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1. Introduction

In mainstream economics, Rational Choice TheoryTRdesignates the theory according
to which individuals choose among available optitmmaximize their utility. More exten-
sively, RCT assumes a decision maker to be ratibriedr preferences are complete and
transitive, and if she chooses her most preferpgmm. If continuous, the preferences of a
rational decision maker can be represented byldyutinction, and her choices can be
viewed as the result of utility maximizatiohhis is the basic version of RCT that applies to
consumer demand theory and forms the subject ntthe present paper.

Many have criticized RCT as psychologically unrgtati For instance, Herbert Simon and
other scholars have contended that actual decis@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 adoftedas-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 malaoices as if they were generated by
utility maximization. Therefore, the utility funcin and its maximization are in the econo-
mist’s mind rather than in the decision maker’stlsa the psychology of the latter is not at
issue. As far as the decision maker’s observedcesa@gree with those implicated by RCT,
the theory is validated. However, the as-if defeoSRCT has also been challenged. Phi-
losophers have disputed the conventionalist orunstntalist views of scientific theories
usually associated with the as-if argumeRtsychologists and behavioral economists have
provided robust experimental evidence suggestiagy RCT is not validated by observed
choices® The present paper addresses the as-if defens€®filRits consumer-demand
version from a further angle, namely that involviagdom choice.

A decision maker chooses at random when he pickanuglternative in his choice set ac-
cording to a uniform distribution on the set, wheeeh alternative in the set has an equal
probability of being selected. In particular, wdlwbnsider consumers who pick up at ran-
dom a bundle from among those that exhaust theolevincome, i.e., a bundle on their
budget line or, when more than two goods are availdudget hyperplane. Random deci-
sion makers can be easily constructed by companerare often employed in agent-based
computational economiésOne may expect rational and random decision makesshave

very differently. However, Gary Becker (1962) peititout that some implications of RCT

For a presentation of consumer-demand RCT, seeQdbel, 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 &atam, Knetsch and Thaler 1991.

For an introduction to agent-based computatiooahemics, see Tesfatsion 2006.
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for demand behavior are, on average, still valienew consumers choose in a random way.
Becker’s article has inspired a series of recepearments that employ the random-choice
model as an alternative hypothesis in testing ¥ten¢ to which consumer demand behav-
ior satisfies RCT. In the present paper we reviewosthe most relevant among these ex-
periments and investigate how they contribute #oifgling the actual scope of RCT as well
as the shortcomings of the standard as-if defefi€ o

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 RCT’s explanatory power depends very muchariext. The problem is that there is
no meta-theory stating in which contexts RCT wakd in which ones it does not.

With respect to the as-if argument, the experimegitsforce 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 offgpessible explanation

of the phenomenon at hand, gteong as-if defense claims that the theory providesoise
explanation of it in terms of fit with experimentdta, 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 provides only weggktemological support to RCT, and
does not rule out that different models of chome;h 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 differeebties. 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
were also oriented by the weak as-if defense of R@deed, by design they either falsify
or validate RCT and do not investigate whether R&plains human demand behavior bet-
ter than other models of choice and, in particldatier than the random-choice model. As
a consequence of the weak-defense attitude, thilaretpry power of the random-choice
model has never really been investigated in consdiemand analysis.

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



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 @gefedoes not sufficiently argue for a
RCT policy, e.g. an incentive-based policy, asiiust effective one. As far as the random-
choice model provides another possible as-if exgilan of consumer behavior, by the
same argument one could also claim that incentiwasdd prove ineffectual and a different
policy should be adopted, e.g. a paternalisticcgaiposing severe restrictions on the con-
sumers’ choice set. Further and different as-ifl@xgtions of consumer behavior would
suggest further and different policies. In ordeatgue that a RCT-based policy is the most
effective one, one would need to make a strong fmadRCT, that is, to show that RCT of-
fers the best as-if explanation of consumer bemaammong the various explanations at
hand.

