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1. INTRODUCTION

1.1. Target Setting and the Ratchet Effect

In the literature on management accounting, one of the most widely researched topics is
the role of incentive systems, in which targets are an important factor (Merchant and
Van der Stede, 2017). From those researches, it has emerged that firms often pay and/or
promote their employees depending on their target achievements (e.g., Merchant et al.,
2018; Murphy, 2000). Currently, target setting is one of the major research fields in
management accounting (Indjejikian et al., 2014b; Matéjka, 2018).

By investigating how firms determine and use their targets, the literature on target
setting found that they are commonly determined based on past performance (e.g.,
Dekker et al., 2012; Leone and Rock, 2002; Murphy, 2000). This target-setting method
was named target ratcheting (Indjejikian et al., 2014b). Based on survey data on CEOs’
compensations in U.S. firms, Murphy (2000) reported that a large percentage of firms
use past performance information to determine their CEOs’ performance targets.

While this is prevalent, the economic theory suggests that target ratcheting is
susceptible to an incentive problem called the ratchet effect (Laffont and Tirole, 1993;
Weitzman, 1980). Employees expect that once good performance is recorded, the next
period’s targets will become more difficult, and thus, they have an incentive to limit
their current performance to ensure that future targets are easily attainable. If the ratchet
effect prevails, the firm’s performance is lower than the level that could be attained if
every employee exerted his/her maximum capability. Thus, it is important to overcome
this problem, as has been extensively discussed in the literature (Indjejikian et al.,
2014b).

Previous studies have empirically investigated whether the ratchet effect occurs in
practice as predicted in theory (e.g., Bouwens and Kroos, 2011; Chaudhuri, 1998; Leone
and Rock, 2002; Murphy, 2000), in addition to discussing how managers can overcome
this problem (e.g., Aranda et al., 2014; Baron and Besanko, 1984; Cardella and Depew,
2018; Charness et al., 2011; Indjejikian et al., 2014a; Indjejikian and Nanda, 2002).
However, these studies have focused on exploring this incentive problem in an
independent work environment.

In contrast to prior studies, this paper seeks to explore the ratchet effect within a

team environment. A team is considered to have formed when multiple agents conduct a
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task together, and their behavior interdependently determines their overall output. In
addition, the principal cannot observe the output per agent, but instead sees the output
per team (Holmstrom, 1982).

The interdependent nature of team work environments, which is absent in
independent work environments, may impact the agents’ incentives to commit the
ratchet effect, as well as the principal’s means to mitigate it.

In regards to agents’ incentives to commit the ratchet effect, agents work together
in interdependent work environments such that each one’s behavior impacts their own
rewards and their teammates’ rewards. Thus, the agents may be more likely to consider
their colleagues when deciding whether to commit the ratchet effect. This suggests that
other-regarding preferences may play a more significant role in teams than in
independent work environments.

In terms of the principal’s means to cope with the ratchet effect, the
interdependent nature of work environments may provide other opportunities for the
ratchet effect to be mitigated.

This study investigates the mechanism of the ratchet effect—the agents’ incentive
to commit the ratchet effect and the principal’s means to cope with this problem—and

how it is affected by the interdependent nature of work environments with teams.

1.2. Summary of this Dissertation
This dissertation consists of a theoretical analysis and a laboratory experiment, both of
which discuss the ratchet effect in teams.

First, using a two-period adverse-selection model in which a principal manages a
team with two agents, the principal’s novel means to mitigate the ratchet effect is
theoretically investigated. Specifically, this section focuses on the impact of learning
among teammates, a phenomenon that could arise in an interdependent environment.

The concept of learning among teammates considered in this study is as follows. I
assume that employees will improve their skills as they gain experience, the extent of
growth will differ depending on the employees’ initial skill levels and their teammates’
skill levels. Given the interdependent work environment, employees can improve their
skills by learning from their teammates. Berg et al. (1996) demonstrated that workers in
production teams often informally teach each other shortcuts, problem-solving, or other
ways to improve their work. Additionally, unskilled employees that are paired with
skilled employees may grow more because of the knowledge that is imparted to them
(Hamilton et al., 2003); it could also be the case that unskilled employees who have

more room for improvement spontaneously learn from a good role model.
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Assuming the above, the results of the theoretical analysis demonstrate that the
more salient such learning is, the more easily the principal can prevent the ratchet effect.
The driving force of this result is a characteristic of learning among teammates in which
unskilled agents that are paired with skilled agents grow more than others. !

The logic in which how the above characteristic of learning among teammates
helps the principal to cope with the ratchet effect is as follows: To adjust targets
according to the agents’ skill level, the principal asks the agents to self-report their own
skill levels. When there is no learning, since each agent is not asked to report his/her
teammate’s skill level, each agent’s report naturally provides information about his/her
own skill. If an agent reports his/her type as unskilled in the first period, then the
principal cannot ascertain whether this agent is lying. Thus, in the first and the second
periods, the principal assigns a target corresponding to the unskilled agent’s skill level,
accounting for the possibility that the agent’s true skill level is low and he/she give up to
work if the principal offers too demanding targets.

The logic in which how the above characteristic of learning among teammates
helps the principal to cope with the ratchet effect is as follows: To adjust targets
according to agents’ specific skill levels, the principal will ask the agents to self-report
their own skill levels. When there is no learning, each agent’s report simply provides
information about his/her own skills. If an agent reports his/herself as being unskilled in
the first period, then the principal cannot ascertain whether this agent is lying. Thus, in
the first and the second periods, the principal will assign a target corresponding to the
unskilled agent’s skill level, accounting for the possibility that the agent’s true skill level
is low, in which case s/he is likely to give up if the principal has demanding targets.

In contrast, in the presence of learning, a correlation between each agent’s private
information (i.e., skill levels) is introduced in the second period regardless of the initial
correlation between the agent’s private information. If one agent is skilled, then his/her
teammate will have at least a moderate skill level in the second period. When that
teammate is also a skilled agent, the above statement is definitely true. In addition,
when the teammate is initially an unskilled agent, s/he will significantly improve his/her

skill level by learning from the skilled partner; they will, therefore, develop their skills

U If every agent grows the same amount regardless of their initial skill levels and that of their
teammates, then the ratchet effect may not be deterred by the presence of such learning. In contrast,
if the unskilled agents grow more than the skilled agents regardless of their teammates’ initial skill
levels (i.e., the unskilled agents grow more than the skilled ones not only when they are paired with
the skilled agents but also they are paired with the unskilled agents), then such learning may more
easily deter the ratchet effect than the learning which I analyzed in the model.



to a moderate or even high level.

Given the above correlation, each agent’s report can also provide information on
their teammate’s type. Since the principal understands how learning introduces the
correlation, they can utilize this correlation structure for deterring the ratchet effect.

Specifically, when one agent reports his/her type as unskilled and the other
reports his/her type as skilled, then the principal can infer from the latter agent’s report
that in the second period the former agent's skill level will be no less than the improved
skill level of initially unskilled employees who are paired with skilled employees. Then,
in the second period, the principal can assign the former agent a target corresponding to
the improved skill level of unskilled employees, and this target will be more demanding
than that of unskilled employees who have not improved. This means that even if a
skilled agent misreports his/her type, in the presence of learning, s/he will be assigned a
target in the second period that is more demanding than in the absence of learning, and
his/her misreporting benefit will decrease.

Second, using a laboratory experiment of a team-production task performed by
undergraduate and graduate students, the theoretical predictions of agents’ incentives to
commit the ratchet effect in teams are tested, as well as the principal’s means to cope
with the ratchet effect problem in teams.

Regarding the agent’s incentive to commit the ratchet effect, I theoretically
predict that the occurrence of the ratchet effect in teams depends on the agents’
inequity-aversion. If the agents have a standard preference and do not care about
inequity at all, then the ratchet effect will occur. The more inequity-averse the agents are,
the less likely the occurrence of the ratchet effect.

Inequity aversion is one of the other-regarding preferences, which represents
individuals’ preference for disliking inequity among members (Dhami, 2016). In this
study, the notion of inequity-aversion is formalized based on Fehr and Schmidt’s (1999)
model. In their work, Fehr and Schmidt (1999) considered an inequity-averse individual
to suffer from envy (guilt) when s/he gets less (more) compared to his/her counterpart.

The logic of why sufficiently inequity-averse agents lose their incentive to
commit the ratchet effect is brought about by one of the following two logical
arguments. First, when a skilled agent misreports his/her type as unskilled, s/he will feel
guilty based on the enhanced payoff compared to his/her teammates. If this feeling of
guilt outweighs the benefit of having easier targets in future, then the agent will
spontaneously refrain from committing the ratchet effect.

Second, when a skilled agent misreports his/her type as unskilled and enjoys easy

future targets, his/her teammate will envy that agent. If this feeling of envy is
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sufficiently strong, then the teammate may penalize the dishonest agent by deciding not
to cooperate in the team’s production activity in the second period, which drastically
reduces the team’s performance and impairs the dishonest agent’s benefits from the easy
targets. It is worth noting that this second logic arises from an interdependent nature and
inequity-aversion. On account of their interdependent nature, the agents can influence
their teammates’ payoffs by changing their behavior to influence the team’s output. In
addition, agents that are sufficiently inequity-averse (envious) have an incentive to
prevent teammates from committing the ratchet effect. Thus, teams with sufficiently
inequity-averse agents can govern their behavior through mutual threats, thereby
deterring the ratchet effect by themselves.?

In terms of the principal’s means to cope with the ratchet effect, theoretical
predictions on learning, which are driven by the model analyses explained above, are
tested in this research.

The results of the experiment reveal that the ratchet effect occurs in teams. Skilled
workers tended to misrepresent their types (i.e., reported being unskilled) more
frequently in two periods without learning treatment (NOLEARN) than in a one-period
treatment (ONE), which is free from an incentive to commit the ratchet effect. I
measured Fehr and Schmidt (1999) inequity aversion for each participant and confirmed
that their inequity-aversion levels were low enough to fall within a range for which the
ratchet effect is theoretically expected to occur.

The experimental results also reveal that the ratchet effect is significantly
mitigated when learning is salient compared to when it is absent. Skilled workers more
frequently represented their true type in two periods with the most salient learning
treatment (LEARN) than in two periods without learning treatment (NOLEARN).

As such, the contributions of this dissertation are as follows; first, this study adds
to the literature on target setting and the ratchet effect (e.g., Aranda et al., 2014;
Bouwens and Kroos, 2011; Cardella and Depew, 2018; Casas-Arce et al., 2018;
Chaudhuri, 1998; Charness et al., 2011; Cooper et al., 1999; Indjejikian and Nanda,
2002; Indjejikian et al., 2014b; Laffont and Tirole, 1993; Leone and Rock, 2002;
Matéjka, 2018; Weitzman, 1980) by considering agents’ incentives to commit the
ratchet effect in teams and the principal’s means to mitigate it.

This study theoretically explains that, because of the impact of inequity-aversion

2 The first logic could also hold in the case of independent work environments with multiple agents.
On the other hand, the second logic cannot be observed in independent work environments, because
the agents cannot manipulate their colleagues’ performance, and they cannot penalize each other.



and interdependent work environments, the employees’ incentive to commit the ratchet
effect in teams differs from that in independent work environments. This suggests that
future research ought to further investigate the impact of different other-regarding
preferences in order to deepen our understanding of this incentive.

More specifically, this study shows that the ratchet effect is deterred in teams with
strong inequity-averse agents, because the agents mutually govern their behavior. This
implies that the ratchet effect is automatically deterred in such teams without any
management activity by the principal. This can be a possible explanation for the
unanswered question, why is the practice of setting targets based on past performance
prevalent?

This study also theoretically and experimentally demonstrates that learning
among teammates works as a new tool for the principal to deter the ratchet effect in
teams. By introducing the correlation between the agents’ skill levels, learning makes
each agent’s report on his/her own type informative about the other teammates’ type.
This suggests that managers can cope with the ratchet effect in teams by determining
targets considering the correlation structure. The ratchet effect will be mitigated by
adjusting target levels not only based on past performance, but also based on the
improvements that can arise as a result of learning.

Second, this study reveals the indirect benefit of employees’ learning for firms,
which is not thoroughly discussed in the existing literature on learning (e.g., Berg et al.,
1996, Hamilton et al., 2003). The results reveal that facilitating learning in teams
benefits firms by not only inducing skill improvement in unskilled employees, but also
by preventing skilled employees from committing the ratchet effect. In terms of human
resource management implications, this suggests that we need to account for this
indirect role when discussing the role of employees' learning and training. As a practical
implication, this also shows that facilitating knowledge sharing among team members,
providing mentoring opportunities for low-performing employees, and/or cultivating a
cooperative culture may contribute to preventing skilled employees from shirking.

The remainder of this dissertation is organized as follows. Chapter 2 summarizes the
related literature. Chapter 3 analyzes a theoretical model for the impact of learning on
the ratchet effect in teams. Chapter 4 presents a laboratory experiment on the ratchet
effect in teams, and Chapter 5 offers a conclusion. In addition, Appendix A analyzes the
equilibrium behaviors for each experimental treatment; Appendix B explains the
experimental procedure for measuring inequity-aversion; Appendix C shows the
original experimental instructions in Japanese; and Appendix D shows the experimental

instructions that are translated into English.



2. RELATED LITERATURE
2.1. Target Ratcheting and the Ratchet Effect

The literature on target setting investigates how firms determine and use their
employees’ targets, as well as the incentive effect of these targets. They found that
targets are commonly determined based on past performance (Dekker et al., 2012;
Leone and Rock, 2002; Murphy, 2000). Such a target-setting method is called target
ratcheting® (Indjejikian et al., 2014b).

Although prevalent in practice, target ratcheting is theoretically considered to
cause an incentive problem called the ratchet effect (Indjejikian et al., 2014b; Weitzman,
1980). Intuitively speaking, once the good performance is recorded, the next period’s
targets will be revised into more difficult ones. Employees thus have an incentive to
limit their current performance in order to have easier targets in future.

In economic theory, the ratchet effect problem is formalized as a dynamic adverse
selection problem in which the principal and the agent contract over multiple periods,
while having information asymmetry between the two (Laffont and Tirole, 1993).
Before explaining the ratchet effect, I will briefly explain the basic adverse-selection
problem.

In the case of adverse selection, there is information asymmetry between the
principal and the agent before they sign a contract. Whereas the agent knows his/her
own type (i.e., their own ability), the principal only knows the distribution of the agent’s
type.

Although the principal may want to tailor the contract to the agent’s true ability,
the presence of information asymmetry means that the principal cannot discern which
agent has what ability ex-ante, and the principal cannot assign the contract
corresponding to the agent’s true ability. For example, a principal may wish to assign a
higher output requirement to an agent with a higher ability in order to utilize their
capability. However, because the principal does not know the agent’s ability for sure,
the principal cannot directly assign work on that basis.

Therefore, in order to execute a contract that is tailored to the agent’s true ability,
the principal needs to design the agent’s incentive to select the appropriate contract by

themselves. In this context, highly capable agents can benefit from an easy task if they

3 As Indjejikian et al. (2014b) argued, that target ratcheting is different from the ratchet effect.
Target ratcheting refers to revising targets based on past performance. The ratchet effect refers to an
incentive problem caused by target ratcheting.



misreport their ability, since they can conduct the same amount of output requirement
with less cost than low-ability agents. To deter this misreporting incentive, the principal
needs to provide some informational rent that is no less than the amount of deviation
benefit that the agents can attain if they misreport their ability.

If the relationship becomes dynamic, such that the principal and the agent
contract over multiple periods, then misreporting can benefit a highly capable agent
throughout continuous periods, not just the first period. Since the principal can adjust
the contractual offer for the continuation periods considering the first period’s results (if
the high-ability agent reveals his/her true ability in the first period), then the principal
will assign a demanding offer in the continuation periods as well. On the other hand, if
the agent misreports his/her type, then s/he can keep benefiting from easy tasks in the
following periods.

This misreporting behavior caused by the additional deceiving benefit arising
from the dynamic nature is the ratchet effect problem. If the principal wishes to deter
misreporting in the first period (i.e., to deter the ratchet effect), then the principal needs
to provide additional rent compared to a static adverse selection problem, so as to cover
the entire deceiving benefit.

Seminal studies that point out the ratchet effect problem considered centrally
planned economies (Cooper et al., 1999; Weitzman, 1980). As the formalization of this
incentive problem proceeds, the ratchet effect problem was exported to market-based
economic entities, such as firms.

The major research themes in the literature on the ratchet effect are (1) empirical
investigations on whether the ratchet effect occurs consistently with the theoretical
arguments, and (2) theoretical and empirical investigations on overcoming the ratchet

effect problem. The remainder of this chapter reviews both of these research streams.

2.2. The Existence of the Ratchet Effect
Prior studies investigated whether the ratchet effect occurs as theoretically predicted.
Since it is hard to know employees’ true ability and discern whether employees
strategically reduce their performance, it is difficult to identify the occurrence of the
ratchet effect using non-experimental data (Cardella and Depew, 2018; Charness et al.,
2011). Therefore, classical studies in this line of research primarily employ laboratory
experiments.

For example, a classical experimental study was conducted by Chaudhuri (1998).
They conducted a laboratory experiment in which the principal and agent contracted for

two periods. At the beginning of the first period, the principal assigned a quota for the
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agent and the agent produced an output. After observing the first period’s output, the
principal determined a new quota for the second period, and the agent responded with
an output. The principal knew that there was an equal chance of the agent being either
the high-cost type or the low-cost type, although the principal did not know the agent’s
exact type ex-ante.

Notably, in Chaudhuri’s (1998) experimental design, the roles of the principal and
the agent were both played by real participants. In addition, both players had a relatively
high degree of freedom in their decision making, such that both the principal and the
agent could select their decisions out of three alternatives in every period (i.e., there
were 3 X 3 X 3 X 3 =81 possible outcome passes).

As a result, Chaudhuri’s (1998) findings did not provide strong evidence for the
ratchet effect. The principals did not offer a quota, which is theoretically expected to be
followed by a separating equilibrium, and the agents naively revealed their type even
under a quota in which pooling was optimal for them.

The weakness of these results may be because of its complicated experimental
design and lack of context (Charness et al., 2011). Since both the decisions of the
principal and the agent were made by real participants with a lot of freedom, it was not
easy for participants to understand the strategic nature of the experiment. Therefore,
their decisions did not provide meaningful evidence of the ratchet effect.

Subsequently, Cooper et al. (1999) slightly improved this experimental design by
adding context and reducing the burden of strategic thinking. Cooper et al. (1999)
conducted experiments with students and experts who had extensive field experience
with the ratchet effect (i.e., managers and white-collar workers in a state-owned
company in the People’s Republic of China). They compared the results not only based
on the participants’ characteristics, but also based on the existence of contexts. In
addition, Cooper et al. (1999) reduced the complexity by standardizing the firm’s
second-period decision, thereby allowing participants to focus on the decisions of the
first period. Although Cooper et al. (1999) could not find strong evidence of the ratchet
effect, they concluded that it is more likely to be observed when context is provided in
the case of expert sessions.

Charness et al. (2011) further simplified the experimental design and found the
ratchet effect. In their experiment, participants were given the following context: a firm
with food concession stands on campus was trying to contract a worker. The firm
determined the rental fees of the stand considering the worker’s talent. The worker
decided his/her output level in response to the firm’s decision on rental fees. If the

worker had high talent, then s/he could accept both high rental fees and low rental fees.
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In contrast, if the worker had low talent, then s/he could only accept low rental fees.
Hence, the firm would have offered a high rental fee if s/he could infer that his/her
worker was highly talented. Participants either assumed the role of the firm or that of a
highly talented worker. To reduce strategic uncertainty, Charness et al. (2011)
introduced a non-real player, and the role of a low-talent worker was played by a
computer. In accordance with Cooper et al.’s (1999) approach, Charness et al. (2011)
focused on the participants’ decisions in the first period.

The results of Charness et al. (2011) revealed that the ratchet effect occurs in a
laboratory. They created single-stage periods and two-stage periods and compared
participants’ behavior between these two periods. In the single-stage periods,
participants experienced the one-shot contract; thus, there was no fear of the ratchet
effect problem. In contrast, in the two-stage periods, participants experienced the
two-period contract, and they were theoretically expected to hide their private
information for the sake of the next period’s low rental fee. Consistent to their
predictions, participants were statistically significantly less likely to reveal their private
information in the two-stage periods compared to the single-stage periods.

The most recent laboratory experiment on the ratchet effect was carried out by
Cardella and Depew (2018). The novelty of their study is the real-effort task, which may
contribute to the understanding of the strategic nature. They, too, found the ratchet
effect.

In Cardella and Depew’s (2018) experiment, each participant had to stuff and seal
mailing envelopes for a certain period of time. Each participant's output is measured as
the number of assembled envelopes within the time limit, and thus, there was no
interdependency in the task. The pilot experiment was run without incentivizing
participants based on their output in order to obtain performance data that reflected
participants’ true ability. Then, Cardella and Depew (2018) compared participants’
performance under the piece-rate payment with the pilot’s performance data. They
found that participants’ performance was statistically significantly reduced in this phase
of the experiment compared to their performance in the pilot.

Following the evolution of experimental studies, recent accounting studies have
started to examine the occurrence of the ratchet effect by using data from actual firms
(Bouwens and Kroos, 2011; Leone and Rock, 2002).

Using business unit (BU) data from a large multinational company, Leone and
Rock (2002) found the occurrence of the ratchet effect. They assumed that the BU
managers’ earnings were affected by both transitory and permanent factors, both of

which had either a positive or negative impact on their earnings. If a positive transitory
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factor is realized, managers have an incentive to offset this impact because it will lead to
the upward revision of their next period's targets and a reduction in their bonus. Based
on this, they predicted that BU managers could adjust their reported income by making
income-decreasing discretionary accruals. By using a proxy for transitory positive
earnings shocks, they found that BU managers make income-decreasing discretionary
accruals when they face transitory positive shocks.

Bouwens and Kroos (2011) used store-level data from a retail company in the
Netherlands. In their research site, each store manager was assigned a yearly sales target,
and the target was determined based on their performance in the previous year. The
store managers could earn bonuses based on the quarterly performance reviews.
Bouwens and Kroos (2011) predicted that store managers with good year-to-date
performance could reduce their end-of-year performance to avoid making the next
period's target overly demanding. Consistent to their predictions, they found that the
store managers who recorded good performance from the first to the third quarter would

lower their end-of-year performance by reducing their effort in the final quarter.

2.3. Mitigating the Ratchet Effect
Previous literature theoretically proposed and empirically verified various ways to cope
with the ratchet effect.

The most straightforward way considered in the literature is using the principal’s
commitment power. If a principal can commit not to revise targets upward, even after an
agent records good performance, then revealing the true ability does not impair the
agent's future utility (Aranda et al., 2014; Baron and Besanko, 1984; Bouwens et al.,
2015; Indjejikian et al., 2014a; Indjejikian and Nanda, 2002). The logic here is the
removal of the target revision itself, irrelevant of whether it is an individual or group
work environment.

