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When More Alternatives Lead to Less Choice

Abstract
This paper shows that when the alternatives o�ered to consumers span the preference space (asit would be chosen by a �rm), search/evaluation costs may lead consumers not to search and not tochoose if too many or too few alternatives are o�ered. If too many alternatives are o�ered, then theconsumer may have to engage in many searches/evaluations to �nd a satisfactory �t. This may betoo costly and result in the consumer avoiding making a choice altogether. If too few alternativesare o�ered, then, too, a consumer may not search or choose, fearing that an acceptable choice isunlikely. These two forces result in the existence of a �nite optimal number of alternatives thatmaximizes the probability of choice.



1. Introduction
Firms often have to decide how many alternatives to o�er to their customers. On the onehand, the marketing principle of satisfying customers seems to suggest that the more the numberof alternatives the better. On the other hand, we do not see unlimited choice anywhere. No doubtsupply-side considerations have a role to play in this, but it may be that unlimited choice is not goodeven for consumers. In fact, salespeople often do not o�er too many alternatives. A shoe salesmanquoted in The New York Times (Jan. 26, 2004, p. A22) says, \As a neophyte shoe salesman, I wastold never to show customers more than three pairs of shoes. If they saw more, they would not beable to decide on any of them."
A number of academic studies seem to con�rm the shoe salesman's intuition. Jacoby et al.(1974) show in an experimental setting that if consumers are provided with more choices, they mayend up making worse choices. In a �eld experiment Iyengar and Lepper (2000) �nd that whenthe number of 
avors of jams o�ered to consumers increases, consumers are less likely to make achoice. Boatwright and Nunes (2001) show that reducing the assortment size in a grocery storecan increase sales.1 In the �nancial realm, employees have shown a greater willingness to enroll in401(k) retirement plans when the plans o�ered fewer funds (Iyengar et al., 2004), and Bertrand etal. (2005) �nd the same phenomenon in loan o�ers.2
Why might consumers balk at choice sets with a large number of alternatives? Keller (1998, p.464) suggests that \Di�erent varieties of line extensions may confuse and perhaps even frustrateconsumers as to which version of the product is `the right one' for them." Presumably this frustrationwould then lead them to preferring smaller choice sets. Jacoby et al. (1974) are more explicit inputting the blame on information processing costs. They �nd evidence of consumers making worsechoices from larger choice sets after being told to \examine and evaluate all the information."3Awareness of their sub-optimal performance from large choice sets would induce consumers to prefersmaller choice sets.4 Other studies have manipulated variables that a�ect information processing

1In the �rst half of the 1990's, Procter and Gamble cut its number of products by one third, often with gains inmarket share (Business Week, Sept. 9, 1996, p. 96).2Madrian and Shea (2001) show an example where a �rm automatically enrolls employees in the company 401(k)plan and this leads to an increase in retirement savings, even though employees can easily opt out of the enrollment.See also the evidence in Benartzi and Thaler (2002) and Choi et al. (2004). This could potentially be seen asemployees avoiding \active" choice.3Other explanations in the literature include \in order to exercise more self-control" (Gul and Pesendorfer 2001,B�enabou and Tirole 2004, Fudenberg and Levine 2005) and \to avoid regret" (Loomes and Sugden 1987, Irons andHepburn 2005, Sarver 2008).4In the experiments in Jacoby et al. (1974), however, consumers indicated greater satisfaction with a larger numberof alternatives. Diehl and Poynor (2009) argue that this e�ect may result from greater consumer expectations because
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costs and found the predicted results. Chernev (2003) shows that when consumers articulate theirpreferences then they tend to prefer larger sets of alternatives. This may be because articulationof preferences makes it easier to evaluate the alternatives. Note that having consumers articulatetheir preferences imposes an upfront cognitive cost of articulation on them, and thus consumerswho were not induced to articulate their preferences by the experimenter seem to choose not to doso. Gourville and Soman (2005) show that the \alignability of alternatives" increases consumers'preferences for larger choice sets, presumably because alignable alternatives are easier to compare.5
This paper provides a model-based examination of the e�ect of search/evaluation costs (e.g.,Stigler 1961) on preference for number of alternatives. The paper considers a sequential searchprocess when the alternatives o�ered span the preference space and are not independently located(as it would be the case of products o�ered by a �rm). In addition, the paper explicitly considersthe possibility of choice without evaluation. The behavioral accounts referred to earlier do notconsider the issues of �xed sample or sequential search, the e�ect of the alternatives o�ered beingindependently distributed or spanning the preference space, or the possibility of choice withoutevaluation. Given sequential search, would a consumer actually prefer a smaller choice set giventhat a smaller choice set may limit the possible alternatives to evaluate? If the alternatives o�eredare independently distributed, do we still have that consumers prefer a not-too-large choice set?With respect to choice without evaluation, would a consumer necessarily be averse to large choicesets given the possibility of choosing randomly?
The paper sheds light on a number of factors that have a bearing on consumers' preferencesamong choice sets. One of them is the role of supply-side e�ects in shaping consumers' beliefs aboutthe distribution of alternatives in preference space. The expected costs of �nding an acceptablealternative from a choice set via evaluation, and the expected utility obtained from it, depend onhow consumers perceive alternatives to be distributed. The utility from random choice also dependson this distribution. The distribution of alternatives, in turn, depends on the suppliers' strategicbehavior: how they perceive the distribution of consumer preferences, and how they respond tothem. The paper shows that �rms would like to o�er products that span the preference space, andthat under sequential search this leads to an optimal �nite number of products o�ered to maximizethe probability of choice.6 In contrast, if the products o�ered are independently located (which

