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Abstract Examination of the effect of information concerning foregone pay-
offs on choice behavior reveals a complex pattern. Depending on the environ-
ment, this information can facilitate or impair maximization. Our study of nine
experimental tasks suggests that the complex pattern can be summarized with
the assumption that initially people tend to be highly sensitive, and sometimes
too sensitive, to recent foregone payoffs. However, over time, people can learn
to adjust their sensitivity depending on the environment they are facing. The
implications of this observation to models of human adaptation and to problems
of mechanism design are discussed.

Keywords Foregone payoff - Adaptive behavior - Reinforcement learning -
Fictitious Play - Directional learning - Bandit problems.

1 Introduction

In many situations people obtain payoff information only from the actions they
have chosen. Diners often do not know how a different choice of main course
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or even restaurant would have turned out. Poker players usually do not know
their foregone payoffs. However, in probably as many situations people obtain
payoff information from actions they did choose and from those they did not.
Investors in the stock market usually observe the performance of their mutual
fund along with the performance of other funds. Roulette players in a casino
directly observe what they would have gotten if they had placed their bets
differently.!

In traditional, static choice models of decisions and games indirect payoff
information does not play any role because agents choose their optimal actions
given their beliefs. In models of learning indirect payoff information can be
assumed to play a role. In the popular and widely used model of fictitious play
(e.g., Brown 1951; Robinson 1951; Fudenberg and Levine 1998) people do not
observe indirect payoffs, only the realized state of the world, which allows them
to infer foregone payoff information given their knowledge of the payoff func-
tion. In the presence of foregone payoff information agents can still behave as
in fictitious play if they give equal weight to the payoffs from chosen and uncho-
sen actions, i.e., treat them symmetrically even without the knowledge of the
payoff function (Cheung and Friedman 1997). Experience-weighted-attraction
learning, however, treats them asymmetrically with foregone payoff informa-
tion being given less weight (e.g., Camerer and Ho 1999).2 Yet other classes
of models do not take into account foregone payoff information (e.g., Roth
and Erev 1995; Sarin and Vahid 1999), perhaps because such information is not
assumed to be available.

In this paper, we conduct individual choice experiments with and without
indirect payoff information. Our objective is to uncover any systematic effects
of this foregone payoff information. We choose individual choice experiments
so as not to confound the influence of multiple players simultaneously respond-
ing to such information. We view this as a natural starting point to study the
effect of indirect payoff information in games.

To analyze the effect of feedback on human choice behavior the present
research focuses on basic adaptation tasks, in which feedback concerning ob-
tained and foregone payoffs is all the available information. In a typical exper-
imental task the participants are recruited to “play the money machine game.”
They are presented with two (or more) unmarked alternatives (represented
as buttons on a computer screen, c.f. Appendix) and told that in each trial of
the study they should select one of the alternatives. Each choice results in a
number of points that are added to the participant’s total earning. The points
are converted to money at the end of the experiment. Each of the experiments
considered here contrasted two information conditions. In the “obtained only”

L Yet, there are other situations where foregone payoffs are partially available. Unsuccessful
bidders in a first-price auction usually know how much they would have gotten if they had bid
differently. Players going for the deer in a stag hunt game know what they would have gotten if
they had gone for the rabbit.

2 A more agnostic approach is taken by Heller and Sarin (2002) who allow for indirect payoff
information to be inflated or deflated.
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condition the available feedback was limited to the obtained payoff for the
selected alternative. In the condition “with foregone” the participants received
complete feedback about their obtained as well as about their foregone payoffs.

Notice that in the current settings almost any behavior can be justified as
“rational”; it is possible to find a particular set of prior beliefs that would lead
Bayesian agents to exhibit this behavior. Finding the optimal response in the
current paradigms (and in the natural situations we hope to address) is more
difficult than in bandit problems (see, Berry and Fristedt 1985) because the
decision makers are not informed that the payoff distributions are stable. To
address this observation the current research focuses on the behavioral regular-
ities, and not on the differences between these regularities and the (unknown)
prescriptions of the rationality assumption.

The current analysis reveals four distinct effects of foregone payoffs.
Section 2 reviews four previously studied binary choice tasks, in which informa-
tion regarding foregone payoffs affects sequential dependencies (e.g., changes
from round-to-round behavior) but has almost no effect on aggregate behavior.

