and C5 the Responder is always a computer player and therefore there

is no scope for strategic considerations on the Responder’s side. In treatment C5 opportu-

nities for the Proposer to experiment are present, while these are absent in treatment C1,

which only consists of one period. Furthermore, these treatments control for social prefer-

ences, since the choices by the human Proposer will not influence any other partcipant’s
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payoff. By comparing these treatments with H1, where there is no scope for experimenta-

tion but scope for social preferences on behalf of the Proposer, we can isolate the impact of

social preferences.

Many ultimatum game experiments have shown that human Responders reject low

offers, even if accepting would have given them a positive payoff (Güth & Tietz, 1990).

This has often been motivated by other-regarding preferences (Fehr & Schmidt, 1999, e.g.).

Another reason for differences could be that agency matters. Charness (2004) showed in

a gift-exchange game experiment that workers were more likely to reciprocate high wage

offers when this offer was set by a human (who had full agency over their offer) and not a

computer.

There are two human treatments with five periods. In H5 there is scope for experimen-

tation by the Proposer as well as for strategic rejection by the Responder. In H5Rev the cost

of production is revealed, which limits the scope for both of these. Nevertheless, earlier

gift-exchange experiments exhibited a large degree of heterogeneity in Responder’s reser-

vation prices, so the minimum offer that the Responder needs might still not be obvious

to the Proposer and there is therefore still some scope for experimenting. Both treatments

H1 and H5Rev function as control treatments for treatment H5, to identify the influence

of experimenting. Treatment C5 functions as a control treatment to identify the influence

of strategic rejection. Treatments C1 and H1, together with H5Rev, can be used to identify

the impact of playing with a human Responder.

I conduct two versions of the experiment: a non-dichotomous and a dichotomous ver-

sion. In the non-dichotomous version the true cost cA can take any integer value between

0 and 40 (with each number equally likely) and in the dichotomous version the true cost cA

is either 5 or 25. The reason for the second variant is that both learning and strategic con-

siderations become more salient: for the Proposer, there are only two values of cA that she

has to learn about and for the Responder choosing to reject strategically boils down to the

choice whether to set the reservation price above 25, the high cost level, or not.10 The pa-

rameters have been set to be able to identify strategic rejection separately from demanding

an equal split of surplus when the cost of production is 5.11 The dichotomous treatment

10One indication for the increase in salience of the dichotomous treatment can be found in the self-reported
measures collected at the end of the experiment. As part of the questionnaire I asked candidates whether
they played differently when facing a human or a computer Responder. In the non-dichotomous treatment
40.4% of the participants indicated they played differently, while in the dichotomous treatment 51.2% of the
participants indicated that they played differently.

11When cA = 5, an equal sharing of surplus is achieved by an offer of xt = 22.5. An offer of xt ≥ 25 either
corresponds to a Responder requiring more than half of the surplus or strategically rejecting an offer.
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has the additional advantage of increased power due to Responders only having two pos-

sible values for costs of acceptances, which means that for each of these values there are

more observations compared to the non-dichotomous treatments, where the number of

observations for each true cost (by construction) is lower. This makes the dichotomous

treatment the preferred specification of the experiment.

The participants play up to eight games and an algorithm was set up to make sure that

each participant would play at least two computer treatments (C1 and C5). The advantage

of such an approach is that it allows us for a within-subject analysis, which increases power

(Charness et al., 2012), given the low number of participants (65 for the non-dichotomous

game and 110 for the dichotomous game).12

4.4.2 Implementation

The experiment was conducted online, with participants recruited through Prolific Aca-

demic, an online recruitment platform.13 In total 175 participants participated in the study.

Each participant receives a written instruction and then completes a test of understanding

consisting of five questions. After this the participant plays two practice games with a

computer, one as a Proposer and one as a Responder. No points can be lost or earned in

these practice games. After this, each participant plays up to eight games. If possible, each

participant plays each human treatment and each computer treatment at least once. In the

human treatments, the role of Proposer and Responder is randomized for each game.

At the end, the participant answers a questionnaire and receives their payment through

the online system of Prolific Academic. For the payment a minimum of two games, cov-

ering at least six periods, are randomly selected. 100 points are worth 1.50 GBP and the

show-up fee is 0.85 GBP. The average total earnings are around 2.00 GBP.

4.4.3 Hypotheses

This section presents the hypotheses, based on the predictions of the model as well as

earlier experimental results.

In the computer treatments C1 and C5, no strategic considerations are present. These

treatments allow me to investigate how Proposers make offers and how they experiment

with finding the optimal offer. We can use this to test two predictions of the model:

12As discussed in the conclusion, we are potentially underpowered in some of our analyses.
13Unlike Amazon MTurk, Prolific Academic is not restricted to the United States and India. Most of our

participant are from the United Kingdom (27.5%) and the United States (13.8%). 68.26% of the participants are
male. The average age is 29.9 years. 38.0% of the participants are current students. 70.5% are in part-time or
full-time employment.
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Hypothesis 4.1 (Opening offer). In the computer treatments, the opening offer is lower when the

game is longer.

Hypothesis 4.2 (Offer changes). Rejection leads to a higher offer in the next period, while accep-

tance leads to a repeat of the successful offer.

To test for the first hypothesis, we can compare the opening offer in treatment C1 (the

one period game) with treatment C5 (the five period game). From the discussion in Section

4.3.2 follows that when there are more periods ahead, the scope for experimentation is

larger. This drives down the opening offer. For the second hypothesis we can test how offer

are revised in treatment C5. The model predicts that, following acceptance, no downward

experimentation will occur in the periods after this.

In the human treatments, the potential for strategic considerations on the side of the Re-

sponder differs in the treatments. In treatment H1 no strategic considerations are present,

while in treatment H5 there is a potential for strategic rejection. In treatment H5Rev, the

true cost is revealed to the Proposer and therefore the potential for strategic rejection is

more limited.

Hypothesis 4.3 (Reservation prices). Reservation prices are higher when there is scope for strate-

gic rejection, and in particular when (a) the game is longer, (b) there are more periods still coming

up and (c) the true cost cA is not revealed.

To test this, we can compare (a) reservation prices in treatment H5 with prices in treat-

ment H1, (b) the change in reservation prices over time in treatment H5 and (c) compare

reservation prices between treatment H5 and H5Rev.