It is possible to reduce the ratchet effect without the principal’s commitment
power on some occasions. The existence of an outside option is one such possibility
(Charness et al., 2011). If a principal has an outside option and an incumbent agent
records bad performance, then the principal can get the agent fired and recruit a new
agent. As a result, this fear of being fired decreases an agent’s incentive to deceive.
Charness et al. (2011) experimentally demonstrated that an outside option reduces the
ratchet effect. The logic is the threat of replacement by an outside agent, whereby no
interaction exists between the incumbent agent and the outside agent. Thus, this
approach is basically toward the ratchet effect in individual work environments.

Limiting an agent's strategic influence on their future contracts is another
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possibility (Cardella and Depew, 2018). Cardella and Depew (2018) considered a
situation in which a principal contracts multiple agents, such that each agent conducts a
real-effort task and performance is measured per person. Thus, their experimental task
takes place in an independent work environment. They found that the ratchet effect is
less likely to occur when the second period’s contract, which is a piece rate amount per
output, is designed per group and everyone is paid at the same rate as the rate
determined per person. When the second period’s rate is designed per group, even if an
agent lowers their output in the first period, the second rate will decrease as long as the
majority of the others record high output. Thus, the agents will not be better off by
restricting their output in the first period. The logic here is to eliminate the agent's
benefits from restricting output by reducing the degree to which the agent can influence
their future contracts.

Utilizing peer performance information and filtering out common exogenous
shocks is also an alternative possibility (Casas-Arce et al., 2018). They considered a
situation in which the agent’s output is determined by their effort and two random
shocks, and the principal can only observe the output amount without knowing the
effort level. One of the random shocks is common among agents, and the other one
varies per person. The common shock is serially correlated, and the agent-specific shock
is transitory. Casas-Arce et al. (2018) theoretically and empirically demonstrated that if
a principal determines a target based not only on past output, but also on past peer
output, then the ratchet effect is reduced. The logic is that contrasting past peer
outcomes with those of the agent removes the impact of common shock and reduces
information asymmetry between the principal and the agent. In Casas-Arce et al. (2018),
the rationale for which the principal should reflect the peer’s information is that the
peer’s information contains information for guessing the agent's private information,

which is exogenously determined regardless of the peer's strategic decisions.

2.4. Inequity Aversion
Prior literature on the ratchet effect assumes that agents have a standard preference in
that they only care about their own payoffs. Through experimental studies, however, it
is now well recognized that some people may also care about others (Fehr and Schmidt,
2006; Cooper and Kagel, 2015). Such preferences are referred to as “other-regarding
preferences” (or social preferences) (Dhami, 2016).

Inequity aversion is one type of other-regarding preference. Inequity-averse
agents feel disutility when the payoffs are not equal among agents (Fehr and Schmidt,
2006; Cooper and Kagel, 2015).
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Various formalizations of inequity aversion have been proposed (Bolton and
Ockenfels, 2000; Engelmann and Strobel, 2004). For the purpose of measurability in a
laboratory, Fehr and Schmidt’s (1999) model of inequity-aversion was adopted in this
research. Consider there are two agents: agent i and agent j. Let x; be the agent i’s

monetary rewards, then agent i’s utility u; is
U =x—a max{xj — x;,0} — B max{x; — X, 0} (2.1)
where,0 < f < a,andf <1

Parameter a represents envy. Agent i suffers from envy when agent j gets
more monetary rewards than agent i. Parameter [ represents guilt. Agent i feels
guilty when agent i gets more monetary rewards than agent j.

Various methods have been applied to measure parameters a and f in
experimental studies (Bellemare et al., 2008). In this study, Blanco et al.’s (2011)
method was adopted as it provides interval estimations for ¢ and B of each subject,
using a set of dictator games with binary choices. These estimations allow for an
empirical analysis of each agent’s behavior in the team-production task with respect to

their inequity-aversion.

2.5. The Positioning of this Study
In this section, I will summarize the relationship between the above literature and this
study in order to highlight the novelty of this research.

Most prior studies have investigated the ratchet effect in single-agent settings or
multiple but independently working agents’ settings. In single-agent settings, there is no
room for interdependency between agents (Charness et al., 2011; Chaudhuri, 1998;
Cooper et al., 1999; Weitzman, 1980). In multiple but independently working agent
settings, each agent’s output is determined and observed per person (Bouwens and
Kroos, 2011; Cardella and Depew, 2018; Leone and Rock, 2002; Murphy, 2000).
Therefore, in both cases, the impact of interdependency on production is not well
considered.

The most closely related prior study is Casas-Arce et al. (2018). Assuming that
there are multiple agents that work independently, Casas-Arce et al. (2018)
demonstrated that contrasting outcomes between peers works to remove the impact of a
common shock and to reduce information asymmetry, then the ratchet effect is reduced.

Although this logic and my study’s logic are similar in a sense that there is some
correlation among the employees’ signals, the key difference is how peer’s information
becomes informative for guessing the employees’ private information. In Casas-Arce et
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al. (2018), peers’ outcomes contain the same piece of information and thus the manager
can remove it by cancelling them out. In contrast, in my study, simply canceling out
peers' information does not reduce the information asymmetry, and the manager reduces
it by directly utilizing the structure of the correlation.

In reference to the progress of experimental studies on the ratchet effect, this
study adopts a simpler experimental design. Specifically, the role of the principal is
played by a computer. In addition, the experimental instructions provided more context
to facilitate participants’ understanding.

In line with Cooper et al. (1999) and Charness et al.’s (2011) approach, this study
focuses on participants’ reporting behavior in the first period, which is a crucial factor in

the ratchet effect problem.
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3. AMODEL ON THE RATCHET EFFECT IN TEAMS

WITH LEARNING

3.1. Introduction
This chapter presents a theoretical analysis to show how learning between teammates
impacts the mechanism of the ratchet effect in teams.

Specifically, following prior literature (Charness et al., 2011; Lafont and Tirole,
1993; Weitzman 1980), I employ a dynamic adverse-selection model such that the
principal and the agent contract with multiple periods and there is an information
asymmetry on the agent’s type. In addition, I bring in the concept of a team by assuming
there are two agents and their team’s output is interdependently determined depending
on the two agents’ effort levels following a Leontief-type production function.

The remainder of this chapter is organized as follows. Section 3.2 explains the
basic settings of this model and Section 3.3 demonstrates the benchmark results. Section
3.4 analyzes the optimal contract within the class when the principal fully distinguishes
the agent’s type in the first period, and Section 3.5 analyzes the optimal contract within
the class when the principal does not distinguish the type in the first period at all.
Section 3.6 discusses the conditions in which the full-separation contract is feasible and
compares the principal’s expected utility under each contract. Then, Section 3.7

concludes.

3.2. The Setting of the Model*
Consider a situation where a principal manages a team with two agents (n =1,2)

conducts a productive activity for two periods. Suppose every party is risk-neutral. Each

* We can say this model captures the ratchet effect problem because that accompanies the following
incentive problem. Since the principal cannot commit to any long-term contract, the principal revises
the second period’s contract considering the first period’s results. If the good-type agent reveals their
high-capability in the first period, then in the second period, the principal will assign the first-best
offer which is tuned to the good-type agent’s true capability. Such a first-best offer requires the agent
to exert their maximum level of effort, while pays only the amount which just compensates their
effort cost (it implies payment is minimum and the agents cannot enjoy rent). On the other hand, if
the good-type agent misreports their type as bad, then in the second period, they will be assigned the
first-best offer which is tuned to the bad-type agent’s true capability. Since the good-type agent has
higher capability than the bad-type agent, the good-type agent can achieve that effort requirement
with lower cost and it renders some rent to the agent (i.e., if the good-type agent misreports their
type in the first period, then they can earn some benefit in the second period). Thus, if the agents
correctly expect what would happen in the second period, then they have an incentive to misreport
their type in the first period for the sake of the second periods’ rent.
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agent exerts his own effort with private cost and the pair of two agents' efforts
determine the team's output. Agent n's effort in period t is af € [0,a] = A. Let the
output of the team in period t be x;=min{a},a?} €XCS R . Agents are
heterogeneous in terms of their marginal cost of efforts. Suppose there are two types of
agents: a good type and a bad type. Denote the type of agent n in period t as 6. Let
071 €{0;,05} and 0 < 0; < 6Og. The cost of each agent is C(al,0) = 6l'a}.
Therefore, 6; means a low-cost and efficient type. Define the initial state of the team
by the pair of team members' types in period 1 and denote it as w¥ = (61 = 6,62 =
0]-) . Suppose Pr(a)ij) =p;j =20, Xijpij=1, Xjvsj =2iPic=p >0, and
Yjbsj =Xipip =1—p. Based on the team's output, income from the team's
productive activity realizes. Let the team's income when the team's output is x; be
b(x;). Suppose b(-) is a twice continuously differentiable function. Let b(0) = 0,
b'(0) = 4o, b'(x) =0, for any x < x, b'(x) >0, and for any x >0, b"'(x) <0.
Agent n receives a reward w{* based on the team's output. The agents' utility in period
t is determined by w{* — 6{a}’. The principal's utility in period t is determined by
b(x;) — wi —w?2. Suppose the principal cannot commit to any long-term contract.
Therefore, she uses a short-term contract that can refine the contracts for the subsequent
periods at the beginning of each period.

The timeline of this two-periods’ transaction is as follows.

Period 0

1. Nature determines the type of agents. Each agent privately observes their own type.

Period 1

2. The principal offers a contract for two periods to both agents. If at least one of the
agents rejects the contract, then everyone gets zero and the transaction ends.

3. If both agents accept the contract, then each agent submits a report on his type.
Based on agents' reports, the amount of outputs and rewards for the first period is
determined. Agents produce outputs as prescribed in the selected contract.
Thereafter, each party receives their payoff for the first period. Then, the first

period ends.

Period 2
5. At the beginning of the second period, the ability improvement by learning arises if
possible.

6. The principal offers a contract for the second period to both agents. If at least one of
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the agents rejects the contract, then everyone receives zero and the transaction ends.
If both agents accept the contract, then each agent submits a report on his type.
Based on agents' reports, the contract to be executed is selected. Agents put in effort
in the second period as prescribed in the selected contract and the team's output is
realized. Thereafter, each party receives their payoff for the second period and the
period ends.

Assumption 1 (Learning). As a result of learning in the first period, at the beginning of
the second period, the marginal cost of each agent improves as follows”.

If (61,67) = (65,60), then (63,03) = (65 —€,0 — €)

If (61,6f) = (66,05),  then (83,65) = (6c—€,05—€—A)

If (911; 912) = (0p, 90); then (921: 922) = (05 —€ — A, O¢ — €)

If (61,67) = (05,65),  then (6;,65) = (6 —¢€,6; —¢€)
where € >0 and 0 <A < 0 —6;.

3.3. Benchmark Analyses
Suppose the principal knows agents’ types perfectly. Then, the principal offers the

first-best contract, which is a solution of the following problem.

maxb(x,) —wt —w? for t=1,2 (3.1)
w,xX

s.t. wt—=0ta =0 forn=12 (3.2)
Let  the first-best ~ offer to  the  team  with wY be
{xFB(wY), a}"™ (0¥), w*"?(w¥)} for any ¢ and any n. The first-best offer satisfies

the following lemma.

Lemma 1. The first-best offer satisfies the following two properties.
x(w¥) = a}(w¥) = a?(w¥) (3.3)
wi(w¥) = glaP(w¥) for n=1,2 (3.4)

The first property is driven by the characteristic of x; = min{a}, a?}. On one hand, by
the construction of x;, a higher effort by one of the agents does not contribute to
increasing the team’s output. Therefore, offering such a different effort would not

improve the principal’s income. On the other hand, a higher effort requires to increase

3 For simplicity, € is zero in the experiment. In NOLEARN, A = 0. Whereas in LEARN, A = 05 —
0.
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rewards to that agent. Thus, if there is a difference in each agent’s effort amount, such
effort amounts never become optimal. The second property is driven by the binding of
the participation constraints. This implies that any agent receives no rent under the
first-best offer.

By Lemma 1, the characterization of the first-best offer is summarized in the

following Proposition 1.

Proposition 1 (First-best Offer). The first-best offer is characterized as follows.
w B (w¥) = 0al™P (wV) = 0PxfP(wY)  Vn,ti,j (3.5)

b (xFB(w¥)) = 6} + 67 Vit (3.6)

3.4. Analyses on the Full-separating Short-term Contract

Hereafter, I analyze a case in which the principal cannot observe agents’ types. Since
this study assumes that the principal cannot commit to any long-term contract, the
principal designs a short-term contract satisfying the incentive-compatibility
constraints®.

This section shows the optimal short-term contract within the class of contracts
which induces full separation in the first period. Full separation in the first period means
that different type of agent takes different behavior in the first period and the principal
can perfectly discern the agents’ types based on their first period’s behavior. Therefore,
full separation corresponds to a situation in which the ratchet effect does not occur and
the optimal contract shown in this section explains the way for the principal to deter the
ratchet effect.

As in the benchmark case, any optimal short-term contract satisfies Lemma 2.

Lemma 2. Any optimal short-term contract satisfies the following property.
xt(wY) = a}(w¥) = a?(w¥) (3.7)

By Lemma 2, let the best fully separating short-term contract be S5 =
(e (), w (@Y),w (wY)}

I analyze the contract from the backward. Let me begin with the analyses of the

ije{G,B},t=1,2"

second period. Since the agents’ types are fully revealed as a result of the first period,

¢ For simplicity, this study restricts its analysis to pure strategies. Thus this study does not deny the
possibility that any partially-separating contract outperforms the other two contracts.
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the principal knows the agent’s type and there is no information asymmetry at this point.
That is, the principal’s problem in the second period is the same as the benchmark case.

Therefore, the principal offers the first-best offer in the second period.

Proposition 2 (Second-period’s Offer in Full Separation). The optimal second period s

offer in the full-separating contract is characterized as follows.
wy (@) = w P (0V) = 0227 (0) -V nij (3.8)

b’ (xzs(wij)) =b’ (xfB(a)if)) =601+60 Vij (3.9)

Remember that the principal's utility in period t is determined by b(x;) — w} —
wZ. Denote a common discount factor by & € [0,1]. The principal designs the first
period’s offer so as to maximize the present value of the expected utility over two

periods. Then, the principal's problem in the first period is formalized as follows.

maxz pij[b (xl(wij)) — wll(wij) - le(a)ij)
ij

Wi1,X1
+8 (b (xf2(0)) ~wi () —wi WD) (310)
S.t.
zp)% [wi(w) = 65x,(0) +8x 0] 2 0 311
j
N8 fwt(0) - 0y (0) + 5 0] 20 (312
j
D2 i (0) ~ B (i) + 6 0] 2 0 (1)
i
> (o) - 0y () 4.5 % 0] 2 0 (310
i

pr% [wi(w®) = 65x,(0) + 6 x 0]
j
2 3" P [ (@) ~ Oa(0) 4 5w (07) - 0352 (0))] 319
j
D [ () - 0y (w#7) 4 5 x 0
j

> 3" () ~ By () + 8( " () ~ 0 )] 316)

~.
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Z”?G [W2(wi€) — 052, () + & x 0]

i

>y %G [W2(0®) — Bgx, (wiB) + S{wZ™ (0®) — 62xEB(w®))]  (3.17)
leTBp [W2(0™®) = 6%, (0®) + 6 x 0]
> z 1pin [W2(0i€) — 852, (0€) + 8{w;"P (w) — 02x5B(wi¢)}]  (3.18)

Inequalities (3.11) to (3.14) are the participation contracts for each agent.
Inequation (3.11) is the participation constraint for agent 1 when his type is good.
Inequation (3.12) is the participation constraint for agent 1 when his type is bad.
Inequalities (3.15) to (3.18) are the incentive-compatibility constraints for each agent.
Inequation (3.15) is the incentive-compatibility constraint for agent 1 when his type is
good. Inequation (3.16) is the incentive-compatibility constraint for agent 1 when his
type is bad.

Substituting the second period's offer shown in Proposition 2 and reminding 0 <
O; < 0p and 0 < A < 0 — 6, then the incentive-compatibility constraints (3.15) to
(3.18) are rewritten as (3.19) to (3.22) respectively. Note here that, in the
incentive-compatibility constraints for the bad type, the second period’s utility of the
right-hand side in the case that his teammate’s type is bad is substituted to zero. This is
because the second period’s utility in that case is strictly negative. Since the second
period’s utility is lower than the reservation utility level of the shirking agent, the agent

rejects the second period’s offer and receives zero.
Pgi . .
D wi (@) — By ()]
j
2 £ Wi (07 — B, (") + 5(8 — B — W)xf" ("))

+p% [wi () — 05, (@PF) + 8(0p — 05)x;" (wF)] (3.19)

S P21 (0) ~ By, ()]

—~1-—p
]
> 1picp [wi (&) — 0px; (W) + 8{A — (65 — 06)}x5° (W]
+ 1pin [wi(0?) — Opx1(0P)] (3:20)
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2. 5w (@) = 053, (0))
> ”% [W2(wB) — B, (w06B) + 58 — O — A)xEP (w6B)]

pzc[ W2(WPB) — 01, (WPB) + 605 — 0)xEB (wPP)] (3.21)

D75 i (0) = 8 ()]

> pGBp[ W2(wE) — Opx,(E) + 8{A — (65 — 05)}xFB (05E)]

T WE () — By, ()] (3.22)

+r—=

I analyze the optimal solution by ignoring the participation constraints for the
good-type agent and the incentive-compatibility constraints for the bad-type agent:
inequalities (3.11), (3.13), (3.20), and (3.22). The derived solution satisfies all of these

omitted constraints.
The Lagrange function for this problem is written as follows.

Lsgp = Zij pij[b (x1(0)ij)) - Wf(wij) - Wf(wij)
#5{b (47(0) = Wi (w) ~ Wi (@)
71 {222 [wi (%) = 653, ()]

V2 {Zi f_ii, [wf(w®) = 652, (wiB)]}

M {Z; 2 [wi (@) — 6621 (0)]
_ppg [wi(wP) = 85x1(0P) + 8(05 — 0 — D)x}P (w7
_l’rg [Wi(wBB) — 6,2, (wBB) + 6(65 — 65)xEB (wBB)]}
+22{Z 57 [wi () — 061 ()]

=222 Wi (@) = 052, (0) + 8(05 — 0 — D)xfP ()]
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— B8 [w} (wP) = 66, (0°P) + 6(85 — 05)x5” ("))} (3.23)

From the Kuhn—Tucker conditions, the solution of this maximization problem

satisfies the following (3.24) to (3.35). For convenience of representation, I denote the

solution of this problem as S§ = ({xf (w¥),w (wh), wf‘s(w”)}ije{(; YV, Ag)

% (59) = poab’ (x5 (@) - 252 0, — 23376, = 0 (324)
% (57) = paab' (1 (™) = Y3 {25 05— 12 0~ 2552 05 = 0 (325)
T (59) = paob (1 (@%)) ~ v 72 0~ 237 0 — 23222 0, = 0 320
T s (59) = pasb (1 @) — v T2 0y — v T2, - 4572
—Agp%aea —0 (3.27)
Tt (5 = —pos + A7 = 0 (3:28)
ot 59 = —pes + 72 = 0 (3:29)
Ttz 59 = —pso + i T2~ 13 = 0 (330)
ot 59) = —pon + vl = 252 = 0 (33D)
%(53 = —Pqq +A§%= 0 (332)
T (59) = —pon + Vi = 132 = 0 (333)
% (57) = —pge + Agp;%c =0 (3.34)
0Lsgp s s PBB sPBG
W(sﬂz—Pw +V2m_/127:0 (3.35)

For simplicity, suppose the agents’ types are independent. Then, pg; = p?,pPeg =

pec =p(1—p),ppg = (1 — p)z-
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From (3.24) to (3.35), we have

vi=v:=1, (3.36)
AB=23=p>0. (3.37)
Substitute the above results into (3.24) to (3.27). Then, it yields that
b’(xf(wGG)) =0, +6, (3.38)
/ / p
b (xls(wGB)) =b (Xf(wBG)) =0; +0p + E(HB —6g), (3.39)
t(S(, BB 2p
b (x1 (w )) =0, + 05 + m(493 —8,). (3.40)

Since both y{ and y> are greater than zero, the participation constraints for the
bad type bind at S3. Then, we have

p[w (wB€) — 0px5 (w0B9)] + (1 — p) [w* (WPB) — x5 (WPB)] =0,  (3.41)
p[w2S (@) — 05x5 ()] + (1 — p) W2 (wPB) — Opxf (wPB)] = 0.  (3.42)

The following wSs for the bad type satisfies the above binding conditions (3.41)

and (3.42).
wy (wB) = 0px5 (wP) j=G,B (3.43)
w () = 0x5 (w®) i=G,B (3.44)

Since both A7 and A5 are greater than zero, the incentive-compatibility

constraints for the good type bind at S5 . Then, we have
p[wiS (@6) — 5x5 (WE)] + (1 — P)[wS (WOB) — G5 ()]
= p[wll‘s(a)BG) — 0gx3 (WBY) + 6(05 — 65 — A)ng(wBG)]
+(1 = p)[wy* (WPB) — G5x5 (wBB) + §(85 — 06)x5E (wPP)],and (3.45)
p[w?S (05€) — 0,25 ()] + (1 — p) [w?S (wB) — Ox5 (wP9)]
= p[wi* (0OF) — 65x5 (wF) + 8(8p — O — A)x55 (wP)]
+(1 = p) Wi (0PB) — 05x3 (wPB) + 8(85 — 05)x5E (wPB)] . (3.46)

It can be easily confirmed that the following wSs for the good type satisfy the
above binding incentive-compatibility constraints and all of the ignored constraints.

wy S (w86) = 0505 (wEE) + (85 — 05)x3 (WBE) + 8(05 — 0 — M)xFE(wBC) (3.47)
w (wCB) = 05x3 (w9) + (85 — 05)x3 (wPB) + 8(85 — 65) x5 (wPP) (3.48)
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le‘s(wGG) = 0,x5 (wC) + (05 — 05)x3 (WB) + 85(05 — O, — A)xFB(wCB) (3.49)
Wf’s(a)BG) = 053 (WBY) + (05 — 05)x3 (wWBB) + 6(05 — 65)x5B (wBB) (3.50)

The above arguments are summarized in the following proposition.

Proposition 3 (First-period’s Offer in Full Separation). The optimal first period’s offer

in the full-separating contract is characterized as follows.

b'(xf (@) = 85 + 0 (3.51)

b (x5 (@) = b' (x5 (@"%)) = 65 + 6 + 1% (65 — 65) (3.52)

b'(xf (a)BB)) 0, + 0, +—" (0, — ) (3.53)

1-p

w7 (w9 = 055 (wCE) + (B — 05)x5 (WBE) + 8(05 — 05 — A)x B (wB) (3.54)
w7 (W) = 05x5 (wCB) + (05 — 05)x5 (WPBB) + §(05 — 05)x5E (wBB) (3.55)
wy (wP) = 0px5 (0®)  j=G,B (3.56)
wi (W) = 05x5 (09°) + (05 — 05)x5 (wCB) + 8(05 — 0 — M)x5E(wCF)  (3.57)
wi (wB%) = x5 (wB9) + (05 — 05)x7 (PF) + 6(65 — 05)x5° (wPF) (3.58)
w(wB) = 0pxf(0®) i=G,B (3.59)

The above results show the following. First, the source of the ratchet effect is
confirmed by comparing the above results with the second-best contract for a case when
a principal-agent relationship is a one-shot relationship. The major difference between
these two contracts is how much rent the good-type agent can earn. In the above
full-separating contract, the good type receives more rent than in the one-shot case.