Section 3 presents a new experiment showing that when the payoffs of the
different alternatives are positively correlated, information concerning fore-
gone payoffs can have a large effect. In this case the additional information
facilitates payoff maximization.

Section 4 shows that in a noisy multi-alternative environment that resembles
the casino example, the addition of foregone payoff information can lead to an
initial preference for risky options with low expected value. Interestingly, this
negative effect diminishes with experience.

Section 5 demonstrates that the negative effect observed in section 4 is not
due simply to the large number of alternatives. Indeed, when the environment
is deterministic, the (positive) effect of foregone payoffs appears to increase
with the number of alternatives.

In order to evaluate the predictability of the effect of foregone payoffs,
section 6 tries to summarize the four sets of studies with general models with a
single set of parameters. This analysis reveals that the different effects observed
in the nine experimental tasks cannot be reproduced with the popular mod-
els proposed in previous research. Nevertheless, these models can be easily
modified to capture observed behavior. For example, the main results can be
reproduced with a fictitious play model that assumes diminishing exploration.

2 Aggregate and sequential effects of foregone payoffs

We start with revisiting four binary choice tasks analyzed in Haruvy and Erev
(2001). They evaluated the effect of foregone payoff information in the follow-
ing four problems.

Problem 1 H: (11 with certainty) L: (10 with certainty)

Problem 2 H: (1 with p=0.5; 21 otherwise) L: (10 with certainty)
Problem 3 H: (—10 with certainty) L: (—11 with certainty)

Problem 4 H: (—10 with certainty) L: (—1 with p=0.5; —21 otherwise)
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The experiment consisted of 200 trials. In each trial the participants were
asked to select between two unmarked buttons. One button led to a draw from
distribution H (high expected value), and the other from distribution L (low
expected value). Each subject only faced one problem under one feedback
condition. Fifty-six subjects (14 per problem) were run in condition “Obtained
Only” (OO). Forty subjects (10 per problem) were run in condition “With
Foregone” (WF). The conversion rate was 0.01 Shekel (0.25 cent) per point. In
problems 3 and 4 participants received a show-up fee of 40 Shekels, no show-up
fee was given in problems 1 and 2.

The participants in this and all other studies reported here were undergradu-
ates (mostly engineering students) at the Technion (Israel) recruited by campus
advertisements. On average, participants in all of the presented problems took
about 20 min to complete the 200 trials of the individual decision making task
and earned roughly 24 Shekels (then about $6).

The proportion of maximization (H choices) in 10 blocks of 20 trials each is
presented in Fig. 1. The results reveal slightly higher maximization rates when
foregone payoffs were provided (condition WF) in three of the four problems
(problems 1, 2 and 3) although the differences are not significant.

Even though information about foregone payoffs does not affect maximiza-
tion rates, it has a strong effect on individual choice behavior. Table 1 presents
the observed probabilities of a switch in choices from trial ¢ to trial t+/ in
Problem 2 and 4 (with foregone) conditional on the observed outcome of the
previous trial. The results show that in both problems subjects were more likely
to change their choices when foregone payoffs were attractive, i.e., bigger than
obtained payoffs.

The apparent inconsistency between the weak effect of the foregone on the
aggregate and the clear effect on the switching probabilities can be explained
with the assertion that the foregone payoff information is used, but its usage
does not have alarge effect on maximization. A natural abstraction of thisideais
provided with learning models that assume a large recency effect. Models of this
type imply a positive and a negative effect of foregone payoff information on
maximization. A positive effect is predicted because foregone payoffs increase
the information about the alternatives that is available to the decisions makers.

Table1l Observed conditional probabilities of switches in choices from trial ¢ to trial +/ in problems
2 and 4 with foregone payoff information

P(switch) given the event

Problem Choice Possible Possible Foregone> Foregone< Difference
att obtained foregone observed observed

2 L 10 1or21 0.58 0.33 0.25
H 1or21 10 0.41 0.21 0.20

4 L —lor-21 -10 0.47 0.44 0.03
H —-10 —lor-21 0.39 0.21 0.18

The mean over subjects was computed from the observed conditional probabilities of each subject
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—o— observed only (OO) —a— with foregone (WF) —o— observed only (OO) —a— with foregone (WF)
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Fig.1 Proportion of (expected) payoff maximizing choices (H choices) in problems 1 -4 (10 blocks
of 20 trials each)

This information reduces the risk of “getting stuck” at a sub-optimal alternative.
A negative effect is predicted because in many cases (after a sequence of good
outcomes from the unchosen L alternative) the foregone payoff information
can lead to a counterproductive switch.