The model of experimentation does not incorporate distributional preferences and reci-

procity concerns. A very robust result from many ultimatum game experiments is that

Responders reject low offers, even if this offer would have given them a positive payoff

and in one period games without any future interactions.

Hypothesis 4.4 (Distributional preferences I). Humans will set reservation prices strictly above

zero, even in single period games or when the true cost cA is revealed.

We can test for this by comparing the reservation prices in the human treatments with

the true cost cA in treatment H1 as well as the last period reservation price in treatment

H5.

The next question is to what extent the Proposers anticipate the Responders’ strate-

gic considerations as well as to what extent Proposer take distributional preferences and

reciprocity concerns into account. This leads to the following hypotheses:
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Hypothesis 4.5 (Opening offer with strategic considerations). In the human treatments, the

opening offer is higher when the game is longer.

We can test for this by comparing the opening offer in treatment H5 with the opening

offer in treatment H1. The model predicts that offers are higher when there is scope for the

Responder to strategically reject an offer.

Hypothesis 4.6 (Distributional preferences II). Proposers will set higher offers to human Re-

sponders than to computer Responders.

There are two channels through which distributional preferences influence the Pro-

poser’s offer: first, Proposers can have distributional preferences of their own and there-

fore increase their offers, and second, Proposers might anticipate the distributional prefer-

ences of the Responder and to avoid rejection, will increase the offer. We can test this by

comparing the offers in treatment C1 with the offer in treatment H1. In both treatments,

no strategic considerations for either the Proposer or Responder are present. The com-

puter, by construction, does not earn anything and the Proposer’s offers will only affect

the Proposer’s earnings and not the earnings of anyone else.14

The final hypothesis is related to learning:

Hypothesis 4.7 (Learning under strategic considerations). Learning is less effective when

strategic considerations are present.

We can test for this by comparing how offers are adjusted following acceptance and

rejection and by comparing the last period offers with the true cost cA and the Responder’s

reservation price. With strategic considerations, Responders with a low cA-type might

strategically reject low offers. A rejection is therefore less informative about the true cost,

but an acceptance is more informative than in the non-strategic game.

4.5 Results

4.5.1 Opening offers

First, I discuss the opening offers. Hypotheses 1, 5 and 6 relate to these. Hypothesis 1 states

that in the computer treatments, the opening offer is lower when the game is longer, so we

expect a lower opening offer in treatment C5 than in treatment C1. Hypothesis 5 states

that in the human treatments opening offers are higher when the game is longer, so the

14An interesting intermediary case would be to consider a treatment where play is conducted by the com-
puter, but the earnings affect a human participant. Studies like Charness (2004) have shown that volition, i.e.
the degree of control that the person receiving the money has over the choices, matters for the behaviour in
the game.
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Table 4.1: Summary of average offers, reservation prices and acceptance shares

Non-dichotomous (N = 65) Dichotomous (N = 110)

C1 C5 H1 H5 H5Rev C1 C5 H1 H5 H5Rev

Offer xt 20.4 21.0 22.5 24.3 25.4 18.5 19.2 20.7 22.3 22.6
- period 1 only 20.4 20.8 22.5 21.4 22.7 18.5 17.6 20.7 19.4 19.7
- period 5 only 21.4 25.8 26.9 19.6 23.3 24.2

Reservation price xRmin,t 20.8 18.3 23.0 24.4 24.3 16.0 15.0 23.4 22.2 22.0
- period 1 only 20.8 18.3 23.0 24.0 25.2 16.0 15.0 23.4 22.7 23.8
- period 5 only 18.3 24.8 23.3 15.0 22.1 21.1

Res. price markup µt 0.0 0.0 4.0 6.2 2.6 0.0 0.0 7.4 8.3 7.9
- period 1 only 0.0 0.0 4.0 5.8 3.6 0.0 0.0 7.4 8.8 9.6
- period 5 only 0.0 6.5 1.7 0.0 8.1 6.9

∆ Offer and Res. price −0.3 2.7 −0.5 −0.1 1.1 2.5 4.2 −2.7 0.2 0.6
- period 1 only −0.3 2.5 −0.5 −2.6 −2.6 2.5 2.6 −2.7 −3.3 −4.1
- period 5 only 3.0 1.0 3.6 4.6 1.3 3.1

∆ Offer and true cost −0.3 2.7 3.5 6.1 3.8 2.5 4.2 4.7 8.4 8.5
- period 1 only −0.3 2.5 3.5 3.2 1.0 2.5 2.6 4.7 5.4 5.5
- period 5 only 3.0 7.6 5.3 4.6 9.4 10.0

% Offers accepted 51.4% 69.2% 45.5% 55.9% 61.6% 62.6% 80.0% 38.7% 61.8% 64.2%
- period 1 only 51.4% 56.6% 45.5% 47.8% 39.5% 62.6% 60.9% 38.7% 43.8% 34.7%
- period 5 only 84.2% 66.7% 84.2% 90.6% 70.5% 86.1%

Proposer’s earnings 9.6 12.6 6.3 7.8 6.3 11.6 16.2 5.5 9.7 9.8
- period 1 only 9.6 10.0 6.3 7.4 3.9 11.6 12.4 5.5 7.8 5.5
- period 5 only 15.0 8.6 9.0 18.7 10.4 13.3

Responder’s earnings 5.6 5.8 5.2 6.4 4.5 6.0 5.8 5.1 7.5 6.9
- period 1 only 5.6 7.4 5.2 5.0 1.8 6.0 6.6 5.4 5.4 3.6
- period 5 only 4.8 8.1 7.8 4.9 8.6 9.5

Note: The reservation price refers to the minimum price the Responder specified to accept the Proposer’s offer. The markup
refers to the difference between the reservation and the true cost cA. cA is the randomly chosen true cost (cost of acceptance)
and is either between 0 and 40 (with each integer equally likely) in the non-dichotomous experiment or chosen from 5 and
25 (with equal probability in the dichotomous experiment.
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Figure 4.6: Average offers in the various treatments.