Although this paper focuses on basic consumer-ddrRiT, it also bears upon the more
sophisticated versions of RCT that apply to corgénvolving uncertainty, strategic inter-
actions or intertemporal decisions, as well as ufpenextensions of RCT that attempt to
capture phenomena neglected by standard RCT. tndaphisticated versions and exten-
sions of RCT also construct decision making agékalt of the maximization of some kind
of utility function and are interpreted as as-ifpnations of human choice behavior.
Therefore, the difference between the weak andstiteeng as-if argument is relevant also
for sophisticated and extended RET.

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 ahe import of the latter for our re-

search questions. Section 6 sums up and concludes.

2. Random, boundedly rational, and rational choice
As RCT allows for an infinite number of theoretigahdmissible alternatives, one wonders
why much experimental research focuses on randaitehather than, for instance, some

model of bounded rationality. In effect, it could &rgued that random choice is as unrealis-

®  For a presentation of RCT in contexts involvingemainty, strategy and time see Mas-Colell, Wiinst

and Green 1995, chapters 6, 8-9, and 20. An exaaim&tended RCT that incorporates experiences and
social forces into the theory is provided by Beck@®6.



tic as RCT, since assuming that each alternatigeahaequal probability of being selected
also calls for unlikely cognitive skills. Furthernep random behavior can be regarded as a
special case of rational behavior when the decisiaker’s preferences are represented by
a flat utility function. Since in this case all@ihatives maximize his utility, the agent is ra-
tional in picking one at random; but if the randchmice model is just a special case of
RCT, comparing the two would illuminate very littl&hese criticisms notwithstanding,
random choice has some attractive features thae ibaknatural focal point for research on
RCT.

First, if one excludes the trivial case of a flatiy 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 in fact share an intui-
tive idea of rationality according to which decisimakers attempt to use their scarce re-
sources as best as possible to attain their entdie \Wility maximizers manage to employ
their resources in an optimal way, boundedly rai@gents adopt a heuristic that generally
results in a sub-optimal use of resources. In randboice, on the contrary, the intentional
and instrumental aspects of rationality are missing random decision makers do not
seem to have intentions and ends, and in any bagedb not use their resources as instru-
ments to attain their ends. As far as rational @h@intails maximal efficiency in the use of
resources — while in random choice efficiency i$ exen pursued and can easily be at a
minimum — random choice appears as the opposi@iohal choice. Hence if an economic
phenomenon can be explained as the result of eith@ndom or a rational decision, it
seems to be due to factors that are unrelatedtitmadity. This makes the random-choice
model an important reference point for researchubB&T.

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 differs markeflbm the established practice of
bounded-rationality theorists who often model theice set as endogenously determined
by the choice process itself, in the belief tha 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, among the disparate theories of bedngtionality none seems to have a
definite pre-eminence over the others, it is natials which one should be compared with
RCT. Random choice provides instead a clear-cuthreark to be contrasted with RCT.

One might object that not even random choice i ¢lear-cut, as the specification of the



choice set from which random agents pick up anratese allows for some degree of free-
dom. For instance, John Chant (1963) put forwaveraion of random behavior in which
the decision maker chooses among goods rathebtivaties, in such a way that any unit of
the available goods has an equal chance of belagted, independently of its price. It can
be shown that random agents choosing in this wahje(éd by Chant as “impulsive goods
deciders”) rarely violate RCTAs a result, they are of little help in testing Rénd in fact
are not employed in the experimental studies dssaisn Section 4. Even if one sticks to
choice among bundles, the random consumer may daghih of as picking up a bundle
among all those he can afford, that is, not onlymagnthe bundlesn his budget hyper-
plane, but also among thobedow it. Although this option is feasible, all the exipeental
studies we consider restrict random choice to tidgbt hyperplane. This is because they
test RCT under the additional assumption that cmess have locally non-satiated prefer-
ences, i.e., that for any consumption bundikere exists another bundlerbitrarily close

to x which is strictly preferred tg by the consumer. Since local non-satiation impled a
rational consumer chooses a bundle on her budgetrrplane, comparison between rational
and random choice requires the random consumeckaup a bundle on his budget hyper-
plane too. In sum, despite some degrees of freedefining the choice set of a random
agent seems less arbitrary than opting for oneifspewodel of bounded rationality. More-
over, all experimental studies adopt the budgeelplpne as the choice set and this con-
sensus makes arbitrariness concerns less préssing.

