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Abstract

This paper examines determinants of the steady state distribution of trusting behavior in
a population of principals and agents, where the former learn from experience in accordance
with boundedly rational procedures. For any given distribution of agent types, the long run
distribution of principal behavior is characterized. It is shown that heterogeneity in the behavior
of principals persists under both the sampling procedure (Osborne and Rubinstein, 1998) and
the maximum average procedure (Rustichini, 2003). For the sampling procedure, we identify
sufficient conditions under which greater resistance to control on the part of agents results in
greater equilibrium trust among principals. We also show that the maximum average procedure,
despite its greater sophistication, can result in poorer performance than the sampling procedure
both from the perspective of the principal, and also with respect to aggregate payoffs.
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1 Introduction

Many situations require us to choose the extent to which our fate is left in the hands of others. We
can give others substantial discretion over actions that affect our well-being, or we can constrain
their choices in ways that leave us less vulnerable. A willingness to leave others unconstrained
signals trust in the sense that we expect them to act in a manner reasonably congruent with our
interests, even if this entails some material sacrifice on their part. For the same reason, constraining
the discretion of others signals distrust in their willingness to put adequate weight on our well-being.
Such decisions can be difficult because of the possibility that signals of distrust may themselves
induce self-interested behavior in others, while signals of trust may elicit generous responses. Trust
is riskier but can also be more rewarding than distrust.

The British welfare state provides a good example of the dilemmas which arise in the context
of trust. Doctors, academics and school teachers in the public sector were for a long time regarded
as responsible professionals who could be trusted to perform their jobs conscientiously with little
outside monitoring. This has changed considerably in recent years. A large bureaucracy has arisen
which monitors the performance of such professionals and specifies, often in great detail, what they
should do and how they should allocate their time. This development is widely resented because
conformity with the rules is time-consuming and restricts the freedom of those concerned to follow
their professional judgment. It is also resented as manifestation of distrust. Many professionals
believe that extensive monitoring undermines professional commitment and encourages a merce-
nary attitude (Le Grand, 2006). The defenders of the present monitoring system, including many
economists, dismiss such complaints as self-serving or exaggerated. They point to various scandals
that have occurred and to the failure of many professionals to perform adequately when left to
their own devices. They acknowledge that the present monitoring system does provoke a negative
behavioral response in some professionals, but believe this is more than offset by its benefits in
identifying rogue elements and raising the minimum standard.

The idea that trust is often rewarded by generosity on the part of those who are trusted is
also familiar in the experimental economics literature (Berg, Dickhaut, and McCabe, 1995). One
consequence of this is that contracts based on explicit economic incentives (which signal distrust)
can interfere with norms of trust and reciprocity and hence result in lower payoffs to principals
than certain implicit contracts (see, for instance, Frey 1993, 1997, Gneezy and Rustichini 2000a,
2000b, and Fehr and Gächter, 2002). A recent paper by Falk and Kosfeld (2006) reveals in a
particularly clear manner both the risks and the potential rewards involved in the exercise of trust.
Their experiment involves a principal and an agent, the latter of whom is given an endowment.
Part of this endowment can be transferred to the principal, who receives a multiple (greater than
one) of the transferred amount. The principal has the option of restricting the set of possible
transfers available to the agent by setting a lower bound below which the transfer cannot lie.
Clearly a principal who expects agents to behave selfishly will choose to restrict the transfer. On
the other hand, the choice to restrict transfers can be interpreted as a signal of distrust, to which
certain agents may respond by lowering their transfers. Falk and Kosfeld report that a majority
of agents do, in fact, respond in this way: choosing higher transfers when left unrestricted than
when restricted (such agents are referred to as control-averse). Moreover, a majority of principals
appear to anticipate such behavior, and thus choose to leave transfers unrestricted. The average
returns to trust are significantly higher than those to distrust, even though a sizeable minority of
agents transfer nothing when trusted.

How might the decision of whether or not to trust be made in practice? It is reasonable to
suppose that it is based on some combination of experimentation, experience, and habit. When
individuals respond positively to trust and negatively to distrust, they are increasing the expected
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return to trust, and encouraging the spread of trusting behavior in the population at large, even
when that is not their intention. We model this process and attempt to identify some of the
determinants of the incidence of equilibrium trust. Experimental evidence suggests that there is
considerable heterogeneity across individuals with respect to their beliefs regarding whether or not
it pays to trust others, and hence heterogeneity also in the extent of trusting behavior. Responses
to trust also vary widely, with some individuals behaving selfishly, while others reward trust and
still others seem to punish it. We account for the persistence of heterogeneous beliefs and actions
using a notion of procedural rationality introduced by Osborne and Rubinstein (1998), and fur-
ther developed by Rustichini (2003). We show that such procedures result in a non-degenerate
equilibrium distribution in the population of the extent of trusting behavior on the part of princi-
pals, and examine how changes in the behavior of agents alters this equilibrium distribution. Of
particular interest are the kinds of changes in agent behavior that result in greater trust on the
part of principals. Intuition suggests that an increase in control-aversion should result in greater
equilibrium trust. We show that this is true if control-aversion is sufficiently extreme, but not in
general: greater control-aversion can sometimes result in a lower incidence of equilibrium trust.

