lvan M oscati Paola Tubaro

Bocconi University, Department of Economics Centre Maurice Halbwachs-Centre National
and CPNSS, London School of Economics de la Recherche Scientifique

RANDOM BEHAVIOR AND THE AS-IF DEFENSE OF RATIONAL
CHOICE THEORY IN DEMAND EXPERIMENTS

This draft: June 18, 2009

Abstract

Rational choice theory (RCT) models decision makersutility maximizers and is often

defended via an as-if argument. According to tgueent, although real individuals do
not consciously maximize their utility function,eih choices can be explained as if they
were generated by utility maximization. An altematmodel is random-choice, which as-
sumes that decision makers pick up an element &gmen set according to a uniform dis-
tribution on the set. In this paper we examine rieseof experiments that compare RCT
and the random-choice model as alternative exptamabf consumer demand, and investi-
gate how these experiments contribute to clarifghyactual scope of RCT and the short-
comings of the standard as-if defense of it.

Keywords:. rational choice theory; random-choice theoryjfagefense of scientific theo-

ries; experimental economics; consumer demandyheor

JEL codes: B410, C140, D110, D120.

Correspondence may be addressed to lvan Mosdatramoscati@unibocconi.dr Paola Tubaro
atpaola.tubaro@ens.fWe thank the participants in an INEM sessiohat2009 ASSA meeting in
San Francisco, a Choice Group Seminar at the LoSdtwol of Economics, a seminar at Univer-
sité Paris Ouest Nanterre La Défense, a sessitire @ TOREP Conference in Florence as well as
Marco Bonetti, Richard Bradley, Marco Dardi, Frddietrich, Aldo Montesano and Piero Veronese
for their helpful comments on previous drafts & fraper. Moscati also thanks the Centre for Phi-
losophy of Natural and Social Science at LSE feibspitality during part of the work on the pa-
per, and is glad to acknowledge the financial supgoMIUR PRIN 2007. Any errors are ours.




1. Introduction

In mainstream economics, Rational Choice TheoryTRdesignates the theory according
to which individuals choose among the availabldamst to maximize their utility. More
extensively, RCT assumes a decision maker to lenedtif her preferences are complete
and transitive, and she chooses her most prefepédn. Preferences are not restricted
with respect to their orientation, and can be skefaltruistic, masochistic or religiously ori-
ented. If continuous, the preferences of a ratialegision maker can be represented by a
utility function, and her choices can be viewedrasresult of utility maximization. This is
the basic version of RCT that applies to consuneenahd theory. RCT becomes more so-
phisticated when uncertainty, strategic interactionintertemporal decisions are taken into
account, but investigation of these aspects is e yioe scope of this paper.

Many have criticized RCT as psychologically unrgtati For instance, Herbert Simon and
other scholars have contended that actual decrs@kers lack the cognitive capacities to
solve the maximization problem hypothesized by RB3.a defense against the criticism
of unrealism, supporters of RCT have often adofftiedas-if argument popularized in eco-
nomics by Milton Friedman (1953). According to tlalgument, it is not the case that ac-
tual decision makers consciously maximize theiitytiunction when choosing. Instead, it
is the economist who rationalizes the decision malahoices as if they were generated by
utility maximization. Therefore, the utility funcih and its maximization are in the econo-
mist’s mind rather than in the decision maker’stlsad the psychology of the latter is not at
issue. As far as the decision maker’'s observedcelaare in accord with those implicated
by RCT, the theory is validated.

However, the as-if defense of RCT has also beetiecigd. Philosophers disputed the
conventionalist or instrumentalist views of sciéattheories usually associated to the as-if
argument. Psychologists and behavioral economists providesust experimental evi-
dence suggesting that RCT is not validated by elesechoices. The present paper ad-
dresses the as-if defense of RCT in its consumeradd version from a further angle,
namely that involving random choice.

A decision maker chooses at random when he pickanuglternative in his choice set ac-
cording to a uniform distribution on the set, satthach alternative in the set has an equal
probability to be selected. In particular, we witinsider consumers who pick up at random

a bundle among those that exhaust their whole iecom, a bundle on their budget line or,

For a presentation of consumer-demand RCT, seeQdkel, Whinston and Green 1995, chapters 1-3.
See among others Nagel 1963, Caldwell 1980, Mes@881, Hausman 1992.
®  See for instance Tversky and Thaler 1990, and &wlam, Knetsch and Thaler 1991.



when more than two goods are available, budgetrpigrge. Random decision makers can
be easily constructed by computer, and are ofteplayrad in agent-based computational
economics.

One may expect rational and random decision makebehave very differently. In con-
trast, Gary Becker (1962) pointed out that somédigafions of RCT for demand behavior
can be obtained on average even if consumers choas@andom way. Becker's article
was seminal to a series of recent experimentsetimgioy the random-choice model as an
alternative hypothesis in testing the extent toclwhtonsumer demand behavior satisfies
RCT. In the present paper we review six of the melstvant among these experiments and
investigate how they contribute to clarifying thetual scope of RCT as well as the short-
comings of the standard as-if defense 6f it.

The experiments show that consumers often viol&@& Bnd hence suggest that it is diffi-
cult to see human demand behavior as if genergted®QI. At best one might defend an
“almost RCT”, claiming thamost individuals choose as if they wemearly rational. More-
over, the number of violations varies strongly frerperiment to experiment and this hints
that the explanatory power of RCT is very much eatitlependent. The problem is that
there is no meta-theory stating in which contex@I'Rvorks and in which ones it does not.
With respect to the as-if argument, the experimegitforce Becker’s article in bringing to
light the simple but often overlooked fact thatrthare two types of as-if defenses of a sci-
entific theory. While theveak as-if defense states that a theory offgpesgible explanation

of the phenomenon at hand, gteong as-if defense claims that the theory providesotise
explanation of it in terms of fit with experimentddta, simplicity or other relevant quali-
ties. The very possibility of an as-if-random exgton of consumer demand makes clear
that the standard as-if defense only provides &vegastemological support to RCT, and
does not rule out that different models of chomeh as random-choice, may provide an
alternative explanation.