Finally, random choice has a practical advantagea tounded rationality, namely that a
computer program can easily generate random agehésgas constructing artificial agents

that follow boundedly rational decision rules canrbuch trickier.

3. Random and rational behavior in Becker 1962

3.1 Becker’s results

A rational consumer with locally non-satiated prefeees chooses a bundle on his budget
hyperplane, and among other things his demandajisgl negative substitution effect. This
means that when prices change and the rationalioterss compensated so that at the new
prices she can just afford the bundle she choskeeabld prices, her demand for the rela-

tively dearer commodities will decreaé. negative substitution effect is a necessary con-

On this point see Bronars 1987.

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 const@mén prices change. Both kinds of compensatiotigde



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
RCT. Becker considers the two-commodity 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 priceg, andpy, the midpoint has coordinatelé2p,, 1/2py),
which means that the random agent is expectedrisucoe quantity/2px of commodityx
and quantityl/2p, of commodityy. This may also be seen by observing that in satpet
bundle on the budget line the consumer is impyia@tioosing what fraction of his income
he is going to spend on each commodity. Since lbesds following a uniform distribu-
tion, he is expected to spend an equal fractiohi®income on each good and so to pur-
chase/2p, 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 upoifimodityx becomes relatively dearer
with respect to commodity, the compensated budget line CD passing threyghsteeper
than AB. As a result, the midpoiet of the compensated budget line is to the lefepf
which in turn means that the expected compensatethdd ofx has decreased. Therefore

the random-choice model also implies, at least \mramge, that the substitution effect is

negative.
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Figure 1: Random choice implies a
negative expected substitution effect

negative substitution effects, but Slutsky’s amesthused in empirical studies because they caretee-d
mined even without knowing the consumer’s utility€tion.

12 Since a consumer who chooses randomly what fractichis 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.”



When economists study markets rather than individebavior, they are chiefly interested
in consumers’ aggregate and non-compensated dertfatds, in market demand. RCT
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 thes lare represented by Giffen goods,
which however are rare for individual demand, artteenely implausible for market de-
mand*! Becker notes that the random-choice model alsdiémhe law of market demand
with almost certainty. As observed above, a randmmsumer is expected to consume
quantityl/2p, of commodityx. Therefore, whempy rises and incomkedoes not change (this
is an uncompensated price variation), his expectedgumption ok will decrease. As the
number of random consumers on the market gets higie average market demand gets
closer to the individual expected demand, so thatalmost certain that a market populated
by a large number of random and uncorrelated coasumill display a negatively sloped
demand curve.

Becker does not see the convergence between RCthamendom-choice model, with re-
spect to the sign of the substitution effect anel 4lope 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 consumeravéor: “Households can be said to be-
have not only ‘as if' they were rational but alss 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 explaratf household behavior even if con-

sumers choose at random.

3.2 Discussion of Becker’s results

Becker’s article raises a number of questions ardnegents. 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"y” as both pick up bundlé/2p,, 1/2py). Therefore, not only will

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



an “expected-outcome random consumer” display athegsubstitution effect, but he will
also satisfy any necessary and sufficient conditiwaracterizing RCT.

By contrast, when each and every random choicensidered, the convergence between
rational and random consumers with respect to ipe of the substitution effect fades
away. By looking at the compensated budget linei€Bigure 1, we notice that there is a
probability o equal to the ratio between the length of segmeitsand CD that the random
consumer chooses a bundle on the righgoT herefore, the random-choice model states in
effect that there is a probabilitythat the consumer displays a positive substitugibect,
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 la#tiee tnto account each and every choice
made by random agents, and not only the expectexvemage outcome of their choices.
Becker refers to the expected outcome becausedirsinterest 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 isaeffi to obtain a negatively sloped mar-
ket demand curve. The focus of the experimentudssad in Section 4 is instead on indi-
vidual demand and the rationality issues relateidl 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 aggregatmaled 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 wpatamological support for RCT: it only
states that RCT offers a possible explanation gfegate demand behavior and does not
rule out that random choice may provide an altéreagxplanation. An as-if-random ex-
planation of aggregate demand would go as follaaesual consumers do not choose at
random, but it is the economist who rationalizesrtbhoices as if they were generated by a
random process; as far as the consumer’s obseh@des agree with those implicated by
the random-choice model, this model is validated.

