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ABSTRACT
Even with ample time and data at their disposalppeoften make do with small samples,
which increases their risk of making the wrong diexi. A theoretical analysis indicates,
however, that when the decision involves seleciimgpng competing, adaptive agents who
are eager to be selected, an error-prone evaluaiaynbe beneficial to the decision maker. In
this case, the chance of an error can motivate etitags to exert greater effort, improving
their level of performance—which is the prime camcef the decision maker. This
theoretical argument was tested empirically by camnmg the effects of two levels of scrutiny
of performance. Results show that minimal scrutiag indeed lead to better performance
than full scrutiny, and that the effect is conchabon a bridgeable difference between the
competitors. We conclude by pointing out that epmne decisions based on small samples

may also maintain competition and diversity in ém&ironment.
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Choosing Between Adaptive Agents: Some Unexpectgdidations of Level of Scrutiny

Although the sampling error of any statistic irases with decreasing sample size,
people often make do with small-sample data eveenwhore data could be collected easily
(e.g., Burnett, Kareev, & Avrahami, 2005; Buseme$€85; Fiedler & Kareev, in press;
Fried & Peterson, 1969; Hertwig, Barron, Weber, &\ 2004; Kareev & Fiedler, 2006;
Weber, Shafir, & Blais, 2004). One account of thefhavior is that short-term memory
capacity limits the number of items (i.e., the z¢he sample) that can be considered
simultaneously. According to this account, peopieely would consider larger samples if
they only could (see, e.g., Simon, 1990). Anotleeoant (Busemeyer, 1985; Payne,
Bettman, & Johnson, 1988) focuses on the tradéetffieen cost and accuracy inherent in
sampling: Although people realize that larger saspésult in more accurate estimates (Bar-
Hillel, 1979; SedImeier, 2005), the costs in tiratort, and lost opportunity do not justify the
gain in accuracy. This latter account is consistétit recent analyses showing that for
choices between alternatives, accuracy is quite &égn with small sample sizes (Fiedler &
Kareev, in press; Hertwig & Pleskac, 2006; John8udescu, & Wallsten, 2001). These
analyses can also explain why people are often cawr®dent in the accuracy of small-
sample-based estimates than is objectively wardgetg., the Law of Small Numbers,
Tversky & Kahneman, 1971). Finally, it has beenvamdhat systematic biases that
characterize small-sample-based estimates of etimeland variance may help in the early
detection of correlations and foster an optimisigw of the world (Kareev, 2004).

Common to all these explanations is the view tinaénd of itself, sampling error is
undesirable, to be reduced whenever possible. Wengropose a new view of sampling error
and draw attention to an implication of it that Ihéferto hardly been considered: We argue
that there exists a class of choice situationshitlwthe uncertainty accompanying the use of

small-sample data may affect the environmemways that are to the sampler's benefit, rather

than detriment. These desirable outcomes come &egoause ofrather than in spite pfhe
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larger chance of committing an error. The classitofations we refer to are those in which
sampling is conducted in order to make a perforredrased choice between adaptive agents
who are eager to be selected by the sampler. Wmmpeathat in such situations, the
uncertainty produced by an error-prone evaluatamlead the competing agents to exert
greater effort, and hence to perform better. Camsetly, the sampler, although risking an
occasional incorrect choice, reaps the benefitgpefating in a more favorable
environment—one in which the agents' overall pentamce is higher. Thus, the very same
aspect that renders small samples a liability enabksessment of stable, indifferent
alternatives may prove an asset in the assessradaptive agents whose performance can
improve with increased motivation. Moreover, welsrghat this very sampling error can
maintain competition and diversity, to the furthenefit of the sampler.

In the next section of this article, we lay out tationale of the claim that the
uncertainty induced by error-prone sampling magitedireater effort on the part of
competing agents who are eager to be selectecelsathpler. We then present the results of
three experiments designed to test implicatiorthatf analysis. We conclude by discussing
further implications of the frequent use of smalirple data.