of the greater assortment. Keller and Staelin (1987) argue that quality of information may help decision-making,while quantity of information may a�ect decision-making negatively. See also Jacoby (1977).5Salgado (2005) also shows that individuals may prefer fewer options because of contemplation costs.6If there is a �xed cost of production per alternative o�ered, the optimal number of alternatives is also obviously�nite. This may be an important factor in some market situations. The paper shows that even without the cost ofproviding an additional alternative, costly evaluation of alternatives yields a �nite optimal number of products o�ered
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would not be the case if they o�ered by a �rm) and there is sequential search then the optimalnumber of products is in�nite. The intuition is that with alternatives spanning the preferencespace, fewer alternatives help the consumers in the search process, while this is not the case whenalternatives are independently located.7 Second, given beliefs about the distribution of alternatives,the consumer's own ideal-point a�ects her preference for large versus small choice sets. For example,we show that search behavior is in general a non-monotonous function of the extremity of consumerpreferences: it is possible that both somewhat extreme and average consumers do not search,while moderately extreme ones do. The model allows us to make predictions about the e�ects ofimportance of �t, evaluation costs, and consumer location in the preference space on the optimalnumber of alternatives.
The idea of costly evaluation costs goes back to the idea that decision-makers may only be ableto process a limited amount of information (e.g., Simon, 1955, Miller, 1956). In this regard, Shugan(1980) considers the costs of thinking and provides a quantitative measure of that cost, related tothe number of comparisons necessary to make a decision given some level of con�dence.
Some work in the literature has considered the e�ect of evaluation costs on choice problems.Hauser and Wernerfelt (1990) argue that consumers may strategically limit their consideration sets(with search under �xed sampling) in order to limit evaluation costs at each consumption occasion.In relation to that paper, this paper formalizes the costly product sequential evaluation process.In a sequential evaluation process having more alternatives is always better if the alternatives areindependently distributed (in contrast with �xed sampling), as consumers can always stop search-ing after checking each alternative. However, as shown here, in a sequential evaluation process,if the alternatives are not distributed independently (and span the preference space) then feweralternatives can be better. In this setting, consumers do not infer their preferences from the alter-natives o�ered, but rather the number of alternatives o�ered a�ects the costs and bene�ts of thatevaluation process. Also in relation to Hauser and Wernerfelt (1990), this paper provides a choice-based reason for �rms to o�er a limited number of alternatives, while in Hauser and Wernerfelt aconsumer can strategically limit their consideration sets without the help of the �rms, and withoutadditional choice e�ects. Van Zandt (2004) considers competition where �rms communicate about

and may be a force towards a lower number of alternatives. The extant literature related to the product line designconsidered how the optimal number of products (alternatives) may be restricted by the adverse selection problem inthe case of vertically extended product line (e.g., Moorthy, 1984, and Desai, 2001), by the costs of maintaining theproduct line (e.g., Shugan, 1989), or by the costs of communication (e.g., Villas-Boas, 2004). This paper adds to theabove literature by considering how the consumer product evaluation costs may lead to a shorter optimal length ofthe product line.7Note also that if too few products are o�ered consumers may choose not to buy because it is unlikely for analternative to be close to the consumer's ideal point.
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their products and consumers evaluate a limited and �xed number of alternatives, and �nds thatthere is too much communication in equilibrium, as a �rm communicating about its product doesnot consider the negative externality on consumer information processing that a�ects the other�rms. In relation to that paper, this paper concentrates on the optimal consumer sequential evalu-ation process when a �rm o�ers multiple products and models the �rm's decisions on the numberand location of products.8 Note also that under competition with the possibility of a �rm o�eringseveral alternatives, o�ering fewer alternatives may hurt a �rm's competitive position. This issueis not considered here. In independent work, Kamenica (2005) and Norwood (2006) consider thepossibility of the products o�ered a�ecting the preferences of consumers. In contrast to this paper,Kamenica considers a �rm that is better informed than some consumers about which products aremost popular. By o�ering a smaller set of (the most popular) products, the uninformed consumersare more likely to purchase (at random) a more popular product. Norwood considers free-entryprice competition among �xed products that are vertically di�erentiated, one product per �rm, un-der the assumption that only the most popular products are o�ered, and includes an approximationto the consumer sequential evaluation process.
Finally, it may also be that a greater number of alternatives may lead the decision-maker todelay choice (and not to choose when the choice set is �rst presented) in order to gather moreinformation on the choice problem (e.g., Dhar and Simonson, 2003). Possibly, this new informationcould come at a lower cost than that of evaluating di�erent alternatives at the present. Notethat this explanation could then be seen again as consistent with a search-cost explanation for notchoosing when many alternatives are presented.
The rest of the paper is organized as follows: The model is presented in Section 2. Section 3presents the consumer search behavior and shows that for the maximal probability of choice, itis never optimal to o�er an in�nite number of alternatives, i.e., that there is always a numberof alternatives that is \too many." Section 3 also discusses the optimal behavior of the �rm, therelation of the results to the experimental evidence, and testable empirical implications. Section 4concludes. The Appendix presents the proofs.

2. The Model
A population of consumers is interested in choosing one alternative from a set of alternatives thatspans the preference space. Consumers are uncertain about the value of each alternative and incuran evaluation/search cost c per alternative evaluated. A consumer's preference is determined by