The sampling procedure is extremely simple: principals try each available action once and adopt
whichever one yields the greatest payoff for use in all subsequent periods. The maximum average
procedure is somewhat more sophisticated. Each action is initially sampled once, and the one
yielding the highest payoff is selected to begin with. After this, the principal selects whichever
action has resulted in the highest average payoff to date. This procedure can involve multiple
switches back and forth between actions over time. Despite its greater sophistication, however, it
turns out that the maximum average procedure can result in lower expected payoffs for the principal,
as well as lower payoffs in the aggregate, relative to the sampling procedure. The conditions under
which this occurs are economically interesting, and are satisfied in the Falk and Kosfeld data.

In this paper we take the distribution of agent behavior to be given and focus on the equilibrium
behavior of principals under boundedly rational procedures. This leaves open the question of why
agents might behave in the manner that they do. In recent work, Ellingsen and Johannesson
(2006) construct an elaborate model of signaling which may be used to rationalize the behavior
of both principals and agents. The logic of their argument (applied to the Falk and Kosfeld
experiment) is roughly as follows. Individuals are heterogeneous with respect to both preferences
and beliefs, and care not only about monetary payoffs but also about the extent to which they
are regarded as generous by others. Generous principals are more likely to believe that they have
been matched with generous agents, and generous agents prefer to make larger transfers when faced
with generous principals. In a fully separating equilibrium, selfish principals control and generous
ones do not. Selfish agents transfer only what they are forced to, and generous agents transfer less
when controlled (believing correctly that the principal is selfish) than when trusted. Principals in
this model are fully rational and, conditional on their own type, have identical beliefs about the
agents with whom they are matched. In our framework, on the other hand, principals who are
ex-ante identical can end up taking different actions in equilibrium as a result of different sampling
histories.

The term "trust" has been used in many different ways in academic discourse. We use the word
to describe an action that will only be beneficial to the principal if the agent is sufficiently unselfish.
We also assume that the decision to trust is influenced by the beliefs of the principal regarding
the nature of the agent, and that these beliefs are themselves based on prior experience. Hence
our notion of trust has both "calculative" and "personal" components in the sense of Williamson
(1993). Trust is not simply a label for a decision that leaves an individual vulnerable to actions of
another party. It is a belief that this vulnerability will not be exploited for personal gain.
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2 Evidence

Consider the following simple interaction between a principal and an agent (Falk and Kosfeld,
2006). The agent has an endowment of e units and chooses a transfer of w units to the principal.
The resulting payoffs are e − w to the agent and βw to the principal, where β > 1. Prior to the
transfer, the principal may set a lower bound c below which w cannot lie. A principal who expects
agents to maximize monetary returns will choose to restrict the transfer (thereby ensuring a payoff
of βc instead of 0).

Falk and Kosfeld group agents into three classes based on their responses. Selfish agents transfer
the minimum feasible amount in either case, which is c when transfers are restricted and 0 otherwise.
Inequity-averse agents make transfers that are strictly positive and insensitive (subject to feasibility)
to whether or not they are trusted by the principal. Finally, control-averse agents make transfers
that are strictly higher when left unrestricted relative to the case in which they are restricted.
Although there is a fair amount of heterogeneity within groups, there is enough clustering of
individual responses to make the classification meaningful. When e = 120, β = 2, and c = 10, the
median transfers of the three agent types are as follows.

Control Trust
Selfish 10 0

Inequity-Averse 12 12
Control-Averse 10 30

(1)

Modal transfers reveal a similar pattern: selfish agents transfer the minimum possible, inequity-
averse agents make transfers that are independent of control, and control-averse agents transfer
much more when trusted than when controlled. A few agents cannot be classified in either one of
the three categories: they transfer more when controlled (as in the case of selfish agents) but do not
always choose the minimum possible transfer. We shall refer to such agents as manipulation-averse.
Their specific motivation in the Falk and Kosfeld experiment is unknown, but it is concievable that
they were reacting negatively to trust because they believed that the principal had chosen this
option, not out of respect for them, but in order to maximize his own payoff. In fact, it is entirely
possible that a portion of the agents who are characterized as selfish by Falk and Kosfeld are in
fact manipulation-averse.

Interestingly, the beliefs of principals who choose to control are systematically less optimistic
(regarding anticipated agent transfers) than those of principals who trust. Principals tend to choose
the action that they expect will lead to the greatest transfer, but there is considerable heterogeneity
(and hence inaccuracy) in beliefs. A central purpose of this paper is to provide an account of the
manner in which such belief heterogeneity and inaccuracy may arise and persist over time as agents
learn from experience and choose actions in accordance with well-specified but boundedly rational
procedures.