The problem is not the weak defense se, for it is well understood that the same phe-
nomenon can be explained by two or more differbebties. One may even claim that
since theory and the real world are necessarilgimitar, any scientific theory constitutes
an as-if rational reconstruction of the world. Bus precisely the presence of multiple as-if
explications that limits the epistemological fofethe weak as-if defense and calls for se-
lecting one theory as the best explication at hand.

Becker did not raise this problem in his articleough, and the subsequent experiments

For an introduction to agent-based computatioo@hemics, see Tesfatsion 2006.

®  Tubaro 2009 discusses instead rational and ramthoice in market experiments.



were also oriented by the weak as-if defense of Rideed they are designed to falsify or
validate RCT and do not investigate whether RCTlaa®p human demand behavior better
than the random-choice model. As a consequendeaofiéak-defense attitude, the explana-
tory power of the random-choice model has neven lpeally investigated in the literature.
The gap between the weak and the strong as-if defehRCT is particularly relevant when
policy issues are at stake, for instance if pohtgkers aim to influence consumers’ deci-
sions about smoking, drinking, or buying healthgdoThe circumstance that RCT offers a
possible explanation of demand behavior (weak d&efers not sufficient to argue that a
RCT policy, e.g. an incentive-based policy, is thest effective one. By the same argu-
ment one could also claim that since the randonmieehmodel provides another possible
as-if explanation of consumer behavior, then ingestwould prove ineffectual and differ-
ent policies should be adopted, e.g. a patermajsiiicy imposing severe restrictions on the
consumers’ choice set. In order to argue that a-B&Sed policy is the most effective one,
one would need to make a strong case for RCTjshti show that RCT offers the best as-
if explanation of consumer behavior among the vwariexplanations at hand.

The remainder of the paper is organized as foll@&estion 2 illustrates why random choice
has become a focal point for research on RCT. tti@e3 we present Becker's approach
to random behavior and discuss his main resultschmohs. In Section 4 we review the six
experiments that test RCT by using the random-ehoiodel as an alternative hypothesis,
while in Section 5 we discuss their main findingsl dhe import of the latter for our re-

search questions. Section 6 sums up and concludes.

2. Random, boundedly rational, and rational choice

As the number of theoretically admissible altewegito RCT is infinite, one wonders why
much experimental research focuses on random chatiger than, for instance, some mod-
el of bounded rationality. In effect, it could begaed that random choice is as unrealistic as
RCT, since assuming that each alternative has aal gobability of being selected also
calls for unlikely cognitive skills. Furthermore,dan be observed that random behavior can
be regarded as a special case of rational behawien the decision maker’s preferences
are represented by a flat utility function. Sincethis case all alternatives maximize his
utility, the agent is rational in picking one ahdam; but if the random-choice model is just
a special case of RCT, comparing the two wouldbeotery illuminating. These criticisms
notwithstanding, random choice has some attradeatures that make it a natural focal

point for research on RCT.



First, if one excludes the trivial case of a flaitily decision maker, random choice appears
to contrast rational choice in a way that boundedtijonal choice does not. In spite of all
their differences, RCT and the various theorieBafnded rationality share in fact an intui-
tive idea of rationality according to which decisimakers attempt to use their scarce re-
sources as well as possible to attain their endsléWitility maximizers manage to employ
their resources in an optimal way, boundedly rati@gents adopt some heuristic that gen-
erally results in a sub-optimal use of resourcesahdom choice, on the contrary, the in-
tentional and instrumental aspects of rationaligyraissing, for random decision makers do
not seem to have intentions and ends, and in asg/tt@y do not use their resources as in-
struments to attain their ends. As far as ratichaice entails maximal efficiency in the use
of resources while in random choice efficiency @ aven pursued and can easily be at a
minimum, random choice appears as the oppositatmial choice. Hence if an economic
phenomenon can be explained as the result of eidimelom or rational decision, is seems
to be due to factors that are unrelated to ratitynalhis makes the random-choice model
an important reference point for research about RCT

Second, even if RCT and the random-choice hypathesn be viewed as opposite in the
sense illustrated above, in effect both models &armoice as picking up an alternative
from an exogenously given set. This markedly difétom the established practice of
bounded-rationality theorists who often model theice set as endogenously determined
by the choice process itself, in the belief that thiscovery of available alternatives is an
essential part of the process. The circumstanceRIGA and the random-choice model
frame choice in a similar way makes the comparlstween them easier.

Third, since there are many different theories ofirfded rationality but none of them
seems to have a definite pre-eminence over thethas not obvious which one should
be compared with RCT. Random choice provides idstealear-cut benchmark to be con-
trasted with RCT.

It is true that there exist some degrees of freedtsm in the definition of random choice,
and more exactly in the specification of the chaee from which random agents pick up
an alternative. For instance, John Chant (1963jgutard a version of random behavior in
which the decision maker chooses among goods rdtherbundles, in such a way that any
unit of the available goods has an equal chanteiof selected, independently of its price.
It can be shown that random agents choosing inwhis (labeled by Chant as “impulsive
goods deciders”) rarely violate RCAs a result, they are of little help in testing R&nd

®  On this point see Bronars 1987.



in fact are not employed in the experimental swdisscussed in Section 4. Even if one
sticks to choice among bundles, the random consumagr be thought of as picking up a
bundle among all those he can afford, that isontt among the bundles his budget hy-
perplane, but also among thdsow it. Although this option is feasible, all the exipeen-

tal studies we consider restrict random choicehto liudget hyperplane. This is because
they test RCT under the additional assumption tmstsumers have locally non-satiated
preferences, i.e., that for any consumption burdleere exists another bundiarbitrarily
close tox which is strictly preferred t® by the consumer. Since local non-satiation implies
that a rational consumer chooses a bundle on ragdblnyperplane, comparison between
rational and random choice requires the randomuross to pick up a bundle on his budg-
et hyperplane too. In sum, despite some degreée@fom, defining the choice set of a
random agent seems less arbitrary than optingrferspecific model of bounded rational-
ity. Moreover, all experimental studies adopt theldet hyperplane as the choice set and
this consensus makes arbitrariness concerns lessipg’

Finally, a practical advantage of random choiceradveunded rationality is that it is
straightforward to build a computer program thategates random agents, while construct-
ing artificial agents that follow boundedly ratidriecision rules can be much trickier.