3 The correlation effect

Under the recency effect explanation presented above, the negative effect of
foregone payoff information is expected to diminish when the payoffs obtained
from the possible alternatives are positively correlated. A positive correlation
implies that when an H alternative has high value, the L alternative also has high
value and vice versa. Thus, there could be no situation where a low value in the
H alternative would be displayed along with a high value in the L alternative. In
an extreme case, in which the outcomes are perfectly correlated (and there are
no sequences in which L has higher payoffs), only a positive effect of foregone
payoff is predicted. To evaluate this prediction we examined adaptation in the
following two problems:
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Fig. 2 Proportion of (expected) payoff maximizing choices (H choices) in problems 5 and 6 (10
blocks of 20 trials each)

Problem 5 H: Round(h; + ul;) L: Round(/; + u2;)

Problem 6 H: Round(h; + ul;) L: Round(l; + ul;)

where A, is drawn from the normal distribution N(110, 20), /; is drawn from
the normal distribution N(100, 20), and u1, and u2; are drawn from the distribu-
tion (—50 with p = 0.5; +50 otherwise). The random variables are independently
drawn in each trial. Thus, the payoffs of the two alternatives are positively corre-
lated in problem 6, but are not correlated in problem 5. Forty Technion students
(ten in each problem and information condition) participated in this study. The
conversion rate was 1 Shekel per 1,000 points.

The results, presented in Fig. 2, support the predictions. The information
condition had a large effect in problem 6 (correlated payoffs), but not in prob-
lem 5. Switches between H and L offset each other in problem 5 but not in
problem 6, since the H alternative has (by design) a higher foregone payoff in
almost all trials. Over the 200 trials the maximization rate in condition OO and
WF were 0.69 (STD = 0.21) and 0.77 (STD = 0.21) in Problem 5 (¢/18] = —1.14,
n.s.),and 0.61 (STD = 0.19) and 0.98 (STD = 0.05) in Problem 6 ( {[18] = —9.88,
p < 0.05).3

3 Diederich and Busemeyer (1999) (henceforth DB) made a similar observation regarding the
correlation of outcomes. They contrasted positive with negative correlation in outcomes when
foregone payoffs are provided. They find that a negative correlation leads to a lower proportion of
choices of the alternative with the higher expected value. This result can be easily explained by the
recency model: In the extreme negative correlation situation, low values in alternative H are almost
always presented with high value in alternative L, tempting decision makers to choose from the
alternative (L) with the lower expected value. This makes it more difficult to learn to choose from
alternative H. Note that DB do not investigate behavior when foregone payoffs are not provided.
Furthermore, they do not report the learning curves.
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4 The diminishing big eyes effect

Another implication of the recency hypothesis involves the possibility that in a
high variability environment with a large number of uncorrelated alternatives,
information concerning foregone payoffs can impair learning. This is due to the
fact that the relatively large outcomes from alternatives that have high variabil-
ity can tempt decision makers to choose them. High recency contributes to the
continuation of this attraction effect beyond the first presentation.

To evaluate this possibility we studied choice behavior among 100 alterna-
tives whose payoffs were drawn from normal distributions, in which payoffs are
rounded to the nearest integer (RN). Seventeen Technion students participated
in each information condition.

Problem 7 100 buttons (randomly placed in a 10x 10 matrix):*
50 H - buttons: drawn from RN(11,1) ; 50 L - buttons: drawn from RN(10,3)

The conversion rate was 1 Shekel per 100 points. Notice that in this design
the highest payoff in any specific trial tends to come from alternatives with the
lower mean but higher variability (the RN(10,3) distribution). Thus, overweigh-
ting of recent payoffs can lead to sub-optimal L choices. Erev and Rapoport
(1998) call a similar pattern the “big eyes” effect in their study of market entry
games.

Figure 3 presents the observed proportion of optimal H choices (buttons
with a mean of 11) in 10 blocks of 20 trials. Comparison of the two information
conditions reveals an initial tendency of foregone payoffs to attract decision-
makers to choose from the alternative with the high variability but low expected
payoff (L).> However, we can see that experience decreases this tendency. The
maximization rate (percentage of choices of H-buttons with a mean of 11) over
the first 100 trials is 0.41 (STD = 0.23) in Condition WF and 0.53 (STD = 0.15)
in Condition OO. The maximization rate over the last 100 rounds is 0.50 (STD
= 0.30) in Condition WF and 0.50 (STD = 0.15) in Condition OO. The differ-
ence between the two conditions is significant in the first 100 trials (#[32] = 1.83,
p <0.05), but not in the second (and last) 100 trials (¢[32] = —.00, n.s.).