3 The Sampling Procedure

Consider a large population of principals and agents, where the latter can be partitioned into the
three groups identified above. For simplicity, suppose that there is no behavioral heterogeneity
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within groups of agents, and that agent transfers are as follows:

Control Trust
Selfish c 0

Inequity-Averse xe ye
Control-Averse c yt

Assume that
0 < c < xe = ye < yt. (2)

and that the population shares of the three agent types are given by s = (s1, s2, s3) . Principals
are aware of the actions available to them, and the possible payoff consequences of these actions,
but are unaware of the distribution of agent types. It is assumed that they form beliefs based on
experimentation and experience. Osborne and Rubinstein (1998) introduce the following simple
procedure for doing this: each principal samples each of the two actions exactly once, and chooses
the one yielding a higher payoff thereafter. Ties are broken with uniform probability. The three
possible rankings of actions then arise with the following probabilities:

Pr (πc > πt) = s1

Pr (πc = πt) = s22

Pr (πc < πt) = 1− s1 − s22
Let the behavior of principals be represented by σ = (σ1,σ2), where σ1 is the proportion of
principals choosing to control, while σ2 is the proportion choosing to trust. Then σ∗ = (σ∗1,σ∗2)
is said to be a sampling equilibrium if the likelihood with which action i is chosen under the
sampling procedure is precisely equal to σ∗i . Since s is exogenously given, there is a unique sampling
equilibrium given by:

(σ∗1,σ
∗
2) =

µ
s1 +

1

2
s22, 1− s1 −

1

2
s22

¶
. (3)

Any sampling equilibrium can be viewed as a steady state of a dynamic process involving a large
population with entry and exit (Sethi, 2000). In general games, with players in all positions
sampling simultaneously, there can exist multiple steady states, some of which may be unstable. In
the simple case considered here, however, the sampling equilibrium (3) is both unique and stable.
As long as all three types of agents are present in the agent population, there will be persistent
heterogeneity in the behavior of principals. Note that there is an asymmetry in our treatment of
principals and agents, and it is only the former who are actively engaged in learning. This may
be justified in the present context since agents, when called upon to move, are fully aware of the
choice made by the principal and hence the payoff consequences of any action that they might take.

This simple model can be used to address the effects on trust and efficiency of changes in
the distribution of agent types. Three types of changes are possible: (i) shifts from selfishness
to inequity-aversion, (ii) shifts from selfishness to control-aversion, and (iii) shifts from inequity-
aversion to control-aversion. Consider each of these in turn. A shift from selfishness to inequity-
aversion corresponds to an increase in s2 at the expense of s1. From (3), this raises the long-run
incidence of trust. The same effect occurs when there is a shift from selfishness to control-aversion
(an increase in s3 at the expense of s1), or from inequity-aversion to control-aversion (an increase in
s3 at the expense of s2). These effects are intuitive: greater selfishness among agents tends to erode
trust over time while a high degree of control-aversion tends to encourage trust among principals.
Whether or not this holds under more general specifications of agent behavior is explored in the
section to follow.
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Since principals are unaware of the distribution of agent types, they do not know whether trust
or control has the higher expected payoff. In fact, trust will be the more rewarding strategy on
average if

s3 (yt − c) > s1c, (4)

and the less rewarding strategy if the inequality is reversed. The expected transfer from agents to
principals in equilibrium is

T (s) = σ∗1 ((1− s2) c+ s2xe) + σ∗2 (s2ye + s3yt) .

Since β > 1, any transfer is of greater benefit to the principal than its cost to the agent. Thus,
summing across principals and agents, the expected aggregate payoff is monotonically increasing
in T. Do increases in the equilibrium incidence of trust correspond to higher transfers on average
(and hence a greater aggregate payoff)? The following example shows that this need not be the
case.

Example 1. Suppose s = (0.5, 0.2, 0.3) and s0 = (0.5, 0.1, 0.4) . Then σ∗(s) = (0.520, 0.480) and
σ∗(s0) = (0.505, 0.495) . If c = 10, xe = ye = 15, and yt = 40, then T (s) = 12.92 < 13.96 = T (s0) .
However, if xe = ye = 35 instead, then T (s) = 16.92 > 15.97 = T (s0) .

In this example, a shift from inequity-aversion to control-aversion (s to s0) causes the average
transfer to rise for one combination of xe and ye, while exactly the same shift causes the aver-
age transfer to fall for higher values of xe and ye. To understand why, note that the shift from
inequity-aversion to control-aversion has a direct and an indirect effect. The direct effect causes
expected payoffs to decline when principals control and rise when they trust. The indirect effect
occurs because principals alter their behavior in response to the shift in payoffs, thereby raising
the proportion of those who trust. This indirect effect helps to raise the average transfer. Even
so, as the case xe = ye = 35 indicates, the average transfer can decline with the shift in agent
preferences if inequity-averse agents are sufficiently generous. Under these conditions, the shift in
agent preferences means that a large additional penalty is imposed on agents who choose control.
The resulting loss outweighs the additional payoffs due to the fact that trust is more widespread
and more profitable than before, causing the average transfer to fall.