A strong case for RCT would require showing notyahiat RCT provides a possible ex-
planation of consumer demand, but that it offeestibst 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 dgdtination. On the one hand and

quite unsurprisingly, the empirical virtues of &dny are important: the better a theory fits



with statistical data and experimental findings Ile¢ter it explains them. On the other hand
more formal virtues of a theory, such as its sioiplj tractability, or generality, are also
relevant in determining its explanatory power, etleyugh they may be at variance with its
empirical virtues. This is not the place to embiark philosophical discussion of the best-
explanation problen? Here we only point out that Becker’s as-if defen6&CT does not
take into consideration the best-explanation iséuaakes 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 stronfjdefeénse 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 amgbbssible 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 experimentson individual demand

Becker compared the behavioral implications of R@iih 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 within ecoiesrii More systematic efforts to test
RCT in experiments on human demand behavior bagdhei 1970s, but most of the re-
search was performed only after the mid 1990s.amiqular, 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 share a similar design. Each m@uigject participating in the experi-
ment is asked to choose the preferred bundle arttrsg affordable to him under different
budget/price situations, that is, with differentames and for different commodity prices.
The experimenter records subjects’ choices andkshebether they satisfy the Generalized

2 For a discussion, see among others Thagard 197 Bipton 2004.
13 For a history on the early experiments on demaathbior see Moscati 2007.



Axiom of Revealed Preference (GARP). GARP charadsrRCT in the sense that the
choices of a subject can be seen as if generatetidoynaximization of a locally non-
satiated utility function if and only if they sdifsGARP. Therefore, while a negative sub-
stitution effect is only a necessary condition ¢e shoices as if generated by RCT, GARP
is a necessary and sufficient conditign.

Figures 2a-2e below give a rough geometrical immiabout which choices satisfy GARP
and which instead violate it in the two-commodigse™ In all Figures two budget/price
situations are considered, the first identifieddugget line AB and the second by budget
line CD. It is assumed that the subject choosesllbug in situation AB while she picks up
e in situation CD. The choices represented in Fig@&, 2b and 2c satisfy GARP, while
those in Figure 2d violate it. Figure 2e represémescase when the two budget/price situa-
tions coincide but the subject choosgé AB ande; in CD. This pattern of choice can be
interpreted as a manifestation of the subject’'sffe@nce betweemr, ande; and does not
violate GARP.
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Figure 2d: GARP violated Figure 2e: GARP satisfied

1 On GARP, see Varian 1982. GARP is a modificatidntiee Weak Axiom of Revealed Preference
(WARP) proposed by Samuelson 1938, and the StrotignAof Revealed Preference (SARP) proposed
by Houthakker 1950. WARP allows for cyclical cha@cavhich are instead excluded by RCT, and ex-
cludes indifference curves with straight segmertigclvare compatible with RCT. SARP rules out cycli-
cal choices but still excludes straight indifferersurves. GARP rules out cycles and allows forigitita
indifference curves, thereby providing a completbdvioral 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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There is, however, a problem with GARP as a tesRGT: even if all recorded choices
pass the test, this finding may provide little sopgor RCT. Indeed, human subjects may
satisfy GARP simply because in the budget/pricgasibns they face it is extremely diffi-
cult or even impossible to violate it. For instanités easy to see that GARP violations be-
come unlikely when the budget hyperplanes intersear the axes, and impossible when
the budget hyperplanes intersect on the axes aptimtersect 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 ourec&CT) when the hypothesis is false. To
assess the power of GARP as a test for RCT itasssary to formulate an alternative hy-
pothesis about the decision rule that could haveeigéed human choices. The random-
choice model enters the scene as the alternatigetigsis 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 behavidre tower 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 commoditsnamore 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 distrinutilts 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@ripprobability 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 human subjects also rarely violate it
provides little support for RCT, since the rarifyhoman violations seems due to the objec-
tive difficulty of violating GARP under the budgetice combinations of the experiment

rather than to the rational behavior of the pasticits’