The reason for the above difference is as follows. In both cases, to induce agents to
report their type truthfully, the principal needs to provide some rent which is at least as
much as the benefit that agents can accrue by misreporting their types. If the good-type
agents misreport their type as a bad type, then they will be assigned the first period's
offer which is designed according to the bad-type agents’ skill levels and the good-type
agents can benefit from such an easy offer.

Moreover, in the case of a two-periods’ relationship, misreporting his type in the
first period renders benefit for the good-type agent not only in the first period but also in
the second period. Since the principal does not have a commitment power, she will
revise the second period’s contract considering the revealed information as a result of

the first period’s agents’ behavior. If the good-type agents report their type truthfully in
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the first period, then they will face the first-best offer for the good-type agents in the
second period and such an offer renders no informational rent to those agents. In
contrast, if the good-type agents misreport their type as a bad type, then they will face
the first-best offer for the bad-type agents in the second period and the good-type agents
can benefit from such an easy offer again.

Therefore, in the two-period case, the principal needs to provide rent which covers
the agent's deceiving benefit for the entire two periods. In other words, to prevent this
rent-seeking behavior caused by the dynamics of the relationship (i.e., the ratchet effect),
the principal needs to provide additional rent in the first period compared to a one-shot
relationship case—at least as much as the agent's total deceiving benefit from two
periods.

Second, the above results show that the more salient learning is, the more easily
the principal can prevent the ratchet effect. How this statement is derived will be
explained below.

The above result shows that the more the bad type who paired with the good type
grows (i.e., as A becomes large), the less benefit the good-type agent can accrue by
misreporting his type as the bad type. Suppose both agents are of the good type. In this
case, the benefit of misreporting which the agent 1 can enjoy in the second period is
5(0g — 0; — A)xFB(wB¢) . This term decreases as A increases. If A is at the
minimum and equal to zero, then §(0z — 0; — A)xFB(wB¢) > 0. If A is at the
maximum and equal to 85 — 0, then §(05 — 0; — A)x5B(wB%) = 0.

The logic of the above result is as follows. Since the principal knows when and
how learning improves the agents’ skill levels, she designs the second period’s contract
considering the skill improvement caused by learning. Thus, the principal assigns the
second period’s targets corresponding to the agents’ skill levels in the second period.

In addition, the characteristic of learning which the bad-type agents grow more
than any others drives the above benefit reduction. Given the above characteristic of
learning, the principal knows that if one of the agents is a good type, then the other
agent’s skill level will be no less than 85 — € — A in the second period. Thus, if agent
[ reports his type as good and agent j reports his type as bad in the first period, then in
the second period, the principal can assign a target corresponding to that skill level
0p — € — A for agent j. Therefore, even if the good-type agents misreport their type in
the first period, as long as their teammate is a good type, those misreported agents will
face a less easy target when A > 0 than when A = 0.

The above logic suggests that learning among teammates helps the principal to

cope with the ratchet effect by introducing an additional correlation between the agents’
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private information. In the presence of learning (i.e., A > 0), the agents’ skill level in
the second period correlates because their skill improvement occurs depending on the
pair of two agents’ types. This additional correlation structure makes each agent’s report
on his own type informative not only about his own type but also about his teammate’s
type in the second period. Utilizing this additional correlation structure, the principal
can reduce the informational rent to the good-type agents and cope with an information
asymmetry problem more easily.

This result suggests that the firms can mitigate the ratchet effect by facilitating
knowledge sharing among teammates to increase A and determining targets

considering the skill improvement caused by learning.

3.5. Analyses on the Full-pooling Short-term Contract

In contrast to the previous section, this section shows the optimal short-term contract
within the class of contracts which induces full pooling in the first period. Full pooling
in the first period means that both types of agents take the same behavior in the first
period and the principal cannot discern the agents’ types based on their first period’s
behavior. Therefore, full pooling corresponds to a situation in which the ratchet effect
occurs. Since distinguishing the agents’ types requires the principal to owe
informational rent and such required rent may become too large, the principal cannot
bear such cost in some cases. Therefore, distinguishing the agents' types is not
necessarily optimal for the principal. The optimal contract shown in this section
explains what happens if the principal gives up to distinguish the agent’s type in the first
period at all.

Likewise in the analyses of the full-separation contract, Lemma 2 also stands in
this case. Let $7={x],wf,x](0"),w,”(0¥),w;”(0")}, , denote the optimal
full-pooling short-term contract.

I analyze from the backward. Since the first period is full pooling, the principal
designs the optimal contract for the second period based on the common prior p. The

principal's problem is written as follows’.

MIP%CXZ Dij [b (xz (a)ij)) —wi(w¥) - wzz(wif)] (3.60)
ij

7 Each constraint for the second-period analysis is written as an ex-post constraint. This assumption
could be acceptable because agents may understand each other's ability by working together in the
first period.
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s.t. wi(w%) — (0 — )x(wf) =0 j=G,B (3.61)

wi(wB%) — (6 — e — N)x,(wBE) >0 (3.62)
wi(wBB) — (6 — )xy(wBB) >0 n=1,2 (3.63)
wi(w) — (6 — ©)x(w¢) =0 i=G,B (3.64)
w2 (wbB) — (g — € — N)x,(w%B) >0 (3.65)

wi(w%) = (g — €)xz(w¥) = w(w?) — (65 — )x,(wP) j=G,B  (3.66)
w3 (wB%) — (65 — € — A)x,(wB) = w3 (w) — (05 — € — D)x, (W) (3.67)
w; (wPB) — (0 — €)x,(wPP) = wy (w®F) — (05 — €)x,(w°P) (3.68)
wi(w) — (85 — €)xz(w¢) = w2(w®) — (8 — €)x,(wB) i=G,B  (3.69)
w3 (W) — (0 — € = Mxp (W) = w3 (w) = (65 — € — A)x; () (3.70)
sz(wBB) — (65 — €)x1((UBB) = Wzl(wBG) — (6 — €)x; ((UBG) (3.71)

As in the analysis of the full-separation contract, I analyze the optimal solution by
ignoring the participation constraints for the good type and the incentive-compatibility
constraints for the bad type agent: inequalities (3.61), (3.64), (3.67), (3.68), (3.70), and

(3.71). The derived solution satisfies all of these omitted constraints.

The Lagrange function for this problem is written as follows.
Lroon = D pu b (xa(07)) = wh(w) ~ wi(w")
s

+16{w; (WPE) — (B — € — A)xx (W5} + pyp{w; (wBB) — (85 — €)x,(w5)}
iz ws (WEB) — (65 — € — M)x (W)} + ppp{ws (05F) — (05 — €)x,(655)}
+&16 w3 (W) — (86 — €)x2 (W) — w3 (wB) + (B — €)x2 (w5}
+&1pw3 (W) — (85 — €)xz (W) — w3 (WPB) + (B — €)x,(wBB)}
+&26 W5 (W) — (0 — )x (W) — wi (W) + (65 — €)x2(wCB)}

+&5WE (0BE) — (05 — €)x,(wB%) — Wi (WB?) + (65 — €)x,(wBP)} (3.72)

From the Kuhn-Tucker conditions, the solution of this maximization problem
satisfies the following (3.73) to (3.84). For the convenience of representation, I denote
the solution of this problem

({x§(wij)'Wzl'P(wij)'WZZ'P(‘“U)}L-JE{G,B}»#fa»#fB»#gavﬂgB:ffofB:f;Gv553) as S;.

0LpooL

3, (0% (53) = pach' (x5 (WC€)) — &0, — 50, = 0 (3.73)

7= pGBb,(xg(wGB)) — phe(0p —€ —A) — &fp0c + &350, =0 (3.74)
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0LpooL
0x, (wBE)

9LpooL ,
9x,(wBB) (53) = ppgb (xg(CUBB)) — ubgOp — ubpOp + &0, + E550, = 0

a‘CPOOL )2) )2)
szl(wGG) (SZ) = —Pgc + SglG =0

a‘CPOOL
6W21(a)GB) (Sé)) = —Pgp t+ S;{)B =0

a‘CPOOL
W(Sf) = —Ppc *+ Hic — $16 = 0

a’[:POOL
W(Sf) = —ppp + i —$ip = 0

a‘["’POOL P P
W(Sz) =—Ppec +$12=0

a’£POOL
W(sf) = —Pgp + 56 — $36 = 0

aLPOOL P P
aWZZ((l)BG) (SZ) = —PBc + fZB =0

a1"’POOL
W(Sf) = —ppp + 55 — S35 = 0

(55) = paeh' (¥ (wBE)) — ufs (85 — € — A) + 5505 — E8506 = 0 (3.75)

(3.76)

(3.77)

(3.78)

(3.79)

(3.80)

(3.81)

(3.82)

(3.83)

(3.84)

Remember that the agents’ types are independent. From (3.77) to (3.84), we have

uic =phe=p>0,
p _ P =1-

Uip = Uzp p,
ffG=€§G=p2,

ffB = 553 =p(1-p).

I substitute the above values into (3.73) to (3.76). Then, we obtain

b'(xf (w)) =0, —€+6;—¢,

(3.85)
(3.86)
(3.87)
(3.88)

(3.89)

b' (x5 (%)) = b' (x5 (wBC)) =6, — €+ 05 —e— A+ 12'%29(93 —60;—4), (3.90)

2
b'(xf (wPP)) =05 —€+ 05 — € +%(93 —6;).

(3.91)

Since pfg, uls, pbs, and pby are greater than zero, the participation constraints
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for the bad type band at SZ. Hence, we have

w, P (wB¢) = (85 — € — M)x5 (859), (3.92)
wiF (wPB) = (0 — €)x5 (wPB) n=12, (3.93)
w2P (W) = (85 — € — A)x5 (wCP). (3.94)

Since &, &g, &5;, and &Ly are greater than zero, the incentive-compatibility

constraints for the good type bind at SZ'. Hence, we obtain

w3 (W) — (85 — €)x2(w¢) = w3 (w®%) + (65 — €)x,(w®9), (3.95)
wy (W) — (65 — €)x2(w®) = wy (wPP) + (65 — €)x,(w"P), (3.96)
w3 () = (65 — €)x, () = w3 (wOB) + (65 — €)x, (w®), (3.97)
w3 (B9 — (65 — )x,(wB%) = wi (wP®) + (65 — €)x, (w5). (3.98)

It can be easily confirmed that the following wSs for the good type satisfy the

above binding incentive-compatibility constraints and all of the ignored constraints.

w, (%) = (8 — )xf () + (85 — 6 — A)xf (") (3.99)
w, " (@) = (65 — x5 (@) + (65 — 05)x} () (3.100)
wy? (0 = (8 — €)xf (0 ) + (0 — 0 — D)5 () (3.101)
w; " (0P%) = (66 — x5 (%) + (85 — 66)xf (w"P) (3102)

The above arguments are summarized in the following proposition.

Proposition 4 (Second-period’s Offer in Full Pooling). The optimal second period’s
offer  in  the  full-pooling  contract is  characterized as  follows.
b'(xf (w%)) =0; —€+0;—€ (3.103)

b’ (x5 (w%B)) = b’ (x5 (wB9)) =0, —e+ 05— — A+ 1%9 (05 — 6 — A) (3.104)

b'(xf (WPB)) = 05 — € + 05 — € + 12_—pp (65 — 6;) (3.105)
Wzl'P(CUGG) = (0 — €)x5 (W) + (65 — 65 — D)x5 (w5) (3.106)
wy P (0F) = (65 — €)xF (@) + (85 — 05)x5 (wP?) (3.107)
w, P (wB) = (05 — € — A)xb (wF%) (3.108)
wF (wPBB) = (05 — €)xf (wPF) n=12 (3.109)
wy" (5€) = (65 — €)x5 () + (85 — O — A)xf (wCE) (3.110)
wy " () = (66 — )xf (0P + (65 = 06)x5 (@) (3.111)
wiP (wCB) = (85 — € — N)x5 (wCP) (3.112)
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Now I move on to the analyses of the first period. The principal's problem in the
first period is formalized as follows. Since the principal does not distinguish each
agent's type at all in the first period, both types of agents are treated in the same way

and there is no incentive compatibility constraint.

maxz pij [bCe) = wy —wy + 8 {b (xf(w¥)) - w3 (0¥) - wi* (w¥)}] (3.113)
ij

W1,X1 L
S. t. Z% [Wl - 9Gx1 + 6{W21’P(0)Gj) - (QG - e)xg(waj)}] = 0 (3114)

J
1pfjp [Wl —0Opx1 + S{Wzl’P(a)Bj) - Hzle(a)Bj)}] 20 (3.115)

j
D [y g, + 52 (1) — 655 ()] 2 0 (116)

i
P, — O + 8w (%) - 03] ()] 2 0 (3117)

4

Inequalities (3.114) and (3.116) are rewritten as follows.

PG [y, — B2, + 885 — 0 — A)xk (wF)]

p
+ 26 1w — 0%, + 6(85 — 65)xE (wPE)] = 0 (3.118)

p

PG [y, — B2, + 885 — 0 — )L (wCF)]

p
+PBG 1y~ 0px, + 6(05 — 65)xE (wPE)] = 0 (3.119)

p

Rewriting inequalities (3.115) and (3.117), these inequalities become the following
inequation.
w; —Ogxf >0 (3.120)

I analyze the optimal solution by ignoring the participation constraints for the good
type: inequalities (3.118) and (3.119). The derived solution satisfies all of these omitted
constraints.

In so doing, the optimization problem becomes maximizing (3.113) subjective to
(3.120).

Since inequation (3.120) binds at the optimal solution,

wl = 0pxf (3.121)
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To substitute the above solution into the objective function, the problem is

rewritten as the following unconstrained optimization problem.
n}caxz Dij [b(xl) —0pxP —6pxP +6 {b (xf(wij)) —w, " (wV) - WZZ'P(wU)}] (3.122)
1 -
ij

By taking the first-order condition, we have

The above solution satisfies every ignored constraint. The above arguments are

summarized as the following proposition.

Proposition 5 (First-period’s Offer in Full Pooling). The optimal first period’s offer in
the full-pooling contract is characterized as follows.

b'(xP) =65 + 65 (3.124)

wl = 0pxf (3.125)

3.6. Discussion

3.6.1. Feasibility of Full Separation

I discuss under what condition the principal can perfectly discern the agents’ types in
the first period. Full separation is feasible as long as the incentive-compatibility

constraint for the bad type is satisfied. From (3.16), we have

pBG[(eB - 96){Xf(w36) - xig(wGG)} + 6065 — O¢ — A){ng(wBG) - ng(wGG)}]
+ppe[(05 — 05){x7 (WPB) — x§ (W B)} + (05 — O)x5 5 (wBB)] < 0. (3.126)

Based on the assumptions on parameters, it is satisfied that (65 — 0;){x; (65¢) —
x$(696)} <0, 8(6p — 05 — D{x3° (0P — 2P ()} <0, (65— 05){xi (@) —
x5 (W)} <0, and 60 — 0;)x5B(wPB) > 0. Thus, if §5(05 — 0;)xEB(wPB) is
significantly large, then the inequation (3.126) will not be satisfied.

Remember that §(05 — 8;)x5B(wBB) is a part of the rent for the good-type agent
in the first period when his teammate is the bad type and this rent is non-negative. The
above inequality (3.126) suggests that if the rent for the good-type agent becomes
sufficiently large, then full separation might not be feasible.

The intuition is as follows. If the principal provides sufficiently large rent to the
agent who selects to report the good type in the first period, then not only the good-type
agent but also the bad-type agent prefers to report the good type in the first period.

Since the main focus of this model analysis is the impact of learning, I investigate
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how does learning (the parameter A) impact the feasibility of the full-separation
contract using numerical examples. Specifically, I use the following two sets of
parameters.

The first set of parameters is (p =0.3, § =1, 6; =0.1, 95 =1, € =0.01).
Figure 1 shows the left-hand side’s value of inequation (3.126) depending on the value
of A. It shows that inequation (3.126) is always satisfied for any possible value of A
under these parameters. Figure 1 also shows that the more A increases the more the
left-hand side’s value gets close to the boundary of inequation (3.126).

Insert Figure 1 here

The second set of parameters is (p = 0.3, § =1, 8; =0.7, 85 =1, € =0.01).
Under these parameters, inequation (3.126) is violated for some possible values of A as
shown in Figure 2. Figure 2 shows that the more A increases the less the feasibility
constraint is likely to be satisfied under these parameters.

Insert Figure 2 here

3.6.2. Comparison of Contracts
By comparing the principal’s expected payoff under each contract, I discuss the
optimality of each contract. Denote the present value of the principal's expected payoff

for two periods under each contract as Ilpg, Ilsgp, and Ilppoy.

s = > py [ (7 (1)) = w2 () = w2 (w1)
ij
+6 {b (ng(wij)) —w,P (V) - WZZ'FB(wij)}] (3.127)
Hggp = z pi; [b (xf(wij)) — WS (w¥) = wS (0Y)
ij
+6 {b (ng(w”)) —w, P (V) - WZZ'FB(wij)} (3.128)
Mpoor, = b(xP) —wf —wf + 6229”- [b (xf(a)if)) —w,"(wV) - WZZ‘P(wij)] (3.129)
ij
In the following, I numerically compare each contract. Specifically, I use two sets
of parameters which I also used in the above.
Let me start with the first set of parameters (p = 0.3, § =1, 6; =0.1, 6 =1,

€ = 0.01). As shown in Figure 1, the full-separation is always feasible under these

parameters. Figure 3 shows the value of Ilggp and Ilpyo; depending on the value of
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A. 1t shows that the full-separation contract outperforms the full-pooling contract if A
is lower than a certain value. If 4 becomes larger than that certain value, the
full-pooling contract outperforms the full-separation contract.

In the case of the second set of parameters (p =0.3, § =1, 6; =0.7, 65 =1,
€ = 0.01), the full-separation contract is not feasible in a certain region. Within the
region where the full-separation contract is feasible, Figure 4 shows that the

full-separation contract outperforms the full-pooling contract.

3.7. Conclusion
Using a dynamic adverse-selection model with a team, this chapter analyzes how
learning between teammates impact the mechanism of the ratchet effect in teams.

The results of the model analysis show that learning helps the principal to cope
with the ratchet effect by introducing an additional correlation between the agents’
private information. This additional correlation makes each agent’s report informative
not only about his own type but also about his teammate’s type in the second period.
The principal can reduce the informational rent to the good-type agents by utilizing this
correlation structure.

The practical implications of the above results are as follows. First, the firms can
cope with the ratchet effect problem by facilitating employees’ learning to increase A
and determining targets considering the skill improvement caused by learning.

In addition, the results reveal an indirect benefit of learning to the firms.
Facilitating employees’ learning benefits to the firms not only by improving the skill
level of unskilled employees but also by preventing skilled employees from slacking off

and committing the ratchet effect.
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4. AN EXPERIMENT ON THE RATCHET EFFECT IN

TEAMS

4.1. Introduction
This chapter presents a laboratory experiment of a team-production task which is
designed to test theoretical predictions on the mechanism of the ratchet effect in teams.
Using a laboratory experiment would be suitable for testing theoretical
predictions on the ratchet effect. Since it is difficult to know the employees’ true ability
and discern whether the employees strategically reducing their performance, it is uneasy
to identify the occurrence of the ratchet effect using non-experimental data (Cardella
and Depew, 2018; Charness et al., 2011).
In this experiment, in line with the approach of Charness et al. (2011), I employed
a contextful experimental design. Participants assume the role of the agents and I
focused on type-reporting behaviors that the participants took in the task, and the
principal’s choices of targets given the reports were made by a computer program in the

experiment®.

4.2. Experimental Design

This is a laboratory experiment using z-Tree (Fischbacher, 2007). The experiment
has two parts. The first part is a team-production task. The second part is a measurement
of the inequity aversion parameters ¢ and £ based on the BDM mechanism (Becker

et al., 1964). In the following, I mainly explain the team-production task’.

4.2.1. The Team-Production Game

8 Suppose the role of the principal is also played by real participants. In this case, when participants
for the role of the agents make decisions, they need to predict the strategic decision of the principal
in addition to that of their teammates. This would be too demanding for participants. In contrast, if
the role of the principal is played by a computer and their decision rule is clearly informed through
the experimental instructions, then the participants only need to consider their teammates’ strategic
decisions. Since the main focus of the ratchet effect problem is the agent’s behavior, I decided to let
the principal as a computer. I operationalized the principal’s decision as follows: I assumed the
principal's utility is determined as profit minus the sum of rewards paid to the agents. Then, I
analyzed the principal’s on-the-pass-of-the-equilibria behaviors likewise in the equilibrium analyses
in Appendix A. The computer principal is designed to take those on-the-pass-of-the-equilibria
behaviors. The detail of the principal’s decision rule is explained in subsection 4.2.1. This decision
rule was informed to participants in the experimental instructions.

? A procedure of the second part is explained in Appendix B.
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First, I explain the team-production game that underlies the team-production task.
The game is based on a two-period adverse selection model in which a principal
contracts with two agents who work as a team as same as the model in Chapter 3. In this
experiment, the role of the principal is played by a computer. Participants assume the
role of an agent. In each period, each agent puts in their effort with some effort cost. The
marginal cost differs depending on the agent type. There are two types: a low-cost type
(i.e., a skilled worker) and a high-cost type (i.e., a newcomer). The type is the agents'
private information. Knowing their own type, each agent sends an opinion on the
production schedule. Based on the agents’ reports, the principal executes the production
schedule of the team that consists of the units of production and rewards for each agent.
The team’s output is determined based on the agents' efforts in a completely
complementary manner. Both agents must exert the same level of effort required to
derive the output amount.

Insert Figure 5 here

Figure 5 shows the flow of decisions in this game. In the beginning, each
participant was privately informed of their own type. An agent is a skilled worker with
probability two thirds and an agent is a newcomer with probability one thirds.

After informing the type, the first period starts. First, participants were told that to
determine a team’s production schedule, a manager asked workers' opinions on how
much they could work in this period. Then, participants make the following decision
simultaneously. Each participant selects one of the three alternatives to represent the
opinion: Much, Less, or Reject!’. The principal interprets the opinion such that selecting
the alternative Much (Less) corresponds to reporting the type as a skilled worker
(newcomer). Depending on the pair of participants’ choices, the principal determines the
units of production requirement for this team and rewards for each agent. Each agent
bears effort costs by conducting a production activity. Agents’ payofts are calculated by
subtracting the cost of production effort from the rewards!!. The units of production
follow the following order: “the amount when both select Much” > ‘“the amount when

one selects Much and the other selects Less” > “the amount when both select Less” It

19 Four payoff charts (1st and 2nd period's payoff charts for each type of worker) are printed as a
one-pager. | hand them out to each participant. Participants can refer to the payoff charts at any time
during this task.