3. Random and rational behavior in Becker 1962

3.1 Becker’s results

A rational consumer with locally non-satiated prefeces chooses a bundle on his budget
hyperplane, and among other things his demandajisg negative substitution effect. This
means that when prices change and the rationaliomrsis compensated so that at the new
prices she can just afford the bundle she chosleeabld prices, her demand for the rela-
tively dearer commodities will decreaSa negative substitution effect is a necessary con-
dition for seeing the consumer’s choices as if gatied by utility maximization. The condi-
tion is not sufficient because substitution effdotglve only compensated price changes
and a consumer could violate RCT when uncompengaieel changes occur.

Becker (1962) imagines a consumer who chooses dldwm his budget hyperplane in a

random way, and compares the implications of taisdom decision rule with those of

" For further discussion on the different possilgfges of random behavior, see Harbaugh, KrauseBand

ry 2001, and Andreoni and Harbaugh 2008.

Becker considers Slutsky’s compensations. Withkslan compensations, instead, the consumer is com-
pensated so that her utility level is kept constamen prices change. Both kinds of compensatiodigce
negative substitution effects, but Slutsky’s amesthused in empirical studies because they caretee-d
mined even without knowing the consumer’s utility€tion.
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RCT. Becker considers the two-commaodity case sbithiais paper the budget hyperplane
comes down to the more familiar budget line, big thstriction involves no loss of gener-
ality. As a random consumer has an equal chanahadsing any bundle on the budget
line, he is expected to pick up the bundle layihtha midpoint of the line. When the con-
sumer has incomkand faces prices, andpy, the midpoint has coordinatelé2p,, 1/2py),
which means that the random agent is expectedrisucoe quantity/2p, of commodityx
and quantityl/2p, of commodityy. This may also be seen by observing that in dalpet
bundle on the budget line the consumer is impjia@tioosing what fraction of his income
he is going to spend on each commodity. Since lbesgs following a uniform distribu-
tion, he is expected to spend an equal fractiohi®income on each good and so to pur-
chase/2py of x andl/2p, of y.°

In Figure 1, the initial budget line is labeledAB and ey, the midpoint of AB, is the bun-
dle the random consumer is expected to pick uporimodityx becomes relatively dearer
with respect to commodity, the compensated budget line CD passing threyghsteeper
than AB. This entails that the midpoiat of the compensated budget line is on the left of
€o, Which in turn means that the expected compensigathnd ok has decreased. There-
fore also the random-choice model implies, at leasaverage, that the substitution effect

is negative.
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Figure1: Random choice implies a
negative expected substitution effect

When economists study markets rather than individehavior, they are chiefly interested

in consumers’ aggregate and non-compensated dertfatds, in market demand. RCT

° Since a consumer who chooses randomly what fractidhis income to spend on each commodity and a

consumer who chooses randomly a bundle on his buithgebehave in the same way, Chant (1963) la-
beled both as “impulsive money deciders.”



predicts that almost certainly the market demandecis negatively sloped, i.e., that the
market demand for a commodity and its price movepposite directions. This is the so
called “law of market demand.” Exceptions to the lare represented by Giffen goods,
which however are rare for individual demand, artteznely implausible for market de-
mand® Becker notes that the random-choice model alsdiémfhe law of market demand
with almost certainty. In fact, as observed ab@/eandom consumer is expected to con-
sume quantity/2p, of commodityx. Therefore, whepy rises and incomedoes not change
(this is an uncompensated price variation), hiseetgrl consumption ofwill decrease. As
the number of random consumers on the market gghtet the average market demand
gets closer to the individual expected demandhabit is almost certain that a market po-
pulated by a large number of random and uncorled@sumers will display a negatively
sloped demand curve.

Becker does not see the convergence between RCihanmdndom-choice model with re-
spect to the sign of the substitution effect angl slope of market demand as a possible
problem for the as-if defense of RCT. Accordinghim, this convergence shows in fact
that RCT and the random-choice model provide twertive, but to a certain extent
equally plausible as-if explanations of consumdraveor: “Households can be said to be-
have not only ‘as if' they were rational but als if’ they were irrational.” (Becker 1962,
p. 4) Those results can even strengthen the asfénde of RCT, in the sense that they
show that RCT provides a compelling as-if explamatf household behavior even if con-

sumers choose at random.

3.2 Discussion of Becker’s results

Becker’s article suggests a number of questionscantments. To begin with, the conver-
gence between rational and random consumers wsfiece to the sign of the substitution
effect draws from Becker’s identification odndom choice with the expected outcome of
random choice. However the two are different: random choice nsethiat every bundle on
the budget line has an equal probability of beihgsen, not that the midpoint bundle will
always be chosen. In effect, if random choice dkiced to its expected outcome, a random
consumer is indistinguishable from a rational comsuwith a Cobb-Douglas utility func-
tion of the form Ux, y)=x"3y" as both pick up bundlé/2p,, 1/2py). Therefore, not only will
an “expected-outcome random consumer” display athegsubstitution effect, but he will
also satisfy any necessary and sufficient conditiwaracterizing RCT.

On the contrary, when each and every random chsiocensidered the convergence be-

19" For an analysis of Giffen goods in individual andrket demand see Battalio, Kagel and Kogut 1991.



tween rational and random consumers with respethdosign of the substitution effect
fades away. By looking at the compensated budgetdiD in Figure 1, we notice that there
is a probabilitya equal to the ratio between the length of segmejidsand CD that the
random consumer chooses a bundle on the riges. dherefore, the random-choice model
states in effect that there is a probabiitthat the consumer displays a positive substitution
effect, i.e., that he violates RCT.