In order to understand where the significant worse performance during the
first 100 trials has its origins, we analyzed the relative frequency of all moves
in both information conditions. In both conditions the relative frequency of
moves is declining over time. However, subjects in the WF condition explore
much more, i.e., their observed relative frequency of moves (changes in choices)

4 See Appendix A for a screen shot of the experimental interface.

5 They observe that when outsiders are informed about the profits of incumbents (i.e., their fore-
gone payoffs), they are more likely to enter in the next period, reducing all entrants’ profits beyond
profitability.

6 In the very first trial subjects in both information conditions select an H-button about 59% of the
time. This cannot be seen in the figure, since we plot blocks of 20 trials. The selection of an H-button
drops hugely during the first 20 rounds in condition WF and only slightly in condition OO.
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Fig.3 Observed relative frequency of H choices in problem 7 (10 blocks of 20 trials each)

is higher than that of subjects in the OO condition. On average, they explore
about 13% more during the first 100 rounds and even about 26% more in the
last 100 rounds of the experiment. This high and unnecessary exploration seems
to be due to the attraction of foregone payoffs. The recency effect is considered
to make the effect last longer than the first presentation of the large negative
payoffs in the L options.

5 The ceiling effect

The weak positive effect of foregone payoff in problems 1 and 3 (no payoff
variability) can be explained with the ceiling effect. Presumably, the effect of
foregone payoff due to the addition of information on the potential outcomes
was insignificant because there was not much room for improvement over the
high maximization rate in the OO conditions.

To analyze this suggestion we studied a choice problem including 400 alter-
natives (placed in a 20x20 matrix). As in problems 1 and 3, each alternative was
associated with a fixed payoff that did not change throughout the 200 experi-
mental trials. The payoff of alternative j(j = 1,2,...,400) was j. The location
of the 400 alternatives in the matrix was randomly determined for each subject
before the beginning of the experiment. Notice that in the current setting sub-
jects need only one trial to find the optimum when foregone payoff information
is available (Condition WF), but 400 trials are needed to find the optimum with-
out this information (Condition OO). Moreover, since the experiment lasted
only 200 trials, trying to find the optimal alternative in the OO condition is not
necessarily a wise approach.

In problem 8§, the conversion rate was 1 Shekel per 3,000 points. Figure 4
presents the mean of normalized payoffs in the two information conditions as a
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Fig. 4 Mean normalized payoffs in problems 8 and 9 (10 blocks of 20 trials each)

function of time (10 blocks of 20 trials).” As expected, the results reveal quick
learning leading to maximized earnings by the use of foregone payoffs. The
maximization rate is 0.99 (STD = 0.02) in Condition WF, and 0.83 (STD = 0.16)
in Condition OO. In support of the ceiling explanation of the result of problem
1 and 3, over the 200 trials the difference is significant (¢[18] = —7.22, p < 0.05).

Whereas these results are not surprising, they demonstrate the potential for
the positive effect of foregone payoffs in the absence of its negative feature.
Furthermore, the results are important for examining quantitative models of
the task. One possible explanation of the difference between problems 7 and
8 involves the payoff magnitude. The difference between the expected payoff
from optimal and random behavior was 0.005 Shekel ((11—10.5)/100) in prob-
lem 7 and 0.067 [(400—200)/3,000] in problem 8. Thus, it can be argued that
the larger payoff magnitude is responsible for the positive effect of foregone
payoffs. To evaluate this hypothesis we ran a replication of problem 8 with
a conversion rate of 40,000 points per Shekel. With this rate the difference
between random and optimal is 0.005 (as in problem 7). The results reveal
that the smaller payoff magnitude did not decrease the information effect. On
the contrary, the difference between the two conditions in problem 9 is larger
than the difference in problem 8. The maximization rate was 0.99 (STD = 0.02)
in Condition WF and 0.74 (STD = 0.18) in Condition OO. This is a significant
difference (¢[18] = —7.39, p < 0.05).