1" To facilitate better understanding of participants, I do not show the units of production or rewards.
Only payoffs are shown in the experimental payoff charts. The payoffs are calculated based on the
full-separation contract shown in Chapter 3 assuming learning is the most salient (i.e., A = 65 —

0;).
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suggests that the production requirement becomes more demanding when the agent
selects Much than when s/he selects Less. The cost of production effort depends on the
units of production and the agent’s type. The cost increases as the units of production
increase and the newcomers bear more cost than the skilled workers when they conduct
the same amount of production activity. As will be explained shortly, the agents’
decisions in the first period impact their first and second period’s payoffs, thus we can
consider this experimental design captures the feature of the ratchet effect problem.
Insert Tables 1 and 2 here

After the first period’s decision, participants were informed of their teammates’
type.

Then, based on two participants’ decisions in the first period, the second period’s
schedule is determined by the principal according to Tables 3 and 4. The principal
assumes that the first period’s decisions correctly revealed the agents’ types as explained
in the above, then the principal believes there is no information asymmetry with respect
to the agents’ types and offers the first-best production schedule that corresponds to the
agents’ type pair in the second period. In other words, the second period’s contract
becomes more demanding if the agents selected Much in the first period than if he/she
selected Less. As will be explained shortly, the agents’ payoffs are impacted by the
principals’ schedule selection. Participants know how their first period's decisions
impact the second period’s schedule and their payoffs before they make the first
period’s decision. Thus, the agents’ decisions in the first period impact their second
period’s payoffs through the determination of the second period’s production schedule,
and the agents need to make their first period’s decision considering its impact on their
first and second period’s payoffs.

Insert Tables 3 and 4 here

In the second period, participants make the following decision simultaneously,
given the selected second period’s schedule. Each participant selects one of two
alternatives: Accept or Reject. If both participants select Accept, then both get non-zero
payoffs. Otherwise, both payoffs are zero. The concrete payoffs are shown in Tables 5, 6,
7, and 8.

Insert Tables 5, 6, 7, and 8 here
After the second period’s decision, all results were fed back to each participant.

Then the game ends.

4.2.2. Treatments
There are three treatments with the between-subject design: ONE, NOLEARN,
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and LEARN. The base treatment is NOLEARN, in which participants play the
team-production game described above. ONE is a treatment manipulated such that
participants play only the first period in the team-production game and there are no
dynamics in the principal-agent relationship. LEARN is a treatment manipulated such
that participants can improve their ability by learning over periods. The mechanism of
learning here is consistent with the definition of learning that I analyze in Section 3.
Specifically, when a newcomer is paired with a skilled worker, the newcomer learns
from the skilled teammate in the first period and then attains the same ability level as
the skilled worker in the second period. However, the skilled workers never learn from
any type of teammate, and their ability levels remain the same in the second period'?. In
this LEARN treatment, participants were informed of the outcome of learning after the
end of the first period. More precisely, participants are first informed of the type of their
teammates that are given at the beginning of the first period. Participants are then
informed whether ability improvement occurs in their team, and if so, they are also told
whose ability is improved.

In all three treatments, the team-production task had 20 rounds. In each round,
two participants were randomly paired without knowing each other. The participants’
types are assigned such that two-thirds of participants randomly selected in each session
are assigned the role of a skilled worker and the remaining one-third are assigned the
role of a newcomer. Over 20 rounds, the team is randomly rematched by rounds'. In

addition, each participant’s type is randomly re-assigned by rounds.

4.2.3. Participants and Sessions

Participants were undergraduate and graduate students of Osaka University in
Japan. They are recruited via an online recruitment system for economic experiments
(ORSEE) run by the Institute of Social and Economic Research at Osaka University',

I ran two sessions per treatment (six sessions in total). Each recruited student was
assigned to one of the six sessions. Each session was conducted with either 18 or 24
participants due to no shows. Participants are randomly assigned to a separate computer

terminal and conduct tasks independently. Each session took 90—120 minutes, including

12 In the experiment, I normalize € = 0 without loss of generality, and A = 85 — 6, to highlight
the impact of learning.

13 The re-matching protocol that this study used allows the same participants to be matched as a
team again.

4 This study received approval from the Institute of Social and Economic Research at Osaka
University.
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ex-post questionnaires.

4.2.4. Payment Scheme

From this experiment, every participant receives a sum of the show-up fee and
rewards from the two tasks. The show-up fee is 800 JPY. The rewards from the
team-production task are determined based on participants’ earned payoffs in the
following way. After the 20 rounds end, one round is randomly selected. Each
participant’s rewards from this task are determined according to their total payoffs in
this selected round by converting one payoff point to one JPY.

The method of determining rewards from the second task is explained in

Appendix B.

4.3. Equilibrium Predictions and Hypotheses

Using the team-production game, I derived hypotheses about the ratchet effect in teams
and the impact of learning on the ratchet effect in teams. To derive these hypotheses, |
used a game-theoretic equilibrium analysis.

Before conducting the analyses, I reconfirm the situations wherein the ratchet
effect does and does not occur. As explained in Chapter 2, the ratchet effect is a problem
in that a high-ability agent misreports their type as a low-ability one, and then the
principal cannot properly adjust the team’s production schedule based on the agents’
ability. This problem is caused by the high-ability agent’s incentive to pursue the
information rent from being assigned a relatively easy task in the future periods. In the
experiment, the ratchet effect occurs if both skilled workers and newcomers select the
same alternative in the first period since the manager cannot obtain any additional
information to distinguish each worker’s type based on his/her first period’s decisions.
In contrast, the ratchet effect does not occur if each type of worker selects a different
alternative in the first period since the manager can distinguish each worker’s type
based on his/her first period’s decisions and assign the second period’s schedule based
on the true ability.

For the equilibrium analysis, I focus on the following two strategy profiles as the
candidates for equilibria: separation and pooling'”. Separation is a strategy profile in
which skilled workers select Much and newcomers select Less in the first period, and
everyone selects Accept in the second period. This separation corresponds to the

situation wherein the ratchet effect does not occur. In this case, the manager assigns the

15 For simplicity, this study restricts its analysis to pure strategies.
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second period’s schedule corresponding to the pair of skills: (Skilled, Skilled), (New,
Skilled), and (New, New). Pooling is a strategy profile in which both types of workers
select Less in the first period, and everyone selects Accept in the second period. This
pooling corresponds to the situation wherein the ratchet effect occurs. In this case, the
manager can not obtain any additional information on the agents’ types from the first
period’s behavior and will assign the second period’s schedule based on the prior
information.

Table 9 summarizes the results of the equilibrium analyses for each treatment'®. It
shows which strategy profile—separation or pooling—becomes an equilibrium in each
case.

Insert Table 9 here

Based on the above equilibrium analyses, I derived the following three
hypotheses that investigate the existence of the ratchet effect in teams and the
mechanism of mitigating the ratchet effect in teams.

The first hypothesis intends to test the existence of the ratchet effect in teams, and
it is built on the comparison of ONE and NOLEARN in the case of agents with standard
preferences. The above equilibrium analysis shows that separation is the only
equilibrium in ONE. The logic is as follows: if skilled workers select Much in the first
period, then they will get either 560 or 615, depending on their teammates’ choices.
However, if skilled workers select Less, then they will receive either 500 or 427. Thus,
skilled workers can strictly better off by selecting Much in ONE.

However, pooling is the only equilibrium in NOLEARN. If skilled workers select
Much in the first period, then they will get either 560 + 440 or 615 + 440 in total,
depending on their teammates’ choices. However, if skilled workers select Less, then
they will get either 500 + 773 or 427 + 628 in total, depending on their teammates’
choices. Thus, skilled workers can be better off by selecting Less in NOLEARN.

The choice of Less by the skilled workers in NOLEARN is the ratchet effect. The
logic of this behavior is as follows: if the skilled workers select Less in the first period,
then the units of production in the first period become lower and their payoffs from the
first period are lower—500 or 427 compared to 560 or 615. However, the choice of Less
brings them higher rent in the second period: 773 or 628 compared to 440. This benefit
outweighs the loss in the first period. Thus, skilled workers have an incentive to select
Less in the first period. In contrast, in ONE, there is no such incentive for skilled

workers since they do not have an opportunity to earn any information rent in the

16 All analyses are shown in Appendix A.
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second period.
From the above, I derive H1. HI is tested by observing that separation occurs in
ONE and pooling occurs in NOLEARN, which confirms that pooling is driven by the

dynamics of the relationship.

H1: For self-regarding individuals, the ratchet effect occurs in a team without learning.

The second hypothesis tests that learning mitigates the ratchet effect in teams and
is built on the comparison of NOLEARN and LEARN in the case of agents with standard
preferences. The equilibrium results reveal that there are two equilibria—separation and
pooling—in LEARN.

The logic of separating equilibrium is as follows. The payoffs when they earn by
selecting Much are the same as in the NOLEARN treatment. If skilled workers select
Much in the first period, they will earn either 560 + 400 or 615 + 400 in total, depending
on their teammates’ decisions. However, if the skilled workers select Less in the first
period, then their payoffs may differ from NOLEARN, depending on their teammate’s
decision. Specifically, the skilled workers will earn either 500 + 440 or 427 + 628 in
total. In the second period, they will earn only 440 in LEARN, in contrast to 773 in
NOLEARN, when their teammate selects Much. This is because the manager knows that
the agent who selected Less will improve the ability by learning from their skilled
teammate even if the agent initially has a low skill, and the manager assigns the second
period’s schedule considering that both agents have high skill. Thus, as long as their
teammate selects Much in the first period, they will not get any additional rent in the
second period. Hence, the skilled workers’ benefit from selecting Less does not
compensate for the loss in the first period and their incentive to select Less in the first
period vanishes; the ratchet effect does not occur in LEARN.

The logic of the pooling equilibrium in LEARN is similar to that in NOLEARN.
More precisely, in LEARN, the principal knows that the probability that both agents
have high skill in the second period is 8/9, much higher than that in NOLEARN.
However, the principal still assigns the production schedule for two low-skilled agents
in the second period fearing that both agents have low skill and reject the second
period’s schedule for high-skilled agents.

Given H1 is supported, if separation occurs in NOLEARN, then it implies that the
ratchet effect is mitigated by the existence of learning. From the above, I derive H2. H2
is tested by observing that separation occurs in LEARN and pooling occurs in
NOLEARN.
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H2: Given HI is supported, for self-regarding individuals, the ratchet effect is less

likely to occur in a team with learning than in cases without learning.

The third hypothesis investigates the impact of inequity aversion on the existence
of the ratchet effect in teams and is built on the comparative static analysis of equilibria
in NOLEARN with respect to the inequity aversion of the agents. For analyzing
inequity-averse agents’ behavior, I assume that agents have Fehr and Schmidt’s (1999)
inequity-averse utility function, as shown in Equation (2.1). Figure 6 shows how the
equilibria differ depending on the agents’ inequity-aversion parameters'’.

Insert Figure 6 here

The light gray region in Figure 6 shows the pair of @ and f for which
separation is an equilibrium, whereas pooling is not. In the medium gray region, both
separation and pooling are equilibria. In the dark gray region, pooling is an equilibrium,
whereas separation is not. Consistent with H1, the standard preference (a,f) = (0,0)
belongs to the dark gray region. The above results mean that even without learning,
agents prefer to tell their type truthfully if they feel strong envy and guilt, and thus, the
ratchet effect does not occur.

From the above, I derive H3. H3 is tested by observing that separation occurs in
NOLEARN when participants’ inequity-aversion parameters belong to the medium gray
or light gray region of Figure 6. To do so, I investigated each participant’s behavior
paired with their inequity aversion. The inequity-aversion parameters are measured

based on the second part of this experiment, as explained in Appendix B.

H3: The ratchet effect does not occur for those who have strong inequity aversion.

4.4. Results

The total number of participants was 126, of which 29.37% were female, and this
proportion of female students is not far away from the population of Osaka University
students (Osaka University, 2019). Table 10 shows the summary statistics. The
observation unit of Table 10 is the decision of each round. Since 126 participants
conduct 20 rounds of decisions, I have 2,520 observations in total. Recall that
two-thirds of the participants become skilled workers and one-third of participants

become newcomers in each round. For example, since NOLEARN has 48 participants in

17 For this equilibrium analysis, I put the following two assumptions. First, @ and B are
symmetric among agents. Second, the value of a and f are common knowledge.
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total, there are 640 observations of skilled workers’ decisions in the first period'®. The
average earnings of ONE, NOLEARN, and LEARN are 1,477.639 JPY, 1,936.292 JPY,
and 1,962.095 JPY, respectively.

Based on Table 10, more than 90% of newcomers select Less in ONE, NOLEARN,
and LEARN (90.8%, 96.9%, and 97.9%, respectively). However, skilled workers’
behavior differs between ONE and NOLEARN. More than 90% of skilled workers in
ONE select Much (98.3%), whereas skilled workers in NOLEARN select Less more than
Much (81.6% select Less). These observations are consistent with H1. This implies that
the ratchet effect does occur.

Additionally, the ratio of skilled workers who select Much in LEARN is higher
than that in NOLEARN (67.5% vs. 18.4%). This observation is consistent with H2. This
implies that skilled workers are less likely to misrepresent their type in LEARN than in
NOLEARN, that is, the ratchet effect is less likely to occur in the presence of learning.

Table 10 also shows the average value of inequity aversion by treatment. Figure 7
shows the scatter plot of the pair of inequity-aversion parameters. Based on these results,
I confirm that most of the participants are weakly inequity-averse or do not care for
inequity at all. Therefore, inequity aversion does not relate to these participants’
behavior.

Insert Table 10 and Figure 7 here

4.4.1. Definitions of Variables

Since each participant repeatedly conducted 20 rounds of decisions, each decision
data might not be independent. To cope with this problem, I created the following two
variables and used them for testing:

Denote the participant i’s observed choice frequency that they select Much in the
first period when they are a skilled worker as Rate_MuchSkilled;.

20, 1(Decision1;; = Much, Role;; = Skilled)
%20, 1(Role;, = Skilled)

Rate_MuchSkilled; = (6)
Both ]I(Decision1l-,t = Much, Role;, = Skilled) and [[(Rolei,t = Skilled)
are indicator functions that take 1 when the condition in each bracket is satisfied and 0

otherwise.

18 In NOLEARN, one newcomer who is paired with a newcomer selected Reject in the first period

and that team did not experience the second period. Therefore, the number of observations of
newcomers’ decision in the second period is reduced to 318.
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Likewise, I denote participant i’s observed choice frequency that they select Less

in the first period when they are a newcomer as Rate_LessNew;.

Y22 1(Decisionl;; = Less, Role;, = Newcomer)

%20, 1(Role;; = Newcomer)

Rate_LessNew; = (7)

There were two sessions per treatment. I examine whether a difference exists in
the above two variables by session within the same treatment. Based on the
Kolmogorov—Smirnov test, I did not find any statistically significant difference between

sessions. Subsequently, I pooled the data by treatment.

4.4.2. Testing the Existence of the Ratchet Effect (H1 & H3)

I examined whether the ratchet effect is observed in teams comparing ONE and
NOLEARN. Specifically, I examined (1) whether skilled workers are less likely to select
Much in NOLEARN than in ONE and (2) whether newcomers are likely to select Less
regardless of treatments. To do so, I compared the distribution of the observed choice
frequency I defined above. Figures 8 and 9 show the empirical cumulative distribution
functions of Rate_MuchSkilled; and, Rate_LessNew; respectively.

Insert Figure 8 and Figure 9 here

First, I examined the skilled workers’ behavior. Figure 8 shows that more than
80% of participants in ONE always select Much. However, in NOLEARN, participants
who always select the alternative Much are almost zero. Moreover, approximately 40%
of participants always select Less. The results of the Kolmogorov—Smirnov test revealed
that the empirical cumulative distribution function Rate_MuchSkilled; of NOLEARN
is statistically significantly greater than that of ONE (D = 0.93056, p = 3.368e — 16,
one-sided'®). Table 11 shows that the Wilcoxon’s rank-sum test also provides consistent
statistically significant evidence (W = 2368, p < 0.001, one-sided). Based on these
results, I conclude that skilled workers in NOLEARN are less likely to select Much
compared to those in ONE.

Insert Table 11 here

Second, I examined the newcomers’ behavior. Figure 9 shows that newcomers are

highly likely to select Less in both ONE and NOLEARN. In both treatments, more than

60% of participants always selected Less. Consistent with the equilibrium predictions,

19" Since the data include ties, all of the Kolmogorov—Smirnov test results rely on bootstrapping for
calculating the confidence interval. Likewise, for the Wilcoxon’s rank-sum test, I assigned each
observation in a tie its average rank and deflated the variance of test statistics considering the
number of ties.
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the results of the Kolmogorov—Smirnov test do not reveal any statistical difference in
the empirical cumulative distribution function Rate_LessNew; of ONE and
NOLEARN (D =0.18056, p =0.5137, two-sided). Likewise, the results of
Wilcoxon’s rank-sum test also reveal that these two distributions do not statistically
differ (W = 1411, p = 0.0668, two-sided). Based on these results, I conclude that
newcomers are highly likely to select Less, and their behavior does not differ between
ONE and NOLEARN.

The above results demonstrate that the ratchet effect occurs; thus, HI is
supported.

The analyses so far are based on the assumption that participants are
self-regarding individuals. I make sure whether inequity-averse participants exist, and if
so, how they behave. First, I divided participants of NOLEARN into two subsamples.
Recall that separation can be an equilibrium when individuals’ inequity-aversion
parameters belong to the light gray and medium gray regions of Figure 6. The
downward-sloping line in Figure 7 shows the boundary of the medium gray and dark
gray regions in Figure 6. Figure 7 shows that almost all participants do not belong to the
medium gray region. Moreover, the only participant who belongs to the medium gray
region is that of LEARN. Therefore, no participant in NOLEARN belongs to the medium
gray region. From the above, I concluded that the behavior predicted in H3—that
individuals refrain from committing the ratchet effect due to their strong inequity

aversion—is not observed in this experiment.

4.4.3. Testing the Impact of Learning on the Ratchet Effect (H2)

I examined whether the ratchet effect is mitigated in the presence of learning by
comparing NOLEARN and LEARN. Specifically, I examined (1) whether skilled workers
are more likely to select Much in LEARN compared to NOLEARN and (2) whether
newcomers are likely to select Less regardless of treatments.

First, 1 investigated the skilled workers’ behavior. Figure 8 shows that
approximately 30% of participants in LEARN always select Much. In contrast,
participants of NOLEARN who always select Much are less than 5%. The results of the
Kolmogorov—Smirnov test revealed that the empirical cumulative distribution function
Rate_MuchSkilled; of LEARN is statistically significantly less than that of NOLEARN
(D =0.66071, p = 3.21e — 09, one-sided). In addition, the Wilcoxon’s rank-sum test
also provides consistent statistically significant evidence, as shown in Table 11 (W =
1509.5, p < 0.001, one-sided). Based on these results, I concluded that skilled workers
in LEARN are more likely to select Much compared to those in NOLEARN.
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Second, I examined the newcomers’ behavior. Figure 9 shows that newcomers are
highly likely to select Less in both treatments. In addition, the results of both the
Kolmogorov—Smirnov test (D = 0.047619, p = 0.823, two-sided) and the Wilcoxon’s
rank-sum test (W = 2142.5, p = 0.2912, two-sided) revealed that the empirical
cumulative distribution functions Rate_LessNew; of NOLEARN and LEARN are not
statistically significantly different. Based on these results, I concluded that newcomers
are highly likely to select Less, and their behavior does not differ between NOLEARN
and LEARN.

In addition, I examined whether the presence of learning completely resolved the
ratchet effect, comparing skilled workers’ behavior in LEARN and ONE. The results of
both the Kolmogorov—Smirnov test (D = 0.57937, p = 4.46e — 06, two-sided) and
the Wilcoxon’s rank-sum test (W = 1892, p < 0.001, one-sided) revealed that the
empirical cumulative distribution functions Rate_MuchSkilled; of LEARN is
statistically significantly less than that of ONE. These results imply that the presence of
learning partially reduces the likelihood that the ratchet effect occurs

The reason why the ratchet effect is only partially reduced is asked for the
following discussions. As the equilibrium analyses in Section 3 proved, both separation
and pooling are equilibria in LEARN. Figure 8 shows that the empirical cumulative
distribution function of Rate_MuchSkilled; of LEARN has two mass points. It
suggests that both equilibria occur in the experiment. Although the difference is not
statistically significant?
functions of Rate_MuchSkilled; of LEARN dividing them into the first-half rounds’
data and the latter-half rounds’ data. Figure 10 suggests that skilled workers in the

, Figure 10 shows two empirical cumulative distribution

latter-half rounds are more likely to select Much compared to those in the first-half
rounds. This implies that separation is more likely to be selected over pooling as the
rounds proceed. From the above, the reason for the partial reduction of the ratchet effect
can be understood because of the multiple equilibria, and data is consistent with the

theoretical predictions.

4.5. Conclusion
Using a laboratory experiment with graduate and undergraduate students, I tested the
theoretical predictions on the mechanisms of the ratchet effect in teams.

The experimental results show that, first, the ratchet effect occurred in teams. I

confirmed that participants’ inequity aversions belong to a region where the ratchet

20 The result of Kolmogorov—Smirnov test is as follows: D = 0.19048, p = 0.2179, one-sided.
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effect is theoretically expected to occur.

Second, the ratchet effect was statistically significantly mitigated in the presence
of learning compared to in the absence of learning. In addition, our results show that
learning partially deterred the ratchet effect. A possible explanation of this partial
reduction is multiple equilibria and I confirmed that participants seemed to shift from
pooling to separation as the rounds go by.

The limitation of this experiment is that I could not test whether strong inequity
aversion deters the ratchet effect. Since most of the participants were self-regarding
individuals, future researches can investigate this prediction by recruiting strongly

inequity averse individuals.
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S. CONCLUSION

This dissertation theoretically and experimentally demonstrated that the mechanism of
the ratchet effect in teams differs qualitatively from that in independent work
environments.

First, I theoretically proved a novel way to deter the ratchet effect in teams. In
teams, the principal can deter the ratchet effect by utilizing a correlation between the
agents’ private information which arises because of learning among teammates. In
addition, I demonstrated that the agent’s incentive to commit the ratchet effect in teams
depends on the agents’ inequity aversion and sufficiently inequity-averse agents lose
their incentive.

Then, I ran a laboratory experiment to test these theoretical predictions. The
results of the experiment demonstrate that the ratchet effect occurs in teams. I confirmed
that participants’ inequity-aversion levels were sufficiently low to fall within a range for
which the ratchet effect is theoretically expected to occur. The results also reveal that
the ratchet effect is significantly mitigated in the presence of learning compared to when
learning is absent.

The contributions of this study are as follows. First, this study extends the
literature on target ratcheting and the ratchet effect (e.g., Aranda et al., 2014; Bouwens
and Kroos, 2011; Cardella and Depew, 2018; Casas-Arce et al., 2018; Chaudhuri, 1998;
Charness et al., 2011; Cooper et al., 1999; Indjejikian and Nanda, 2002; Indjejikian et
al., 2014b; Laffont and Tirole, 1993; Leone and Rock, 2002; Mat¢jka, 2018; Weitzman,
1980) by demonstrating that the mechanism of the ratchet effect in teams differs from
that of independent work environments.