An important difference between Becker’s article #me experimental studies on consumer
demand we discuss in Section 4 is that the latlee tnto account each and every choice
made by random agents, and not only the expectexvenage outcome of their choices.
Becker refers to the expected outcome becausedirsintierest lies in the negative slope of
aggregate demand rather than in the propertiesdofidual demand. As noticed in Section
3.1, the expected outcome of random choice isgefft to obtain a negatively sloped mar-
ket demand curve. The focus of the experimentudssd in Section 4 is instead on indi-
vidual demand and the rationality issues relateitl ths we will see, random behavior be-
comes relevant to these topics only if all choisesde by random consumers are consid-
ered.

Becker’'s conclusion that RCT and the random-chaicelel provide two interchangeable
as-if explanations thus holds only for aggregatmated behavior. Even in this more cir-
cumscribed sense, Becker's point is important F&r purposes of this paper because it
shows that the as-if argument alone provides a wepaktemological support to RCT: it on-
ly states that RCT offers a possible explanatioaggfregate demand behavior and does not
rule out that random choice may provide an altéraagxplanation. An as-if-random ex-
planation of aggregate demand would sound as fsll@etual consumers do not choose at
random, but it is the economist who rationalizesrthhoices as if they were generated by a
random process; as far as the consumer’s obseh@@des are in accord with those impli-
cated by the random-choice model, this model islatdd.

A strong case for RCT would require showing notyahiat RCT provides a possible ex-
planation of consumer demand, but that it offeeslibst explanation. The epistemological
literature has pointed out that different and oftiererging elements may be taken into ac-
count to determine which theory emerges as the dogdanation. On the one hand and
quite unsurprisingly, the empirical virtues of &dhny are important: the better a theory fits
with statistical data and experimental findings Ible¢ter it explains them. On the other hand
more formal virtues of a theory, such as its simpylj tractability, or generality, are also

relevant in determining its explanatory power, etlesugh they may be at variance with its



empirical virtues. This is not the place to embiark philosophical discussion of the best-
explanation problent: Here we only point out that Becker’s as-if defen6&CT does not
take into consideration the best-explanation isguaakes the weak case that RCT offers a
possible explanation of demand behavior, not thengtcase that RCT provides the best
explanation of it.

The difference between the weak and the stronfydefénse of RCT proves important not
only from an epistemological point of view, but@lshen policy issues are at stake. Poli-
cies inspired by RCT, e.g. an incentive-based ppbeem often to be supported by an in-
ference of the following kind: since RCT providesas-if explanation of consumer behav-
ior, then a RCT policy is an effective one. However, the kvaa-if defense of RCT does
not provide a sufficient footing for such an infece. By the same argument one could ar-
gue that since the random-choice model offers amngbbssible as-if explanation of con-
sumer behaviorthen incentives would be ineffectual. In order to arghat a RCT-based
policy is effective or even the most effective ooee would need to make a strong case for
RCT, that is, to show that RCT offers the bestfasxplanation of consumer behavior

among the various explanations at hand.

4. Random and rational behavior in experiments on individual demand

Becker compared the behavioral implications of R@ith those of the random-choice
model, but did not test the two theories againstdemand behavior of human subjects as
recorded in laboratory experiments. In effect, wBatker published his 1962 article ex-
perimental research was still a niche thing wittdwnomics?? More systematic efforts to
test RCT in experiments on human demand behavigarbéen the 1970s, but most of the
research was performed only after the mid 1990palticular, we focus here on those ex-
perimental tests of RCT that consider random chagé¢he alternative decision rule that
could have generated the data recorded in the iexpets.

These experiments are very similar, so that a géiikrstration of their design and the role
random behavior plays in them is in order. Each dusubject participating in the experi-
ment is asked to choose the preferred bundle artthmsg affordable to him under different
budget/price situations, that is, with differentames and for different commodity prices.
The subjects’ choices are recorded, and it is a@dwkekhether they satisfy the Generalized
Axiom of Revealed Preference (GARP). GARP charassrRCT in the sense that the
choices of a subject can be seen as if generatetidoynaximization of a locally non-

" For a discussion, see among others Thagard 197®nL.2004, and Moscati 2006.
12 For a history on the early experiments on demaatgbior see Moscati 2007.



satiated utility function if and only if they sdifsGARP. Therefore, while a negative sub-
stitution effect is only a necessary condition ée shoices as if generated by RCT, GARP
is a necessary and sufficient conditfdn.

Figures 2a-2e below give a rough geometrical imtmitbout which choices satisfy GARP
and which instead violate ¥if.In all Figures two budget/price situations aresidered, the
first identified by budget line AB and the secondhudget line CD. It is assumed that the
subject chooses bundég in situation AB while she picks ug in situation CD. The choic-
es represented in Figures 2a, 2b and 2c satisfyR;ARile those in Figure 2d violate it.
Figure 2e represents the case when the two budgetftuations coincide but the subject
choosesy in AB ande; in CD. This pattern of choice can be interpretec ananifestation

of the subject’s indifference betweenande; and does not violate GARP.
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Figure 2a: GARP satisfied Figure 2b: GARP satisfied Figure 2c: GARP satisfied
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Figure 2d: GARP violated Figure 2e: GARP satisfied

There is however a problem with GARP as a tesRiON: even if all recorded choices pass
the test, this finding may provide little suppast RCT. Indeed, human subjects may sat-

isfy GARP simply because in the budget/price situnat they face it is extremely difficult

3 On GARP, see Varian 1982. GARP is a modificatidntiee Weak Axiom of Revealed Preference
(WARP) due to Samuelson 1938, and the Strong AxafrRevealed Preference (SARP) proposed by
Houthakker 1950. WARP allows for cyclical choicesyich are instead excluded by RCT, and excludes
indifference curves with straight segments (theeéag-igure 2e), which are compatible with RCT. $AR
rules out cyclical choices but still excludes gihdiindifference curves. GARP rules out cycles altalvs

for straight indifference curves, so providing anpbete behavioral characterization of RCT.