THEORETICAL ANALYSIS

The situation we consider is one in which a deaisnaker is to select one of a
number of agents on the basis of their performahike.decision maker's utility is a
monotonically increasing function of the agentsfgrenance, and an agent's own utility is
higher if selected. Examples of typical cases hoosing a service provider (e.g., a store, a
broker) or choosing which employee deserves a balthsat size sample should the decision
maker employ to reach a decision? Surely, a laaggke is more likely than a small sample
to result in an accurate assessment, and heneaddd the choice of the more deserving
agent; small-sample data carry a higher risk obshg the wrong agent. However, when the

overall level of performance, rather than the congpa among the competitors, is of prime
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interest, the sampler should consider the effestaiple size not only on the accuracy of the
choice, but also on the level of performance bycthrapeting agents. To understand the
effect on performance, one needs to consider lgesampling error inherent in the use of
samples obviously introduces an element of uncgxtamto the choice process, with the
uncertainty being larger, the smaller the sample.

Decision making under uncertainty has been muathed in the past (e.qg.,
Kahneman, Slovic, & Tversky, 1982), but the undatiain question has typically been that
inherent in an environment indifferent to the inoptions of its uncertainty. Uncertainty in
behavior, generated for strategic reasons, hadymstn studied in game theory in the
context of interactions calling for the applicatioihmixed strategies (e.g., Aumann & Hart,
1992-1994; for applications in psychology, see, &gpoport & Budescu, 1992). However,
how uncertainty in decision making affects the atraof agents who compete to be chosen
has, to the best of our knowledge, never been deresdl in psychology. In contrast, such
effects have been considered in economics. For gbeaistudies of labor markets concluded
that uncertainty in income increases labor supptiesfforts (e.g., Block & Heineke, 1973).
Now consider the effect that large- and small-sansplutiny might have on competing
agents' motivation to exert effort. When the eviaueof the agents' performance is based on
a large sample, the true differences among therikatg to be revealed, and the truly
superior agent is likely to be selected. Under sushmpling scheme, the weaker agents may
see no chance of being selected, and hence nargagy harder; realizing this, the stronger
agents need not fear losing, hence they too wiltnycany harder. In other words, full, highly
accurate scrutiny may fail to induce greater eféord an increase in performance. Now
consider the possible effect of little scrutiny—itise of a small number of observations to
determine the winner of the competition. Becauseutte of small-sample data can result in
an error, weaker agents stand a chance of beiagted| this being the case, they may decide

to try harder, to increase the overlap in the ilistrons of their performance and the
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performance of the stronger agents. Realizing thesstronger agents will fear losing and
increase their efforts as well, so as to mainta@irtedge over the weaker agents. Thus, by
introducing an element of uncertainty into the dexi process, the decision maker may
occasionally reward an agent who is not the bestniay often reap the benefits of overall
better performance by all agefits.

A number of researchers have carried out gamed¢he@nalyses of this line of
argument and have concluded that it is valid. Tiestof the publications, such as "More
Monitoring Can Induce Less Effort" (Cowen & Glaz&896) and "Competitive Prizes:
When Less Scrutiny Induces More Effort" (Dubey & W2001), attest to the conclusions
their authors reached. Similarly, Dubey and Hainoef#003), analyzing the size of the
sample a principal should take to assess the peaiore of competing agents, stated, "We
show that the principal will do best to always cb®a small sample size" (p. 1).

These analyses indicating the potential benefitsroertainty in inducing better
performance are all theoretical. They thus leavendpe question whether people act as
predicted by the theory. Do competing agents ingeedt more effort in the face of little
scrutiny than in the face of much scrutiny? We cmteld three experiments in an attempt to
answer this question. In the first, we comparedpe® performance under conditions of
minimal and full scrutiny. In the second, we testekky assumption of the model—namely,
that the effect of minimal scrutiny depends onithigal difference in performance between
the competing agents. The third experiment testeethver or not the effect would also be
observed when there is no competition.