6 Implications to models of learning

We believe that the different effects of foregone payoffs can be summarized
with a “diminishing recency” assumption (see Barron and Erev 2003). Under

7 Payoffs are normalized to lie between 0 and 1 to allow comparability to the previous problems.
8 The experimental procedure in the replication (Problem 9) was identical to that of problem 8
with two exceptions: subjects received a 20 NIS show up fee (no show up fee was given in problem
8), and the conversion rate was 1 Shekel for 40,000 points. The show up fee was added to insure a
total payoff between 20 and 22 Shekels.
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this assumption the subjects initially behave as if they tend to “chase” high
recent outcomes. This tendency implies a negative effect of foregone payoff
information in 50% of the trials in problems 2 and 4, in about 40% of the trials
in problem 5, and in most trials in problem 7; depending on the frequency that
foregone payoffs in the L alternatives are attractive compared to the obtained
outcomes in the H alternative. In all other problems this tendency implies a
positive effect of foregone payoffs. The finding that the negative effect of fore-
gone payoff information in problem 7 decreases with time suggests that the
chasing tendency can decrease with experience.

In order to evaluate this verbal summary of the results, the following sections
explore a post hoc quantification of this summary. To facilitate derivations of
the implications to mainstream models of learning, the quantification examined
here is a generalization of models of fictitious play (see e.g., Brown 1951; Mook-
herjee and Sopher 1994; Cheung and Friedman 1997; Fudenberg and Levine
1998; Nyarko and Schotter 2002; Camerer and Ho 1999; Capra et al. 2002).

Our approach is to evaluate the post hoc model based on its ability to repro-
duce the aggregate maximization rates using computer simulation (with a single
set of parameters) in all the experimental conditions.

6.1 Fictitious play with diminishing recency

The simplest satisfactory post hoc generalization of a fictitious play model that
we could develop involves three basic assumptions. The first involves a distinc-
tion between exploration and exploitation trials. As explained below, without
this distinction (i.e., without exploration trials) the model is identical to a basic
stochastic fictitious play model. The addition of exploration trials, allowing for
faster learning and information acquisition (if necessary), and reduces the ten-
dency of basic models to “get stuck” in sub-optimal action when foregone payoff
information is not available. Thus, this addition approximates the prescription
of the optimal rule for Bandit problems (see Berry and Fristedt 1985). Like the
optimal prescription in Bandit problems the tendency to explore is a function
of the number of trials to be played.

Diminishing exploration The probability that a particular trial is an explo-
ration trial decreases with time. A linear function is assumed.

rK

P(tis an exploration trial) = ——,
@ + rx)

1

where r is the expected number of trails in the experiment (200 in the current
study), and « > 0 is an “exploration” parameter.

Contingent weighting The second assumption allows for the possibility of
higher weighting for the outcomes observed in exploration trails. This assump-
tion is added to capture the intuition that even a few exploration trials can be
important. The adjusted value of alternative j at trial ¢ + 1 is:

dji+1= (1 - th) qjt + Wit - Xj, (2)

@ Springer



Foregone with the Wind: Indirect Payoff Information and its Implications for Choice 295

where x;; is the payoff of j at ¢, and wj, determines the weight of this payoff. The
initial value, g1, is the expected payoff from random choice. The weight wj is
assumed to depend on whether j’s payoff was observed, and whether trial  was
an “exploration” or “exploitation” trial:

0 if j's payoff was not observed
wjt = 186 if j's payoff was observed and 7 is an exploitation trial,  (3)
0 if j's payoff was observed and ¢ is an exploration trial

where 0 < 0 < 1isthe adjustment speed in exploration trials,and 6§(0 < § < 1)
is the (possibly slower) adjustment speed in exploitation trials.

Contingent choice rule The final assumption implies a stochastic response
rule. When the foregone payoffs are not known, the decision maker is assumed
to randomly select one of the alternatives in exploration trials. In all other cases
(known foregone payoffs and/or exploitation trials) the following choice rule is
applies:

A
Prlt) = ZeXp( qx (1) 4)

jes EXp(Aq;(1)) ’
6.1.1 Descriptive value

The second column of Figs. 5, 6 and 7 presents the predictions of the generalized
FP model. The predictions were derived using computer simulations, in which
100 virtual agents that behave according to the model’s assumption participate
in a replication of each of the experimental condition. To estimate the four
parameters we use a grid search procedure with mean squared deviation crite-
ria (see Selten 1998), i.e., we run simulations with different set of parameters to
find the set of parameters that minimize the MSD between the observed and
simulated curves. The best fit (MSD = 0.012) was obtained with the parameters
K = 0151 =200,0 = 0.17 and § = 0.25. As we can see from Figs. 5, 6 and 7,
using these parameters the model reproduces the main experimental results.