A shift away from selfishness towards either inequity-aversion or control-aversion, however,
results in an unambiguous increase in transfers provided condition (4) is satisfied. The reason is
that expected transfers under control cannot fall, while those under trust rise. This is accompanied
by an increase in the proportion of principals who trust. Given (4), overall transfers must therefore
rise. The robustness of this finding to more general distributions of agent preferences is explored
next.

4 Generalized Agent Preferences

We now consider the implications of the sampling procedure for an arbitrary distribution of agent
types. Selfish and inequity-averse types share in common the feature that they transfer at least as
much when controlled as they do when trusted. We also allow for the existence of manipulation-
averse agents. As mentioned above, such agents transfer more when they are controlled than
when they are trusted, and the amount they transfer when controlled is more than the stipulated
minimum.

We shall refer to selfish, inequity-averse, and manipulation-averse types collectively as control-
tolerant. Control-averse agents, in contrast, transfer strictly greater amounts under trust than
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under control. The transfers by agents in the two cases (control and trust) are shown below.

Control Trust
Selfish

xi = c > 0, yi = 0
x1 y1

Inequity-Averse
yi > 0, xi = max(c, yi)

½ x2
...
xj

y2
...
yj

Manipulation-Averse
xi > max(c, yi)

½ xj+1
...
xm

yj+1
...
ym

Control-Averse
xi ≥ c > 0, yi > xi

½ xm+1
...

xm+n

ym+1
...

ym+n

These transfers have the following structure: for i = 1, ...,m, we have xi ≥ yi, while for i =
m + 1, ...,m + n, we have xi < yi. Note that we allow the possibility for there to exist control-
averse types who transfer less than some control tolerant types when trusted. We also allow for
the possibility that there exist control-averse types who transfer more than some control tolerant
types when controlled. Neither of these possibilities can arise in the simple model considered in
the previous section.

As before, let s = (s1, ..., sm+n) denote the preference distribution in the agent population, and
let σ = (σ1,σ2) denote the probabilities with which the sampling procedure leads the principal to
select control and trust respectively. Let I = {1, ...,m+ n} and define the sets L(i) and E(i) as
follows:

L(i) ≡ {j ∈ I | xi > yj} ,
E(i) ≡ {j ∈ I | xi = yj} .

Then the likelihood of selecting control is as follows:

σ1(s) =
X
i∈I
si

⎛⎝X
j∈L(i)

sj +
1

2

X
j∈E(i)

sj

⎞⎠ . (5)

Now consider a shift in agent preferences from s to s0, such that the share of some control-tolerant
type falls and the share of some control-averse type rises by the same amount. Formally, suppose
that there exists at that point k ∈ {1, ...,m} , l ∈ {m+ 1, ...,m+ n} and δ > 0 such that s0k = sk−δ,
s0l = sl + δ, and s0i = si for all i /∈ {k, l} . We shall refer to any such change in the agent preference
distribution as a shift from control-tolerance to control-aversion.

By definition, we must have xk ≥ yk and xl < yl, but it is entirely possible that either yl < yk or
xl > xk. In other words, the agents whose preferences change from control-tolerant to control-averse
may in fact become less generous under trust or more generous under control. This considerably
complicates the analysis of the manner in which such shifts alter the equilibrium incidence of trust
under the sampling procedure. As the following example shows, even though a shift from control-
tolerance to control-aversion always raises the expected returns to trust, it can result in a lower
incidence of steady state trust under the sampling procedure.
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Example 2. Suppose that the agent population consists of the following types:

Control Trust
Inequity-Averse 20 20
Control-Averse 10 15
Control-Averse 18 25

By definition

σ1(s) = Pr (πc > πt) +
1

2
Pr (πc = πt) = (1− s2) s2 + 1

2
s21

Let s = (0.2, 0.1, 0.7) and s0 = (0.1, 0.2, 0.7) . Then σ1(s) = 0.110 < 0.165 = σ1(s
0).

Example 2 shows that an increase in the proportion of control-averse types in the population
can raise the equilibrium incidence of control under sampling. The following result establishes this
cannot occur if all control-averse agents make the minimum required transfer when distrusted. This
condition means that control-averse agents always punish a controlling principal to the maximum
possible extent.

Proposition 1. Suppose yi ≥ c for all i ∈ {j + 1, ...,m} and xi = c for all i ∈ {m+ 1, ...,m+ n} .
Then any shift in the agent preference distribution from control-tolerance to control-aversion results
in a lower equilibrium incidence of control (and hence a higher incidence of trust).

Proof : See Appendix.

Notice that when there are no manipulation-averse types the proposition only requires the simpler
condition that xi = c for all i ∈ {m+ 1, ...,m+ n} . In this case, if all control-averse types punish
distrust to the maximal permissible degree, then an increase in the proportion of such types will
increase the equilibrium incidence of trust. In each of the treatments considered by Falk and
Kosfeld, the median agent response when controlled was to choose the minimum feasible transfer.
This suggests that control-averse types do, in fact, frequently punish distrust to the maximal
possible degree.