EXPERIMENT 1

Experiment 1 was designed to test if level of Boyuaffects people's performance.
Participants, competing in pairs, solved simple eucal addition problems. The members of
each pair were paid the same amount for particpatn addition, they were promised that

the person who solved more problems correctly wbelgaid an extra amount (a bonus).



Choosing Between Adaptive Agents

Following a 1-min practice session, they perforrtteaimain task, which took place over six
1-min sessions. The experimental manipulation weolthe level of scrutiny: In the full-
scrutiny condition, the number of correctly solygdblems in all sessions was assessed,
whereas in the minimal-scrutiny condition, the nemdf correctly solved problems in only
one session, selected at random, was assessedhlodnditions, the bonus was awarded to
the participant who had correctly solved more peotd in the session or sessions inspected.
The members of each pair were unaware of eachsbtdality. We expected them to
assume that an overlap in their ability was likélgcording to the reasoning outlined earlier,
both competitors, irrespective of their ability, wd exert greater effort in the face of little
than in the face of much scrutiny. In other wosds,expected that for the effect to occur,
competitors did not have to know their standingtieé to one another.
Method

Materials and TaskParticipants were presented with a seven-pagkidtosith a

blank cover page. Each of the seven pages hadobfeprs involving the addition of two
two-digit numbers (e.g., 27 + 56). The problemsanh page were arranged in seven rows
and six columns. To avoid ceiling effects, we usedugh problems per page so that even
skilled performers could not solve all of them witthe 1 min allotted.
ProcedureParticipants performed the task in pairs in &guom. They were
recruited individually, and care was taken to eaghat the members of each pair were
unfamiliar with one another. Upon entering the rotimey were told that they would be
required to solve correctly as many arithmetic peots as possible, that they would be paid
10 New Israeli Shekels (NIS, about $2.20) for tipairticipation, and that the person who
solved more problems correctly would be awardedraub of another 10 NIS. The
participants were each handed a booklet and infdmat it consisted of seven pages (the
first of which a practice page) with simple additiproblems, and that they would have 1 min

to solve as many problems as possible on each pagg.were also told that the number of
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problems on each page had been chosen so thatrmmoll solve them all within the
allotted time.

After working on the practice page for the alldttene, the participants were
informed how the winner of the competition woulddetermined. In the full-scrutiny
condition, participants were told that the expentee would count the number of correct
answers on all six test pages of the booklet. énnimimal-scrutiny condition, participants
were told that the experimenter would role a diepasately for each participant—and check
performance only on the test page whose number canoa the die. In both conditions, the
bonus was to be awarded to the player with theelangmber of correct answers. The
experimenter timed performance, instructing theéigaants when to start and when to stop
work on each page.

ParticipantsParticipants were 80 students at the Mount Scopogus of the
Hebrew University of Jerusalem. They volunteeregddicipate in the experiment in return
for the payment offered. Members of a pair wereagbwof the same gender. There were 10
female and 10 male pairs in each scrutiny condition

Results and Discussion

A comparison of the mean number of correct sohgti(with score on the practice
page serving as a covariate) revealed a signifidifierence between performance under
minimal scrutiny (mean correct solutions per pade:82) and performance under full
scrutiny (mean = 17.57)(E, 77) = 5.46, MSE 5.64, p.p= .93.2 This result is in line with
the argument put forward in the introduction: Perfance under minimal scrutiny was
superior to that under full scrutiny.