The intuition is rough since cyclical choices, @fhare ruled out by GARP, may materialize only whén
least three commodities and three budget/pricatsitas are involved.
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or even impossible to violate it. For instances itasy to see that GARP violations become
unlikely when the budget hyperplanes intersect riearaxes, and impossible when the
budget hyperplanes intersect on the axes or dmtessect at all.

In statistical terms, this is the problem of thevpo of a test, that is, the probability of a test
to reject the so-called null hypothesis (in ourecBCT) when the hypothesis is false. To
assess the power of GARP as a test for RCT itaessary to formulate an alternative hy-
pothesis about the decision rule that could haveeigéed human choices. The random-
choice model enters the scene as the alternatigetihgsis usually employed in experi-
ments to assess the power of GARP as a test for R idea is that the lower the prob-
ability of GARP violations under random behavidwe tower is the power of GARP. In this
case even if RCT is false and human subjects chatossendom, they would rarely violate
GARP"®

In order to measure GARP’s power a further obsthake to be overcome, though. When
consumers choose among more than two commoditesnamore than two budget/price
situations, calculating the a priori probability GARP violations under random behavior
turns out to be extremely difficult. To circumvehe obstacle, experimenters use computa-
tional techniques. By Monte Carlo methods theyter@alarge population of artificial ran-
dom agents who face the same budget/price sitatiom human participants in the ex-
periment were presented with. In each situatiom eandom agent chooses a bundle on its
budget hyperplane according to a uniform distrioutilts choices over the entire set of
budget/price situations may or may not violate GARRe percentage of random agents
that violate GARP is adopted as a proxy for thei@aripprobability of GARP violations un-
der random behavior, and hence as a measure pbther of GARP test. If a small propor-
tion of random agents violate GARP, then the faat &ilso human subjects rarely violate it
provides little support for RCT, since the raritfylmman violations seems indeed due to
the objective difficulty of violating GARP underdtbudget/price combinations of the ex-
periment rather than to the rational behavior efgiarticipants?®

It is important to stress again that in checking ®ARP violations all choices made by
random agents are taken into account, and not thielyexpected or average outcome of

15 For a detailed discussion of the power of the GAB®, see Bronars 1987 and Andreoni and Harbaugh
2008.

In addition to the percentage of random agentsuiodate GARP, one could also employ the percesmtag
of GARP violations as a measure of GARP’s poweteed this measure is computed by some of the ex-
perimenters. The main problem with it is that thare different ways to count GARP violations. For i
stance, choices like those in Figure 2d count &s\iolation in some experiments, and are regarded a
two violations in others. We prefer to focus on trexcentage of random agents that violate GARP be-
cause this measure is univocally determined, wizsiledied in all experiments, and no striking newignt

is gained by combining it with the percentage ofRFAviolations.
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their choices as in Becker’s article. As observe&ection 3.2, when each and every ran-
dom choice is considered it turns out that randgents frequently violate GARP, so that
Becker’s suggestion of a possible convergence legtwendom and rational behavior ceas-
es to be appropriate.

A further issue is related to the severity of GAR®lations. It turns out that in all experi-
ments a number of human choices violate GARP, hisdwould imply that RCT is falsi-
fied by experimental data. However in many casefRBAiolations are rare, in the sense
that nearly all subjects satisfy GARP, and not sgvie the sense that violations would dis-
appear by slightly relaxing the budget constrailitgshese cases one may doubt whether it
is indeed appropriate to reject RCT. Building or thork of Sidney Afriat (1967, 1972),
Hal Varian (1991) proposed a weakening of GARPecalEARP€) which takes into ac-
count the severity of violations through a parametealled the Afriat Efficiency Index.
The Afriat Efficiency Index measures the extentach the budget constraints should be
relaxed in order to let GARP violations disappeart can be interpreted as indicating the
proportion of income the subject wastes by not simgprationally. The Index has a maxi-
mum value of one (in which case the subject seaBSBARP and no relaxation of the budg-
et constraints is needed), decreases as violaileosme more severe, and its minimum
value is zero. GARRJ with an Afriat Efficiency Index of 0.95, that I§ARP(0.95), can be
associated to an acceptable 5% waste of incomasatid one usually considered in the
literature. So, for instance, if 99% of subjecttisépg GARP(0.95), they may be seen as
“almost rational”, in the sense that a small retepxain the budget constraints would render
the near totality of them consistent with RCT.

Like GARP, also the GARIE) test presents a power problem. If human subjsatisfy
GARP(@), this may not draw from their almost rational a&eor, but from the fact that in
the budget/price situations they face violations extremely difficult. As in the case of
GARP, random behavior is hence used to evaluatpdher of GARPE) as test for “al-
most-RCT".

At least six experimental works have tested RCThgishe random-choice model as an al-
ternative hypothesis to assess the power of GARPGARPE) tests. Below we briefly

review these works, while in Section 5 we dischgsrtimport for our research questions.

4.1 James Cox (1997) tested GARP violations using dalfacted by Battalio, Kagel, and
others (1973) in an experiment conducted with 38dle patients at Central Islip State
Mental Hospital, Long Island. The patients were pama token economy established in the

hospital, that is, they could earn tokens by penfog janitorial works and use them to pur-
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chase goods sold within the hospital. By varying tbken prices of goods, 7 different
budget/price situations were created. The patiemiisd choose among 16 goods that were
grouped into 3 main categori€sCox included in the choice sets also labor suppied
token assets. Table 1 shows the percentage of GAd¥ions for patients at Central Islip

and random agents, and the percentage of GARiations fore=0.95 for patients only.

Table 1 — Cox 1997

Group Percentage of subjectsPercentage of subjects
violating GARP violating GARP(0.95)

Patients 36.8% 13.1%

Random agents 48.2% n.a.