While the analysis above assumes that each available action is sampled just once before one
of them is adopted, one could easily extend this to the case in which k actions are sampled,
corresponding to Osborne and Rubinstein’s notion of S(k) equilibrium. As k approaches infinity it
is easily seen that the resulting equilibrium involves optimal choice on the part of principals: the
payoff maximizing action will be chosen with certainty. For any finite k, however, both actions will
be selected with positive probability.

One shortcoming of the sampling procedure (even for k > 1) is that the choices of individuals
are not sensitive to accumulating payoff experience once the initial selection has been made. An
alternative is themaximum average procedure which selects at each stage the action with the highest
average payoff based on all accumulated experience to date (Rustichini, 2003). We next show that
the heterogeneity of behavior on the part of principals arises also in this case.

5 The Maximum Average Procedure

A principal adopting the maximum average procedure begins by sampling each action once, and
subsequently chooses whichever action has resulted in the highest average payoff to date. Ties are
broken with uniform probability. This can result in periodic switching of actions as a string of poor
outcomes lowers the average return to the incumbent action. Consider, for instance, the example of
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three agent types with payoffs as given in (1) and an agent population composition s = (0.3, 0.5, 0.2).
In this example, depending on the experience of the principal, switching backwards and forwards
between trust and control sometimes occurs. One particular realization of the process is shown in
Figure 1. However, as we demonstrate below, every principal will eventually settle on one particular
course of action, either control or trust. We also prove that there is a non-zero probability that the
eventual choice will be control and a non-zero probability that it will be trust. In this example,
the expected returns to control and trust are 11 and 12 respectively. Since there is a non-zero
probability that the principal will settle down choosing control, which has the lower expected
return, the maximum average procedure is not therefore efficient.
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Figure 1. Switching under the Maximum Average Procedure

Let ρ∗i denote the probability that the maximum average procedure selects action i (we show
below that these probabilities are well-defined and that ρ∗1+ρ∗2 = 1 ). While closed form solutions are
difficult to obtain, we can use numerical methods to explore the manner in which the probabilities
depend on the distribution of agent behavior. The following example applies the maximum average
procedure to the agent distributions used in Example 1.

Example 3. Suppose s = (0.5, 0.2, 0.3), s0 = (0.5, 0.1, 0.4) , c = 10, and yt = 40. If xe = ye = 15,
then ρ∗(s) = (0.71, 0.29) , ρ∗(s0) = (0.62, 0.38) , and T (s) = 12.15 < 13.16 = T (s0) . However, if
xe = ye = 35 instead, then ρ∗(s) = (0.59, 0.41) , ρ∗(s0) = (0.56, 0.44) , and T (s) = 16.62 > 15.58 =
T (s0) .

Example 1 illustrated how, under the sampling procedure, a shift from inequity-aversion to control-
aversion (s to s0) may cause the average transfer to rise for one combination of xe and ye, while
exactly the same shift causes the average transfer to fall for higher values of xe and ye. Example 3
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illustrates the same point using the maximum average procedure. Comparing these examples reveals
an important difference between the two procedures. In each case, the equilibrium proportion of
principles who trust, and hence the average transfer, is lower under the maximum average procedure
than under the sampling procedure. Since a principal who chooses trust enjoys a higher expected
return than one who chooses control, this result indicates that the maximum average procedure
may be less efficient than the sampling procedure. This result was established using simulation. In
the following section we use more formal methods to compare the two procedures.

Example 2 showed that, even though a shift from control-tolerance to control-aversion always
raises the expected returns to trust, it may result in a lower incidence of steady state trust under
the sampling procedure. The following example illustrates the same point for the maximum average
procedure.

Example 4. Suppose that agent types are exactly as in Example 2, and let s = (0.2, 0.1, 0.7) and
s0 = (0.1, 0.2, 0.7) . Then ρ1(s) = 0.08 < 0.11 = ρ1(s

0).

In this particular case, the maximum average procedure and the previously discussed sampling
procedure lead to same outcome: an increase in the population share of control-averse types results
in a higher equilibrium incidence of control (and hence a lower incidence of trust).

It remains to be shown that the maximum average procedure does indeed select one of the
actions, and that each of the actions can be selected with positive probability. Let x(u) denote
the return that the principal receives on the uth occasion that he chooses to control. Since the
agent population is fixed, these returns are identically distributed and serially independent random
variables with mean x̄ and variance σ2x. The maximum and minimum values that the variables can
take are denoted by xmax and xmin respectively. Similarly, y(v) is the return that the principal
receives on the vth occasion that he chooses to trust. Such returns are identically distributed
random variables and are serially independent. The minimum value that these variables can take
is denoted by ymin. They have mean ȳ and variance σ2y. The following relationships are assumed
to hold

ymin < xmin < ȳ

x̄ < ymax

x̄ 6= ȳ

Pr (x(u) = xmin) = p > 0

Pr (y(v) = ymin) = q > 0

Pr (y(v) = ymax) = r > 0

Note that this specification includes that of the previous section as a special case. It is more general
since it allows for control-averse types for whom x(i) > xmin when controlled and for inequality-
averse types for whom x(i) > y(i) > 0.