This study theoretically explains that the ratchet effect is deterred in teams with
strongly inequity-averse agents because such agents mutually govern their behavior.
Due to inequity aversion and interdependent work environments, the employees’
incentive to commit the ratchet effect in teams differs from that in independent work
environments. Future researches can further investigate the impact of different
other-regarding preferences to deepen our understanding of this incentive.

This study also theoretically and experimentally demonstrated that learning
among teammates works as a tool for the principal to deter the ratchet effect by
introducing a correlation between the agents’ private information, which makes each
agent’s report on their own type informative of the other teammates’ type. The firms can
cope with the ratchet effect problem by determining their employees’ targets

considering possible skill improvement caused by learning.
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Second, this study reveals the indirect benefit of employees’ learning for firms,
which is not well discussed in the prior literature on learning (e.g., Berg et al., 1996;
Hamilton et al., 2003). The results imply that facilitating knowledge sharing among
team members and/or providing mentoring opportunities for low-performing employees
are beneficial to firms as a means of not only improving the employees' abilities but also
preventing skilled employees from shirking.

The limitation of this dissertation is the following. First, the model in Chapter 3 is
not completely solved in an analytical way. Because of the complexity, subsection 3.6.2
provides numerical analyses.

Second, the limitation of the experiment is that this experiment was not designed
for directly testing the impact of inequity aversion on the ratchet effect. Based on the
results of this experiment, I cannot conclude whether strictly inequity-averse individuals
refrain from committing the ratchet effect. Future research can test this impact more
directly by recruiting participants with various inequity aversion and comparing the

behavior based on their inequity aversion.

REFERENCES

Aranda, C., Arellano, J., & Davila, A. (2014). Ratcheting and the role of relative target
setting. The Accounting Review, 89(4), 1197-1226.

Baron, D. P., & Besanko, D. (1984). Regulation, asymmetric information, and auditing.
The RAND Journal of Economics, 447-470.

Becker, G. M., DeGroot, M. H., & Marschak, J. (1964). Measuring utility by a
single-response sequential method. Behavioral Science, 9(3), 226-232.

Bellemare, C., Kroger, S., & Van Soest, A. (2008). Measuring inequity aversion in a
heterogeneous population using experimental decisions and subjective
probabilities. Econometrica, 76(4), 815-839.

Berg, P., Appelbaum, E., Bailey, T., & Kalleberg, A. L. (1996). The performance effects
of modular production in the apparel industry. Industrial Relations: A Journal of
Economy and Society, 35(3), 356-373.

Blanco, M., Engelmann, D., & Normann, H. T. (2011). A within-subject analysis of
other-regarding preferences. Games and Economic Behavior, 72(2), 321-338.

Bolton, G. E., & Ockenfels, A. (2000). ERC: A theory of equity, reciprocity, and
competition. American Economic Review, 90(1), 166-193.

Bouwens, J., Cardinaels, E., & Zhang, J. (2015). Principals and their car dealers: What

48



do targets tell about their relation?. Available at SSRN 2617406.

Bouwens, J., & Kroos, P. (2011). Target ratcheting and effort reduction. Journal of
Accounting and Economics, 51(1-2), 171-185.

Cardella, E., & Depew, B. (2018). Output restriction and the ratchet effect: Evidence
from a real-effort work task. Games and Economic Behavior, 107, 182-202.
Casas-Arce, P., Holzhacker, M., Mahlendorf, M. D., & Mat¢jka, M. (2018). Relative
performance evaluation and the ratchet effect. Contemporary Accounting

Research, 35(4), 1702-1731.

Chaudhuri, A. (1998). The ratchet principle in a principal agent game with unknown
costs: an experimental analysis. Journal of Economic Behavior & Organization,
37(3), 291-304.

Charness, G., Kuhn, P., & Villeval, M. C. (2011). Competition and the ratchet effect.
Journal of Labor Economics, 29(3), 513-547.

Cooper, D. J., Kagel, J. H., Lo, W., & Gu, Q. L. (1999). Gaming against managers in
incentive systems: Experimental results with Chinese students and Chinese
managers. American Economic Review, 89(4), 781-804.

Dekker, H. C., Groot, T., & Schoute, M. (2012). Determining performance targets.
Behavioral Research in Accounting, 24(2), 21-46.

Dhami, S. (2016). The foundations of behavioral economic analysis. Oxford University
Press.

Engelmann, D., & Strobel, M. (2004). Inequality aversion, efficiency, and maximin
preferences in simple distribution experiments. American Economic Review,
94(4), 857-869.

Fehr, E., & Schmidt, K. M. (1999). A theory of fairness, competition, and cooperation.
The Quarterly Journal of Economics, 114(3), 817-868.

Fehr, E., & Schmidt, K. M. (2006). The economics of fairness, reciprocity and altruism—
experimental evidence and new theories. Handbook of the Economics of Giving,
Altruism and Reciprocity, 1, 615-691.

Fischbacher, U. (2007). z-Tree: Zurich toolbox for ready-made economic experiments.
Experimental Economics, 10(2), 171-178.

Hamilton, B. H., Nickerson, J. A., & Owan, H. (2003). Team incentives and worker
heterogeneity: An empirical analysis of the impact of teams on productivity and
participation. Journal of Political Economy, 111(3), 465-497.

Holmstrom, B. (1982). Moral hazard in teams. The Bell Journal of Economics, 324-340.

Indjejikian, R. J., Matéjka, M., Merchant, K. A., & Van der Stede, W. A. (2014a).

Earnings targets and annual bonus incentives. The Accounting Review, 89(4),

49



1227-1258.

Indjejikian, R. J., Matéjka, M., & Schloetzer, J. D. (2014b). Target ratcheting and
incentives: Theory, evidence, and new opportunities. The Accounting Review,
89(4), 1259-1267.

Indjejikian, R. J., Nanda, D. (2002). Executive Target Bonuses and What They Imply
about Performance Standards. The Accounting Review, 77(4), 793-819.

Laffont, J. J., & Tirole, J. (1993). A theory of incentives in procurement and regulation.
MIT press.

Leone, A. J., & Rock, S. (2002). Empirical tests of budget ratcheting and its effect on
managers’ discretionary accrual choices. Journal of Accounting and Economics,
33(1), 43-67.

Matéjka, M. (2018). Target setting in multi-divisional organizations. Journal of
Management Accounting Research, 30(3), 13-27.

Merchant, K. A., Stringer, C., & Shantapriyan, P. (2018). Setting Financial Performance
Thresholds, Targets, and Maximums in Bonus Plans. Journal of Management
Accounting Research, 30(3), 55-73.

Merchant, K. A., & Van der Stede, W. A. (2017). Management control systems:
performance measurement, evaluation and incentives (4" edition). Pearson
Education.

Murphy, K. J. (2000). Performance standards in incentive contracts. Journal of
Accounting and Economics, 30(3), 245-278.

Osaka University. (2019). Student Numbers: As of May 1, 2019. Retrieved from
https://www.osaka-u.ac.jp/en/guide/about/data/students.html

Weitzman, M. L. (1980). The" ratchet principle" and performance incentives. The Bell
Journal of Economics, 302-308.

50


https://www.osaka-u.ac.jp/en/guide/about/data/students.html

FIGURES

Figure 1: The Feasibility of the Full-separation Contract when p = 0.3, § = 1,
BG =0.1, 03 =1, €=0.01
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Figure 2: The Feasibility of the Full-separation Contract when p = 0.3, § = 1,
0=0.7,0=1, €=0.01
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Figure 3: Iggpand IIpgo;, when p=0.3, §=1, 0;=0.1, 05 =1, € =0.01

— Mgp(p=03,6 =1,0; =01,6, = 1,¢ = 0.01)

l'IpOOL(p = 03,6 = 1,80 = 01, 193 = 1,6 = 001)

— llggp(p = 03,6 =

1,8, = 0.7,6; = 1,€ = 0.01)

HPOOL(p = 0.3,(5 = 1,6'(; = 07, 35 = 1,6 = 001)

Figure 5: Timeline of a Round in Two-periods Treatments

Ist Period 2nd Period
: . r : 1
Inform 1st 1st Inform Inform 2nd 2nd
Own Type | Period’s Period's | Teammate's Type/ 2nd-period’s | Period’s Period’s
Decision  Result Learning Occurs Schedule Decision  Result
—— : —t—t—
[0] (1] [2] (3] [4] [5] (6]

NOTE: At the timing of 3, learning occurs only in LEARN treatment.
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Figure 6: Equilibriums in NOLEARN depending on the Inequity Aversion
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NOTE: [Dark gray] pooling is an equilibrium while separation is not, [Medium gray]

both pooling and separation is an equilibrium, [Light gray] separation is an equilibrium

while pooling is not.
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Figure 7: The Scatter Plot of Participants’ Inequity Aversion
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NOTE: The values of a and f are calculated as shown in Appendix C. These two
parameters can take a value from O to 1 at an interval of 0.1. Two participants who
represent more than two switching points are omitted; thus, the total observation
number is 124. The number of participants who have (a,f) = (0,0) is 84. The number

of participants who have (a,f) = (1,1) is 1 and that participant participates in the
LEARN treatment.
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Figure 8: The Empirical Cumulative Distribution Functions of Skilled Workers’
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Figure 9: The Empirical Cumulative Distribution Functions of Newcomers'
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Figure 10: The Empirical Distribution Functions of Skilled Workers’ First Period’s
Decisions in LEARN Treatment—Comparison of 1-10 Rounds’ Data and 11-20
Rounds’ Data—

Emprical C.D.F. of Rate_MuchSkilled in LEARN (First/Latter)
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TABLES

Table 1: A Payoff Chart for the First period's Decision when a Decision-maker is a

Skilled Worker
ousChoie | TS [ o pagon | pesmmtes Tyl | Tamacs Do
Miuch 560 560 -190
Miuch Less 615 500 380
Reject 0 0 0
Miuch 500 615 495
Lesz Less 427 427 380
Reject 0 0 ]
Reject 0 0 0

Table 2: A Payoff Chart for the First period’s Decision when a Decision-maker is a

Newcomer
ou Choie | Tommitss | o pagor | Teammes Pyl [ Toannaids Foelf

Much -190 560 -1%0

Much Less 495 500 380
Reject 0 0 0

Much 380 615 495

Less Less 380 427 380
Reject 0 0 0
Reject 0 0 ]
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Table 3: The Relationship between the First Period’s Decisions and the Second

Schedule in NOLEARN
Your Choice Teammate’s Choice The Second Period’s
in the First Period in the First Period Scheduls
Much Much A
Mhuch Less B
Less Much C
Less Less D

Table 4: The Relationship between the First Decisions and the Second Schedule in

LEARN
Your Choice Teamimate’s Choice The Second Period’s
in the First Period in the First Period Schedule
Much Mhuch
Mhuch Less X
Less Mhuch
Less Less Y
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Table 5: A Payoff Chart for the Second period’s Decision when a Decision-maker is
a Skilled Worker in NOLEARN

pmes | Soumd | Towhwor | LemmaesTal | Tiamas ol

Both dccept 440 440 -310

A Others 0 0 0
Both Accapt 440 773 440

° Others 0 0 0
Both Adccept 773 440 107

¢ Others 0 0 0
Both Accept 628 628 440

> Others 0 U] 0

Table 6: A Payoff Chart for the Second period’s Decision when a Decision-maker is

a Newcomer in NOLEARN
R | o | venrene | SIS | T
Both Accept -310 440 310
: Others 0 0 0
Both Accept 107 173 440
° Others 0 0 0
Both Accept 440 440 107
c Others 0 0 0
Both Accept 440 628 440
7 Others 0 0 0
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Table 7: A Payoff Chart for the Second period’s Decision when a Decision-maker is

a Skilled Worker in LEARN

2 period’s E?:;c:;gf Your Pavoff Teammate's Payoff | Teammate's Payoff
Schedule T ourtaye (if 2 skilled worker) (if a newcomer)
eammate
Both Accapt 40 4440 440
X
Others 0 0 0
Both Accept 628 628 628
¥
Others 0 0 0

Table 8: A Payoff Chart for the Second period’s Decision when a Decision-maker is

a Newcomer in LEARN
2+ period’s Choices of You T - . Teammate's
Schedule and Teammate Teammate’s Type Your Payoff Payoff
Skilled worker 440 440
Both Accept

X Newcomer -310 -310

Others - 0 0

Skilled worker 628 628

Both Accapt
Y Newcomer 440 440
Others - 0 0
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Table 9: Equilibriums in Each Treatment

Self-regarding Agents Inequity-averse Agents

ONE Separation only Separation onlv
e . . ) Separation and Pooling
NOLEARN Pooling only (Depending on parameters)
LEARN Separation and Pooling Separafion and Pooling

Table 10: Summary Statistics

ONE

NOLEARN

LEARN

First period:

Skilled workers® choices:

Much 472/480 (98.3) 118/640 (18.4) 378/560 (67.5)
Less 8480 (1.7) 522/640(81.8) 182/560 (32.3)
Reject 0/480 (0.0) 0/640 (0.0) 0/560 (0.0)
Newcomers™ choices:
Much 19/240 (7.9) 8/320 (2.8) 6/2801(2.1)
Less 218/240 (90.8) 3107320 (96.9) 274/280 (97.9)
Reject 37240 (1.3) 1/320(0.3) 0/280 (0.0)
Second period:
Skilled workers® choices:
Accept - 637/640 (99.5) 558/560 (99.6)
Reject - 3/640 (0.3) 2/360(0.4)
Newcomers® choices:
Accept - 315/318(99.1) 278280 (99.3)
Reject - 3/318(0.9) 2/280(0.7)
Average of o 0.029 0.034 0.067
Average of § 0.023 0.120 0139
Average Earnings (JPY) 1477.630 19034.202 1962.005
MNumber of Participants 36 48 42

NOTE: Percentages are in parentheses.

61



Table 11: The Results of the Wilcoxon Rank-Sum Tests for Decisions in the First

Period
Rate_ MuchSkilled Rate_LessNew
Test p-value Test p-value

Statistics Statistics

ONE v.s. NOLEAEN

MNOLEARN v.s. LEARN

ONE v.s. LEARN

W=2368  p<0.001, one-sided  W=1411 p=0.0668. two-sided
W=15095 p=0.001, one-sided W=2142.5 p=0.2912, two-sided

W=1802 p<0.001, one-sided
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APPENDIX

A. Equilibriums in Each Treatment

A.1. ONE with Self-regarding Individuals

Suppose the teammate reports his type truthfully. Let the skilled worker’s expected
utility when he selects Much be u,(Skilled, Much). Then,

, 2 1
u, (Skilled, Much) = 3 X 560 + 3 X 615

2 1
> 3 X 500 + 3 X 427 = u,(Skilled, Less) (A.1)

Thus, skilled workers strictly prefer Much. Likewise, newcomers strictly prefer
Less as shown in the following.
2 1
u,(New, Much) = 3 x (—=190) + 3 X 495 < 380 = u,;(New, Less) (A.2)

Hence, separation is an equilibrium in this case.

A.2. NOLEARN with Self-regarding Individuals
First, I confirm that the separation is not an equilibrium in this case. The analyses go
from the backward as is usual.

In the second period, suppose the first period achieved the separation. In this
situation, all agents face the first best offer for their true types. Then, the agents’
expected utility is all the same no matter what their true type is. The agents’ expected
utility when they select Accept is 440 and this is strictly larger than that in case they
select Reject. Thus, every agent selects Accept in the second period.

Back to the first period, skilled workers’ expected utility evaluated at the time of

the first period®! is,

. 2 1
u, (Skilled, Much) sgp = 3 (560 + 440) + 3 (615 + 440)

2 1
<3(500 +773) + 5 (427 + 628) = uy(Skilled, Less)sgp (4.3)

Thus, skilled workers strictly prefer Less and the separation cannot be an
equilibrium.
Next, [ then confirm that the pooling is an equilibrium. Suppose every agent selects

Less in the first period. In this situation, all agents face plan D in the second period.

21 For simplicity, I assume the common discount factor is equal to 1.
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Skilled workers’ expected utility when they select Accept is 628 and is strictly greater
than that when they select Reject. Besides, newcomers’ expected utility when they select
Accept 1s 440 and is also strictly greater than what they can obtain when they select
Reject. From the above, every agent strictly prefers Accept in the second period.

In the first period, skilled workers’ expected utility evaluated at the time of the first

period is,
, 2 1
u, (Skilled, Much) ppor, = 3 (615 + 440) + 3 (615 + 440)

2 1
= 5 (427 + 628) + 2 (427 + 628) = uy(Skilled, Less) oo (A4.4)

Thus, skilled workers weakly prefer Less.

Whereas, newcomers strictly prefer Less as shown in the following.

2 1
ul(NeW, MUCh)POOL = 5(4‘95 - 330) + 5(495 - 330)

2 1
< 3 (380 + 440) + 3 (380 + 440) = uy(New, Less)pooL (A.5)
Altogether, the pooling is an equilibrium in this case.
A.3. LEARN with Self-regarding Individuals
Suppose that every agent reports their type truthfully in the first period. In this case, all
agents face the first best offer for their true type and such contract renders 440 when

they select Accept. Thus, all agents strictly prefer Accept in the second period.
In the first period, skilled workers’ expected utility is,

, 2 1
u, (Skilled, Much) sgp = 3 (560 + 440) + 3 (615 + 440)

2 1
> 3 (500 + 440) + 5(427 + 628) = u,(Skilled, Less)sgp (A.6)

Therefore, skilled workers strictly prefer Much. On the other hand, newcomers

strictly prefer Less.

2 1
u; (New, Much) sgp = §(—190 + 440) + 3 (495 + 0)

2 1
<5(380 +628) + 5 (380 + 440) = uy (New, Less) sz (A.7)

Hence, separation is an equilibrium in this case.
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A.4. ONE with Inequity-averse Individuals
Suppose the agents have the inequity averse utility function as defined in the equation
(2.1).

Skilled workers’ expected utility when they select Much is,

2 1
u, (Skilled, Much) = 3 [560] + 3 [615 — 2358] (A.8)
Whereas, their expected utility when they select Less is,
2 1
u,(Skilled, Less) = 3 [500 — 115a] + 3 [427 — 47B] (A.9)

Since f < 1, the value of the equation (A.8) is strictly greater than that of the
equation (A.9) regardless of the pair of @ and B. This implies that skilled workers
always strictly prefer Much regardless of the extent of their inequity aversion.

Likewise, newcomers’ expected utility when they select either Much or Less 1is,

2 1
u; (New, Much) = 3 [-190 — 750a] + 5[495 —115p] (A.10)

2 1
u;(New, Less) = 3 [380 — 235a] + 3 [380] (A.11)

Since both «@ and [ are strictly greater than zero, the value of the equation (A.11)
is always greater than that of the equation (A.10). Thus, newcomers strictly prefer Less

regardless of their inequity averseness.

A.S5. NOLEARN with Inequity-averse Individuals
First, I examine the separation equilibrium.

As in the above, 1 start with the analysis on the second period’s
on-the-pass-of-the-equilibrium behavior. Suppose every agent reports their type
truthfully in the first period. Then, in the second period, all agents’ expected utility
when they select Accept is simply equal to 440. This is because everyone earns the same
payoff and there is no room for the parameters @ nor f impacts on. Thus, everyone
strictly prefers Accept.

In the first period, skilled workers’ expected utility when they select Much is,

_ 2 1
uy (Skilled, Much)ggp = 2 [560 + 440] + 5 [615 — 235§ + 440] (4.12)

Whereas, their expected utility when they select Less differs depending on the
second period’s off-the-pass-of-the-equilibrium behavior. In the following, I analyze the
condition when skilled workers prefer Much in each case.
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[Casel: a < ﬂ]
333

In this case, both types of agents select Accept in the second period. Thus, the

skilled workers’ expected utility when they select Less is,

2
u, (Skilled, Less) sgp = 3 [500 — 115a + 773 — 333p]

1
+5[427 — 478 + 628 — 188] (4.13)

Comparing (A.12) and (A.13), skilled workers weakly prefer Much as long as the
following equation (A.14) is satisfied. Otherwise, they strictly prefer Less.
115

f=—oa+

333" ' 111 (4.14)

440 110
[Case2: — < a <—]
333 47

In this case, newcomers select Accept in the second period likewise in Case 1. In
contrast, skilled workers who selected on-the-pass-of-the-equilibrium behavior, Much,
in the first period refuse to work in the second period. They select Reject because of
their non-negligible envy. Since they will suffer sufficient envy over their teammate
who took off-the-pass-of-the-equilibrium behavior in the first period, they prefer Reject.

Thus, the skilled workers’ expected utility when they select Less is,

u, (Skilled, Less) ggp = =[500 — 115a + 0]

wl N

1
+5[427 - 475 + 628 — 188] (4.15)

Comparing (A.12) and (A.15), skilled workers weakly prefer Much as long as the
following equation (A.16) is satisfied. From the assumption, a > 0. Thus, (A.16) is

always satisfied.

a>——— (A.16)

[Case3: < al
47

In this case, skilled workers who selected on-the-pass-of-the-equilibrium behavior,
Much, in the first period select Reject as in Case 2. In addition, newcomers who selected
on-the-pass-of-the-equilibrium also become to select Reject. This is because of they will
suffer non-negligible envy if they select Accept. Thus, the skilled workers’ expected

utility when they select Less is,
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1
u, (Skilled, Less) sgp = =[500 — 115a + 0] + 3 [427 — 478 + 0] (A.17)

wl N

Comparing (A.12) and (A.17), skilled workers weakly prefer Much as long as the

following equation (A.18) is satisfied.
B < iSa + 207 (A.18)
~ 94 47
Now we move on to the analyses of newcomers’ behavior. Newcomers’

on-the-pass-of-the-equilibrium expected utility is,
2 1
u,(New, Less) sgp = 3 [380 — 235a + 440] + 3 [380 + 440] (A.19)

Their off-the-pass-of-the-equilibrium expected utility differs depending on their
envy parameters. If the envy parameter a becomes sufficiently large, then the
newcomers who took off-the-pass-of-the-equilibrium behavior in the first period prefer
to reject in the second period. Hence,

2 1 107
= 5[~190 - 750 + 0] + 5 [495 — 1156 + 107 — 333a] ,if & < o

uy (New, Much) ggp 5 1 (A.20)
=3 [-190 — 750a + 0] + 3 [495 — 115p] ,otherwise

Since a,f > 0, the value of the equation (A.19) is always greater than that of the
equation (A.20). Therefore, newcomers strictly prefer Less regardless of their inequity
averseness.

From the above, separation is an equilibrium if at least either the equation (A.14)
or (A.18) is satisfied. Otherwise, separation is not an equilibrium.

Next, | confirm how the inequity aversion impacts on the pooling equilibrium.

Let me begin with the analysis of the second period. Suppose every agent selects
Less in the first period and plan D is offered in the second period.