Not surprisingly, performance was much worse @pfactice page than on the test
pages—mean performance was 3.02 items lower ofothner than on the latter. This very
large effect was undoubtedly partly due to theatféd competition and partly due to practice

effects. This effect is orthogonal, of course, tio K@search question.
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For little scrutiny to have a motivating effecttb competitors should realize that
under small-sample-based, error-prone assessrheritue order of the competitors might
not be revealed. For that to happen, the mearreifée in ability between the competitors
should be small enough for the distributions ofrtherformance to overlap. Obviously, if the
difference between competitors is too big, everutineertainty introduced by small-sample-
based assessment would not change their relatindisg® We therefore predicted that when
competitors know each other's ability, the effdanmimal scrutiny will be sensitive to that
difference, and inversely related to it. In contrage expected the difference in ability to
have no systematic effect on performance undestulltiny, because such scrutiny should
expose the true ordering of abilities irrespectif’éhe initial difference between the
competitors. Experiment 2 was designed to tesethesdictions by having participants who
were cognizant of each other's practice score ctanpeler conditions of either minimal or
full scrutiny.

EXPERIMENT 2
Method

The method of Experiment 2 was identical to tHdExperiment 1 with one
exception: In Experiment 2, after participants sdlthe practice page, their performance was
checked and announced. Thus, each participantdmad mdication of his or her ability
relative to that of the other.

Participants were 120 students at the Mount Scoamgpus of the Hebrew University
who volunteered to participate in the experimenetarn for the payment offered.
Participants were unfamiliar with each other, andenof them had participated in
Experiment 1. The members of each pair were osémee gender; 15 pairs of each gender
performed the task under minimal scrutiny, and aspof each gender performed the task
under full scrutiny.

Results and Discussion
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The main analysis in this experiment called fgressing test performance on the
absolute difference between competitors' practioees, to find out if participants'
performance was indeed negatively correlated taliffierence in their initial ability in the
minimal-scrutiny condition and unrelated to thifetience in the full-scrutiny condition. For
the minimal-scrutiny condition, the regression haglgnificant negative slope=r-.397, K1,
58) = 10.83, MSE= 6.47, pp = .98. In contrast, for the full-scrutiny conditicthe correlation
was slightly positive, and not significant=r.135, K1, 58) = 1.08, MSE 7.12, p.,, = .64.

These results, which are fully in line with ouegictions, qualify and refine the
minimal-scrutiny effect: For minimal scrutiny tovea motivating effect, the ability of the
competing agents should be either assumed or ktoWwe sufficiently close for the error
inherent in small samples to possibly eliminatettbe difference between the competitors.
When the difference in ability is large, the effexcho longer evident. The results of
Experiment 1 indicate that when competitors aremgino information about one another's
ability, they assume that their performance distidns might overlap, and do try harder
under minimal scrutiny.

EXPERIMENT 3

The game-theoretic literature we discussed eddm@rsed on the role of uncertainty
on the behavior of competing agents. It could lgaied that the source of the effect was not
the close competition, but the mere uncertaintyudbee critical session, with each session
potentially being the critical one. We thereforendlered whether the effect of uncertainty
would be evident in the performance of a singleyaompeting agent as well. Would an
individual who is rewarded in line with the levdltos or her performance also exert greater
effort when assessment is based on little, ratraer tull, scrutiny?

To answer this question, we had participants perfthe same addition problems
employed in the previous two experiments, buttilme participants were tested alone.

Amount of scrutiny was manipulated as before, diticipants in the minimal-scrutiny
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condition rewarded according to their performanceasingle, randomly chosen page, and
participants in the full-scrutiny condition rewaddaccording to their average performance
per pagé.
Method

The task and procedure were identical to thosdarag in Experiment 1, except that
each participant was tested individually and thatgayment was 1 NIS (about $0.22) per
correct solution. Payment was determined eithgrdsjormance on a single, randomly
determined page (minimal-scrutiny condition) ordwerage performance (full-scrutiny
condition).

Participants were 48 students at the Mount Scopogus of the Hebrew University
of Jerusalem. There was an equal number of matefeamles in each condition.