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

In addition to the percentage of random agentsuiodate GARP, one could also employ the percemtag
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 tlecentage of random agents that violate GARP be-
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It is important to stress again that in checking ®ARP violations all choices made by
random agents are taken into account, and not githpl expected or average outcome of
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.

The GARP violations’ relative lack of severity peess a further issue. It turns out that in
all experiments a number of human choices violadRB, and this would imply that ex-
perimental data falsifies RCT. However, in manyesa&ARP violations are rare, in the
sense that nearly all subjects satisfy GARP, ardsewgere, in the sense that violations
would disappear by slightly relaxing the budgetstaaints. In these cases one may doubt
whether it is indeed appropriate to reject RCT.|l@og on the work of Sidney Afriat
(1967, 1972), Hal Varian (1991) proposed a wealgohGARP called GARR] which
takes into account the severity of violations tlglowa parametee called the Afriat Effi-
ciency Index. The Afriat Efficiency Index measutbge extent to which the budget con-
straints should be relaxed in order to let GARRations disappear, and can be interpreted
as indicating the proportion of income the subjgastes by not choosing rationally. The
Index has a maximum value of one (in which casestligect satisfies GARP and no re-
laxation of the budget constraints is needed), abs@s as violations become more severe,
and has a minimum value of zero. GABR{ith an Afriat Efficiency Index of 0.95, that is,
GARP(0.95), can be associated to an acceptable &tewf income and is the one usually
considered in the literature. So, for instancQ9%% of subjects satisfy GARP(0.95), they
may be seen as “almost rational”, in the sense dah&nall relaxation in the budget con-
straints would render the near totality of themssstent with RCT.

Like GARP, also the GARE) test presents a power problem. If human subjsatisfy
GARP(), this may not draw from their almost rational aeior, 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 evaluat@dier of GARPE) as test for “al-
most-RCT".

At least six experimental works have tested RChgisihe 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 dischesrtimport for our research questions.

cause this measure is univocally determined, whsileded in all experiments, and no significant riaw
sight is gained by combining it with the percentag SARP violations.
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4.1 James Cox (1997) tested GARP violations using dallacted by Battalio, Kagel, and
others (1973) in an experiment conducted with 38&le patients at Central Islip State
Mental Hospital, Long Island. The patients were péia token economy established in the
hospital, that is, they could earn tokens by penfog janitorial tasks and use them to pur-
chase goods sold within the hospital. By varying tibken prices of goods, the experiment-
ers created 7 different budget/price situationse Pphtients could choose from among 16
goods that were grouped into 3 main categdfi€ox also included in the choice sets labor
supplies and token assets. Table 1 shows the pgageeof GARP violations for patients at
Central Islip and random agents, and the percerdb@ARPE) violations 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).

4.2 Reinhard Sippel (1997) tested RCT against the ddnb&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 situasit Sippel ran two experiments with dif-
ferent budget/price situations, involving 12 andsB0jects, respectively. Table 2 shows the
percentage of students and random agents viol&ARP and GARP(0.95) in the two ex-

periments.

8 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).

The goods were: Coca-Cola, orange juice, coffieerite, snacks, music video clips, computer games,
magazines.

19
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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
out of 42 students, or 57 percent of them, viola&®RP. In both experiments violators
among random agents outnumber those among stu@eicksn experiment 2 nearly every
random agent violates GARP. When GARP(0.95) is idened, the proportion of human
violators shrinks noticeably, but so does the priopo of random violators. Therefore, the
power of GARP(0.95) is negligible.