Skilled workers’ expected utility when they select Accept differs depending on the
type of their teammate. Let a skilled worker’s expected utility when he selects Accept
and his teammate is a newcomer be u,(Skilled, Accept, New). Then, each type of

agent’s on-the-pass-of-the-equilibrium payoff in the second period is as follows.

u, (Skilled, Accept, Skilled) pgo, = 628 (A.21)
u,(Skilled, Accept, New) pgo, = 628 — 1888 (A.22)
u, (New, Accept, Skilled) ppo, = 440 — 188a (A.23)

u,(New, Accept, New)pgoL = 440 (A.24)

Since B < 1, the value of equation (A.22) is always strictly greater than zero. The
value of the equation (A.23) becomes weakly greater than zero if,
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a< g (A.25)
47

Based on (A.21) and (A.22), skilled workers always select Accept on the pass of
the equilibrium. Based on (A.24), newcomers who paired with newcomers also always
select Accept on the pass of the equilibrium. On the other hand, newcomers who paired
with skilled workers select Accept if the equation (A.25) is satisfied, otherwise, they
select Reject.

Before = moving to the  first period’s analysis, I  examine
off-the-pass-of-the-equilibrium behavior at the second period. If skilled workers deviate
and select Much, then both agents select Accept as long as the following condition
(A.26) is satisfied. (A.26) is a condition when the deviator who paired with a skilled
worker attains utility which is weakly greater than zero. Since the deviator’s teammate
always prefer Accept and also the deviator himself prefer Accept as long as he is paired
with a newcomer, (A.26) is the only condition we need to care about.
< ﬂ
333

Besides, if a newcomer selects Much and he is paired with a skilled worker, then

a (A.26)

both team members select Accept if,
107
S —_
666

If a newcomer selects Much and he is paired with a newcomer, then both of team

a (A.27)

members select Accept if,
107
S —_
333

Next [ start the first period’s analysis. First, I derive conditions when skilled

a (A.28)

workers prefer Less in each case. Then, I also derive conditions when newcomers prefer

Less in each case.

440

[Casel: 0 < a<—]
333

In this case, skilled worker’s on-the-pass-of-the-equilibrium expected utility is,

. 2 1
uy(Skilled, Less)poo. = 5 [427 + 628] +5[427 — 47p + 628 — 1888]  (4.29)

Their off-the-pass-of-the-equilibrium expected utility is,
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2
3
+

1
3 [615 — 2358 + 440] (A.30)
Comparing (A.29) and (A.30), then skilled workers always strictly prefer Less in
this case.
[Case2: Meax ﬁ]
333 47

In this case, skilled worker’s on-the-pass-of-the-equilibrium expected utility is the
same as (A.29).
Their off-the-pass-of-the-equilibrium expected utility is,

. 2 1
uy (Skilled, Much)pooy, = 51615 — 1158 + 0] + 5 [615 — 2358 + 440]  (4.31)

Comparing (A.29) and (A.31), then skilled workers always strictly prefer Less in
this case.

[Case3: < al
47
In this case, skilled worker’s on-the-pass-of-the-equilibrium expected utility is,

] 2 1
u, (Skilled, Less) poor = 3 [427 + 628] + 3 [427 — 478 + 0] (A.32)

Their off-the-pass-of-the-equilibrium expected utility is the same as (A.31).
Comparing (A.32) and (A.31), then skilled workers prefer Less as long as the
following (A.33) is satisfied.
pz-r
~ 418
By the assumption, > 0. Thus, (A.33) is always satisfied.

From the above analyses for Case 1 to Case 3, skilled workers always prefer Less.

(A4.33)

Now we move on to the analysis on the newcomers’ behavior.

[Casel: 0 < a< ﬁ]
666

In this case, newcomer’s on-the-pass-of-the-equilibrium expected utility is,

2 1
u;(New, Less) poor = 3 [380 — 47 + 440 — 188a] + 3 [380 + 440] (A.34)
Their off-the-pass-of-the-equilibrium expected utility is

69



uy (New, Much) ppor, = =495 — 5a + 107 — 666a]

2

3
1

+§ [495 — 1158 + 107 — 333a] (A.35)

Comparing (A.34) and (A.35), then skilled workers always prefer Less.

107 107
[Case2: — < a < —]
666 333

In this case, newcomer’s on-the-pass-of-the-equilibrium expected utility is the
same as (A.34).
Their off-the-pass-of-the-equilibrium expected utility is

2 1
u; (New, Much)pgoL, = 3 [495 — 5a] + 3 [495 — 1158 + 107 — 333a]  (A.36)

Comparing (A.34) and (A.36), then skilled workers prefer Less as long as the
following (A.37) is satisfied.

127 868

E(X—E (A37)

g =

Since % <a< % and S > 0, (A.37) is always satisfied in this case.

107 110
[Case3: — < a <—]
333 47

In this case, newcomer’s on-the-pass-of-the-equilibrium expected utility is the
same as (A.34).
Their off-the-pass-of-the-equilibrium expected utility is,

2 1
u; (New, Much) pgoL = 3 [495 — 5a] + 3 [495 — 115p] (A.38)

Comparing (A.34) and (A.38), then skilled workers prefer Less as long as the
following (A.39) is satisfied.

B =4a—— (4.39)

[Case4: B al
47

In this case, newcomer’s on-the-pass-of-the-equilibrium expected utility is,
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2 1
u;(New, Less) ppoL = 3 [380 —47a + 0] + 3 [380 + 440] (A.40)

Their off-the-pass-of-the-equilibrium expected utility is the same as (A.38).

Comparing (A.40) and (A.38), then skilled workers prefer Less as long as the
following (A.41) is satisfied.

84 19

> 4
P15 73 (4.41)

The above results are summarized in Figure 6.

A.6. LEARN with Inequity-averse Individuals

Suppose every agent reports their type truthfully in the first period. Then, as discussed
in section A.5, all agents’ expected utility when they select Accept is 440. Therefore,
everyone strictly prefers Accept in the second period.

Skilled workers’ expected utility depending on their choice in the first period is,

] 2 1
u, (Skilled, Much) = 3 [560 + 440] + 3 [615 — 2358 + 440] (A.42)

] 2 1
u, (Skilled, Less) = 3 [500 — 115a + 440] + 3 [427 — 478 + 628] (A.43)

Since a = [, the value of the equation (A.42) is always greater than that of the
equation (A.43). Therefore, skilled workers strictly prefer Much regardless of their
inequity averseness.

Similarly, newcomers’ expected utility depending on their decision in the first

period is,

1
[-190 — 750a + 440] + 3 [495 — 1158 + 0] (A.44)

wl N

u, (New, Much) =

2 1
u,(New, Less) = 3 [380 — 235a + 440] + 3 [380 + 440] (A.45)

Since a,f > 0, newcomers strictly prefer Less regardless of their inequity

aversencess.
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B. An Experimental Procedure for Measurement of Inequity Aversion
I measure the inequity aversion parameters by the BDM mechanism (Becker et al.,
1964). In this experiment, participants are randomly matched as a pair. This experiment
consists of two parts. The first part is for measurement of «, and the latter one is for
measurement of f3.

In the first part, each participant answers the following 11 binary-choice problems

as shown in Figure 11.

Figure 11: Choice Problems for Measuring the Preference Parameter of Envy

Period
1/ 1 Remaining Time  [sec]: 58
A-1: You eet ¥150. Partner eets ¥250 © ° A-2: You eet ¥50. Partner cets ¥50
A-1: You eet ¥150. Partner eets ¥250 © ° A-2: You eet ¥60. Partner cets ¥60
A-1: You get ¥150. Partner gets ¥250 © ° A-2: You get ¥70. Partner cets ¥70
A-1: You get ¥150. Partner gets ¥250 ° © A-2: You eet ¥80. Partner gets ¥80
Plan A-1: A-1: You get ¥150. Partner gets ¥250 ° © A-2: You eet ¥90. Partner gets ¥90
You get¥150, Partner gets¥250 A-1: You get ¥150. Partner gets ¥250 ° ° A-2: You eet ¥100. Partner eets ¥100
Plan A-2- A-1: You get ¥150. Partner gets ¥250 ° © A-2: You eet ¥110. Partner gets ¥110
You get¥X, Partner gets¥X A-1: You get ¥150. Partner gets ¥250 © © A-2: You zet ¥120. Partner gets ¥120
A-1: You get ¥150. Partner gets ¥250 ° ° A-2: You eet ¥130. Partner gets ¥130
A-1: You eet ¥150. Partner eets ¥250 ° © A-2: You eet ¥140. Partner eets ¥140
A-1: You eet ¥150. Partner eets ¥250 ° © A-2: You eet ¥150. Partner eets ¥150
I

I measure a based on the following equation.

150 — SwitchingPoint,
a= 100 (B.1)

SwitchingPoint, is identified as the minimum value where participants select
the right-hand-side alternative. For participants who have more than two kinks in their
choice behavior, I don’t define a and let it as a missing value.

In the latter part, I measure [ using a similar procedure. Figure 12 shows 11
binary-choice problems in this part.  is measured following the equation (B.2). The
definition of SwitchingPointg is similar to that of SwitchingPoint,.

250 — SwithchingPointg

100 (52
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Figure 12: Choice Problems for Measuring the Preference Parameter of Guilt

Period

1/ 1 Remaining Time  [sec]: 54

B-1: You eget ¥250. Partner gets ¥150 ° ° B-2: You get ¥150. Partner gets ¥150

B-1: You get ¥250. Partner gets ¥150 © ° B-2: You eet ¥160. Partner gets ¥160

B-1: You eet ¥250. Partner gets ¥150 ° © B-2: You eet ¥170. Partner gets ¥170

B-1: You et ¥250. Partner gets ¥150 © © B-2: You eet ¥180. Partner cets ¥180

Plan B-1: B-1: You eet ¥250. Partner eets ¥150 ° © B-2: You eet ¥190. Partner gets ¥190

You get ¥250, Partner gets ¥150 B-1: You cet ¥250. Partner gets ¥150 © © B-2: You eet ¥200. Partner gets ¥200

Plan B-2: B-1: You get ¥250. Partner gets ¥150 © ° B-2: You get ¥210. Partner gets ¥210

You get ¥Y, Partner gets¥Y B-1: You get ¥250. Partner gets ¥150 ° © B-2: You eet ¥220. Partner gets ¥220

B-1: You eet ¥250. Partner gets ¥150 ° © B-2: You eet ¥230. Partner gets ¥230

B-1: You eet ¥250. Partner eets ¥150  © B-2: You eet ¥240. Partner sets ¥240

B-1: You get ¥250. Partner eets ¥150 ° © B-2: You eet ¥250. Partner gets ¥250

I

When every participant finishes answering the above choice problems, one out of
22 problems is randomly selected. Also, within each pair, either one participant is
randomly selected. Based on the selected participant’s answer at the selected problem,

each participants’ rewards from this task are determined.
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C. Original Experimental Instructions (Japanese)
This experiment was conducted in Japanese. If you want to see the English version,

please refer to Appendix D.

C.1. Instructions of the Team-production Task in ONE
AVAZ9vay

MEBP I, ERE~OHEMERVCT, oAb ala=r—vavilbhncliEZ
WV, IS NG EICE, ZORRTERzPIET I eAHY £,

KE 72, REBRIIESADOHDHNICH 2 PCZHWTITWE T2, RSz ogEs
LBEWTLEE 0, 20X ANERO2TI725E6d, EREFILT22L 250 9,

BONC, UTODDOBETES5oT 03 2L ZMERLTLEZE 0, BV RWDDORH LY
FITlE, FEBT CEREICHOE T Z S 0w,

AvALI7vay (Kikcd)

55 1 S ECE AL

FHE CAAR L)

ARG S ELER AR

HEILHE

IhH 1T REROEMK

FERIIFE 1L HE 2D oD = b LR EINTHE T, F 1LHEE 2T
WAL L7220 T, Thbb, H1IHTED LS RBERIREEZITo 0208, 528D
MRIGEEST 22 L1dH Y T-HAL, FRRIC, B 2ECL D X 5 REEVIE 21T o 72 553,
FB1IHOMBRICEET LI THA,

WTFNDAN—FICBNTH, EERFHZOHHALZ X (FHAKZ I AT, BEREZIT- T
(&, T2, EBRABRICOWTHAZIT > 2%, BIAPHHZIEL CHEEL T3
PEIDEMERT 2720 OHREHR I 4 X 2fTnwE T, EEN OMMEMHE 7 4 X
EffcZ2FC. AFOERERIKT I LTI ERHA,

BWEAR OFEED 55 EER#HEIZ, B 1, F2HOETNENTIT> 2ERBRED
RIS THOIZICIRE S W22 R LAbE72d Dic, ShN#4: 800 MAEMA 7248 7
D ¥, EEHESOFELVREV G, Fl1HLE 2oz hEhTELRY, ThZho
N— LR E BHETICHHAL 97,
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% 1 5BERAA

ERTHEET 2RROBE

COERBTIR, HFEL TR a2 EETLZ ANOREEL LRI EET —L L, ZOTF
— LOEFERHE A D ZREENP VIR AEEL T, HIAREEEOHEE L 4,
FEFDOWIE L PCHL =M > THTWE T, =% &® T, i3k CHmERE L
EHITEHAL £ 9

COEEF—LIZ, K10 XS REELTH Y RT3,

SATORN BREOBRRE o
SD=E
(B3N (Much/Less/Reject) v

D1 : AEPETREI D XA LT A v

WEEBICIT, TOEEEIICABLCWAEE L., 25 ChuIARVE T,
BXAo5bH, 2/3 o Nica#H., 1/3 o NicHi A, oxEIBEIy B TohnEd, b,
BRTZDF—LAA FDBIEE EFADOWTNTH 2013000 T8A, HERIC, AT
DF—LAA PHORT, BB ETE L FAOCTNTH 20135700 T8 A,
RGBSR E DENIC, B/ OEFNIBAHE LHAD TN TH 5 08H L £ 7,
gloicfkEH (PC) 3. ZADREBICZENEINEDL L WEAFETEZ I b v RIA
HrmNET, ZL T, TOZANORZEHRICHEIE, F—LDEHERES X IEHEFEE~
DERMNER D FHE % RE L ¥ 7

COEES X RO FHE2SRE & iz &3, FHEHE Y ICHEEE 72 B I3 EFEREN 21T
WE T, EEEHOKD Y ICREEE (PC) X, &IEER K L CEHEICHE > THM % A
WE T, REEBOFBFIZ, [FIfF = EE LW — EEEShictk ) ax ] & LTk
DET, b, EEEECHEY A MEIRO LD ABERICHY T3, EEEIPLVITLE,
IRAMEFIRELS A ET, . BEHEF AT, FUAEFEHZITo 25602
A P2UNE LY EF, THUTHEEEEIIKD Y TT,

kB, COERBTIE, U EoAEFE L 20 HEEVIEL TITWE T, 2O a0
H, bbb REVPIEE LHFADOCTNTD 50, 13— HOIKE2 KD 25 & & i
HHEIvHBCcInE I, HHO Y TT LT, & & FBRIC, 2/3 DR CIME. 1/3 O
KON, OxEIZEH Y L TET,

Tz, HELEER T — Ll a2 hE, —HEOEEID S T L IR ICHIE L £
PUT T3, BRI 72 — v L EEIRIEICOWT, FERIINEICERIL £ 57

24 7 D&
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T BARZEMEELHAD I b T hoKEZEHI ) Y Ton/z0r, HH2D K5
AT iSRS g %= S

Bk

1/ 20 BYR (#]:54

ZOFIUETOHL-O&E: BRE

2 2 247 O@AE (B 7572 5 EH D5

HEE-ODEBIRE

HlxTbF—L AL POREBIE, ZNEINENLSDWEFETEZ I L ) RiAA %
FIRFICEIZ L £ 3, Z 2 Tld. Much, Less. Reject, D= TRHIZFL F T,

T 2T Much & Less \3Zn X, RILOLEPER, VL OLER, 2ZERLTVET, T
bbb, Much LEZ 72720 1F, Less L EZTGEICHRXTORILDMEEZIT) &2 EKL
TWE 3, —J7 Reject & 13, R TOFHZER L CZOfGx £ 2 2L 2EBIKRL T T,
CDRFET — LIEEB R ZARib R EEEFHPITA R \0W2®, —ANTD Reject %iE
RU7=GE iz, EBEEHN2TOT. 2 TCOANOFBR0 LY T,

M, X3 oEBPUEREO THICH 5, WIGT 2 FBRFEOR L v %22 Y v 27 LTA
NLET, Aptkbse, OKEFEx2v%E 27U v 7 LTR~NERTT,

m#&

1/ 20 TEYBR (#]: 86
BHTd |F—LAAL . F—LAA FOHB|F—LAAORB
R &R T (PREOEE FADEE)
Much 560 560 -190
Much Less 615 500 380
Reject 0 0 0
Much 500 615 495
Less Less 427 427 380
Reject 0 0 0
Reject - 0 0 0

SOFILRTOHUE-ORE: AEE
Much
Less
Rejec!

HE-OFTHERRL TS

t

=
X3 BEREEHEDOH] (B 772 S IH D)
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BTt F—L AL POBEBIEICSCAEORE Y FIF. K3 o EREmmO k-
HNCRREINTVRBERIR L TVWE T, ZORIT, H 77203 EE DLGA IR 1 0K (F
). BRIBHAOGEICTIIREFTN). LRICZOT, HIH1 2L %2035 LT DA
ZEIWTLZE 0,

LAT Tl B3 E O a %N L 37, i1 icd 2 KRG 2 T2
W, BT Much %3 ERL., F—L A4 b2 Less BB R L 7= 7 b1, & 77203525 F
fR1x 615 TT, F—2 A4 FOFIFIX, F—L A4 FBRABELHAOTNTD %0
LoTHREYTT, F—L A4 FPAEHE L H1X500, HrARSIE 380, BF—2 44 b
SR T, BXAOMNEHIZ, DRzt F—L2 A4 FOERRE, £ 7-MEH 2 2H
FHEHANDWTNTH 2H, IS THEEY 3, R CHET 2720 0KH %5 T %D T,
KRR LT X0,

¥, AL FEBRPICHESEL TV A,

HLEIHNELIBORRL OEFSEXRHEFEOREV A

BT 3H 1 EROFERD G2 HEORHIRDO L S ICEE Y £F,

9, 20 MoBRIED S b Ensh—RIBEERGERINE T, b, YORDIGER
IND0nE, H1HORBRICHLEALET,

BRI NI BT H R 7= D7 RG05, 3 1 BOFEERD O H7a /=055 2 REHGH L 20
9, k. AR TR TFICHES L £5, P12, #EiXhzRBTcofEs 615 TH -
725G, B 0H 1 E D o5 5 FE#HEEIT 615 1T,

U EAH—EoEBROFTACS, b 3 pRMEZ L) 5o c, FHIPZ XL
FATEIEL T 23w, BRIZS 2 N3, #rIEF2Z LTI 0N,
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C.2. Instructions of the Team-production Task in NOLEARN
AVAZ792a>

MERRHIE, ERE~OEMEZRVWT, io Nt aia=F—vavilibhwclkd
WV, IS NG EICE, ZORHATERzPIET LA HY £,

KE 72, REBRIIESADOHDHNICH 52 PCZHWTITWE T2, RSz ogEs
LEWTLEE W, 20X AEROUZEAD, EREPIETZ22E23H 0 9,

BRONC, AT DRLTEAL-TE I EERLTLZI WV, BV HRWHDED LY
HITIE, FEBFTEBREICHMLE T I v,

® fVRFIriayv (Kitct)

® 1SR

F—Es X OE Mo itm G 1)

Fofit TR R FH AR

FLHA

KEROEBH

FEERIIF 1L FE 2HO o0 =t ORI THE T, F 1 EH 2 HIFERIC
ML L7220, Thbb, H1IHTED LS RBERBREZITo 20205, FH 2D
FRICGEET 22 L13H Y TLEAL, FARIC, F2EHTL D X 5 RERRIEZIT 5 72528,
FH1IHOBRICEETLIZLIHD A,

WTFNDAN—FICBNTH, EERFHZ UL X (FHAKL I AT, BEREZIT- T
(&, T2, EBRABRICOWTHAZIT - 2%, BIAPHHZIEL CHEEL T3
PEIDEMERT 5720 OHREIHR 7 4 X E2fTwE T, EEN O 7 4 X
EffcZ2FC. AFOEREIET I L TE A,

BWEARZ OFEED 55 FEE#HEIZ, F1E, F2HMOZNENTITo EEBRED
RIS THONLICIRE S W22 R L &b E72d Dic, SN#4E: 800 Mz 7248 L 7
DEd, ERHSOFHELVWIRE VI, H1IHLFH2HOZNLENTEERY, ZAZNLD
N— b2 BZHTICHAL 9,

% 1 HOHE

ERTHEETIRROBE
COEBCIZ, AL CB a R EFET L ADEB L LA EFEF—LE, FDOF
— LD RO ARREESCAIRNAEELE T, BIARKESOKEZ LT,
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FEEEDRIE X PCHEN— Mo TITWE T, A — & &D T, Fllll31R1T LR &
EDICHAL £,
COAFET—LE, 1K), B—HEHE Mo MR b 7 o THEERE) 2 Tw»

R I
—HR D EE) E_HDEE)
E—HTO BE—HOER BE_HTn BE_HIORER
2 A 7 DA F—LXA+D )
o HRI-OEBIRE (B T% . FHOFERE SREZ-OBERE (— - ZH@EA
(Fhig/HAN) KA T DB
(Much/Less/Reject) 1Z58%0) (Accept/Reject) DFEEREA)

——,

1 : R OEE O 24 LT 4 v

WEEBICIT, TOEEEIICABLCWAEE L., 25 ThLHIABRVE T,

BXADIH, 2/3 O NICEEE., 1/3 o NIHT A, oEE»E Y Y TonE T, kb,
HiTzDF =L AL FBRAEELHADOTNTH 2003000 XA, FERIC, iz
DF—L AL F2bRT, %&t#ﬂﬁ%kﬁk@w?hﬁ%éﬁiﬁ#@i%&

BHADRE 2RNIC, B OREBIABE LTAD TN TH 2 @A L £,

HHovoicREH (PC) 13, “ADEEBCZNEZNHE I LD bWAEETE
ZopEwvwIirlilaEmnEsd, LT, CoZ ANoREHERICE S E, F-HoF— 4
DEFERE X UVEEEE~OWMEOFE Z T L £5,

:@EE%&&%M®%Eﬁ&Eéntﬁ%° FHEGE Y ICEEE 72 B I3 Mo EE
EHZITVES, F-WokbickEE (PC) X, &/EER K L TRt > TH—
oWz S~ F 37, WEBDFE —HoMFIE, IHF—HoME = F—-IcESL 2%
B — F-WoEEEEICE s XM ELTHRE Y I, Ak, EEEHICHES X b
BRDO XS HBRICH Y £, EAEELSVITE, A MIKELS AV ET, £/, 2l
FIXFANICH~T, RICAEE#SZ{To 725603 X F2/hE 2D 3, 22 ETHH
—HWoiE#ETT,