8For product line competition without evaluation costs see, for example, Klemperer and Padilla (1997). For modelsof competition with di�erentiated products and search costs for the price information see, for example, Andersonand Renault (1999).
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the pair (v; x); which is the consumer's type, with v and x assumed to be independently distributedin the population, to clearly distinguish their di�erent roles, with v 2 [0; v] being a utility levelof the ideal alternative, and x 2 [0; 1] being the location of the consumer's ideal alternative. Thealternatives are characterized by locations z 2 [0; 1]:9 A consumer's utility of choosing alternative zis v�tjx�zj: The term t is a disutility parameter re
ecting the consumer's disutility when the idealpoint of the consumer is di�erent from the alternative located at z. The location of a consumer'sideal alternative, x; is exogenous, it is not a function of the alternative set.10
Before deciding whether to spend e�ort on evaluating the alternatives, consumers observe thenumber n of alternatives being o�ered and know their own taste parameters, interest-in-the-categoryparameter v and horizontal preference x. For example, this could be the case when a consumersees the length of shelf space provided in a supermarket or department store for a category, orwhen a consumer sees the total list of products available in a web page. In many market situationsconsumers may have �rst a sense of the number of product available. Then, after observing thenumber of products available, a consumer has to decide whether or not it is worth to incur evaluationcosts to �nd out how much each product is worth for the consumer. Processing the informationof the attributes of each product and the prices being charged may be costly or take time, even ifdisplayed or advertised. The provider of the alternatives, henceforth also referred to as the �rm,decides on the number n of alternatives to o�er and where to position them.
After observing the number of alternatives o�ered (but not their locations), the consumer decideswhether to start the evaluation process, to choose an alternative at random, or do neither { bailout of the whole choice problem. The last possibility may be interpreted as \no choice." If hechooses at random, his �nal utility is v � tjx� zij; where zi is the randomly picked alternative andzi remains uncertain until after the purchase. If the consumer wants to evaluate alternatives, heengages in a sequential search: at each search step, the consumer determines the location of onerandomly picked alternative at a cost c (independent of t; x; or zi). After evaluating an alternative,the consumer may decide to choose one of the alternatives already evaluated, to choose at randomone of the alternatives not yet evaluated, to evaluate an additional alternative, or not to choose.The utility of not choosing any alternative (gross of any costs incurred) is normalized to zero.

9Several of the results presented here can be easily obtained for consumer ideal points and alternatives distributedon a circle. That case would not allow us to consider what happens at the extreme points of the distribution ofconsumers (there are no extreme points on a circle), and the optimal location of products would not be unique.The paper focuses on the product horizontal di�erentiation case to illustrate the e�ects of search costs, in order toconcentrate on the question of product �t. It would also be interesting to consider the e�ects of vertical di�erentiation.10In the conclusion section we discuss an extension where the alternative set may provide information to theconsumers about their preferences.
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Thus, if a consumer decides to engage in the search and evaluation process, and chooses alter-native i after evaluating m � 0 alternatives, he obtains utility
U = v � tjx� zij �mc: (1)

In order to simplify the analysis, we assume that x and v are distributed uniformly and that thesearch cost c > 0 does not vary across consumers or from evaluation to evaluation.11 We assumethat the alternatives are equidistantly located to best cover the set of consumer ideal points, thatis, zi = (2i � 1)=2n; i = 1; : : : ; n: We discuss in Section 3.7 how these locations could be the onesoptimally chosen by a �rm, given the number of alternatives n.
While consumers may not observe the locations of the products without incurring the incremen-tal search evaluation costs, consumers may form beliefs about product locations. Given the uniquemapping above from the number of alternatives to their locations, this implies that consumers areable to infer the distribution of the product locations from the number of products o�ered. However,consumers remain uncertain about which product is which.
Essential features of our model are that (a) consumers are unsure of how/which alternative �tstheir preferences, (b) consumers face search costs which make exhaustive (sequential) evaluationof all alternatives o�ered costly, and (c) consumers expect the alternatives to span a broad rangecorresponding to the diverse tastes in the market.12

11More generally, the cost of evaluating an additional alternative could vary with the number of alternativesevaluated, for example, with diminishing costs of search. The main messages of the paper would also go through insuch setting if the search cost of an additional alternative is always strictly positive. The supplier of alternatives canalso potentially choose to structure the presentation of alternatives to lower the consumers' evaluation costs. Thispossibility is not considered here in order to focus on the number of alternatives/evaluation costs e�ects, but wouldbe interesting to explore in further research (possibly with more attribute dimensions).12It is instructive to relate our set-up to the Iyengar and Lepper (2000) jam experiment. In that experiment, the�rst of our essential features was present because \careful attention was given to selecting a product with whichmost consumers would be familiar, yet not so familiar that preferences would already be �rmly established. Hence,to ensure that potential customers would not just reach for the more traditional 
avors such as strawberry andraspberry, these common 
avors were removed from the set of 28, leaving a choice set of 24 more exotic 
avors."Second, consumers clearly faced costs in evaluating the various jams: not only their own time was involved, butin addition there was the social pressure of doing the tasting in front of the experimenter. Perhaps this induceda demand e�ect of \not appearing to be too picky." Finally, given the diversity of 
avor-labels on the jams, theconsumer could be reasonably sure that a random choice would prove to be quite sub-optimal.
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3. Consumer Search and Choice Behavior
3.1. Introduction
Consider the situation where the consumer has evaluated m alternatives, comprising a set whichwe denote by I: Then, the expected payo� of a consumer with preference characteristics (v; x) afterhaving evaluated the alternatives in this set I is
V (v; x; I; n) = maxf0;maxi2I v�tjx�zij;Xi62I

1n�m(v�tjx�zij);�c+Xi62I
1n�mV (v; x; I[fig; n)g (2)