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.
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%
Experiment 2 Business students 44% 4%
Random agents 98.9% 43.1%
Experiment 3 Magazine readers 32% 2%
Random agents 98.9% 42.8%

Mattei also records a significant proportion of GARiolators among human subjects (be-

% |n experiment 1 the goods were: milk chocolatétedapeanuts, biscuits, text markers, ball-poinigye
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

14



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 cpogsented to task participants in this
experiment was easier than the task faced by gaatits in the previous three experimental
studies. In 11 different budget/price situationgdrkn and undergraduates were presented
with bundles containing only 2 commodities, potatops bags and boxes of fruit juice.
Moreover, the subjects did not have to choose driaeninfinite bundles satisfying the
budget constraint, but were instead presented fivitte choice sets including between 3
and 7 bundles that already laid on the budget Tiable 4 shows the percentage of subjects
violating GARP as well as the Afriat Efficiency lexl indicating how much the budget
constraints should be relaxed to eliminate GARRatiens 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

Harbaugh, Krause and Berry found a significantiporof GARP violators in all three age
groups. From age 7 to 11 the number of violatayaiBcantly decreases, while from age 11
to 21 it remains more or less at the same leveholiage group were GARP violations par-
ticularly severe since they disappear by mildlyaxetg the budget constrains. GARP viola-
tions by random agents are noticeably more freqaadtmore severe than violations 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 anaibgrct. The tokens a subject kept for
himself and those he passed to another subject tnarsformed into money, but possibly
at different exchange rates. For instance, eackntélept became $0.10 while each token
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passed became $0.30, or vice versa. Thereforehjacsihad in effect to allocate a given
token income between two goods, “money for himsatitl “money for another subject”,
whereby the relative price of the two money-gooaisia be larger or smaller than one. By
modifying the number of tokens to be divided, ahd txchange rates of tokens into
money, Andreoni and Miller presented the subjedth & different budget/price situations,
and tested whether their preferences for givingewsemsistent with RCT. Table 5 shows
the percentage of GARP violations for students rmdilom agents, and the percentage 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.

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
consumers and random agents violating GARP and GABY).

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
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contend that the results obtained in the laboradoeyan artifact of the experimental proce-
dure itself. For instance, in the case of the éagieriment one may argue that the subjects
violated GARP because they had to choose amongsglichentical commodities, and this
confounded them or even induced them to choosesthdé 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,RPAviolators would not be irrational but
only require some time to get used to choicesénldb. 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@uos journals, and this suggests that
the economics profession acknowledges their firglagprovisionally sound.

In the first place the six experiments show thatRPAviolators 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. Thereforesrarpntal evidence appears to disprove
the standard version of RCT implying no GARP vimas. As a consequence, it seems dif-
ficult to claim that RCT provides a good explanatiaf choices recorded in the experi-
ments, even if one adopts a weak as-if interpatatf RCT. At best an almost-RCT,
claiming thatmost individuals choose in aearly rational way, could be defended. In effect
when GARP(0.95) is considered, human violators eangm a minimum of O percent to a
maximum of 15 percent and in most experiments &ewb 10 percent. However with
GARP(0.95) the proportion of random violators aboinks significantly, so that the power
of GARP(0.95) as test for almost-RCT is wanting.

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 amountma &vailable to the subjects to decide,
the finite or nearly infinite number of bundlestireir choice sets, or the order in which the
different choice sets are presented to them. Incasg, no general indication can be drawn
from the experiments. The only tendency that seeatgable is that the more goods and
budget/price situations the subjects face, the rtweg violate GARP. However even this
tendency is shallow. For instance, in Mattei’'s expent the subjects are confronted with 8

goods in 20 budget/price situations while in Sifgptiey face 8 goods in 10 situations, but
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Mattei generally recorded fewer violators than 8ipp

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 satiefdg explains certain patterns of choice
but not others, and hence appears to have at besit dather than general explanatory
power, makes it relatively more similar to the vas theories of bounded rationality than
is usually assumed.