Table 4.2: Offers in the first period (treatments C1, C5, H1 and H5)

Dependent variable: Non-dichotomous Dichotomous

Offer x1 (1) (2) (3) (4)
(period 1 only)

Computer treatment? (C1, C5) −2.246∗∗ −2.179∗∗ −2.688∗∗∗ −1.718∗

(1.102) (1.009) (0.875) (0.901)

5 period game? (C5, H5) −1.180 −1.599 −1.494 0.111
(0.943) (0.963) (0.955) (0.947)

Computer treatment? × 5 period game? 1.701 2.224∗ 1.043 −0.499
(C5) (1.436) (1.326) (1.153) (1.073)

Constant 22.32∗∗∗ 22.34∗∗∗ 21.53∗∗∗ 20.71∗∗∗

(1.153) (1.023) (1.118) (1.211)

Observations 272 272 460 460
R2 0.0285 0.576 0.0338 0.538
Adjusted R2 −0.00875 0.422 0.0101 0.387
Proposer fixed effects No Yes No Yes
Treatment index dummies Yes Yes Yes Yes
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: This is a linear regression of first period offer on the characteristics of the treatment.

The observations from treatment H5Rev are excluded. Standard errors are clustered on the
Proposer level. To control for order effects, indicator variables for the order of the treatment
are included.
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opening offer should be higher in treatment H5 than in treatment H1. Hypothesis 6 states

that Proposers will set higher offers to human Responders than to computer Responders.

The second row of Table 4.1 shows the opening offer in the various treatments, while

Figure 4.6 shows the average offers by period. For both the non-dichotomous and the

dichotomous treatments, the opening offers in the human treatments are higher than the

computer treatments. For example, in one-period computer treatment C1 the offer is 20.4

and 18.5, and in the one-period human treatment H1 the offer is higher at 22.5 and 20.7,

where the first number refers to the non-dichotomous experiment and the second to the di-

chotomous experiment. The effect of having multiple periods is smaller and more ambigu-

ous: the average offer in the first-period of treatment C5 is 20.8 and 17.6, which slightly

higher than the offer in treatment C1 in the non-dichotomous experiment (20.4), but lower

in the dichotomous experiment (18.5). For the human treatments the opening offers are

lower in the longer period games, at 21.4 and 19.4 in treatment H5, compared to 22.5 and

20.7 in treatment H1.

In treatment H5Rev effort is revealed and Proposers base their offers on this informa-

tion. In the non-dichotomous game, the opening offer is on average 1.0 higher than the

true cost. In the dichotomous game, the average opening offer is 15.3 when the true cost is

5, and 24.1 when the true cost is 25.

Table 4.2 shows a regression of the opening offer on the characteristics of the treatment,

without and with fixed effects.15 Indicator variables for the game number are included to

control for order effects. The regression shows that the offers in the computer treatments

are on average 1.7 to 2.7 points lower than in the human treatments. This is significant at a

5% or 10% level, depending on the regression. The impact of being in a five period game is

negative, but these estimates are not significant at a 10% level. The interaction between a

five period game and a computer treatment is mainly positive, but mostly not significant.

Only the treatment effect estimated by the fixed effect regression of the non-dichotomous

game, in column (2), is significant at the 10% level.

The results seem to confirm Hypothesis 6 which predicts higher offers when the Re-

sponder is human. However, I do not find evidence for Hypotheses 1 and 5. The opening

offers in treatment H5 are lower than in treatment H1, while the model predicts higher open-

ing offers when there are stronger strategic considerations for the Responder. The opening

offers in treatment C5 are higher than in treatment C1, while the model predicts lower open-

ing offers when there are more periods, because the future benefits from experimentation

15Including fixed effects means that the coefficients can be interpreted as purely within subject estimates.
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Figure 4.7: The average markup µt (the difference between the Responder’s reservation price and the Respon-
der’s true cost).

are higher.

4.5.2 Reservation prices

Hypotheses 3 and 4 relate to the Responder’s reservation price, which is the minimum

offer that the Responder has indicated he would accept. Hypothesis 3 states that reserva-

tion prices are higher when there is scope for strategic rejection. Hypothesis 4 states that

humans will set their reservation prices strictly above zero, regardless of the length of the

game or whether the true cost cA is revealed.

Table 4.1 shows the average reservation price that the Responder set as well as the

Responder’s markup, which is defined as the difference between the reservation price

and the true cost cA. Figure 4.7 shows the average Responder’s markup by period. The

computer’s reservation price is by definition equal to the true cost cA, and is therefore close

to 20 in the non-dichotomous treatment and equal to 5 or 25 in the dichotomous treatment.

As can be seen in Table 4.1, human Responders set their reservation price above their true

cost, on average 4.0, 5.8 and 3.6 points higher in treatments H1, H5 and H5Rev in the

non-dichotomous experiment. The markup, the difference between the reservation price

and the true cost, is higher when the true cost is lower. In the dichotomous treatment the

difference is the largest when the true cost is 5, at 14.6, 14.3 and 13.0 in treatments H1, H5
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Table 4.3: Markups in the first period (treatments H1, H5 and H5Rev)

Dependent variable: Non-dichotomous Dichotomous

Markup µt = xRmin,t − cA (1) (2) (3) (4)
(period 1 only)

5 period game? (H5, H5Rev) 1.996 2.082 0.968 1.516
(1.498) (2.029) (1.171) (1.658)

Treatment H5Rev? −1.575 −2.593 0.821 −1.299
(2.327) (3.421) (1.448) (2.417)

Constant 5.104∗∗∗ 5.529∗∗ 7.967∗∗∗ 8.495∗∗∗

(1.841) (2.296) (1.394) (1.773)

Observations 168 168 270 270
R-squared 0.0396 0.532 0.0247 0.431
Adjusted R-sq −0.0151 0.219 −0.00902 0.0613
Responder fixed effects No Yes No Yes
Treatment index dummies Yes Yes Yes Yes
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: This is a linear regression with the first-period markup µt as the depen-

dent variable. The markup µt is defined as the difference between the reserva-
tion price xRmin,t and the true cost cA. Only observations from the first period
of treatments H1, H5 and H5Rev are included. Standard errors are clustered
on the Responder level. To control for order effects, indicator variables for the
order of the treatment are included.
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Figure 4.8: The relation between the true cost cA and the reservation price xRmin,t in treatments H1, H5 and
H5Rev of the non-dichotomous experiment (period 1 only). This is a local polynomial regression with a 90%
confidence interval. The size of the bubbles indicate the number of observations.
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Table 4.4: Difference reservation price and true cost across time (treatments H5 and H5Rev)