—WrLE I AMIC, F-MicF -2 LCHICEEE#FZITo R, bk
72X F— LA A P ORESIKEE (BRE LA WITRD) B e TEE T,

"B L, 9. BoMoERORE/KRICK R ®EE (PO »HE Mo
A X R o Gl % ROE L £ 9,

RHHE2SRE S N7z D b, FWEER L. £ OFHEGE Y ICEEIEE 21T > CRHEICEE I 7z
WY O %EZ TH S A, EHEEZESE L CI oG EEL . RRELE T, CAOHEE
BoBERREICL T, F_MHoMRELEE Y T3, INTH_WOEH»IKEDLY T3,

B, ZoEBTE, LEoZHRoMEE% 20 iRV RL TfITwE T, 2O, ki

DEE., Thbb BRIV E LTADNTNTD B2, WO —EHOEF 234 D
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RIS Y S cI N T, FHEID LTI BRI, &Y EERRIC, 2/3 OHER TR
H. 1/3 oo A, o&EI%E Y BCTF T,
o, ML T — L & B h it ZHAM OGBS D B L A ICEIE L 3,
LAFclix, BRI L —v L EEEEFICO VT, RRRIIEICEHAL £ 3,

24 7 DB
EF. HuFAHE LHAD ) b FThoXEl2E ) Y Tonz0r, HAH2DLE5
RHEECEMINE S,

B

1/ 20 BB [#]: 54

COFURTOBLE=ORE:  REE

2 2 247 O@AEE (B 7572 25 E D5 &

FE—HTOHLE-OERBRE

HlatzbF—L X4 FOWHEBIZ, TNZNFEMCENSSWAEETEZI L)
AR ZFRIRFICEIZE L £9, & ZTld. Much, Less. Reject, D= TRIZFL 3,

T ZT Much b Less l3Zhzh, JULoAERE, YL o4ER, zERLTVWES, ¥
Tebb, Much B 27272018, Less LB ZT-GEICHRTRILOEFEZ1TH> 2 &2 EKL
TWE 3, —J7 Reject & 1. R TOFEZER L TG L2 2L zEKL T T,
COEFETF — LIEEBR ZARib W EEEFHPTA RV, —ANTD Reject %%
L 725Ecix, FEESZ{TDT. BTOADOHEL 0 &4V ET, kb, H-HIck
FEEEN M TN o 256, R 2 e RTLET,

M, X3 oEBPUEmmO THlicH 5, WIGT 2:FERFEOR L2 v %22 Y v 7 LTA
NLET, Aiptkbse, OKFEx V&2 Y v 7 LTR~NERTT,
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[GIES

1/ 20 YRR (0] 86
BHRED |F—hAAF e |FoLAMLOHB[F—LAC L OHE
=5 DER ErroTE (PEEDES) FADES)
Much 560 560 -190
Much Less 615 500 380
Reject 0 0 0
Much 500 615 495
Less Less 427 427 380
Reject 0 0 0
Reject - 0 0 0

ZOFIURTOHE-D%ED:  REE

FE—HOHLI-OTEZERRL TS0 ‘ruch
“ Less

“ Reject

N

X3 : FH—oEEREREOH (B 7572 3 ilE D5t

btz F—2 A4 PORBRERIGCFBFORE Y IR, K3 oREREHTO -
fICRRINTVERIRLTOE T, ZOKRIT. H 77220 OGEITIERIK 1 o EH
1), DREPFTADEHEICIEIRGHHAL), LHEHLEZDOT, JKl1ZSHLA2RLUTO
FHHE T L E S0,

AT CiE. A7 E OGS ZHNCHIAL £3, MK 1A ek 2 REBH DERT
(X, FHICHR 72D Much%:EIRL, F—2 X4 23 Less % BIRL 7= 01X, &
BT E—HNCZI B FIERE 615 TF, F— L A4 FOFEIZ. F— L A4 P BSEEE &
TANDWTNTHLENICE > TREY T, F—2 24 PHAEE R SI1E 500, Hr AL IE
380, 28F —L XA+ DOFEHORFL Y T3, BIAOMBEHEIX, bz F—L X4
FORBBWIE, TAEMELNHE LHTAOTNTHEh, KL THRAD T, oM
i3 27-0DFRZH T 2D T, KLHERELTL XN,

¥k, FWoREER, FoMsKRbo LT TES AL LET, $72, B
L3 FEBRPIGEESRL TEw A,

F—LAL FDRATDEH
LB HoMic, 3T —L A4 FRBEE L HAOCTNIEZMY £3,
BRF-DF—L AL PDXATIEH4A D XS Rl cCBEAEINT T,

81



(=%
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ZOFIFTOREEOES. REE

HUEOF—LAFOERR FROLOEZESMYELE

COFVUETOF—LAORE:  BEE

B4 : HinlcF—uA4 3 ITHERE TH 550 O@EAE I

E_HOREIRE

F—HoNEBOMERHPICE S X, F oL ER, FHEBOE _HoWwMEE, o
FHHSREL T, B TORERHELFE WO OEIITNTA LD X S ITH)EL T
VB hE, RIICRLTWET,

FeAR L FRRIC, &7 DRBE O a2 HNCEIAL £3, B—HICH %D Much %%
RUF—L2X A4 P25 Less iR L 72 72 5 (X 5HE B 235 I oFtH & L GERI N E S,

HIRT-DFR (BE—H) | F—LXAA bDFEIR (E—H) FEZHDEE
Much Much A
Much Less B
Less Much C
Less Less D

K1 B O FERIE &5 WO G 0 0 SRR

FOEFENE T oEHE L LGEENZD2 T, K50 XS AEECEAINE T,

ElE

1/ 20 HYEE [ 46

COIVUETOHU-OEE: REE
COIVUFTOF—LAFO&S . HREE

HULEF—LAMOFE-HTORROBER. B-HOEEHBIETROLDITREVELE

OK

BTz L
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st A 225 D 2B 3 BN 2GR, Bl oREE2), X URETA2)ITR
LTwEd, ThHoDRDFEATIE, REOBE M TOH 57 0RIERETREL CHAL
EJE R

FHTOHLRI-OEBRE
X5 DHEEZHAL-DL, OK A X V2T EX 6D L) AMEAR I NTE T, BHE
JUEEEO BN, g @AM I B o mEFRIC b onFRINTHE T,

B
1/ 20 JE VB (7] 85
HTz F—L k . ., ) i
DER DER HRT=DFF F—LA4 FoFE
Accept 440 173
Accept )
Reject 0 0
Reject - 0 0

COFILETOREEORE: REE

FEZHMDOBHE-OITHERRL TS~ Acoept
Reject

L o |

X6 : S MoEmBREEmol (Hxlzl F—L024 B BEE 0EE)

ZTHBhIEEF—L AL PIRFEIRFICRD —ODBERE 26 —2%ENE S, —2HD
BRI Accept 13 HIINIC TR X N7 IO G %2 321 AL, Z O D I EERE) 217\,
FIHENCR E N0 OFIBE2ZITME L % HET L0 DD TT, ZDOHDERE
Reject 13, HEICERR S N25HHZIEG L C 0 HE2ZITIY . £FEEEZ{TOTICZ ORE
#EBLVWHILDTT, DS F—LAA4 FOERBREOHICIGL T, K2DHY
IO RBEE Y 5,

RKR2OFFGEFHLE T, izl F—L AL FDWSTD Accept %1 EATZ 7 HIE, H
HINCIEEHELE D ICEEEE 2T VWE S, —J7. bt F—L A4 PSR s —7H
Reject AT EICIE, B T HICIZAEEGE 21T W E 2 A,

Hla DR (EH) F—LAA - OER (BH) B _HORER
Accept Accept FHEE Y OEEERSZITD
Accept Reject
Reject Accept FEFEE T ITHAE L
Reject Reject

*2 B OERRE LB O KR O ISBEFR
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H_HoNGEORE VT BAEFICHAL T, chEcoflEFtkic, HaeF—
LA A P BRICEEE TH 2 5EIC. BHICH 772D Much, T — L X A4 F D3 Less % iER
L. it B 235 oGt e L GEEINTCW 2582 E2E T, ZOEE, birl-bF—
LA A b DOWMFED Accept ZiBATZHE . BIHONIRIZ, H7x7-1% 440, F—L2 A4 M
7713870 EF, —J. Bl F—LAA4 DB LD —TiD Reject %iEIR L -85
Blxlz, F—LAA4 b, EHICE_MHOFFRIZO LD T,

HBEEDVELIBOERI OBIERHEEOREV S
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C.3. Instructions of the Team-production Task in LEARN
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C.4. Instructions of the Task for Measuring Inequity Aversion
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D. Translated Experimental Instructions (English)
D.1. Instructions of the Team-production Task in ONE
Instructions

X% Please remember that you cannot communicate with others during the experiment,

except to ask questions to the experimenter. The experiment will be stopped if this is
violated.
% The experiment will be performed on the personal computer (PC) in front of you, but

please use it only as instructed. If not, we may stop the experiment.

Please ensure you have all of the following items. If anything is missing, please raise
your hand.
® Instructions (this handout)
® A Record Sheet for Part 1
® A Plan (Attachment 1)
® A Record Sheet for the Final Results
® Writing utensils
Structure of this Experiment
The experiment consists of two parts, Part 1 and 2. The two parts are completely

independent and separate experiments. The decisions you make in Part 1 will not affect

the results of Part 2 and vice versa.

In both parts, please read the procedures carefully before making decisions.
Following the explanation of the experiment, you will be given a quiz to ensure you
have understood the explanation correctly. The payment rounds will not begin until
everyone has answered this quiz correctly.

Your reward for this experiment is the sum of the amounts determined according to
the results of the first and second part, plus a participation fee of JPY 800. The detailed
method to determine the experimental rewards for Part 1 and Part 2 will be explained

before each part begins.

Instructions: Part 1
Experimental Situation

In this experiment, we assume a production team consisting of two employees who
work together to produce product o and a manager who decides the production plan for
the team. You play the role of an employee. The manager’s decisions are made by the

PC based on the rules. Details, including the decision rules, will be explained later.
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The production team will carry out production activities for one period, as shown in
Fig. 1.

Notification of Type Your Decision Payofts’
(Skilled/Newcomer)  (Much/Less/Reject) Realization

—_—

Fig. 1: The timeline of the production activity

There are two types of employees: skilled workers proficient in the production
activity and newcomers who are not.

Two-thirds of you will be assigned the role of a skilled worker, and one-third will be
assigned a newcomer’s role. You do not know your teammates’ type. Likewise, your
teammate does not know your type.

Before the production activity starts, you will be informed whether your role is that of
skilled worker or newcomer.

At the beginning of the production activity, the manager (PC) will ask each of the two
employees how much they expect to produce. A plan for the team’s production amount
and each employee’s rewards will be determined based on the responses.

Once the plan is determined, employees conduct their production activities as
planned. At the end of the production activity, the manager (PC) pays each employee
according to the plan. The employee’s payoff is determined as “payoff = reward - the
cost of production activity.” The cost of production activity depends on the volume of
production; the higher the volume, the higher the cost. Additionally, the cost of the same
production activity for a skilled worker is lower than for a newcomer. Then, the
production activity ends.

In this experiment, the discussed production activity will be repeated for 20 rounds.
Whether you are a skilled worker or a newcomer, your role will be randomly reassigned
in each round. When you are reassigned, there is a 2/3 chance that you will be a skilled
worker and a 1/3 chance that you will be a newcomer, as in the first round. Also, your
teammate will be randomly redetermined in each round.

The following sections describe the details of the rules and screen operations in

chronological order.

Notification of Type

First, as shown in Figure 2, you will be notified whether you are assigned the role of

a skilled worker or a newcomer.
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Remaining Time [Sec) #&Y#M [#):54

Your role in this round: A skilled worker
LOSVURTOBTOER: BER

OK

Fig. 2: Notification of Type screen (if you are a skilled worker)

Your Decision

Both you and your teammate will simultaneously indicate the expected production
prospect from the following three alternatives: Much, Less, or Reject.

Much and Less imply large and small production amounts, respectively. If you select
Much, you will do more production activities than if you select Less. Reject, on the
other hand, means rejecting the entire plan and leaving the workplace. The production
team can only perform a production activity if both employees are available. If one of

the teammates selects Reject, no production activity will be performed, and everyone's
payoff will be zero.

You will answer by clicking on the button of the corresponding alternative at the

bottom of the decision-making screen shown in Figure 3. When you have finished, click
on the OK button to proceed.

E% Num. of Rounds
LR Teammate's Payoff Remaining Time [Sec] #8¥RA (7). 86
(If a skilled worker)
- Bar® [ F—LbA4 Your Payoff  |s—sx1 +o#)#
Your Choice - _ b%7=0%8
&R | omF

Much

Teammate's Cholce

oHB

PEEOAE @)\ ORE)

Teammate's Payoff
& (If a newcomer)

-190
500 380

560 560

Less 615

Reject

0

0

0

Much
Less
Reject

500
a21

0

615
277

0

495
380
0

0

0

0

Your role in this round:
SDFILETOHE-ORE:

A skilled worker
nas

HUE-OFBERRLTTEL ~ Much

Please select your behavior ~ Le%¢
Reject

[
Fig. 3: Decision-making screen (if you are a skilled worker)
The table displayed at the top of the decision-making screen in Figure 3 shows how
the payoffs are determined according to you and your teammate’s decisions. This table

is the same as that in Attachment 1. Please refer to attachment 1 and pay attention to the
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following explanation.

In the following sections, I explain a case where you are a skilled worker. As in the
table entitled Skilled in Attachment 1, if you select Much and your teammate selects
Less, your payoff is 615. Your teammate’s payoff differs depending on their role: 500 if
your teammate is a skilled worker and 380 if a newcomer. Thus, your payoff differs
depending on you and your teammate’s decisions and your role. We will give you time
to understand it. Please review this carefully.

You may refer to Attachment 1 as and when required during the experiment.

How to Determine Your Experimental Reward from Part 1

Your reward from Part 1 is determined as follows.

First, one of the 20 rounds is selected randomly. We will tell you at the end of 20
rounds which one is chosen.

Your payoff in the selected round will be the amount of your experimental reward for
Part 1. Note that one unit of payoft is equal to JPY 1. For example, if your payoff in the

selected round is 615, your experimental reward for Part 1 is JPY 615.
This completes the explanation of Part 1. We will now take three minutes. Please read

the explanation carefully and make sure you understand it. If you have any questions,

please raise your hand quietly.
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D.2. Instructions of the Team-production Task in NOLEARN
Instructions

X% Please remember that you cannot communicate with others during the experiment,

except to ask questions to the experimenter. The experiment will be stopped if this is
violated.
% The experiment will be performed on the personal computer (PC) in front of you, but

please use it only as instructed. If not, we may stop the experiment.

Please ensure you have all of the following items. If anything is missing, please raise
your hand.
® Instructions (this handout)
® A Record Sheet for Part 1
® Plans for the First and Second Periods (Attachment 1)
® A Record Sheet for the Final Results
® Writing utensils
Structure of this Experiment
The experiment consists of two parts, Part 1 and 2. The two parts are completely

independent and separate experiments. The decisions you make in Part 1 will not affect

the results of Part 2 and vice versa.

In both parts, please read the procedures carefully before making decisions.
Following the explanation of the experiment, you will be given a quiz to ensure you
have understood the explanation correctly. The payment rounds will not begin until
everyone has answered this quiz correctly.

Your reward for this experiment is the sum of the amounts determined according to
the results of the first and second part, plus a participation fee of JPY 800. The detailed
method to determine the experimental rewards for Part 1 and Part 2 will be explained

before each part begins.

Instructions: Part 1
Experimental Situation

In this experiment, we assume a production team consisting of two employees who
work together to produce product o and a manager who decides the production plan for
the team. You play the role of an employee. The manager’s decisions are made by the
PC based on the rules. Details, including the decision rules, will be explained later.

This production team carries out production activities over two periods as shown in
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Figure 1.

The 1% period The 2" period
+——>
1%t Period’s Payoff

»
»

A

Your 1%t Period’s Notification of Your 2™ Period’s 2" Period’s Payoff
Notification of Type Realization Determination of
Decision Teammate’s Decision Realization
(Skilled/Newcomer) (Informed after the end the 2™ Period’s Plan
(Much/Less/Reject) Type (Accept/Reject) (All results are informed)

of the 2" period)

+—tt

Fig. 1: The timeline of two periods

There are two types of employees: skilled workers proficient in the production
activity and newcomers who are not.

Two-thirds of you will be assigned the role of a skilled worker, and one-third will be
assigned a newcomer’s role. You do not know your teammates’ type. Likewise, your
teammate does not know your type.

Before the production activity starts, you will be informed whether your role is that of
skilled worker or newcomer.

At the beginning of the production activity, the manager (PC) will ask each of the two
employees how much they expect to produce. A plan for the team’s production amount
and each employee’s rewards will be determined based on the responses.

Once the plan is determined, employees conduct their production activities as
planned. At the end of the production activity, the manager (PC) pays each employee
according to the plan. The employee’s payoff is determined as “payoff = reward - the
cost of production activity.” The cost of production activity depends on the volume of
production; the higher the volume, the higher the cost. Additionally, the cost of the same
production activity for a skilled worker is lower than for a newcomer. Then, the
production activity ends.

During the transition from the first to the second period, you will know your
teammates' ability level (either a skilled worker or a newcomer) as a result of
conducting the production activity together as a team in the first period.

When the second period begins, the manager (PC) will determine the plan based on
the employees’ decisions in the first period.

After the plan is determined, each employee decides whether to carry out the
production activity as planned and receive rewards or to reject the plan and leave the
workplace. Depending on both employees’ decisions, the outcome of the second period

will be determined. Then, the second period ends.
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In this experiment, the discussed production activity will be repeated for 20 rounds.
Whether you are a skilled worker or a newcomer, your role will be randomly reassigned
in each round. When you are reassigned, there is a 2/3 chance that you will be a skilled
worker and a 1/3 chance that you will be a newcomer, as in the first round. Also, your
teammate will be randomly redetermined in each round.

The following sections describe the details of the rules and screen operations in
chronological order.

Notification of Type

First, as shown in Figure 2, you will be notified whether you are assigned the role of

a skilled worker or a newcomer.

B3 Num. of Rounds
1720 Remalning Time [Sec] FYEM [#]: 54

Your role in this round: A skilled worker
SOV TOSLEORE: REE

oK
Fig. 2: Notification of Type screen (if you are a skilled worker)

Your First period’s Decision

Both you and your teammate will simultaneously indicate the expected production
prospect from the following three alternatives: Much, Less, or Reject.

Much and Less imply large and small production amounts, respectively. If you select
Much, you will do more production activities than if you select Less. Reject, on the
other hand, means rejecting the entire plan and leaving the workplace. The production
team can only perform a production activity if both employees are available. If one of
the teammates selects Reject, no production activity will be performed, and everyone's
payoff will be zero.

You will answer by clicking on the button of the corresponding alternative at the
bottom of the decision-making screen shown in Figure 3. When you have finished, click
on the OK button to proceed.
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[E%% Num. of Rounds
1/ 20

: Teammate's Payoff Remaining Time [Sec] &RYE:R [#]: 86
Teammate’s Cholce (if a skilled worker)
Your Cholce BTN | F—hA4F \;ulir_ngn‘f;f F—LAA FOREB|F—LAAFOFE Teammate's Payoff
aR DER o (PREDES FADES) (if a newcomer)
Much 560 560 -190
Much Less 615 500 380
Reject 0 0 0
Much 500 615 495
Less Less 427 427 380
Reject 0 0 0
Reject - 0 0 0

Your role in this round: A skilled worker
ZOSYURTO®LEI-OBE: FREE

HU=-DTHERIRL TS Much

Please select your 15t period’s behavior tfﬁs
eject

N

Fig. 3: Decision-making screen in the 1% period (if you are a skilled worker)

The table displayed at the top of the decision-making screen in Figure 3 shows how
the payoffs are determined according to you and your teammate’s decisions. This table
is the same as that in Attachment 1. Please refer to attachment 1 and pay attention to the
following explanation.

In the following sections, I explain a case where you are a skilled worker. As in the
table entitled Skilled in Attachment 1, if you select Much and your teammate selects
Less, your payoff is 615. Your teammate’s payoff differs depending on their role: 500 if
your teammate is a skilled worker and 380 if a newcomer. Thus, your payoft differs
depending on you and your teammate’s decisions and your role. We will give you time
to understand it. Please review this carefully.

The results of the first period will be announced to everyone after the second period

ends. You may refer to Attachment 1 as and when required during the experiment.

Notification of Teammate’s Type

During the transition from the first to the second period, you will learn whether your
teammate is a skilled worker or a newcomer. Your teammate’s type will be notified on a

screen, as shown in Figure 4.
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E# Num. of Rounds
1/ 20 Remaining Time [Sec] HYEM (3] 52

Your role in this round: A skilled worker
COSYLFTOHTEORE:  BEE

BEEOF—LACORBITROLOEEGDYELS:
Your teammate’s role in this round is as follows

Your teammate’s role in this round: A skilled worker
CDFIUETCOF—LACDOEHE: BERE

OK

Fig. 4: Notification screen when you and your teammates are both skilled workers

Determination of the Second Period’s Plan

Based on the employees’ decisions in the first period, the plan for the second period is
determined: the expected production and rewards for each employee in the second
period. Table 1 shows how the pair of decisions in the first period corresponds to
selecting the second period’s plan.

As before, let us consider the case where you are a skilled worker. If you select Much
in the first period and your teammate selects Less, then Plan B will be chosen as the
plan for the second period.

Your Choice (1%t period) | Your Teammate’s Choice (2™ period) | 2" period’s Plan
Much Much A
Much Less B
Less Much C
Less Less D

Table 1: Correspondence between the 1% period’s decisions and the 2™ period’s plan

The plan chosen for the second period will be notified on the screen, as shown in
Figure 5.
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[B1% Num. of Rounds
1/ 20 Remaining Time [Sec] BYBERE [#]: 46

Your role in this round: A skilled worker
COSYUETOSLF-DRE: HiRE
COFYURTOF— LA ORE: RRE
Your teammate’s role in this round: A skilled worker
BRIETF—LADE—TOERRDER B OEEHE > TEREOBDITREYFEL:
As a result of your decisions in the first period, the second period’s plan is determined as follows.

You and Your Teammate’s Choices

2ndperiod’s Plan dz Fat )
g_ E% G g 2L You Payoff Your Teammate’s Payoff
T | FAA D | BHORE | FoAAA FOFHE
=HE —m
=R
o Both Accept 440 773
Others 0 0

Fig. 5: Example of a notification screen for the 2nd period's plan (if you and your

teammate are both skilled workers)
The specific amounts of payoffs in plans A through D are shown in Table (Skilled-2)
and Table (Newcomer-2) in Attachment 1. The next section explains how to interpret

these tables.

Your Second Period’s Decision

After reviewing the screen shown in Figure 5, press the OK button and you will see
the screen shown in Figure 6. At the top of the decision-making screen, you will see the

same plan for the second period that you were just notified about.