The right hand side of this equation represents the four possible options available to a customer atevery stage of his sequential decision process. The �rst element in the max function represents theoption of dropping out { not choosing any alternative. The second element represents the option ofstopping the sequential decision process and choosing the best alternative among the ones alreadyevaluated. The third element represents the option of choosing an alternative at random among thealternatives not yet evaluated. Finally, the fourth element represents the option of continuing thesearch by evaluating one more alternative. All the options have the sunk cost of having evaluatedm alternatives, mc (not re
ected in (2)). The problem represented by (2) is a �nite search problemwithout replacement, but with recall and with the possibility of random choice without search, andwith non-independent attributes across alternatives.
Note �rst, that the optimal consumer behavior cannot involve not choosing an alternative afterstarting the search process and evaluating at least one alternative. This is because evaluating analternative either results in �nding an alternative that dominates the no-choice option or not. In theformer case, no choice is clearly inferior. In the latter case, searching further or choosing at randomfrom the remaining alternatives beats no choice because the set of remaining alternatives has onlygotten better, not worse. So, if it was optimal to search from the original set, it continues to be sonow. Therefore, the expected utility for a consumer with a given v and x starting the decision processcan be written as V (v; x; ;; n) = v � ed(x; n), where the function ed(x; n) represents the expecteddisutility of a consumer located at x given that the �rm o�ered n alternatives. This expectedconsumer disutility is composed of the expected costs of searching plus the expected mis�t of settlingon an alternative that may not match the consumer preferences exactly. Let d(n) = R 10 ed(x; n) dx;which represents the average expected disutility of consumers with high enough v, who decideto proceed with an alternative evaluation or to choose at random. For later consideration, letalso er(x; n) = Pni=1 tjx � zij=n be the expected mis�t from a random choice before evaluatingany alternative, when there are n alternatives and the consumer ideal point is x, and let r(n) =
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R 10 er(x; n) dx be the average consumer mis�t in random choice.
The valuation v of the marginal consumer located at x indi�erent between choosing and notchoosing is determined by bv(x; n) = ed(x; n): For a cumulative distribution function F (v) of theconsumer valuations v; the number of consumers choosing an alternative is R 10 [1� F (bv(x; n))] dx =R 10 [1 � F ( ed(x; n))] dx: Given the uniform distribution of v, this expression becomes R 10 v�ed(x;n)v dx:The question of what number of alternatives results in the largest number of consumers actuallychoosing an alternative is then the question of what n minimizes the expected consumer disutilityR 10 ed(x; n) dx = d(n). Thus, if the provider of the alternatives is a �rm whose pro�t is a �xed margintimes the number of consumers choosing an alternative or a social planner maximizing consumerwelfare, the provider of alternatives problem reduces to:13

minn d(n): (3)
To o�er intuition on the model above, the next subsection considers the case of up to threealternatives. In the following subsections we consider the case of an in�nite number of alternatives,and argue that the optimal number of alternatives that maximizes the probability of choice is �nite.We then compute an \approximate" optimal number of alternatives, discuss the �rm's decision ofproduct locations, and consider some testable empirical implications.

3.2. Up to Three Alternatives.
3.2.1. One Alternative
When the �rm o�ers only one alternative, consumers do not need to search. The location of thealternative in the center of the market yields the lowest expected disutility. The disutility rangesfrom t=2 for type x = 0; to t=4 for type x = 1=4; to zero for type x = 1=2: Consumers choosethe alternative if and only if v > tjx � 12 j: The expected disutility of the product bought acrossconsumers is d(1) = r(1) = t Z 1

0 j x� 12 j dx = t4 : (4)
13We concentrate on the choice e�ects without including price-setting e�ects of �rm decision-making in order tosimplify the presentation. This case can be seen as relevant for some situations where prices are not present, whenthe supplier of alternatives does not have in
uence over prices, or when the price cannot be informative about theattribute under consideration due to other attributes present (although in that case the model would have to beextended with further attribute dimensions).
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Note that this disutility is lower than the expected disutility of random choice from any number ofalternatives more than one, since R 10 jx� zij dx = z2i � zi + 1=2 is minimized at zi = 1=2.
To gain some intuition for the bene�t of o�ering a small number of alternatives, note that in thecase of an in�nite number of alternatives (see Section 3.3), the expected disutility ranges from t=2for type x = 0 to 5t=16 for type x = 1=4; to t=4 for type x = 1=2, for an expected disutility across allconsumers of t=3: The expected disutility for one alternative is lower than for random choice witha higher (such as an in�nite number) of alternatives because with only one alternative, consumersin the center of the market get a disutility close to zero, and this is not the case with randomchoice from a larger number of products. This example of one alternative illustrates one reason theprovider of alternatives may want to restrict the number of alternatives to o�er: when o�ering asmaller number of alternatives, the more \generic" ones (i.e., the ones �tting more customers) willbe o�ered. This reason becomes less important when more alternatives are o�ered, and consumersengage in active search.

3.2.2. Two Alternatives
In the case of only one product being o�ered, no consumer incurs the search cost c. Consider nowthe case of the �rm o�ering two products, such that a positive mass of consumers will actuallyincur search costs. In this case, the assumed pair of locations 1=4 and 3=4 is also the location of theproducts that minimize the expected disutility for consumers (see Appendix) and may be optimalfor the �rm (see Section 3.7). In this case, a consumer is more indi�erent to the choice between thetwo products if x is in the middle than if it is at either end. Therefore, consumers in the middle�nd it optimal not to search, and to buy at random instead, while the more extreme consumersmay �nd it optimal to search. We have the following result:
Lemma 1: Suppose that two alternatives are o�ered. If c=t � 1=4, consumers with v � t4 chooseat random, and consumers with v < t4 choose not too choose. If c=t < 1=4 consumers with x 2(1=2� c=t; 1=2 + c=t) and v > t=4 choose an alternative at random, consumers with x � 1=2� c=tand v > jx� 14 jt + c or x � 1=2� c=t and v > jx� 34 jt + c search once and choose the alternativethat �ts them better. All other consumers choose not to choose. Furthermore, the average expecteddisutility of consumers who choose an alternative for c=t < 1=4 is

d(2) = t8 + c� c2t : (5)
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To gain intuition on the results above, let us consider the �rst search of a consumer located atx = 0 under both the case of two alternatives and the case of an in�nite number of alternatives.Under an in�nite number of alternatives, the expected distance of the �rst alternative searched is1=2; and choosing any other alternative after the �rst search gets also an expected distance of 1=2:However, with just two alternatives, the expected distance of the chosen alternative with the �rstsearch is 1=4: Either the alternative searched is at 1=4; in which case it is the chosen one, or thealternative searched is at 3=4; and then the consumers knows that the other alternative is locatedat 1=4: This illustrates the advantage of searching without replacement (with just two alternatives),discussed above.
3.2.3. Three Alternatives
Consider now the case where the �rm o�ers three alternatives. This case allows us to consider asituation where all consumers who buy a product may engage in the search process (in contrast withthe two-alternative case above, where there are always some consumers who bought a randomly-chosen product). The locations for the three products will be z1 = 16 ; z2 = 12 ; and z3 = 56 : As inthe two-alternative case, it can be shown that these locations are also the ones that minimize theexpected disutility of the consumers. The expected disutility of choosing a random product in thiscase is r(3) = 35t=108.