Dependent variable: Non-dichotomous Dichotomous

Markup µt = xRmin,t − cA (1) (2) (3) (4)

Period 2 0.642 0.642 −0.139 −0.139
(0.724) (0.765) (0.444) (0.470)

Period 3 1.701∗∗ 1.701∗∗ −0.515 −0.515
(0.781) (0.825) (0.513) (0.543)

Period 4 −0.0149 −0.0149 −0.822 −0.822
(0.748) (0.791) (0.532) (0.563)

Period 5 1.104 1.104 −0.703 −0.703
(0.899) (0.950) (0.683) (0.723)

Treatment H5Rev? −1.528 −3.540 0.586 −1.629
(2.280) (3.138) (1.543) (2.214)

× Period 2 −1.975 −1.975 −1.205 −1.205
(1.274) (1.347) (0.734) (0.777)

× Period 3 −2.757∗∗ −2.757∗∗ −0.828 −0.828
(1.210) (1.278) (0.942) (0.996)

× Period 4 −1.374 −1.374 −1.313 −1.313
(1.354) (1.431) (1.103) (1.167)

× Period 5 −3.632∗∗ −3.632∗∗ −1.804∗ −1.804
(1.415) (1.495) (1.053) (1.114)

Constant 10.09∗∗∗ 8.535∗∗∗ 9.358∗∗∗ 10.39∗∗∗

(2.525) (2.966) (2.111) (2.529)

Observations 515 515 840 840
R2 0.0799 0.616 0.0322 0.501
Adjusted R2 0.0503 0.557 0.0134 0.430
Responder fixed effects No Yes No Yes
Treatment index dummies Yes Yes Yes Yes
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: This is a linear regression with the markup µt as the dependent vari-

able. The markup µt is defined as the difference between the reservation
price xRmin,t and the true cost cA. Only observations from treatments H5 and
H5Rev are included (all periods). Standard errors are clustered on the Re-
sponder level. To control for order effects, indicator variables for the order of
the treatment are included (not reported).
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and H5Rev. When the true cost is 25, the corresponding values are 1.8, 1.3 and 2.7. Figure

4.8 shows the relation between the true cost and the first-period reservation price. It shows

that there is a positive relation, but that at low true costs Responders set a higher markup

than at high true costs.

Table 4.3 shows a linear regression of the first period difference of the Responder’s

reservation price and their cost acceptance on the characteristics of the treatment. The co-

efficient on being in a five period game is positive, but not significant. The model predicts

that the reservation price will be set higher in games with multiple periods, because of the

scope for strategic rejection, and that this coefficient should therefore be positive. When

the cost of production is revealed, the reservation price is generally set lower, but again,

this difference is not significant.

Table 4.4 shows how this difference changes over the several periods in the game, for

treatments H5 and H5Rev. The regressions suggest that in the non-dichotomous case, the

reservation prices increase over time in treatment H5 (even though only the coefficient for

period 3 is significant) and that in treatment H5Rev reservation prices decrease over time

(the coefficients for period 3 and 5 are significant at the 5% level). In the dichotomous

experiments there is weak evidence of a similar pattern in treatment H5Rev.

These results provide evidence for Hypothesis 4. Even in treatment H1 and H5Rev

human Responders set their reservation prices above their true costs. However I find only

limited evidence for Hypothesis 3, which states that strategic rejection is more likely to

happen in longer games and when there are more periods left. The regressions show that

in longer games, the opening offer is higher, but this difference is not significant. I do not

find evidence for decreasing reservation prices: if anything, in treatment H5, reservation

prices are increasing with time. There is some evidence for decreasing reservation prices

in the H5Rev treatment, but in this treatment the true cost is known to the Proposer.

Heterogeneity The previous analysis focused on aggregate behaviour. However, there

is a large degree of heterogeneity in the sample, which suggests that there are some par-

ticipants that strategically reject. Table 4.5 shows the share of workers in the dichotomous

treatment who are assigned true cost cA = 5 who set their reservation prices above 20 or 25

points. These are interesting cutoffs: offers between 20 and 25 points correspond to a more

or less equal sharing of surplus (an offer of 22.5 points implies an equal sharing; however,

offers have to be whole numbers), while 25 points corresponds to the higher possibility of

the true cost. Reservation prices above 25 points could therefore indicate a strategic motive
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Table 4.5: Share of Responders with cA = 5 setting their reservation prices above 20 or 25 points (dichotomous
experiment)

Period 1 2 3 4 5 Average

Reservation price ≥ 20 points
Treatment H1 54.0% 54.0%
Treatment H5 62.9% 53.2% 53.2% 51.6% 50.0% 54.2%
Treatment H5Rev 61.5% 48.7% 46.2% 38.5% 30.8% 45.1%

Reservation price ≥ 25 points
Treatment H1 32.0% 32.0%
Treatment H5 48.4% 38.7% 38.7% 35.5% 35.5% 43.4%
Treatment H5Rev 33.3% 28.2% 20.5% 15.4% 17.9% 28.7%

for the Responder, who could now pretend to be the high cost type, at least when the true

cost cA is not revealed.

Table 4.5 shows indeed that in treatment H5, where the true cost cA is not revealed, the

share of workers setting their reservation prices above 25 points is higher than in treatment

H5Rev, where cA is revealed. On average 43.4% of the workers set their reservation prices

above 25 in treatment H5, while only 28.7% does that in treatment H5Rev. This difference

is significant at the 5% level (t = −2.32, p = 0.023, with standard errors clustered on the

Responder level).16 In the final questionnaire 10 out of 110 participants stated explicitly

that they strategically rejected to make the Proposer believe their true cost was 25, despite

it being 5 points.17

4.5.3 Change of offers

The next question is how employers update their offer in response to acceptance or rejec-

tion in the five period games. Hypothesis 2 states that rejection leads to a higher offer in

the next period, while acceptance leads to a repeat of the successful offer. Figure 4.9 shows

the pattern of acceptance and rejection as well as the offers made in the period of accep-

tance or rejection and the revised offer afterwards for treatments C5 and H5. Generally,

the offer is increased when the offer is rejected and the offer is lowered following an accep-

tance. For example, in the non-dichotomous treatment C5, the average first-period offer

that was rejected was 19 and in the following period after this rejection the average offer

16A within subject comparison finds a larger difference between H5 and H5Rev (28.1%, with p = 0.020).
17Several participants reported motives like “I always set it at 30 so they don’t think my producing cost

was 5 (even if it was).”, “Always play as if production was 25.”, “Tried to maximise profit by attempting to
trick the other player into assuming my costs were 25 if they were actually only 5.”, “I set the price at or just
above 25”, “Pretended unit cost was 25 not 5”, “I assumed they would test my rate for a 5 costs so I set at 26
regardless”.
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Figure 4.9: Offers and the pattern of acceptance and rejection. The thickness of the line indicates the frequency
of this pattern. The numbers indicate the average offer in the period of the acceptance or rejection and the
revised offer in the next period.
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is 23. The average first-period offer that was accepted was 23 and in the second period

following acceptance the average offer was 20.