E% Num. of Rounds

1/ 20 Remaining Time [Sec] #YERE [#): 85

Your Choice our Teammate’s Choice
BT F—hAAF Your Payoff Your Teammate’s Payoff
' o BHT-OHE | F-LAA FOFIE
m-EIR mER T ’ T
VAT AT
Accept 440 773
Accept
Reject 0 0
Reject - 0 0
Your role in this round: A skilled worker
COSYURTOHE-OEE: REE
E_HOHT-DTHERRLTZEL ~ Accept
~ Reject

Please select your 2" period’s behavior

Fig. 6: Decision-making screen in the 2" period (if both are skilled workers)
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You and your teammate will simultaneously select one of the two alternatives. The
first alternative, Accept, is that you want to accept the plan displayed on the screen for
the second period, perform the production activities, and receive the payoff as shown in
the plan. The second alternative, Reject, is to reject the plan shown on the screen,
receive zero, and leave the workplace without performing any production activities.
Depending on the pair of decisions, the second period’s outcome is determined, as
shown in Table 2.

Let me explain how to interpret Table 2. If you and your teammate both select Accept,
you will carry out the production activity in the second period as planned. However, if
at least one of you selects Reject, you will not perform any production activities in the
second period.

Your Choice (2™ period) | Your Teammate’s Choice (2™ period) Results of the 2™ period
Conduct the production
Accept Accept o
activity as planned
Accept Reject
Reject Accept No production activity
Reject Reject

Table 2: Correspondence between 2™ period’s decisions and the 2™ period’s results

I will provide an example of how the payoff in the second period is determined. As in
the previous examples, suppose you and your teammate are both skilled workers; you
selected Much and your teammate selected Less in the first period, and Plan B was
chosen as the plan for the second period. If both of you select Accept, the payoff in the
second period will be JPY 440 for you and JPY 773 for your teammate. However, if one
of you selects Reject, both you and your teammate will receive zero in the second
period.

How to Determine Your Experimental Reward from Part 1

Your reward from Part 1 is determined as follows.

First, one of the 20 rounds is selected randomly. We will tell you at the end of 20
rounds which one is chosen.

Your total payoff in the selected round will be the amount of your experimental
reward for Part 1. Note that one unit of payoff is equal to JPY 1. For example, if your
first period’s payoff in the selected round is 615 and that in the second period is 440,
then the experimental reward for Part 1 is JPY 615 + 440 = JPY 1055.
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This completes the explanation of Part 1. We will now take three minutes. Please read
the explanation carefully and make sure you understand it. If you have any questions,

please raise your hand quietly.
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D.3. Instructions of the Team-production Task in LEARN
Instructions

X% Please remember that you cannot communicate with others during the experiment,

except to ask questions to the experimenter. The experiment will be stopped if this is
violated.
% The experiment will be performed on the personal computer (PC) in front of you, but

please use it only as instructed. If not, we may stop the experiment.

Please ensure you have all of the following items. If anything is missing, please raise
your hand.
® Instructions (this handout)
® A Record Sheet for Part 1
® Plans for the First and Second Periods (Attachment 1)
® A Record Sheet for the Final Results
® Writing utensils
Structure of this Experiment
The experiment consists of two parts, Part 1 and 2. The two parts are completely

independent and separate experiments. The decisions you make in Part 1 will not affect

the results of Part 2 and vice versa.

In both parts, please read the procedures carefully before making decisions.
Following the explanation of the experiment, you will be given a quiz to ensure you
have understood the explanation correctly. The payment rounds will not begin until
everyone has answered this quiz correctly.

Your reward for this experiment is the sum of the amounts determined according to
the results of the first and second part, plus a participation fee of JPY 800. The detailed
method to determine the experimental rewards for Part 1 and Part 2 will be explained

before each part begins.

Instructions: Part 1
Experimental Situation

In this experiment, we assume a production team consisting of two employees who
work together to produce product o and a manager who decides the production plan for
the team. You play the role of an employee. The manager’s decisions are made by the
PC based on the rules. Details, including the decision rules, will be explained later.

This production team carries out production activities over two periods as shown in
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Figure 1.

The 1% period The 2™ period
¢ /™™™
1* period’s Payoff

A

»
»

Your 1* period’s Notification of Determination Your 2" period’s 28 period’s Payoff
Notification of Type Realization
Decision Teammate’s Type and of the 2™ Decision Realization
(Skilled/Newcomer) (Informed after the
(Much/Less/Reject) Ability Improvement period’s Plan (Accept/Reject) (All results are informed)

end of the 2™ period)

—

Fig. 1: The timeline of two periods

There are two types of employees: skilled workers proficient in the production
activity and newcomers who are not.

Two-thirds of you will be assigned the role of a skilled worker, and one-third will be
assigned a newcomer’s role. You do not know your teammates’ type. Likewise, your
teammate does not know your type.

Before the production activity starts, you will be informed whether your role is that of
skilled worker or newcomer.

At the beginning of the production activity, the manager (PC) will ask each of the two
employees how much they expect to produce. A plan for the team’s production amount
and each employee’s rewards will be determined based on the responses.

Once the plan is determined, employees conduct their production activities as
planned. At the end of the production activity, the manager (PC) pays each employee
according to the plan. The employee’s payoff is determined as “payoff = reward - the
cost of production activity.” The cost of production activity depends on the volume of
production; the higher the volume, the higher the cost. Additionally, the cost of the same
production activity for a skilled worker is lower than for a newcomer. Then, the
production activity ends.

During the transition from the first to the second period, the following two will occur.
First, you will know your teammates' ability level (either a skilled worker or a
newcomer) as a result of conducting the production activity together as a team in the
first period. Second, newcomers whose teammates are skilled workers will improve
their abilities by learning from working with a skilled worker in the first period.

When the second period begins, the manager (PC) will determine the plan based on
the employees’ decisions in the first period.

After the plan is determined, each employee decides whether to carry out the

production activity as planned and receive rewards or to reject the plan and leave the
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workplace. Depending on both employees’ decisions, the outcome of the second period
will be determined. Then, the second period ends.

In this experiment, the discussed production activity will be repeated for 20 rounds.
Whether you are a skilled worker or a newcomer, your role will be randomly reassigned
in each round. When you are reassigned, there is a 2/3 chance that you will be a skilled
worker and a 1/3 chance that you will be a newcomer, as in the first round. Also, your
teammate will be randomly redetermined in each round.

The following sections describe the details of the rules and screen operations in
chronological order.

Notification of Type

First, as shown in Figure 2, you will be notified whether you are assigned the role of

a skilled worker or a newcomer.

E3% Num. of Rounds
1/ 20 Remaining Time [Sec] Y& [#]: 54

Your role in this round: A skilled worker
ZOFVURTOREI-DEE: BiEE

oK
Fig. 2: Notification of Type screen (if you are a skilled worker)

Your First period’s Decision

Both you and your teammate will simultaneously indicate the expected production
prospect from the following three alternatives: Much, Less, or Reject.

Much and Less imply large and small production amounts, respectively. If you select
Much, you will do more production activities than if you select Less. Reject, on the
other hand, means rejecting the entire plan and leaving the workplace. The production
team can only perform a production activity if both employees are available. If one of
the teammates selects Reject, no production activity will be performed, and everyone's
payoff will be zero.

You will answer by clicking on the button of the corresponding alternative at the
bottom of the decision-making screen shown in Figure 3. When you have finished, click
on the OK button to proceed.
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[E1# Num. of Rounds
172

_ Teammate’s Payoff Remaining Time [Sec] BYUBA (#]: 86
Teammate’s Cholce (if a skilled worker)
Your Choice ,-;:;H -v_:’:_g.:: : i&gr__ﬂg!nlfif ;_!.. :'..! _A‘I:;; ; ;_5: , ':“&;.; Te(?:;“;zﬁfﬁ:na;_‘;ﬁ
Much 560 560 -190
Much Less 615 500 380
Reject 0 0 0
Much 500 615 495
Less Less 427 427 380
Reject 0 0 0
Reject = 0 0 0

Your role in this round: A skilled worker
LOSILETOHL-O&RE: BEE

Ht-OTMERRL TSN~ Much

Please select your 1% period’s behavior :i:j:ct

Fig. 3: Decision-making screen in the 1% period (if you are a skilled worker)

The table displayed at the top of the decision-making screen in Figure 3 shows how
the payoffs are determined according to you and your teammate’s decisions. This table
is the same as that in Attachment 1. Please refer to attachment 1 and pay attention to the
following explanation.

In the following sections, I explain a case where you are a skilled worker. As in the
table entitled Skilled in Attachment 1, if you select Much and your teammate selects
Less, your payoff is 615. Your teammate’s payoff differs depending on their role: 500 if
your teammate is a skilled worker and 380 if a newcomer. Thus, your payoft differs
depending on you and your teammate’s decisions and your role. We will give you time
to understand it. Please review this carefully.

The results of the first period will be announced to everyone after the second period

ends. You may refer to Attachment 1 as and when required during the experiment.

Notification of Teammate’s Type and Ability Improvement

During the transition from the first to the second period, you will learn whether your
teammate is a skilled worker or a newcomer. Additionally, newcomers whose
teammates are skilled workers will improve their ability due to their learning while
working with a skilled worker in the first period. After the improvement, the
newcomer’s ability level is the same as that of the skilled worker. Note that if the
teammate is also a newcomer, the newcomer’s ability improvement will not occur.
Additionally, the skilled worker’s ability is already high enough, so no matter whom he
teams up with, the skilled worker’s ability will not improve.

The type of teammate and the results of ability improvement will be notified on the
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screen, as shown in Figures 4, 5, and 6 below.

B3 Num. of Rounds
1/ 20 Remaining Time [Sec] BYEF [#]: 6

Your role in this round: A newcomer
ZOZIVUETOHE-0FE: WA

HUEOF—LAFOEBIETROLOEESMYELE
Your teammate’s role in this round is as follows

Your teammate’s role in this round: A skilled worker
ZOSHYURTOF—LACOEE: BEE

F—LA D AEEDO. HE=OREAFRMLELELE
HET-DRENFREELFCKEIZGUYFELE
Since your teammate is a skilled worker, your ability has improved
Your ability level has become equal to that of the skilled workers

R

Fig. 4: When you are a newcomer and your teammate is a skilled worker

[E1% Num. of Rounds
1/ 20 Remalning Time [Sec] BUeERA [F): 3

Your role in this round: A newcomer
ZOFVUETOHE-OESR: WA

F—LAFORENEFEDM LI TROBYEESMYELE
Your teammate’s role in this round is as follows

Your teammate’s role in this round: A newcomer
ZOSYUETOF—LAOEE: A

Btz eF— LA PDBADFADTO. DA LIFREEFEATLE

BETEF—LAMDENEE-HOKEOFEELHYELA
Since your teammate is a newcomer, your ability has not improved
Both you and your teammate’s ability level stay the same with the first period's level

OK

Fig. 5: When both you and your teammate are newcomers
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B ¥ Mum--of Rounds
1/ 20 Remaining Time [Sec] BV [#]: 20

Your role in this round: A skilled worker
ZOSULRTOHGO&RE . BEE

F—LASDEELAENMNEETROBYLESMYELE
Your teammate’s role in this round is as follows

Your teammate’s role in this round: A skilled worker
ZHFIURTOF—LALOHEE: BEF

HE=ATF— LA SLEECEEN OBV RESE THOT=0 ., BUSEANA LEREEEEATLE
BIRIETF— LA FORENFE MO REDFEERLHIFEA

Since you and your teammates are already highly competent skilled workers,
no further improvement in your abilities occurred

Both you and your teammate’s ability level stay the same with the first period's level

OK

Fig. 6: When both you and your teammate are skilled workers

Determination of the Second Period’s Plan

Based on the employees’ decisions in the first period, the plan for the second period is
determined: the expected production and rewards for each employee in the second
period. Table 1 shows how the pair of decisions in the first period corresponds to
selecting the second period’s plan.

As before, let us consider the case where you are a skilled worker. If you select Much
in the first period and your teammate selects Less, then Plan B will be chosen as the

plan for the second period.

Your Choice (1% period) Your Teammate’s Choice (2™ period) 2" period’s Plan
Much Much
Much Less X
Less Much
Less Less Y

Table 1: Correspondence between the 1% period’s decisions and the 2™ period’s plan

The plan chosen for the second period will be notified on the screen, as shown in
Figure 7.
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E1#-Num.-ef Rounds
1/ 20 Remaining Time [Sec] FYESR [#]: 37

Your rele in this round: A skilled worker
SOV TOBGLORE: RRE
CDSIUETHF— LA OESD:  FEE
Your teammate’s role in this round: A skilled worker
Bt EF— LA PDE—INTORROBER, E_MOEEHE I FROLDITREVELLE
Based on you and your teammate’s decisions in the first period,
the second period’s plan is determined as follows

You and Your Teammate's Choice ‘ (e
2nrd pdriod’s plan .
Your Payoff Your Teammate's Payoff
BELDRE | FoLAA DTS
X Both Accept 440 440
Others 0 0

Fig. 7: Example of a notification screen of the 2™ period's plan (when you and your

teammates are both skilled)

The specific amounts of payoffs in plans A through D are shown in Table (Skilled-2)
and Table (Newcomer-2) in Attachment 1. The next section explains how to interpret

these tables.

Your Second Period’s Decision
After reviewing the screen shown in Figure 7, press the OK button and you will see
the screen shown in Figure 8. At the top of the decision-making screen, you will see the

same plan for the second period that you were just notified about.

[El% Num. of Rounds
1/ 2 Remaining Time [Sec] FYBsRE [0): 83

Your Choice Your Teammate's Choice
_2;.. =" ‘_\*: a‘. p— A ,{ I. Your Payoff Your Teammate’s Payoff
HEuT-mFE F—LAAFOFIE
5'::%—:\' Gr,"f.__*g-:l\ @ g VI 7 R ’f |' v, 1=
Accept 440 440
Accept
Reject 0 0
Reject - 0 0

Your role in this round: A skilled worker
COFHIVETOHLEORE: BEE

FEMOHEF-DITHERRLTIZE Accept
Please select your 2" period’s behavior Reject

e |

Fig. 8: Example of a decision-making screen for the second period (when you and your

teammates are both skilled)

You and your teammate will simultaneously select one of the two alternatives. The
first alternative, Accept, is that you want to accept the plan displayed on the screen for

the second period, perform the production activities, and receive the payoff as shown in
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the plan. The second alternative, Reject, is to reject the plan shown on the screen,
receive zero, and leave the workplace without performing any production activities.
Depending on the pair of decisions, the second period’s outcome is determined, as
shown in Table 2.

Let me explain how to interpret Table 2. If you and your teammate both select Accept,
you will carry out the production activity in the second period as planned. However, if
at least one of you selects Reject, you will not perform any production activities in the
second period.

Your Choice (2" period) | Your Teammate’s Choice (2™ period) Results of the 2" period
Accept Accept Conduct the production activity as planned
Accept Reject
Reject Accept No production activity
Reject Reject

Table 2: Correspondence between 2™ period’s decisions and the 2™ period’s results

I will provide an example of how the payoff in the second period is determined. As in
the previous examples, suppose you and your teammate are both skilled workers; you
selected Much and your teammate selected Less in the first period, and Plan B was
chosen as the plan for the second period. If both of you select Accept, the payoff in the
second period will be JPY 440 for you and JPY 773 for your teammate. However, if one
of you selects Reject, both you and your teammate will receive zero in the second
period.

How to Determine Your Experimental Reward from Part 1

Your reward from Part 1 is determined as follows.

First, one of the 20 rounds is selected randomly. We will tell you at the end of 20
rounds which one is chosen.

Your payoff in the selected round will be the amount of your experimental reward for
Part 1. Note that one unit of payoft is equal to JPY 1. For example, if your first period’s
payoff in the selected round is 615 and that in the second period is 440, then your
experimental reward for Part 1 1s JPY 615 + 440 = JPY 1055.

This completes the explanation of Part 1. We will now take three minutes. Please read
the explanation carefully and make sure you understand it. If you have any questions,
please raise your hand quietly.
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D.4. Instructions of the Task for Measuring Inequity Aversion
Instructions: Part 2

Experimental Situation

You will be randomly divided into pairs. You will work on a task to determine the
amount of money that each of you will receive. You will be asked to provide your
opinion on the amount of money received. After you have answered, one out of two
persons will be chosen at random, and the payment will be made according to the
opinion of the chosen person.

You will be asked two questions, A and B. They are similar in format, but the
proposed receiving amount is different, so please answer them carefully. Next, we will

explain the detailed procedure for Questions A and B.

Procedure of Question A

In Question A, you will see a screen as shown in Figure 1. On the left side of the
screen, you will see “Proposal A-1: JPY 150 for you and JPY 250 for the other party”
and “Proposal A-2: JPY X for you and JPY X for the other party.”

On the right side of the screen, there are 11 questions lined up vertically to choose
one of the two options lined up on the left. All the alternatives on the left side show
proposal A-1. The right-hand side shows proposal A-2, where the value of X changes in
JPY 10 increments from X= JPY 50 to X= JPY 150. For each case, click on the option
that you prefer to receive.

El# Num. of Rounds

Remaining Time [Sec] HURsRE [#1: 59

You receive ¥150, The other part receives ¥250
A-1:AECf-12150M. #F 22500
You receive ¥150, The other part receives ¥250
A-1:FRELT-12150M . #F 12250
You receive ¥150, The other part receives ¥250
A=1:FEct=12150H . #F 12250
You receive ¥150, The other part receives ¥250
A-1:#Zit=12150M . #F(2250M

You receive ¥50, The other part receives ¥50
© 0 A-2:&fET-1Z50M . FFIZ50M

You receive ¥60, The other part receives ¥60
© o A-2:AREET-1Z60M . 6 FIZ60M

You receive ¥70, The other part receives ¥70
© 0 A=2:RECT-IZTOM. FFIZT0M

You receive ¥80, The other part receives ¥80
© o A-2AEET=1Z80M. #FE(280M

Proposal A-1
You receive ¥150,

The other part receives ¥250
HU-EAFORMBEOEA-
#$7ET=1=150M . #F 12250

Hlit-EHFOREBADREA-2
Biaf-ITXM. HBFITXA

Proposal A-2
You receive ¥X,
The other part recelves ¥X

You receive ¥150, The other part receives ¥250
A-1:/7cT=12150M . #BF (2250
You receive ¥150, The other part receives ¥250
A-1:#%T=12150M . #8F 122501
You receive ¥150, The other part receives ¥250
A-1:#Ecf-1Z150M . #F12250M
You receive ¥150, The other part receives ¥250
A-1:#Ect-12150M . #FI2250M
You receive ¥150, The other part receives ¥250
A-1:#Eet=12150M . #FI2250M
You receive ¥150, The other part receives ¥250
A-1:#/iet=12150M . #BF (22501
You receive ¥150, The other part receives ¥250
A-1:#iet=12150M . 3FE(2250M

You receive ¥90, The other part receives ¥90
T A-2:F7LI=1290M. #EF(Z90M

You receive ¥100, The other part receives ¥100
© 0 A-2:AMEf=1Z100M . 812100

You receive ¥110, The other part receives ¥110
© 0 A-2:HAEf-IZ110F . #BF(2110M

You receive ¥120, The other part receives ¥120
o A-2:-Aiif-12120M . BFE(Z120M

You receive ¥130, The other part receives ¥130
© o A=2:AR‘Ef=12130M . #E(Z2130M

You receive ¥140, The other part receives ¥140
0 A-2:&REET=IZ140M . FBE(Z140M

You receive ¥150, The other part receives ¥150
©° A-2:&EETf=IZ150M . E(Z150M

Procedure of Question B
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Fig. 1: A decision-making screen for Question 1



In Question B, you will see a screen as shown in Figure 2. On the left side of the
screen, you will see “Proposal B-1: JPY 250 for you and JPY 150 for the other party”
and “Proposal B-2: JPY X for you and JPY X for the other party.”

On the right side of the screen, there are 11 questions lined up vertically to choose
one of the two options lined up on the left. All the alternatives on the left side show
proposal B-1. The right-hand side shows proposal B-2, where the value of X changes in
JPY 10 increments from X= JPY 150 to X= JPY 250. For each case, click on the option

that you prefer to receive.

[B1# Num. of Rounds
1/1

Proposal B-1
You recelve ¥250,
The other part receives ¥150

Hirt-LHFOZREDEB-1
#Hf-12250M, 8F 12150

HE-LHEFOZRBDEB-2
HEzIZYA. AFIZYA

Proposal B-2
You receive ¥X,
The other part receives ¥X

You receive ¥250, The other part receives ¥150
B-1:#7%21-12250M . #FE(Z150M
You receive ¥250, The other part receives ¥150
B-1:47it-12250M. #F(2150M
[You receive ¥250, The other part receives ¥150
B-1:#7ct-1Z250M. #FE(Z150A
[You receive ¥250, The other part receives ¥150
B-1:#&7et-12250M. #HF(Z150M
You receive ¥250, The other part receives ¥150
B-1:4p7Zit-12250M. #F(Z150M
You receive ¥250, The other part receives ¥150
B-1:47:1-12250M. #F(Z150M
[You receive ¥250, The other part receives ¥150
B-1:dnfet-12250M. #F(Z150M
You receive ¥250, The other part receives ¥150
B-1:#7if=1Z250M . #F(Z150M
You receive ¥250, The other part receives ¥150
B-1:#4et-12250M. #FE(Z150M
You receive ¥250, The other part receives ¥150
B-1:#7Z2f-12250M . #F(Z150M
You receive ¥250, The other part receives ¥150
B-1:dnit-12250M. #F(Z150M

Remaining Time [Sec] LRI [(F0): 57

You receive ¥150, The other part receives ¥150

© B-2:#%2f-12150M. BFIZ1508

You receive ¥160, The other part receives ¥160

" B-2:&%f-1Z160M. FAFIZ160M

You receive ¥170, The other part receives ¥170

© B-2:&A%f-12170M. #8F(21708

You receive ¥180, The other part receives ¥180
B-2: #Zif-12180M. #8F12180M
You receive ¥190, The other part receives ¥190

© 0 B-2: 12190, #BFIZ190M

You receive ¥200, The other part receives ¥200

© B-2: &%if=12200M. $8F (2200

You receive ¥210, The other part receives ¥210

© B-2:#&fif-12210M. #F(Z210M

You receive ¥220, The other part receives ¥220

© B-2: &Ixf=12220M. #BF(2220M

You receive ¥230, The other part receives ¥230

© B-2: &%f-12230M. #BF(2230M

-

You receive ¥240, The other part receives ¥240
B-2: &#if-12240M. ¥8F (22408
You receive ¥250, The other part receives ¥250

© B-2: &irf-12250M. #F(2250M

Fig. 2: A decision-making screen for Question 2

How to Determine Your Experimental Reward from Part 2

Your experimental reward from Part 2 will be determined as follows.

First, either you or your partner will be randomly selected. Next, among the 22
answers (11 from Question A and 11 from Question B), one of the answers is randomly
selected. Finally, the amount of money you and your partner receive will be determined
according to the selected question’s answer.

This completes the explanation of Part 2. We will now take a few minutes; please read
the explanation carefully and ensure you understand it. If you have any questions,

please raise your hand quietly.

116