The Appendix completely characterizes the sequential decision process in a setting where allconsumers buying a product engage in the evaluation of at least one product, and shows that allconsumers who eventually choose an alternative do search at least one alternative if ct < 221 (seeProposition 4 in the Appendix). The proposition illustrates again that consumers who are locatedin a certain range in between two alternatives are willing to take either of the two alternatives.The proposition also shows that this range is di�erent depending on whether the consumer hassearched one of these two alternatives, or whether the consumer has searched all alternatives exceptthese two alternatives. In the former case, the consumer would bene�t from searching by twice thedistance to the mid-point. In the latter case, the consumer chooses at random between these twoalternatives, and would bene�t from searching by an amount proportional to the distance from hisideal point to the expected product location, which is the mid-point between the two alternatives.
Figure 1 shows the expected disutility for each x when the �rm o�ers three alternatives andthe consumers search once. As expected, the consumers located close to the alternatives' locationsdo better. However, consumers could also decide not to search at all, and just to buy at randomamong the three alternatives.
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Note that if ct 2 ( 221 ; 16) some consumers, when faced with three alternatives, would buy atrandom while other consumers would engage in the evaluation of a �rst alternative. Figure 1 showsthe expected disutility when consumers buy at random and when they engage in the evaluationof the �rst alternative for c = 116 and t = 1; in which case all consumers engage in the evaluationof at least one alternative. Figure 2 shows the same curves when c = 19 and t = 1; in which casesome consumers engage in the evaluation of at least one alternative, while other consumers buy atrandom.
For the case in which all consumers who buy a product do evaluate the �rst alternative, ct < 221 ;one can compute the expected disutility across all consumers as

d(3) = t12 + 53c� c2t : (6)
3.2.4. Comparison Across One, Two, and Three Alternatives
For purchase at random we have r(1) < r(2) < r(3). Also, comparing the case of two alternativeswith the case of one alternative we have

d(2) < d(1) if and only if ct < 2�p24 ; (7)
that is, o�ering two products increases the probability of choice if and only if the search costs arelow enough. The comparison between two and three alternatives leads to a threshold of ct of 116 :Comparing the probability of choice among the cases of one, two, and three alternatives, we havethen the following result:
Proposition 1: Suppose that the possible options are to o�er one, two, or three alternatives. Thenif ct > 2�p24 ; the probability of choice is highest when only one alternative is o�ered. Otherwise,if ct < 116 the probability of choice is highest with three alternatives, while if ct 2 [ 116 ; 2�p24 ]; theprobability of choice is highest with two alternatives.

This comparison illustrates that o�ering a smaller number of products may increase the prob-ability of choice if the search costs are not too low, and suggests that lower search costs may leadthe �rm to o�er more alternatives.
The above proposition also shows that if a �rm o�ers too many alternatives, some consumersmay not make any choice and may stay out of the market, because they understand that it will betoo costly (in terms of search costs) for them to �nd the alternative that best �ts their preferences
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(that is, there would be a higher threshold bv(x; n)). Similarly, if the �rm o�ers too few alternatives,some consumers may also stay out of the market because they feel that the alternatives that areavailable may not �t well their preferences. In sum, given the existence of search costs, there maybe a (su�ciently large) number of alternatives that results in a lower probability of choice than asmaller number of alternatives. Note that the threshold bv(x; n) depends on x and n: For example, forct small, we have bv(12 ; 1) = 0; bv(12 ; 2) = t4 ; bv(12 ; 3) = 53c and bv(0; 1) = t2 ; bv(0; 2) = t4+c; bv(0; 3) = 53c+ t6 :
3.2.5. Preferences of Extreme vs. Mainstream Consumers for the Size of the Set of Alternatives
It is also interesting to consider how the preference for a smaller/larger set of alternatives di�ersbetween the consumers in the center and consumers with more extreme preferences. In relation tothis, note that the consumers exactly in the center are happiest with the smallest possible set ofalternatives: they know that if the provider of alternatives has to choose only one alternative toprovide, it will be exactly the alternative that they want, since the compromise alternative is theirpreferred alternative. This outcome will lead consumers in the center not to waste any resourceson search, and at the same time, to obtain their best preferred alternative.

On the other hand, consumers whose preferences are not in the center face a tradeo�: if thenumber of alternatives is higher, then their search costs go up, but the �t of their preferences to thebetter alternative that they may �nd may be larger. This means that these consumers may prefera larger set of alternatives than the consumers in the center.14 We have the following proposition:
Proposition 2: Suppose the �rm can o�er one, two, or three alternatives, and suppose c <2t=21.15 Then, consumers with x at most 1=8 + c=(2t) from the center of the interval prefer onealternative to be o�ered, consumers with x at a distance of 1=8 + c=(2t) to 7=24 + c=(3t) from thecenter prefer two alternatives to be o�ered, and consumers even further away from the center preferthree alternatives to be o�ered.

The above proposition implies that mainstream consumers prefer a smaller number of alterna-tives, and that the more extreme type the consumer is, the more alternatives he prefers to have.
14Note, however, that although the results suggest the message above, the expected disutility of consumers at aparticular location does not move monotonically with the number of alternatives o�ered. Suppose that the searchcosts are su�ciently small, so that with three alternatives, a consumer chooses always to search at least once, ct < 221 ,as shown in Proposition 4 in the Appendix. Then, for x = 1=2, the expected disutility is zero for one alternative,but goes up to t=4 for two alternatives, and falls to 53c for three alternatives. On the other hand, for x = 1=4;the expected disutility is t=4 for one alternative, falls to c for two alternatives, and goes up to 53c + t12 for threealternatives.15The same holds with larger c, but with di�erent equations on the cuto� points. When c is large enough, theranges of x where consumers prefer two and three products become empty sets.