Table 4.6 shows a linear regression of the change in offer ∆xt on whether the offer was

rejected and treatment. Rejection leads to a higher offer in the next period. The coefficient

suggest that the offer increases by 5.9 to 6.7 points. The coefficient on the interaction be-

tween treatment C5 and rejection in the previous period is small in the non-dichotomous

experiment and positive in the dichotomous experiment. This suggests that rejection in the

computer treatment in the dichotomous experiment leads to higher wage increases than in

the human treatments, though most coefficients are not significant.

The constant is negative and significant at a 1% level. This suggest that when the offer

is accepted, the next period’s offer is 1.6 to 2.7 points lower. This means that employers

are adjusting their offer downwards following success, contradicting Hypothesis 2. Nev-

ertheless, the absolute change in offer following success (1.6 to 2.7 points) is lower than

the (absolute) change in offer following failure (5.9 to 6.7), suggesting that less downward

experimentation than upward experimentation happens. We do not find a significant dif-

ference between H5 and C5 (the coefficient for treatment C5 is close to zero).

However, the coefficient for treatment H5Rev, where the true cost is revealed, is posi-

tive, while the coefficient of the interaction with rejection in the previous period is negative.

This suggests that there is less downwards adjustment following success and less upwards

adjustment following failure. The explanation for this might be that in treatment H5Rev

there is no need for experimentation to figure out the true cost, but only to figure out the

value of the markup.

4.5.4 Success of learning

Hypothesis 7 relates to learning and states that learning is the least effective when there is

more scope for strategic considerations. One way of measuring the success of learning is

analyse the share of offers that are accepted in the final period, the difference between the

final offer and the true cost or reservation price and the last period earnings of the Proposer.

Figure 4.10 shows the share of offers accepted each treatment. This share is increasing

each period. Interestingly, in treatment H5Rev, where the true cost is revealed, rejection

is high in the first period, but then decreases drastically in later periods. This pattern is

the clearest in the dichotomous case when the true cost is equal to 5. This could point to

an underestimation by the Proposers of the Responder’s reservation price. Even though

they know the true cost, the availability of this information might lead to overconfidence
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Table 4.6: Change of offer (treatments C5, H5 and H5Rev)

Dependent variable: Non-dichotomous Dichotomous

Change in offer (1) (2) (3) (4)
(∆xt = xt − xt−1)

Rejected?t−1 5.925∗∗∗ 5.975∗∗∗ 6.299∗∗∗ 6.671∗∗∗

(0.598) (0.628) (0.760) (0.665)

Treatment C5? −0.299 −0.290 0.244 −0.0494
(0.389) (0.528) (0.301) (0.332)

× Rejected?t−1 0.194 0.538 1.273 1.973∗∗

(0.818) (0.922) (0.919) (0.926)

Treatment H5Rev? 1.122∗∗ 1.657∗∗ 0.551∗ 0.296
(0.530) (0.709) (0.326) (0.422)

× Rejected?t−1 −2.130∗∗∗ −1.967∗ −1.328 −0.950
(0.793) (1.018) (0.993) (1.060)

Constant −2.464∗∗∗ −2.721∗∗∗ −1.630∗∗∗ −1.965∗∗∗

(0.553) (0.730) (0.415) (0.479)

Observations 704 704 1180 1180
R2 0.191 0.238 0.264 0.344
Adjusted R2 0.177 0.149 0.256 0.275
Proposer fixed effects No Yes No Yes
Treatment index dummies Yes Yes Yes Yes
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
Note: This is a linear regression of the change in offer ∆xt = xt − xt−1.

Rejected?t−1 indicates whether the offer in the previous period was rejected.
Only observations from periods 2 to 5 from treatments C5, H5 and H5Rev are
included. Standard errors are clustered on the Proposer level. To control for
order effects, indicator variables for the order of the treatment are included
(not reported).
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Figure 4.10: Share of offers accepted in the various treatments.
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in bidding, not taking the high markup between the reservation price and the true cost

into account.

In Table 4.1 we can see that in the final period the highest number of offers are accepted

in treatments C5 and H5Rev. In the non-dichotomous experiment, 84.2% and 84.2% of of-

fers are accepted in the final period of treatments C5 and H5Rev, compared to 66.7% of

offers in the final period of treatment H5. The dichotomous experiment shows similar fig-

ures (90.6% and 86.1% against 70.5%). The difference between the final offer and the true

cost for the computer treatments is on average 3.0 and 4.6 points for the non-dichotomous

games. This is lower than for treatments H5 and H5Rev (7.6 and 5.3; 9.4 and 10.0), indi-

cating that the Proposer’s offers are closer to the true cost in the computer treatments. The

final period Proposer’s earnings are the highest in the C5 treatment (15.0 and 18.7 in the

non-dichotomous and dichotomous game), and slightly higher in treatment H5Rev com-

pared to treatment H5. This provides some supportive evidence for Hypothesis 7, which

states that in the treatments with the largest scope for strategic considerations, learning is

the least effective.

4.6 Discussion and conclusion

In this paper I presented a model of experimentation in a repeated ultimatum game and

considered the role for both strategic experimentation on the Proposer’s side and strategic

rejection on the Responder’s side. The model predicted that, without strategic consider-

ations for the Responder, Proposers make lower opening offers in longer games, but that

following acceptance experimentation would stop and Proposer would continue offering

the same amount. However, while the model implied that no downward experimentation

would occur, the experiments show that many Proposers decrease their offers following

acceptance. Even though the downward adjustment following acceptance is smaller than

the upwards adjustment following rejection, this suggests that many Proposers weigh the

benefits of learning the reservation price of the proposers more highly than the opportu-

nity cost of potentially losing the prize following unsuccessful experimentation.