Third, in Cox’s study, in Sippel's experiment 1,daim the test performed by Février and
Visser, the proportion of GARP violators among hansabjects is significantly different
from the proportion predicted by RCT, i.e zero, adihstead quite similar to the propor-
tion of random GARP violators. For instance, in Béyrier-Visser experiment 29% percent
of human subjects and 22% of random agents vi@d&RP. One may hence be tempted to
infer that at least in certain situations the ranethoice model explains human behavior
better than RCT. This inference is, however, inecttrThe experimental evidence collected
in those three experiments only says that humajestisband random agents violate GARP
(and hence RCT) in a similar proportion, not ttreg two groups behave in a similar way.
Indeed, the choice patterns of humans and rand@mtagould be highly diverse and the
two groups may violate GARP in very different waj®r instance, humans may violate
GARP because they stick to previous choices ambrekstoo weakly to price changes, not
because they choose randomly. If this is the daserandom-choice model would explain
human demand behavior as poorly as RCT.

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 latten@ssequires an explicit statistical test 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 Iple@m of nonparametric statistical inference
for which no standard test exists. Some of theatiffies 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
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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 gaime 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 cormgrine 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 thdeapread 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 behaviertdbts will aim at falsifying or validat-
ing RCT, that is, the tests will be constructedplgiting RCT as the only null hypothesis.
It is only if one wants to make a strong case f@TRand show that it offers the best expla-
nation of consumer behavior, that tests with diffemull hypotheses will be investigated.
Finally, the experiments suggest that policy malstrsuld be careful in using RCT as a
basis for consumer demand policies, for instantieely 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 for RCT is weak,
in the specific sense that the experiments do moivghat RCT provides the best explana-
tion of demand behavior but only a possible exglana Given these findings, one won-
ders whether policies not based on RCT may somstpeeform better than RCT-based
policies. For instance, Richard Thaler and Cassst®imin their recent bookudge: Im-
proving decisions about health, wealth, and happiness (Thaler and Sunstein 2008) show
how policies which exploit the cognitive limitatisrof individuals and the framing effects
on human choice can be much more effective in émiting consumer demand behavior
than RCT policies based on incentives.

With respect to random behavior, if further reskascaggested that individuals tend to

2L On this kind of statistical inference, see fortamse Ripley 1988 as well as Bonetti and Pagan.200

22 |n the study of behavior under uncertainty anérieimporal decisions, some experimental tests mave
deed compared the explanatory power of differesoties. See for instance Halevy 2007 or Manzini and
Mariotti 2009.
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choose at random when they face too many alteestev policy that modifies the prices of
the alternatives without restricting their numbesubd scarcely affect consumer behavior.
If instead random behavior were induced by thadliffy in understanding and evaluating
the alternatives at hand, to be effective a pdtoguld be aimed in the first place at making
the alternatives more transparent and easier tgamm In general, if the random-choice
model proved useful in explaining human choiceleast in certain situations, this circum-

stance would be relevant in designing effectivescomer demand policies.

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 support weaker 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 depends on context and is therefore lesgrgéthan previously believed. Given
the current lack of a meta-theory identifying tlomtexts and conditions in which RCT per-
forms poorly as opposed to those in which it doedl,we anticipate further research on
the cognitive and environmental factors that may @ role in this respect.

In relation to Becker’s path-breaking article of629 the experiments confirm the limited
applicability of his claim that RCT and random d®imay lead to equivalent outcomes.
Indeed Becker’s convergence results hold only & aninterested in aggregate rather than
individual demand and concentrates on the expeuntederage 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. Gengrmgleaking, RCT and random choice
appear today as two divergent models of choice wlh@havioral implications differ con-
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.
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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 human subjects also
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 nyfidthesis under scrutiny. The methodological
and theoretical issues concerning the constructiuch a test have not been investigated
in the existing literature and are open to fut@search.

Finally, the experiments show that the prevailingfalefense of RCT has remained a weak
one, and that in this sense there has been littigress since Becker's 1962 article. The
standard as-if defense only states that RCT oHigpessible 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 poimgadicularly 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 ppheould prove more effective in influ-
encing consumer demand. Because the experimersehrah reviewed here has never
tested the explanatory power of random choice awémcompared it to RCT, at present

this question remains unsolved.
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