From this table appears that a significant fractibrpatients (almost 37 percent) violate
GARP and hence RCT. Although GARP violators are anoumerous among random
agents (around 48 percent), their proportion sessngparable to that of human violators.
The fraction of human violators shrinks to arou@dptrcent when GARP(0.95) is consid-
ered, but the import of this information is notasisince we do not know what happens to
random violators with GARP(0.95). One may questlma idea of testing RCT against the
demand behavior of patients at a mental hospmal think that with different experimental
subjects the number of GARP violations would baidicantly lower. As we will see, this

is not the case.

4.2 Reinhard Sippel (1997) tested RCT against the ddnh@havior of 42 students in law
or economics at the University of Bonn, Germanye Btudents were offered 8 food and
leisure goods in 10 different budget/price situasitf Sippel ran two experiments with dif-
ferent budget/price situations, whereby experinieimvolved 12 subjects while 30 subjects
participated in experiment 2. Table 2 shows theg@age of students and random agents
violating GARP and GARP(0.95) in the two experinsent

" The goods were: cigarettes, coffee, two typesamidy, cookies, soda, milk, meal deal with a cigaret
(category one); private dormitory room, privatekec grounds pass to leave the ward for a fixedbder
of time (category two); repeated use of the gropasis, clothes, weekly dance, breakfast, differights
such as right to use cash for packages from hoatedory three).

8 The goods were: Coca-Cola, orange juice, coffieerite, snacks, music videoclips, computer games,
magazines.
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Table 2 — Sippel 1997

Experiment # Group Percentage of subject®ercentage of subjects
violating GARP violating GARP(0.95)
0 0
Experiment 1 Law/Eco students 41.7% 8.3%
Random agents 61.3% 16.8%
0 0
Experiment 2 Law/Eco students 63.3% 10.0%
Random agents 97.3% 12.8%

The proportion of GARP violators among Bonn studeetorded by Sippel is larger than
the one recorded by Cox among patients at Cerdligl In Sippel's two experiments 24
over 42 students, or 57 percent of them, violaté&RB. In both experiments violators
among random agents are more numerous than amatenss, and in experiment 2 nearly
every random agent violates GARP. When GARP(0.95onsidered, the proportion of
human violators shrinks noticeably, but so doesptlogortion of random violators. There-
fore, the power of the GARP(0.95) is negligible.eOmason why Sippel recorded more
GARRP violators than Cox is that Cox grouped thedgomto 3 categories, so that the data
he collected correspond to a situation where stjeltoose from 5 items (3 goods, plus
labor supply and token assets) in 7 budget/prizcetons. Sippel’s students faced a more

complicated task, since they choose from 8 itenifibudget/price situations.

4.3 Aurelio Mattei (2000) studied the demand behawibr20 microeconomics students
(experiment 1), 100 business students (experimeiain® 320 readers of a consumer affairs
magazine (experiment 3). The participants in expent 3 received and fulfilled a ques-
tionnaire at home, and then returned it by posgllrihree experiments the subjects were
faced with 8 goods and 20 different budget/priteasions™® Table 3 shows the percentage
of human subjects and random agents violating GAR® GARP(0.95) in the three ex-

periments.

¥ In experiment 1 the goods were: milk chocolatétedapeanuts, biscuits, text markers, ball-poimse
plastic folders, writing pads, post-it. In expermh@, milk chocolate, biscuits, orange juice, ited, writ-
ing pads, plastic folders, diskettes, post-it. xpeximent 3, milk chocolate, biscuits, orange juiced tea,
post-it, audiocassettes, ball-point pens, batteries
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Table 3 — Mattei 2000

Experiment # Group Percentage of subject®ercentage of subjects
violating GARP violating GARP(0.95)
I 0 0
Experiment 1 Micro students 25% 0%
Random agents 99.4% 43.2%
i 0 0
Experiment 2 Business students 44% 4%
Random agents 98.9% 43.1%
I 0 0
Experiment 3 Magazine readers 32% 2%
Random agents 98.9% 42.8%

Also Mattei records a significant proportion of GRRiolators among human subjects (be-
tween 25 and 44 percent), but in his experimemtda® violators are clearly more numer-

ous.

4.4 William Harbaugh, Kate Krause and Timothy Berr@@2) tested whether children
choose rationally. They studied the demand cha€&4 second-grade students aged about
7 years, 42 sixth-grade students aged about 11f@ndpmparison, the demand choices of
55 college undergraduates aged about 21. The ches&eparticipants in this experiment
were presented with was easier than the task faggdrticipants in the previous three ex-
perimental studies. In 11 different budget/prideaions children and undergraduates were
presented with bundles containing only 2 commosligsmtato chips bags and boxes of fruit
juice. Moreover, the subjects did not have to ckomse of the infinite bundles satisfying
the budget constraint, but were instead presenttédfinite choice sets including between
3 and 7 bundles that already laid on the budget [iable 4 shows the percentage of sub-
jects violating GARP as well as the Afriat Effic@nindex indicating how much the budg-
et constraints should be relaxed to eliminate GARRations for the three age-groups and

for random agents.

Table 4 — Harbaugh, Krause and Berry 2001

Group Percentage of subjectsAfriat Efficiency Index
violating GARP

Second graders, age 7 74% 0.93

Sixth graders, age 11 38% 0.96

Undergraduates, age 21 35% 0.94

Random agents > 98% 0.648

Despite the easier task faced by children and gndéuates, Harbaugh, Krause and Berry

found a significant portion of GARP violators il Hiree age-groups. From age 7 to 11 the
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number of violators significantly decreases, whitem age 11 to 21 it remains substantially
at the same level. In no age-group GARP violatiaresparticularly severe since they dis-
appear by mildly relaxing the budget constrains.RPAviolations by random agents are
noticeably more frequent and more severe than tieols by human subjects, even for 7-

year-old children.