When the Responder has strategic considerations, the model predicts that the Respon-

der will reject low offers hoping for higher offers in the future. The Proposer will anticipate

this and make higher offers. The model also predicts that if there are fewer periods left,

the scope for strategic rejection will decline. As a result, the Proposer will decrease their

offers following acceptance.
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The experimental results show that in the human treatments, Responders set their

reservation prices above their true cost. However, while the model predicts that the markup

they set should decline over time, the experiments don’t show evidence for this, apart from

the H5Rev treatment where the true cost is revealed. Also, the markup does not seem to

differ between the H1 (without strategic considerations) and H5 treatment (with strate-

gic considerations). This suggests that, when considering the averages, we do not find

evidence for higher reservation prices when there is more scope for strategic rejection.

The relatively constant markup between the reservation price and the true cost seems

to suggest that the behaviour could be driven by distributional preferences and/or reci-

procity concerns. We see at low true costs that many Responders set their reservation

price such that the outcome would correspond to an equal sharing of surplus. Neverthe-

less, there could also be other motivations. One such motivation is a desire to be consis-

tent or to not let the Proposer realize that they were deceived. This could explain why

the markup does not decrease over time in the H5 treatment. If it would, then at some

point the Proposer could realize that Responder strategically rejected in one of the earlier

periods. As Boles et al. (2000) show, Proposers do not look favourably upon Responders

who deceived them and the Responder might have internalized that norm. This would

explain the lack of decline in markup in the H5 treatment, but not the difference between

H5 and H1. Another reason could be group reputation concerns. The game is played

multiple times, and a Responder in a one-shot game setting a high markup could provide

a “public good” to the other Responders, potentially shifting the beliefs of the Proposer

(Huck & Lünser, 2010). However, if this was the case, we would see a decline in markups

in treatments towards later games in the experiment, which is not the case.18

The lack of significance is partially due to the low number of observations (there were

65 participants in the non-dichotomous game and 110 in the dichotomous game), despite

the use of within-subject estimates. Nevertheless, the low point estimate of most coeffi-

cients suggest that even with a higher number of observations, a significant result is most

likely only representing a small effect.19

The design of the experiment matters. The self-reported descriptions suggests that

more Responders thought about strategic rejection in the dichotomous game than in the

non-dichotomous game. Just having two options therefore increased the salience of such

strategic considerations. A different design, for example one where the opportunities for

18It should be noted that participants were not made aware of the number of games they were playing.
However, participants were aware of the average time the experiment took.

19There are a couple of point estimates that are sizeable, but where no significance is found, e.g. the coeffi-
cients in Table 4.3. The experiment is potentially underpowered to detect an effect here.
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deceit are more salient (e.g., one where the Responder can send a non-binding message

about their true cost) could potentially increase strategic considerations.

Another potential treatment that could be introduced to separate between the effect

of social preferences towards a human player and the effect of (anticipating) strategic re-

jection is a stranger matching design, where the Proposer plays a new Responder each

period, but all Responders have the same cost of acceptance cA. In such a treatment, there

is no scope for strategic rejection on behalf of the Responder. However, social preferences

will still influence offers and reservation prices. I hope to further investigate this matter in

future research.
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Appendices of Chapter 4

4.A Proofs and derivations

4.A.1 Proposition 1: Optimal choice in period t

First, we start with redefining the value function to obtain a more tractable version of the

Bellman equation. Let Ṽt(a, b) = (F (b)−F (a))Vt(a, b). The dynamic programming problem

now simplifies to

Ṽt(a, b) = max
xt∈[a,b]

{
u(1− xt)(F (xt)− F (a)) + δ

[
Ṽt+1(a, xt) + Ṽt+1(xt, b)

]}
.

In period t the first order conditions are

− u′(1− xt)(F (xt)− F (a)) + u(1− xt)F ′(xt) + δ

[
∂

∂xt
Ṽt+1(a, xt) +

∂

∂xt
Ṽt+1(xt, b)

]
= 0.

(4.15)

Proposition 4.4. The derivative of Ṽ with respect to a is

∂Ṽt(a, b)

∂a
= −

T∑
k=t

δk−tu(1− x∗k)F ′(a)

.

Proof. We can use the envelope theorem to differentiate Ṽ (a, b) with respect to a:

∂

∂a
Ṽt(a, b) = −u(1− x∗t )F ′(a) + δ

∂

∂a
Ṽt+1(a, x∗t ).

The first term is zero or negative, given that u ≥ 0 and F ′(a) ≥ 0. We can expand the

second term using the envelope theorem again,

∂

∂a
Ṽt+1(a, x∗t ) = −u(1− x∗t+1)F ′(a) + δ

∂

∂a
Ṽt+2(a, x∗t+1).

We can repeat this exercise until the last period, where ṼT+1 = 0, so ∂
∂a ṼT+1 = 0. Each of

the terms is zero or negative, so

∂

∂a
Ṽt(a, b) = −

T∑
k=t

δk−tu(1− x∗k)F ′(a) ≤ 0.

Proposition 4.5. The derivative of ∂Ṽt(a,b)∂b is a multiple of H(b; a) = −u′(1− b)(F (b)−F (a)) +

u(1− b)F ′(b).
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Proof. We can show using the envelop theorem, if x∗t < b.

∂

∂b
Ṽt(a, b) = δ

∂

∂b
Ṽt+1(x∗t , b).

When the constraint on x∗t is binding, x∗t = b and the offer is accepted for sure (the

optimal offer is repeating the lowest successful offer). In this case the lower b the better

and the valuation Ṽ equals

Ṽt(a, b) = u(1− b)(F (b)− F (a)) + δ
[
Ṽt+1(a, b)

]
So

∂

∂b
Ṽt(a, b) = −u′(1− b)(F (b)− F (a)) + u(1− b)F ′(b) + δ

[
∂

∂b
Ṽt+1(a, b)

]
= H(b; a) + δ

[
∂

∂b
Ṽt+1(a, b)

]
=

T∑
k=t

δk−tI(x∗k = b)H(b; a) = H(b; a)

T∑
k=t

δk−tI(x∗k = b),

where I(x∗k = b) = 1 if the optimal choice for that period equals b and otherwise zero.