Results and Discussion

An analysis of the mean number of correct respo(\8gh practice score as a
covariate) revealed that performance in the twaltt@mns did not differ significantly (21.53
vs. 22.32 correct responses for the minimal- afiestwutiny conditions, respectively(F,

45) = 1.04, MSE= 7.09, pp = .63°

This finding strongly suggests that it is not utaaty in what part of the
performance would be assessed that brings abdet Ipetrformance under minimal scrutiny.
Rather, it is in the context of competition that thotivating effect of uncertainty is evident.

GENERAL DISCUSSION

The results of the first two experiments demonsttiaat the use of small-sample data
to determine which of two competing agents is to competition can bring about greater
efforts and better performance by all agents tharuse of large-sample-based scrutiny.
Although the decision maker using small-sample dag err at times and award the reward
to the less deserving competitor, that very sanamad of committing an error may create an

environment that is overall superior to that whigh prevalil if larger samples are employed.
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The results of the third experiment indicate thateéffect is not to be found without
competition.

Let us now turn to further implications of usingal-sample data as the basis for
making choices. Note that the chance of preferaimgeaker competitor over a stronger
one—even if relatively small—increases the weakenpetitor's chances of survival. Thus,
unavoidable, occasional errors can sustain competitarge-sample-based, errorless
assessment leading to a consistent preferenchddretst competitor over the rest of the field,
although desirable in the short run, would resuthie elimination of the weaker competitors,
leaving the sole survivor with little incentive taprove, or even to try to maintain the high
level of performance that rendered him or her thner of the competition. By using an
error-prone selection process, the decision makemgoid ending up, inadvertently, at the
mercy of a monopoly.

Another, related benefit of a small-sample-basdelcsion process is that it may help
maintain diversity. The very same competitors wieoralatively weak under the present
conditions, and who would be eliminated and becertmct (or go out of business) under
full scrutiny, may have some qualities that wowddder them superior under other
conditions—when a different service is requiredvben some hidden quality (e.qg., high
yield in a dry year) is called for. Maintaining &ersity of resources is of paramount
importance for survival. According to this linergasoning, an error-prone selection process
is an efficient mechanism for sustaining diversitigus viewed, limited short-term memory
capacity may be a built-in, structural characterigtat forces such a process. This is not to
say that organisms should choose to commit erb@cguse this might eliminate the
motivational effect of the error-prone selectiongass.

What we propose, then, is that the use of smalipda data may constitute an

efficient compromise. On the one hand, it ensuras bn average and in most cases, the
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truly superior option is selected. On the otherchanmay introduce a degree of fallibility

that may help bring about a more desirable envientm
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FOOTNOTES
Several conditions have to be met for this analstsld: The competing agents must
assume that there exist true differences betwesn th ability, that there is some within-
agent variance in performance, and that the diffes in ability are small enough for the
resulting distributions of performance to overlap.
’Killeen (2005) introducedg as a measure of replication, defined as the prttyadf
obtaining an effect of the same sign as in theimalgexperiment. The.g values of .88, .95,
and .99 correspond toyalues of .05, .01, and .001, respectively.
®Indeed, in tournament theory (e.g., Knoeber & Thamml994; Lazear & Rosen, 1981)
mechanisms—whether handicapping or matching )—&ea designed to address this issue.
Matching, or handicapping to achieve matchingfisonrse very common in sports
tournaments.
“It should be noted that to test the effect of utatety on a single agent, reward must be
commensurate with performance (per-piece paym€ot)ditioning a reward on surpassing
some criterion level would turn the situation iotwe of competition (if the criterion is
unknown) or one in which the exertion of effortéév off once a known criterion is achieved.
®Although overall performance was better in Experit@than in Experiment 1 (21.92 vs.
18.20 correct solutions per page, respectivelyy,dtiference was entirely due to an initial
difference between the two groups, as evidencékin practice scores (18.62 vs. 15.18,
respectively), which were not rewarded in eithgsegkment. In any case, this difference in

performance does not bear on our topic.