4.5 In the experiment performed by James AndreoniJotth Miller (2002), 142 students
in economics at the University of Wisconsin and dao8tate University had to divide a giv-
en number of tokens between themselves and anstibgect?® The tokens a subject kept
for himself and those he passed to another sulwexa transformed into money, but possi-
bly at different exchange rates. For instance, éakén kept became $0.10 while each to-
ken passed became $0.30, or vice versa. Thergfauhject had in effect to allocate a giv-
en token income between two goods, “money for hiftheed “money for another sub-
ject”, whereby the relative price of the two morgeds could be larger or smaller than
one. By modifying the number of tokens to be dididand the exchange rates of tokens
into money, Andreoni and Miller presented the scitsjevith 8 different budget/price situa-
tions, and tested whether their preferences foingiwere consistent with RCT. Table 5
shows the percentage of GARP violations for stuglantd random agents, and the percent-

age of GARP(0.95) violations for students only.

Table 5 — Andreoni and Miller 2002

Group Percentage of subjectsPercentage of subjects
violating GARP violating GARP(0.95)

Economics students 9.1% 2.1%

Random agents 78.1% n.a.

Among the six experiments reviewed, this is the tha records the lowest proportion of
human subjects violating GARP. Moreover, the poafethe GARP test is satisfactory as
violations by random agents are noticeably morgueat than violations by human sub-
jects. This favorable outcome for RCT seems in gaet to the fact that participants in this

experiment were faced with only 2 goods in 8 ddferbudget/price situations.

4.6 Philippe Février and Michael Visser (2004) tedR€IT against the demand behavior of
120 individuals from Dijon, France. The subjectsaveffered 6 different varieties of or-

ange juice in 5 different budget/price situatiomable 6 shows the percentage of Dijon

2 Some details about the experiment are drawn framréoni and Miller 1998, and Andreoni and Har-
baugh 2008.
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consumers and random agents violating GARP and GABP).

Table 6 — Février and Visser 2004

Group Percentage of subjectsPercentage of subjects
violating GARP violating GARP(0.95)

Dijon consumers 29% 15%

Random agents 22% 5%

In this experiment GARP violators among random &géurn out to be less numerous than
among human subjects. If one considers GARP(0tBB)number of human violators de-

creases but that of random violators shrinks everem

5. Discussion of experiments on individual demand

As a preliminary remark, it is important to notitet in the following discussion we do not
dispute the validity of the experimental findings/iewed above. It is always possible to
contend that the results obtained in the labora&oeyan artifact of the experimental proce-
dure itself. For instance, in the case of the éxgteriment one may argue that the subjects
violated GARP because they had to choose amongsalishentical commodities, and this
confounded them or even induced them to chooseethdé random. One may also main-
tain that the experiments should have been replicad check whether GARP violations
reduced with repetitions; if this were the case ,RFPAviolators would not be irrational but
only require some time to get used to choicesenlab. Although these and possibly many
other criticisms have a point, we think that theglicate the need for further experimental
research rather than invalidating the results abthi Moreover, the six experimental stud-
ies reviewed above have been published in majara@oas journals, and this suggests that
the economics profession acknowledges their firglagprovisionally sound.

In the first place the six experiments show thatRBRAviolators are numerous. Violators
range from a minimum of 9.1 percent to a maximunT4fpercent, while in most experi-
ments they are around 30-40 percent. Thereforestdredard version of RCT implying no
GARRP violations appears to be disconfirmed by expental evidence. As a consequence,
it appears difficult to claim that RCT provides @od explanation of choices recorded in
the experiments, even if one adopts a weak agdfpretation of RCT. At best an almost-
RCT, claiming thatost individuals choose in aearly rational way, could be defended. In
effect when GARP(0.95) is considered, human vietatange from a minimum of O per-
cent to a maximum of 15 percent and in most expartsare below 10 percent. However

with GARP(0.95) the proportion of random violat@also shrinks significantly, so that the
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power of GARP(0.95) as test for almost-RCT is wamti

Another main outcome of the experiments is thatribmber of GARP violators varies
strongly from experiment to experiment. This suggésat the explanatory power of RCT,
even in its more permissive almost-RCT versiomighly context dependent. Such context
dependency is a problem since we do not have ang-theory stating in which contexts
RCT works and in which ones it doesn’t. The vareant RCT’s explanatory power may
depend on various factors, such as the amount&f &ivailable to the subjects to decide,
the finite or nearly infinite number of bundlesthreir choice sets, the way or even only the
order in which the different choice sets are presgio them. Anyhow, no clear indication
can be drawn from the experiments. The only tenglémat seems traceable is that the more
goods and budget/price situations the subjects theemore they violate GARP. However
even this tendency is shallow. For instance, intéfat experiment the subjects are con-
fronted with 8 goods in 20 budget/price situatiarsle in Sippel’s they face 8 goods in 10
situations, but Mattei generally recorded lessatmis than Sippel.

A consequence of RCT’s context-dependency is thatiage as a general theory of choice
becomes less persuasive. A commonly accepted distinbetween RCT and bounded-
rationality theories is that the former is one &ntheory with ambition to have universal
explanatory power, while the latter constitute aolghrange of different decision rules tai-
lor-made to cater particular contexts but not asviansferable to other sets of circum-
stances. The experimental finding that RCT explana satisfactory way certain patterns
of choice but not others, and hence appears to aabest local rather than general ex-
planatory power, makes it relatively more similaittie various theories of bounded ration-
ality than is usually assumed.