This means that we can write down the first-order condition (4.15) as

dVt(x; a, b)

dx
= H(xt, a)

(
1 + δ

T∑
k=t+1

δk−(t+1)I(x∗k = xt)

)
−δ

T∑
k=t+1

δk−(t+1)u(1−x∗k)F ′(a) = 0

(4.16)

4.A.2 Derivation of equation (4.11)

Let k̂(x1) be the Responder’s belief of k(x1) and k̃(x1) the Proposer’s belief of k̂(x1). From

Equation (4.5) follows that the conjectures x̃2s and x̃2f equal

x̃2f =
1 + k̃(x1)

2
, (4.17)

x̃2s = min

{
1

2
, k̃(x1)

}
. (4.18)

The expression for k(x1) then becomes:

k(x1) =


x1 − β (1+k̃(x1)

2 −min
{

1
2 , k̃(x1)

}
) if x1 < (1− β) min

{
1
2 , k̃(x1)

}
+ β 1+k̃(x1)

2 ,

x1−β 1+k̃(x1)
2

1−β if (1− β) min
{

1
2 , k̃(x1)

}
+ β 1+k̃(x1)

2 ≤ x1 <
1+k̃(x1)

2 ,

x1 if x1 ≥ 1+k̃(x1)
2 .

(4.19)

In equilibrium beliefs must consistent, and therefore x̃2s = x̂2s = x2s, x̃2f = x̂2f = x2f

and k̃(x1) = k̂(x1) = k̃(x1). We can now use (4.19) to find a solution for x1. Only for the

second condition we can find a solution:

202



• For the first condition, there is no k(x1)that sets left and right equal. If x1 < (1 −

β)x̃2s + βx̃2f , and k(x1) = x1 − β (x̃2f − x̃2s), then k(x1) < x2s = min
{

1
2 , k(x1)

}
.

This means that either k(x1) < k(x1) if k(x1) ≤ 1
2 or k(x1) < 1

2 if k(x1) > 1
2 . Both

statements lead to a contradiction.

• For the third condition, there is no k(x1)that sets left and right equal to each other.

If x1 > x2f and k(x1) = x1, then k(x1) > 1+k(x1)
2 . This is only possible if k(x1) > 1,

which is outside the domain [0, 1], the domain of cA, and is therefore not possible as

solution.

If a solution exists, it must be under the second condition. Setting left and right equal

leads Equation (4.11).

k(x1) =
2x1 − β
2− β

(4.20)

4.B Additional graphs and tables
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Figure 4.11: Reservation prices in the various treatments.
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Figure 4.12: Proposer’s earnings in the various treatments.
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Figure 4.13: Responders’s earnings in the various treatments.
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Figure 4.14: Average accepted offers in the various treatments.

4.C Instructions

4.C.1 Introduction screen

In this experiment you are given the role of either the buyer or a seller of a virtual product.

You will be matched up with another participant or a computer player. We will tell you

in advance whether you are playing with another human or a computer participant.

You will be playing with this other participant or computer player for one or more

periods. After this we will match you with a new player.

You will earn points which will be converted into pounds at the end of the session.

In this game, you will either have the role of a buyer or a seller:

• Each period the buyer offers a price to the seller. (between 0 and 40 points)

• The seller can choose to accept or reject this offer.

We will ask the seller for the minimum price for which they are willing to sell. If the

offer is at or above this minimum price, the offer is accepted. The buyer does not get

to know the minimum price.

• If the offer is accepted, the buyer pays the seller the price offered and gets 40 points.

• So the buyer’s earnings are: 40 points minus the price.
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• Production is costly for the seller. This cost is, at the beginning of each game, ran-

domly chosen by a computer. Each number between 0 and 40 is equally likely. The

buyer does not know this cost.

• If the offer is accepted, the seller receives the price offered, and pays the cost of

production.

• So the seller’s earnings are: the price minus the cost of production.

• If the offer is rejected, both the buyer and the seller don’t earn anything.

An example Suppose the seller has a cost of production of 25 points and the buyer offers

a price of 35 points.

If the seller accepts the offer, the earnings are:

• Buyer: Gets 40 points. Pays the price of 35 points. So the buyer’s earnings are: 5

points.

• Seller: Receives the price of 35 points. Pays the cost of production of 25 points. So

the seller’s earnings are: 10 points.

If the seller rejects the offer, both will earn 0 points this period.

About the cost of production You will play multiple games, with different participants

or a computer player. Some games will consist of just one period, while others consist of

multiple periods.

In games with multiple periods, the cost of production will stay the same across all

periods.

In a new game, the cost of production can change again. It is randomly chosen between

0 and 40 points.

The buyer does not know this cost of production (unless we tell you).

How do we determine your earnings? We will pick at least two games, covering at least

six periods, for which we will pay you all the points earned in this game. 100 points are

worth 1.50 GBP.

• Practice game. We will start with two practice games. The points for these games do

not count.
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• Time limit. Make sure to make your choices within the time limit specified. If we

do not hear from you for a longer period of time, we might exclude you from the

experiment.

4.C.2 Quiz

The participants are asked to answer the following questions:

1. Suppose the buyer offers a price of 24 points. The seller selects 35 points as their

minimum price. What will happen?

• The seller accepts the offer. The buyer gets 24 points.

• The seller accepts the offer. The buyer gets 16 points.

• The seller rejects the offer. The buyer gets 24 points.

• The seller rejects the offer. Both the buyer and the seller get 0 points. (Correct

answer)

2. Suppose the seller accepts a price of 24 points. How many points will the buyer earn?

• 24 points

• 16 points (Correct answer)

• 0 points

3. Suppose the seller accepts a price of 24 points. Their cost of producing is 5 points.

How many points will the seller earn?

• 24 points

• 19 points (Correct answer)

• 16 points

• 5 points

4. The seller’s cost of production is between 0 and 40 points, with each number equally

likely.

If a game consists of multiple periods, will this cost of production change every pe-

riod?

• Yes, the cost of production changes every period.
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• No, the cost of production stays the same in all periods. (Correct answer)

5. The seller’s cost of production is deducted from the price the seller receives.

What are the possible values for the cost of production?