The average returns from control and trust are simply

x̄(u) =
1

u

uX
i=1

x(i)

ȳ(v) =
1

v

vX
i=1

y(i)

The principal begins by choosing trust and control once each, and from then onwards chooses the
next step according to which choice has yielded the highest average return to date. If the average
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returns are equal he chooses between actions with equal probability. Formally, if w = u+v, then on
round w+1 the principal will choose trust if x̄(u) > ȳ(v) and control if x̄(u) < ȳ(v). If x̄(u) = ȳ(v)
he will choose either action with probability 0.5. Since w = u + v, it is obvious that u → ∞ or
v →∞ as w →∞. Hence, Pr(u→∞)+ Pr(v →∞) = 1. In addition, we have:

Proposition 2. Pr(u→∞) > 0, Pr(v →∞) > 0, and Pr(u→∞ and v →∞) = 0.

Proof : See Appendix.

The above proposition implies that with probability 1 the principal will eventually stop switching
between trust and control and settle for one or the other. The probability that he will settle for
control is ρ∗1 = Pr(u→∞), and the probability that that he will settle for trust is ρ∗2 = Pr(v →∞).
Both of these are nonzero, which means that the maximum average procedure does not converge to
an efficient solution. The result is persistent heterogeneity in the behavior of principals for a wide
range of agent behaviors. In this respect the maximum average procedure behaves qualitatively in
much the same manner as the sampling procedure.

6 Performance of Procedures

The maximum average procedure is clearly more sophisticated that the sampling procedure, and
appears also to be more sensible. Nevertheless, as shown above, there exist instances in which a
principal adopting the former will obtain a smaller expected payoff than a principal adopting the
latter. In this section we show that for the benchmark) model discussed in section 3, the maximum
average procedure selects control with strictly higher probability that the sampling procedure does,
provided that inequity-averse agents are not too common and selfish agents are not too rare. This
happens even when trust is the action which yields the higher expected payoff.

Suppose that, as before, there are three agent types with population shares (s1, s2, s3), who
respond to control and trust as follows:

Control Trust
Selfish c 0

Inequity-Averse xe ye
Control-Averse c yt

and that
0 < c < xe = ye < yt

as before. Then the maximum average procedure selects control with higher probability than the
sampling procedure selects control:

Proposition 3. For any given η > 0, there exists ε > 0 such that, if s1 ≥ η and s2 < ε then
ρ∗1 > σ∗1.

Proof : Let η > 0 be given and assume that s1 ≥ η. From (3) we have

σ∗1 = s1 +
1

2
s22. (6)

The maximum average procedure begins by sampling each action once. If the payoff 0 is realized
when trust is sampled, then control is selected by the procedure regardless of all future payoff
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realizations. This event occurs with probability s1. Now consider the following event. When
the maximum average procedure is applied, the payoffs obtained at the first stage are c when
control is sampled and ye when trust is sampled (so trust is initially selected). This is followed by n
realizations of the payoff 0, where n is the largest integer strictly below ye/c. Clearly such an integer
exists and is at least equal to 1. Such a sequence is possible since the first n− 1 such realizations
maintain the average payoff to trust at or above c. The last realization pushes the average payoff
to trust strictly below c, after which the principal switches to control and stays there for all future
periods. The probability of this event is s2(1 − s2)sn1/2 if ye/c is an integer, and s2(1 − s2)sn1
otherwise. Since the two events are mutually exclusive, we have

ρ∗1 ≥ s1 +
1

2
s2(1− s2)sn1 ≥ s1 +

1

2
s2(1− s2)ηn. (7)

Define ε as follows
ε =

ηn

ηn + 1
.

Clearly ε > 0 and satisfies ε = (1− ε)ηn. For any 0 < s2 < ε, we therefore have

s2 < ² = (1− ε)ηn < (1− s2)ηn,

and hence from (6) and (7), σ∗1 < ρ∗1.

Note that this result holds regardless of whether or not trust is the more rewarding action on
average. Suppose that the agent distribution is such that condition (4) is satisfied: s3 (yt − c) > s1c.
Then trust yields a higher expected payoff than control. Despite this, the maximum average
procedure selects control with higher probability than the sampling procedure, provided that s2
is sufficiently small relative to s1. Note that since transfers from agent to principal are multiplied
by β > 1, the maximum average procedure in this case results not just in poorer outcomes from
the perspective of the principal, but also gives rise to smaller aggregate payoffs. Despite being
considerably simpler and seemingly less reasonable, the sampling procedure results here in superior
performance along both of these dimensions.