6.1.2 The contribution of the post hoc addition

With the constraint « = 0 (no exploration) the model presented above is
reduced to a weighted FP model. This constraint increases the MSD score by a
factor of four to 0.045 (and the estimated parameters are A = 100,80 = 0.12,
notice that with ¥ = 0 only the product of § and 6 is relevant). The bad fit of
the model without exploration appears to be a result of its failure to capture,
with the same set of parameters, the fast learning in problems 1, 3, 8 and 9 and
the results in problems 4 and 7. The parameters that imply fast learning in 1, 3,
8 and 9, imply maximization rates close to zero in problem 2 without foregone
payoff information and in problem 7 with foregone payoff information.
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Fig. 5 Observed and simulated behavior in problems 1 through 4
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Observed Data Generalized FP
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Fig. 6 Observed and simulated behavior in problems 5 through 6

The constraint § = 1 implies the same recency effect in exploitation and
exploration trials (and as such over time). This constraint increases the MSD
score to 0.015 and the estimated parameters are « = 40,A = 100,60 = 0.12. The
payoff sensitivity parameter A is less important. Indeed the constraint A — oo
(deterministic choice of the alternative with the highest adjusted value in exploi-
tation trials) does not impair the fit. Notice that with this constraint the current
model is a variant of Sarin and Vahid’s deterministic Payoff Assessment model
(Sarin and Vahid 1999, 2001).°

6.2 The money-pump critique, and reinforcement learning among strategies

An important shortcoming of the model presented above emerges in an attempt
to derive its prediction to situations in which greedy “mechanism designers”
try to pump their mechanism’s users’ money. One example involves a casino
designer who offers a choice between 100 options. Assume that 99 of the options

9 In addition to these basic fictitious play models we also examined the more complex experience
weighted attraction (EWA) proposed by Camerer and Ho (1999). The results reveal that in the
current setting EWA is not more useful than the basic models (see Haruvy and Erev 2001). Indeed,
its estimated parameters would imply fictitious play.
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Observed Data Generalized FP
7 —o— observed only (OO) —a— with foregone (WF) —o— observed only (OO) —a— with foregone (WF)
1 1
94 .9 4
.8 .8 1
74 7
.6 | .6 4
54 5
4 - 44
.3 39
.2 2 4
14 14

1 2 3 4 5 6 7 8 9 10
blocks of 20 trials each

8 o observed only (O0) —a— with foregone (WF)

L P e S s

1 2 3 4 5 6 7 8 9 10
blocks of 20 trials each

9 —o— observed only (OO) —a— with foregone (WF)

1*A/Aﬂ—,s—ﬂ——ﬁﬂf—ﬁﬂf—ﬂ

o, 7

1 2 3 4 5 6 7 8 9 10
blocks of 20 trials each

—o— observed only (O0) —a— with foregone (WF)

1 2 3 4 5 6 7 8 9 10
blocks of 20 trials each

—o— observed only (OO) —a— with foregone (WF)

1 2 3 4 5 6 7 8 9 10
blocks of 20 trials each

1 2 3 4 5 6 7 8 9 10
blocks of 20 trials each

Fig.7 Observed and simulated behavior in problems 7 through 9

are independent draws of a gamble that pays 200 with p =0.01, and —3 otherwise.
Option 100 is the status quo (0 with certainty). After reading the previous sec-
tion, the designer elects to condition the availability of foregone payoffs on their
realizations. In the designed casino, foregone payoffs become publicly known

only if they are positive.

It is easy to see that individuals who behave according to the current model
(or other fictitious play models) will find gambling attractive. Diminishing explo-
ration will not help in this case: The model predicts 100% gambling rates in the
long term. Similar thought experiments led Erev and Roth (1998, 1999) to

@ Springer



Foregone with the Wind: Indirect Payoff Information and its Implications for Choice 299

propose that a reinforcement-learning model (that focuses on obtained pay-
offs) is likely to be more robust than fictitious play models. However, basic
reinforcement learning model (e.g., Roth and Erev 1995) cannot account for
the clear effects of foregone payoff summarized here. To address this prob-
lem Erev and Roth (1999) proposed the idea of reinforcement learning among
cognitive strategies. When fictitious play is one of the cognitive strategies, the
agents can learn to select it when it is reinforcing, and learn to stop using it
when it leads to ineffective outcomes.