Third, in Cox’s study, in Sippel’s experiment 1wasll as in the test performed by Février
and Visser, the proportion of GARP violators ambungnan subjects is significantly differ-
ent from the proportion predicted by RCT, i.e zexnod is instead quite similar to the pro-
portion of random GARP violators. For instance,thie Février-Visser experiment 29%
percent of human subjects and 22% of random ageoiste GARP. One may hence be
tempted to infer that at least in certain situatitime random-choice model explains human
behavior better than RCT. This inference is howeéweorrect. The experimental evidence
collected in those three experiments only sayshhatan subjects and random agents vio-
late GARP (and hence RCT) in a similar proportioat that the two groups behave in a
similar way. Indeed, the choice patterns of humams random agents could be highly di-

verse and the two groups may violate GARP in véifgrént ways. For instance, humans
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may violate GARP because they stick to previousogsoand respond too weakly to price
changes, not because they choose randomly. lfighise case, the random-choice model
would explain human demand behavior as poorly a§.RC

From a statistical viewpoint, this may be seen bing that the GARP test is constructed
to check the null hypothesis that RCT provides adgexplanation of human demand be-
havior, not to check the alternative hypothesi¢ tha random-choice model may provide
such an explanation. To investigate this lattangsan explicit statistical test is required in
which the null hypothesis is that the recorded cd®iof each human subject come from a
uniform distribution on the subject’s choice setbereas the alternative hypothesis is that
they do not. It turns out that this is a tricky Ipl@m of nonparametric statistical inference
for which no standard test exists. Some of thedatiffies draw from the fact that the sample
space is different for each budget/price situatiensubjects face, and that there is only one
observation for each sample space, namely the €moade in the budget/price situation at
issue. Nonparametric tests to check whether a saoghes from a uniform distribution
have been developed in medical statistics to asglesther a disease is uniformly distrib-
uted among the population of a given redibBy adapting these medical tests to the envi-
ronment studied by consumer theory, it seems incfpie possible to construct a test to
check whether human subjects choose at randoneaat in certain circumstances. One
may in fact imagine that in awkward choice situasioe.g. when the available alternatives
are numerous or it is difficult to evaluate and game them, a nonparametric statistical test
could validate the random-choice model. More gdhgriawould be interesting to investi-
gate whether there are specific classes of situsfior which the random-choice model ex-
plains consumer behavior better than RCT.

Unfortunately, as far as we know the issues coiegrtine construction and use of a spe-
cific test for the random-choice hypothesis have been investigated in the literature. In
our opinion this state of affairs depends on thdespread understanding of the as-if de-
fense of RCT in its weak sense. As far as the qobstion at stake is weather RCT pro-
vides a possible explanation of demand behavier,téists will be aimed at falsifying or
validating RCT, that is, the tests will be consteacby positing RCT as the only null hy-
pothesis. It is only if one wants to make a stroage for RCT and show that it offers the
best explanation of consumer behavior, that tegts afferent null hypotheses will be in-
vestigated.

Finally, the experiments suggest that policy malstrsuld be careful in using RCT as a

2L On this kind of statistical inference, see fotamse Ripley 1988.
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basis for consumer demand policies, for instantieeif endeavor to induce people to drink
less alcohol, quit smoking or consume healthiedfda the first place the experimental
findings support at best almost-RCT, and it isenan clear in which contexts almost-RCT
works and in which ones it does not. Moreover,dkperimental support to RCT is a weak
one, in the specific sense that the experimentsai@how that RCT provides the best ex-
planation of demand behavior but only a possiblglamation. Given these findings, one
wonders whether policies that set aside the rditgressumption may sometimes perform
better than RCT-based policies. For instance, Ricfialer and Cass Sunstein in their re-
cent bookNudge: Improving decisions about health, wealth, and happiness (Thaler and
Sunstein 2008) show that policies which exploit¢bgnitive limitations of individuals and
the framing effects on human choice can be mucteratiective in influencing consumer

demand behavior than RCT policies based on incesitiv

6. Conclusions

This paper has discussed RCT and the as-if defd#nséhrough a methodological analysis
of a series of recent experiments that employ #@melam-choice model as an alternative
hypothesis in testing whether consumer demand hbhahealidates RCT.

A first, remarkable result of these experimenth& consumers frequently violate RCT, so
that the claim that human choices can be seengendrated by utility maximization loses
ground. At best the laboratory findings supportweaker version of RCT we have called
“almost-RCT”. Comparison of the different studidsoashows that the number of viola-
tions varies widely across experiments, which im tsuggests that the explanatory power
of RCT is context dependent and hence less getienalpreviously believed. There is cur-
rently no meta-theory identifying the contexts aodditions in which RCT performs poor-
ly as opposed to those in which it does well, s forther research on the cognitive and
environmental factors that may play a role in teispect is needed.

In relation to Becker’s path-breaking article of629 the experiments confirm the limited
applicability of his claim that RCT and random ateimay lead to equivalent outcomes.
Indeed Becker’'s convergence results hold only & aninterested in aggregate rather than
individual demand and concentrates on the expemtesderage outcome of random choice.
In contrast, the experimentalists were interestethdividual rather than aggregate con-
sumer demand so that they counted each and eveigechvhen this is done it is apparent
that random agents frequently violate RCT. Gengmgleaking, RCT and random choice

appear today as two divergent models of choice wiehavioral implications differ con-
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siderably.

In some experiments the proportion of human subjacti random agents who violate RCT
is rather close. Though striking at first glandes tresult does not imply that in these ex-
perimental situations the random-choice model empllauman demand behavior better
than RCT, for human subjects and random agentswoéte RCT in very different ways.
The literature under review does not explore whethedom choice could provide a good
explanation of human demand behavior, becauselytuses random choice to check the
power of the test for RCT: if random agents passtéist, the fact that also human subjects
pass it can be attributed to some extrinsic fadtrer than human rationality. In order to
study the explanatory power of the random-choicelehone would need instead to con-
struct a specific test that posits it as the nyfidithesis under scrutiny. The methodological
and theoretical issues concerning the construcf@uch a test have not been investigated
in the existing literature and are open to fut@search.

Finally, the experiments show that the prevailisgfalefense of RCT has remained a weak
one, and that in this sense there has been littigr@ss from Becker's 1962 article. The
standard as-if defense only states that RCT oHiepsssible as-if explanation of demand
behavior, and does not attempt to make the strasg that RCT provides the best explana-
tion among the available ones. The latter poimgasicularly relevant when policy issues
are at stake. If RCT and the random-choice model &fvo possible as-if explanations of
demand behavior, it is not clear what kind of ppleould prove more effective in influ-
encing consumer demand. Because the experimerstehrah reviewed here has never
tested the explanatory power of random choice awkmcompared it to RCT, at present

this question remains unsolved.
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