7 Conclusions

There is considerable heterogeneity across principals in their willingness to trust, as well as het-
erogeneity in the manner in which agents respond to trust. Since the returns to trust are fully
determined by the distribution of agent behavior, this implies heterogeneity in the payoffs of prin-
cipals, and suboptimality in the choices of at least some subset of principals. Such heterogeneity
persists here because principals have limited information and are boundedly rational. Learning
from experience leads ex-ante identical individuals to make different choices ex-post. Somewhat
surprisingly, the naive sampling procedure can generate outcomes that are superior both for the
principal and in the aggregate relative to the more demanding maximum average procedure.

Intuition suggests that an increase in control-aversion on the part of agents should result in less
control (and hence greater trust) on the part of principals in equilibrium. This need not be the
case (under either procedure) unless agent behavior is sufficiently punitive in the face of distrust.
One consequence of this finding is that efforts to increase the incidence of trust in society require
not only greater aversion to distrust in the response of agents, but also a rather extreme and highly
punitive form of control-aversion.
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Appendix

Proof of Proposition 1. Consider a shift in agent preferences from s to s0, such that s0k = sk− δ,
s0l = sl + δ, and s0i = si for all i /∈ {k, l} , where k ∈ {1, ...,m} , l ∈ {m+ 1, ...,m+ n} , and δ > 0.
Since s0i = si for all i /∈ {k, l}, any difference between σ1 (s) and σ1 (s

0) arises from the possibility
of sampling an individual who has switched from type k to type l. The likelihood of drawing such
an individual on any given trial is δ. Let such individuals (formerly type k, currently type l) be
referred to as being of type z. Consider the following three possibilities: (i) a type z individual
is drawn both under control and under trust, (ii) a type z individual is drawn under control but
not under trust, and (iii) a type z individual is drawn under trust but not control. Let ∆1, ∆2,
and ∆3 be the difference between σ1 (s) and σ1 (s

0) that can be attributed to these three events
respectively. We need to show that

σ1 (s)− σ1
¡
s0
¢ ≡ ∆1 +∆2 +∆3 > 0.

First suppose that a type z individual is drawn on both trials, which occurs with probability δ2.
Since xk ≥ yk this event would have led to the choice of control with probability at least 12 at s.
Since xl < yl, it leads to control with probability 0 at s0. Hence

∆1 ≥ 1

2
δ2 > 0. (8)

Next consider the event in which a type z individual is drawn under control but not under trust.
This occurs with probability δ (1− δ) . Since xl = c ≤ xk, the likelihood that trust is chosen at s0
is at least as high as the likelihood that trust is chosen at s. Hence ∆2 ≥ 0.

Finally consider the event in which a type z individual is drawn under trust but not under
control. This occurs with probability δ (1− δ) . If yl ≥ yk, then the likelihood that trust is chosen
at s0 is at least as high as the likelihood that trust is chosen at s. Hence yl ≥ yk implies ∆3 ≥ 0.
Since ∆2 ≥ 0 and ∆1 > 0, we therefore have σ1 (s) > σ1 (s

0) as required.
If yk < yl, there may exist types i such that xi ∈ [yl, yk] . In this case,

∆3 = −δ (1− δ)

⎛⎜⎝ X
xi∈(yl ,yk)

si +
1

2

X
xi∈{yl ,yk}

si

⎞⎟⎠ (9)

Since type k is control-tolerant and type l is control-averse xk ≥ yk and yl > xl. Hence if yk < yl
xl ≤ xk. (10)

In this case

∆2 = δ (1− δ)

⎛⎜⎝ X
yi∈(xl ,xk)

si +
1

2

X
yi∈{xl ,xk}

si

⎞⎟⎠ . (11)

The proposition assumes that for control-averse types the transfer when they are controlled is
exactly equal to c. This implies that yl > xl = c. Thus, for any type i with xi ∈ [yl, yk] ,the strict
inequality xi > c must hold. Such a type cannot be control-averse or selfish and must therefore be
inequity-averse or manipulation-averse. Either way, yi ≤ xi.Since yk ≤ xk and xi ≤ yk it follows
that

yi ≤ xk (12)
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The proposition assumes that for manipulation-averse types the transfer under trust is at least
equal to c. This is also the case for inequity-averse types. Hence,

xl = c ≤ yi (13)

From (12) and (13) it follows that yi ∈ [xl, xk]. Using this fact together with (11) and (9), we get:

∆2 = δ (1− δ)

⎛⎜⎝ X
yi∈(xl ,xk)

si +
1

2

X
yi∈{xl ,xk}

si

⎞⎟⎠
≥ δ (1− δ)

⎛⎜⎝ X
xi∈(yl ,yk)

si +
1

2

X
xi∈{yl ,yk}

si

⎞⎟⎠ = −∆3,
so ∆2 +∆3 ≥ 0. Since ∆1 > 0 from (8), we have σ1 (s)− σ1 (s

0) > 0 as required.