7 Discussion

The current paper demonstrates that the effect of foregone payoff informa-
tion on human adaptation “changes with the wind.” Very different effects were
observed in different environments. These effects can be divided into positive
(maximization rate enhancing) effects and negative (maximization rate reduc-
ing) effects.

Positive effects of the availability of foregone payoff information are the
result of increased information. Clear positive effects were observed in three
problems: (1) in a low variance environment with a large number of possible
alternatives (problems 8, 9), and (2) in an environment where the payoffs to
the alternatives are positively correlated (problem 6).

However, the provision of foregone payoffs can also have a negative effect
due to momentary attraction to foregone payoffs (problem 7). This initial attrac-
tion can increase the subjective value of a highly variable but risky alternative
that from time to time has high payoffs. If foregone payoffs are not provided,
decision makers are not exposed to such high value outcomes if they have not
chosen them. Our data suggest that this negative effect decreases with experi-
ence. Finally, in five problems (problems 1-5) the maximization rate was found
to be insensitive to the availability of information concerning foregone payoffs.

Whereas these patterns cannot be captured with existing learning models,
it is possible to construct post hoc models of learning that summarizes all the
patterns with one set of parameters. The current paper presents one example,
a model of fictitious play with diminishing exploration, and discusses the fea-
sibility of other examples that assume reinforcement learning among cognitive
strategies.

7.1 Potential implications

In order to highlight the potential implications of the behavioral regulari-
ties summarized above we chose to conclude with a discussion of the some
examples. As mentioned earlier, a designer of new economic environments
can often control the feedback received by agents. In particular, designers can
try to limit the feedback to information concerning obtained payoffs only, or
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allow information concerning foregone payoffs.!” One example is provided by
lotteries. Problem 7 of our paper suggests that the availability of foregone pay-
off information is expected to facilitate maladaptive gambling. Operators of
lotteries seem to agree. For example, they spend a lot of money on presenting
the winning number on TV (rather than providing a cheaper and more effective
free phone line). Another consistent phenomenon concerns the expected value
(EV) from different gambling games. In Israel, for example, the EV of the
main state lottery with natural foregone payoff information (like the numbers
games, in which gamblers can pick their numbers) is 51% of investment and the
EV of lotteries without natural foregone payoffs (when each player can only
select among tickets and only knows whether he has won or not) is 61% of the
investment.

Finally, sensitivity to recent foregone payoffs implies that investors would
chase successful funds. Barber et al. (2004) find support for this prediction. In a
study of American households’ investment behavior they find that mutual funds
purchases mainly occur in the top quintile of past annual returns. In a similar
context, Benartzi and Thaler (1995) explained the equity premium puzzle by
myopic loss aversion (MLA). They demonstrated that rejecting single gambles
but accepting a sequence of such gambles is consistent with MLA. If returns are
evaluated over a longer period of time, multiple gambles become more attrac-
tive due to the lower probability that a loss will be experienced. Therefore
the period over which individuals evaluate financial outcomes influences their
investment in risky assets.!! Our paper suggests a complimentary explanation,
namely that a longer evaluation period can be a mechanism to avoid the chasing
of attractive (but potentially misleading and short-termed) foregone payoffs.

In summary, the current analysis clearly demonstrates that foregone payoff
information affects choice behavior in significant ways, depending on the envi-
ronment. Future theoretical work should be more perceptive to this influence.
Our results further suggest that although the effect of foregone payoff informa-
tion appears to change with the wind, it can be predicted with simple models
that quantify robust principles. Interestingly, the current attempt to capture the
observed behavioral pattern led to a generalization of the fictitious play model
that approximates the predictions of the optimal choice in bandit problems.
This observation can be used to refine models of human adaptation, and can
help shed light on interesting mechanism design problems.

10 Notice that the design problems we consider differ from the problems addressed in mainstream
mechanism design research. Mainstream research (e.g. Myerson 1989, chapter 23 of Mas-Colell
et al. 1995) tends to address situations, in which agents are expected to behave rationally and the
behavior of rational agents can be unambiguously derived. In the problems we consider, agents
might not behave rationally, and as we noted above, the derivation of the rational behavior is not
necessarily obvious.

11 A similar observation was made by Gneezy and Potters (1997).
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Appendix

B1: Computer setup of problem 7
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