• All values between 0 and 40.

• 5 points or 25 points

• 10 points or 30 points

• 20 points or 40 points

(Correct answer depends on experiment.)

4.C.3 Screens

Figure 4.15: Instructions screen at the beginning of the experiment.
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Figure 4.16: The first game screen for the buyer (Proposer).

Figure 4.17: The first game screen for the seller (Responder).

Figure 4.18: Informing the seller (Responder) about the cost of production (the true cost cA).
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Figure 4.19: Informing the seller (Responder) that the cost of production (the true cost cA) will be revealed to
the buyer (Proposer).

Figure 4.20: Revealing the cost of production (the true cost cA) to the buyer (Proposer)

Figure 4.21: The buyer’s (Proposer’s) offer screen in treatment H5Rev.
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Figure 4.22: The seller’s (Responder’s) screen where the reservation price can be selected.
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Conclusion

This thesis studied how firms cope with imperfect information and imperfect enforcement

and in particular, the role of incentives, reputation and learning. In Chapter 1 I showed

that in economic experiments mimicking labour relations employers in Ghana were less

likely to use wage incentives than in the United Kingdom. The Ghanaian participants who

were assigned a role as employers were less likely to reward high effort or to punish low

effort by workers, which resulted in low effort provision. Chapter 2 focused on whether

nonmonetary incentives could provide an alternative enforcement mechanism in Ghana,

by introducing the possibility for feedback and promises. I showed that feedback can in-

deed lead to the worker increasing effort, but only when the wage offered is high enough.

Chapter 3 presented a theoretical model of the implications of business networks for the

overall quality composition of firms in the economy. I showed that business networks,

by providing information on its members, can lead to both a filtering effect, meaning that

fewer low quality firms produce, and a lock out effect, where members of the network

are redistributing demand from outside the network into the network. This means that

under certain conditions the overall cost of networking outweighs the overall benefits of

networks. Finally, Chapter 4 discussed patterns of learning in a repeated ultimatum game

and how bargaining is affected by the presence of strategic considerations. I conducted an

experiment, which showed that participants made higher offers to potentially strategic hu-

man players than to a myopic computer player. The evidence on strategic considerations

is mixed: overall, there is no significant evidence that strategic considerations affect offers

and reservation prices, but analyzing the heterogeneity in the sample shows that there is a

group of Responders whose behaviour is consistent with strategic rejection.

Future directions The results from this thesis raise important questions for further re-

search, especially the result from Chapter 1 that Ghanaian employers do not use monetary

punishment or rewards as an incentive. The limited adoption of punishment and reward

incentives could have several reasons, some of which have been discussed in the chapters.

For example, I showed that the behaviour was not driven by using student recruits, as

actual entrepreneurs acted very similarly. I also tested the effectiveness of nonmonetary

incentives in Chapter 2. However, many questions remain that warrant further research.
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Employers could refrain from using wage incentives because they do not see such an

incentive as legitimate or they believe it is ineffective. Earlier research has shown that

incentives are not effective in every context. In particular, incentives that create inequal-

ity among workers (see e.g. Breza et al., 2015) or put workers in direct competition with

each other (Bandiera et al., 2010) can reduce productivity. Cultural differences as well as

differences in the exposure to formal wage employment could also play a role. Together

with Marcel Fafchamps and Edoardo Gallo, I have acquired a grant to study this further.

Our plan is to conduct both internet as well as lab experiments with representative subject

pools to measure beliefs on the legitimacy and the perceived effectiveness of incentives

and relate this to experimental behaviour.

One other potential explanation for this behaviour is that employers instead of pro-

viding incentives to workers to improve their behaviour, prefer to fire the worker. In our

experiment firing was possible, but not a very salient or attractive option: in principle fir-

ing was possible by not making an offer to a worker, but this also meant that the employer

would not be allocated a worker for the remainder of the game. To study this further, we

are planning to conduct additional experiments in which firing is both a more salient and

attractive option. We want to test is to what extent the employers and workers see firing

as an incentive mechanism or merely as the outcome of screening, by varying the scope

for rehiring.

These results also call for more research on actual incentive usage in firms in develop-

ing countries to assess the external validity of our results. Current studies draw a mixed

picture. There is evidence that bonuses are used in Ghana and these bonuses actually vary

by worker (Barr & Serneels, 2009). However, there is some evidence that variations in

remuneration in Ghana are often related to being of the same ethnicity of the employer

and being related to the employer (Barr & Oduro, 2002). There is some anecdotal evidence

suggesting that performance-based bonuses can be controversial (Debrah & Mmieh, 2009).

Hence, it is still an unresolved question to what extent these incentives are actually effec-

tive in the workplace in Ghana.

The experiments on learning also warrant further research. The current results sug-

gest that the higher-order rationality considerations were not salient to many participants

or that they seem to be overpowered by other motivations, such as distributional prefer-

ences or reciprocity concerns. One way to proceed further is to run additional experiments

where strategic rejection is more salient. One way of doing is this is asking Proposers at

the end of the game what they thought the true cost for production of the worker was.
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Other ways could be to increase opportunities for deception, for example by allowing the

Responder to send a message about their true cost, or allowing participants to observe the

play of other participants, to see if strategic thinking can be learnt. Another question is

whether people who strategically reject also exhibit strategic anticipation: are participants

who strategically reject as Responders also more strategic in their offers as proposers and

do their offers take the possibility of strategic rejection into account?

∗ ∗ ∗

Understanding how firms use incentives as well as cope with imperfect information is cru-

cial from a policy perspective. As I noted in the introduction, differences in productivity

between countries are very large and firm surveys have shown large differences in the way

firms are managed. Low worker productivity has contributed to the relative underdevel-

opment of the manufacturing and agricultural industry (see e.g., Baptist & Teal, 2015). This

is a missed opportunity: the experience from Southeast Asia has shown that the manufac-

turing industry could function as a source of jobs for many in sub-Saharan Africa. In this

thesis I have shown that there are differences in the adoption of incentives in an experi-

mental setting and that these differences lead to lower productivity in my experiments in

Ghana. Understanding the way incentives work and how they are adopted across different

settings is important for industrial policy, but also for firms designing the optimal contract

for their employees. Gaining a deeper understanding is therefore not only an important

topic for research but also an important question for policy.
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