Proof of Proposition 2. To establish that Pr(u → ∞) > 0, consider any sequence that begins
with an arbitrary x(1), followed by y(1) = ymin. Such a sequence occurs with probability q. Since
ȳ(1) = ymin < xmin ≤ x(1) = x̄(1), the principal will switch back to control on the third round.
On every subsequent round the principal will also choose control since ȳ(1) = ymin < xmin ≤ x̄(u)
for all u. The result of the initial choice will be an infinite sequence x(1), ymin, x(2), ...in which
ȳ(1) < x̄(u) at every stage. Thus, Pr(u→∞) ≥ q > 0.

To establish that Pr(v →∞) > 0 consider any infinite sequences {x(u)} , {y(v)} whose elements
are independent and have the assumed distributions. We claim that for any ε, η > 0 there exists
T such that

Pr(|x̄(u)− x̄| ≥ ε for all u > T ) ≤ η (14)

Pr(|ȳ(v)− ȳ| ≥ ε for all v > T ) ≤ η (15)

This can be proved as follows. The variances of x̄(u) and ȳ(v) are σ2
x̄(u)

= σ2x/u and σ2
ȳ(v)

= σ2y/v
respectively. Using Tchebychev’s inequality we can show that

Pr (|x̄(u)− x̄| > ε/2) ≤
µ
2

ε

¶2µσ2x
u

¶
Pr (|ȳ(v)− ȳ| > ε/2) ≤

µ
2

ε

¶2Ãσ2y
v

!

Choosing T such that ηε2T/4 > max
¡
σ2x,σ

2
y

¢
yields (14—15). These inequalities imply

Pr(x̄(u) > x̄− ε for all u > T ) > 1− η

Pr(x̄(u) < x̄+ ε for all u > T ) > 1− η

Pr(ȳ(v) > ȳ − ε for all v > T ) > 1− η

Pr(ȳ(v) < ȳ + ε for all v > T ) > 1− η

Let the events D,E, F be defined as follows

D : ȳ(v) > ȳ − ε for all v > T

E : ȳ(v) = ymax for v ≤ T
F : ȳ(v) > ȳ − ε for all v
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It is clear that
Pr(D | E) ≥ Pr(D).

From above, Pr(D) > 1 − η. For all k it is also the case that Pr (y(k) = ymax) = r, and hence
Pr(E) = rT . Since ymax > ȳ it follows that F ⊃ D ∩E and hence using Bayes’ Rule

Pr(F ) ≥ Pr(D ∩E)
= Pr(D | E) Pr(E)
= Pr(D) Pr(E)

> (1− η)rT

Thus,
Pr (ȳ(v) > ȳ − ε for all v) > (1− η)rT > 0

Choose ε = ȳ − xmin > 0. With the appropriate T it follows that
Pr (ȳ(v) > xmin for all v) > (1− η)rT > 0

Hence

Pr (x̄(1) = xmin and ȳ(v) > xmin for all v)

= Pr (x̄(1) = xmin) Pr (ȳ(v) > xmin for all v)

> p(1− η)rT > 0

where Pr (x̄(1) = xmin) = Pr (x(1) = xmin) = p > 0. This establishes that there is a positive
probability that after the first pair of trials, the principal will stick with trust forever. Hence
Pr(v →∞) > 0.

The only thing that remains is to establish that a path cannot spend an infinite time in both
trust and control with positive probability. Let ε = |ȳ − x̄| /3 > 0. Suppose that ȳ > x̄ and consider
a hypothetical path which contains an infinite subsequence of trust. Along this path, for suitable
T,

Pr (ȳ(v) > x̄(u) for all u, v > T )

≥ Pr (ȳ(v) > ȳ − ε for all v > T ) Pr (x̄(u) < x̄+ ε for all u > T )

> (1− η)2

Thus, the probability of choosing control at any time after T is less than 1− (1− η)2. By making
η sufficiently small and choosing an appropriate value of T , we can make this expression as small
as we like. Thus, if a path contains an infinite subsequence of trust, the probability that it also
contains an infinite subsequence of control is equal to zero. This establishes that Pr(u → ∞ &
v →∞) = 0 in the case that ȳ > x̄.

For the case x̄ > ȳ we proceed as follows. Consider a hypothetical path which contains an
infinite subsequence of control. Along this path, for suitable T,

Pr(ȳ(v) < x̄(u) for all u, v > T )

≥ Pr (ȳ(v) < ȳ − ε for all v > T ) Pr (x̄(u) > x̄+ ε for all u > T )

> (1− η)2

Thus, the probability of choosing trust at any time after T is less than 1 − (1 − η)2. By making
η sufficiently small and choosing an appropriate value of T, we can make this expression as small
as we like. Thus, if a path contains an infinite subsequence of control, the probability that it
also contains an infinite subsequence of trust is equal to zero. This establishes that Pr(u → ∞ &
v →∞) = 0 in the case that x̄ > ȳ.
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