12



Figure 3 presents the expected disutility as a function of x for one, two, and three alternatives.Note that, in addition to the result above, the smaller the search cost, the more alternatives aconsumer at x 2 [0; 1] prefers. The result in this proposition could be seen as expected, and clari�esthe way in which choice overload a�ects consumers depending on the degree of extremeness of theirpreferences.
3.3. In�nite Number of Alternatives
To consider the case with any number of alternatives, let us consider �rst the case of an in�nitenumber of alternatives. Given the assumption on the location of alternatives, this reduces to thecase in which the alternatives are uniformly distributed on the segment [0; 1]: In this case, theoptimal search process is the same as a search process with replacement (e.g., Diamond, 1971).The problem, generally de�ned, is the following: Let the alternatives be distributed with densityf(x) (and cumulative distribution F (x)) on the line. It is well known that in such problems, theoptimal search process involves a stopping rule where the decision-maker keeps on searching until he�nds an alternative that provides a utility greater than or equal to some reservation utility. In thisparticular set-up, the problem is for the decision-maker to �nd a product that is su�ciently close tohis ideal point. This means that a consumer located at x will have a reservation alternative locatedto his left, RL(x) � x; and a reservation alternative located to his right, RR(x) � x: If the productsearched falls in [RL(x); RR(x)]; the consumer stops searching and buys that alternative; otherwise,the consumer keeps on searching. Note that under this search strategy, the expected disutility of aconsumer located at x is t R RR(x)RL(x) jy� xj dF (y)=[F (RR(x))�F (RL(x))] + c=[F (RR(x))�F (RL(x))]:

Coming back to our problem of search with alternatives distributed uniformly on [0; 1], one cansee that for a consumer located close to the center of the segment [0; 1] (where \close" is de�nedbelow), there are two reservation products, one located to the left and one located to the right ofthe consumer's location. The reservation product is de�ned by the condition that the marginal costof searching for an extra product, c; is equal to the marginal expected bene�t (in terms of better�t) of that search, given that a reservation product has just been found. This condition can bewritten for a consumer located at x as
c = Z x+�

x�� t j x� y j dy; (8)
where � is the distance from the reservation product to the consumer's location. This yields � =qc=t; that is, ifqc=t < x < 1�qc=t, the consumer can achieve the reservation utility with a producteither on the right or on the left of its location. The expected search costs plus the disutility of
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the product bought for a consumer located at x is equal to the disutility of the reservation productbecause the consumer is indi�erent to the choice between getting that product and engaging in thesearch process. This expected search cost plus disutility, for qc=t < x < 1�qc=t; is then t� = pct:We should compare this with the expected disutility if the consumer does not search and insteadbuys at random, which is R 10 t j y � x j dy = t(x2 � x+ 12): Note then that if ct < 116 ; all consumersqc=t < x < 1 � qc=t engage in the search process. This means that if the search costs are lowenough, or if the importance of alternative �t is high enough, all consumers in the center of themarket who choose one alternative engage in the search process.
Consider now the case of x < qc=t or x > 1 � qc=t: Here, the reservation utility may onlybe obtained on one side of the consumer's location. Consider the case of x < qc=t: Here, thereservation product on the right of x is de�ned by

c = Z x
0 t(x� y) dy + Z x+e�(x)

x t(y � x) dy (9)
where x+ e�(x) is the reservation product for the consumer located at x: From this, one can obtaine�(x) = q2c=t� x2; which is decreasing in x; and such that, e�(qc=t) = �:

If a consumer located at x < qc=t engages in the search process, his expected search costs plusdisutility of the product bought is then te�(x) = tq2c=t� x2 (the case of x > 1�qc=t is symmetric).Note that this expected search cost plus the disutility of the product bought is concave in x: Thatis, for x close to qc=t; when the location of the consumer moves away from the center of thedistribution of preferences, the expected search costs plus the disutility of the product boughtincreases \steeply" because the consumer is willing to accept a product that is relatively far awayfrom his location. However, if x is close to zero, then when the consumer's location moves awayfrom the center of the market, the expected disutility of searching and of product mis�t increasesless steeply because the consumer is less and less willing to accept a product much further away.
Comparing the utility of buying after search above with the expected disutility of choosing aproduct at random, t(x2 � x + 12); one can obtain that for ct < 116 ; all consumers prefer to searchat least once over buying at random. Furthermore, the expected disutility of buying at random isr(1) = t=3. Therefore, we have the following result:

Lemma 2: Suppose that an in�nite number of products is o�ered and that c=t < 1=16: Then,consumers with v satisfying
v < p2ct� x2t2 for x < q ct ; v < q2ct� (1� x)2t2 for x > 1�q ct ; v < pct otherwise (10)
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prefer the no-choice option, while the rest of consumers use the following search strategy: consumerswith x 2 �qc=t; 1�qc=t� search until they �nd a product at most qc=t away from them; consumers
with x < qc=t search until they �nd a product at most q2c=t� x2 away from them; �nally, con-sumers with x > 1 � qc=t search until they �nd a product at most q2c=t� (1� x)2 away fromthem.

Consider now what happens with greater search costs (the complete analysis is presented in theAppendix). Comparing the expected disutility of buying a product at random with searching, wecan obtain that if ct > 18 then no consumer engages in the search process and all consumers buy atrandom.
If ct 2 [ 116 ; c�]; where c� is de�ned in the Appendix and is close to 0:078, we have a situationwhere consumers located in the center of the market buy at random, while the rest of the consumersengage in the search process. This implies an interesting consumer search strategy that depends ontheir preferences: consumers who have relatively speci�c preferences (in the model, with a locationclose to zero or one) search, and consumers who have more generic preferences (around the centerof the market) do not evaluate a product prior to purchase and buy at random.
If ct 2 (c�; 18 ]; the set of consumers who choose at random is not convex. That is, startingfrom the center of the market and going to either extreme, we have �rst consumers who choose atrandom, then consumers who engage in the search process, then consumers who choose at random,and, �nally, again, consumers who engage in the search process. To gain some intuition for thispossibility, note that for small x, the expected disutility is decreasing in x both when a consumerengages in the search process and when a consumer buys at random. As argued above, when aconsumer engages in the search process, the expected search costs plus the disutility of the productbought is concave in x: On the other hand, the expected disutility of the product bought when aconsumer buys at random is convex in x; that is, the further away a consumer is from the center ofthe market, the increasingly worse is the consumer's situation. This then allows for the possibilitythat for some search costs, there is an intermediate low region of x where buying at random isbetter than engaging in the search process. Figure 4 illustrates this possibility by comparing theconsumer payo�s under search and under choice at random.
Returning to the case ct < 116 and integrating over all x, we can get the expected disutility of
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the product bought as16
d(1) = 2t[(12 �

qc=t)qc=t+ c4t(2 + �)] = pct+ c� � 22 : (11)
As noted previously, for ct > 18 , all consumers choose at random, and the expected utility across allconsumers is t R 10 (x2 � x+ 12) dx = t3 : For ct 2 ( 116 ; 18), the expression for d(1) is more complicatedbecause some consumers engage in the search process while other consumers choose at random.However, by the principle of the optimum, it is easy to see that d(1) is weakly increasing in c andt, as c or t represent a cost for the decision-maker. Figure 5 shows d(1) as a function of c for t = 1:

Comparing the expected disutility of one product with the case of an in�nite number of productsone can see that d(1) < d(1) if and only if ct > 12(p� +p2)2 ; (12)
where 12(p�+p2)2 is close to :05 < 116 : Therefore, if consumer search costs are su�ciently large, o�eringonly one alternative results in a higher probability that a consumer will choose an alternative thano�ering very many alternatives. This also illustrates the result in Proposition 3 below that a �nitenumber of alternatives (not necessarily just one alternative) is better than an in�nite number interms of increasing the probability of choice when search costs are positive.

Note again that for ct > 18 , consumers facing an in�nite number of alternatives choose at randomand get an expected disutility of the product bought, t3 ; that is greater than when the �rm o�ersonly one alternative. Because d(1) is weakly increasing in c; we can immediately see that for116 < ct < 18 ; we have d(1) < d(1):
Comparing two products with the case of an in�nite number of products, we can see that

d(2) < d(1) if and only if ct > bc; (13)
where bc satis�es bc2 � (2� �2 )bc+pbc� 18 = 0: It can be easily seen that bc is uniquely de�ned, and isclose to :017 < 12(p�+p2)2 :Comparing three alternatives with an in�nite number of alternatives, one can see that d(3) <d(1) if and only if ct > c�� where c��; de�ned by c��2 � (83 � �2 )c�� +pc�� � 112 = 0; is below 116 andclose to :009:

16In order to get this expression, the Appendix shows that Rp ct0 p2 ct � x2 dx = c4t (2 + �).
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3.4. Comparative Statics
The results above suggest how the consumer search behavior and the probability of choice dependon the model parameters. First, a larger highest valuation v results in a higher probability of choice,but does not change the search behavior given that the consumer ultimately buys. This is becauseto the extend that the value of the category is high enough to justify a choice, it does not a�ect thetrade-o�s between di�erent products within the category.

Second, since the search behavior depends on c and t only through c=t, a consumer's searchbehavior and his preferred number of alternatives is a�ected by the importance of �t t relative tothe consumer's evaluation costs c; however, if we keep one of these variables constant, the consumerwill prefer a larger set of alternatives if the evaluation costs c are lower or if the importance of �t t ishigher. Within the model, a higher value of the importance of �t t also means that the probabilityof choice (vs. no choice) is lower. This is because the parameter v corresponds not to the averagevalue of the category to the consumer, but to the value of the ideal product in the category. Thismeans that higher t results in the higher expected disutility from the choice that will be eventuallymade. However, in a more colloquial interpretation, a higher importance of �t may mean that theutility of the ideal �t is larger. Therefore, the model results should not be interpreted as sayingthat, in practice, a higher importance of �t necessarily means a lower probability of choice.
Third, the location of the ideal point of a consumer relative to the distribution of the locationsof the ideal points of other consumers a�ects the search behavior and the preference for the numberof alternatives to choose from. This is because consumers expect a certain distribution of productlocations given their number, and they expect that this distribution is chosen to optimally serve allconsumers.

3.5. There is Always a \Too-Large" Set of Alternatives
We now show that a certain �nite number of alternatives will increase the probability of choicerelative to an in�nite number of alternatives. Consider ct small ( ct < 116),17 and suppose that the�rm o�ers bn products located at zi = 2i�12bn ; for i = 1; 2; :::; bn:, where bn is the smallest integer that isgreater than or equal to 12pc=t : That is, bn� 1 < 12pc=t � bn: To show that o�ering these bn productsgenerates a higher probability of choice than o�ering an in�nite number of products, it su�ces toshow that this set of products would generate a lower consumer disutility as consumer search is

17The case of ct > 116 is considered in Section 3.3.
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restricted to some (not necessarily optimal) search rule. Speci�cally, consider the consumer's searchprocess, which is to search until the consumer �nds the alternative that is closest to him.
Let us denote the expected disutility under this search process by bd(bn) � d(bn) and compare itwith the expected disutility d(1), given an in�nite number of products.
With bn alternatives and with the proposed consumer search process, the expected disutility of�t is t4bn : The expected search costs for each consumer are

c 1bn + 2c bn� 1bn 1bn� 1 + 3c bn� 1bn bn� 2bn� 1 1bn� 2 + � � �+ (bn� 1)c 1bn + (bn� 1)c 1bn = (bn� 1)(12 + 1bn)c: (14)
We then have bd(bn) = t4bn + (bn � 1)(12 + 1bn)c: By the de�nition of bn, one can then obtain thatd(bn) � bd(bn) < 34pct + c < pct < d(1); because ct < 116 : That is, the expected disutility underbn alternatives is lower than the expected disutility under an in�nite number of alternatives. Thismeans that the probability of choice is strictly higher with this �nite number of alternatives thanwith an in�nite (very large) number of alternatives. Since as the number of alternatives increasestoward in�nity, the probability of choice tends to the inferior outcome of in�nitely many alternatives,we obtain that there is an N such that it is not optimal to have more than N alternatives in termsof maximizing the probability of choice. Therefore, the optimal number of products is �nite, andwe have the following proposition:

Proposition 3: When search costs are positive, the probability of choice is strictly greater for acertain �nite number of alternatives than for an in�nite number of alternatives. That is, there is a�nite number of alternatives that maximizes the probability of choice.
The intuition is that by spreading out the location of the alternatives, and by o�ering a smallnumber of alternatives, the provider of alternatives allows the consumers to save on search costs.This is because, by having fewer alternatives to search through, a consumer can rule out areas ofthe product space that are less appealing to him, because of search without replacement. When ctapproaches zero, bn alternatives allows the consumers to save, in expected value, half of the searchcosts in the case of an in�nite number of alternatives. This result also shows that if too manyalternatives are o�ered, the consumers realize that they will incur too many search costs, and willtherefore prefer not to search { that is, not to choose.
The number of alternatives o�ered generates a trade-o� between potentially providing consumerswith a better �t and complicating their search process. The positive e�ect of better �t only holdswhen the number of products is not very large, while the search process is more and more costly as
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the number of alternatives increases to in�nity. This is because when the number of alternatives isvery large, consumers adopt a reservation rule strategy that never involves an exhaustive search forall alternatives, but rather a search until they �nd the �rst product satisfying the reservation rule.When consumers adopt such a rule and the number of products is high enough that they do notsearch exhaustively, further increasing the number of the products does not increase the expected�t between the �rst product found to satisfy the reservation rule and the consumer preferences. Onthe other hand, increasing the number of products keeps increasing the expected cost of the searchuntil �nding the �rst product that satis�es the reservation rule. The intuition for this result is thatsearch with replacement is less e�cient than search without replacement, and as the number ofproducts tends toward in�nity, the search process approaches search with replacement. Therefore,when the number of alternatives is large, there is only the negative e�ect and no positive e�ectof increasing the number of alternatives on the probability of choice. To formalize this intuition,consider consumers distributed uniformly on a circle of perimeter one (the same argument goesthrough in a segment with a large number of products or a su�ciently small search cost), witheach consumer with an acceptance region A, such that with N products, each consumer has atleast one product in his acceptance region. Suppose all products are equally spaced. Now, comparethe total expected search costs of consumers with N and N 0 > N products. Across all consumers,the average probability of �nding a product in the acceptance region in the �rst search is A; whenconsumers are faced with either N or N 0 alternatives. Note, however, that after U searches outsidethe acceptance region, the probability of the next search being in the acceptance region is higherwith N alternatives than with N 0 > N alternatives, ANN�U > AN 0N 0�U : With a higher hazard rate, it isthen straightforward to obtain that the expected number of searches is smaller with N alternativesthan with N 0 alternatives, i.e., given the same acceptance region, the expected search costs aregreater with a greater number of alternatives.18
While we considered a particular distribution of consumers (uniform) and a particular functionalform of the utility cost of mis�t (linear travelling cost), the above intuition suggests that theoptimality of a �nite number of alternatives would hold both for a more general distribution ofconsumer preferences and when the utility cost of mis�t is any decreasing function of the distancebetween the consumer's ideal point x and the product location.

18We thank the AE for having raised this question. With a greater hazard rate for N alternatives than N 0alternatives, for all U; the probability of the number of searches needed being greater than U is smaller for Nalternatives than for N 0 alternatives.
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3.6. \Approximate" Optimal Number of Alternatives
The analysis above suggests an approach to try to get at an approximate number of products thatmaximizes choice. Suppose that the �rm chooses a number of products such that a set of consumersclose to a product always keep on searching until they �nd the product closest to them. In addition,consider the approximation where all consumers are in this situation. That is, no consumer settlesfor the product that is not their most preferred product, and no consumer buys at random. As seenabove, this may not be the optimal search process for some consumers.

Given this approximation, the expected disutility across all consumers of the �rm o�ering nproducts is ed(n) = t4n + (n� 1)(12 + 1n)c:The optimal number of products can then be obtained to be (without worrying about integer issues)
n = s t2c � 1:

Figure 6 illustrates the optimal number of products as a function of ct , which illustrates that theoptimal number of products reduces quickly when ct increases. Figure 7 illustrates the expecteddisutility as a function of the number of products and shows that the expected disutility increaseswhen the �rm o�ers a number of products larger than the optimal number of products, which isthe information overload due to search costs. It also shows that the expected disutility decreasesfor a lower number of products because of less �t between the products o�ered and the consumerpreferences.
This approximation does not account for the fact that consumers in a range between two alter-natives may be willing to accept either of them. In the Appendix, we derive an approximation forthe optimal number of products (which is close to the one above) that accounts for this possibility.19

3.7. Firm's Decision on Product Locations
To show that the locations of the alternatives o�ered by the �rm are equi-distant, consider that afraction " of consumers, with " close to zero, have zero search costs. These consumers will alwaysoptimally choose the product that generates the best �t. The number of zero-search-cost consumers

19In particular, we show that when the search costs go to zero, the fraction of consumers that settle on the second-best alternatives is bounded away from zero, and derive an approximation of this fraction of consumers and theoptimal number of the products under the condition that search costs are small.
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who choose an alternative is maximized when the alternatives are equidistant on the segment [0; 1],so that the subsegment of points that are closer to any given product than to any other product isof equal size across products. Therefore, the n products are located at 2i�12n with i = 1; 2; :::; n:20
Consider now a consumer with positive search costs who decides to engage in search by lookingfor at least one product. If the consumer expects the above locations and the �rm actually choosesthem, the consumer will de�nitely buy a product. This is because each search results in either 1)a product that consumer wants to buy, or 2) a further search becomes even more preferable to theconsumer than before as one of the worse-�tting products is eliminated. Therefore, the �rm cannotgain any more consumers with positive search costs by deviating from the above location choice,but will lose some consumers with zero search costs. This proves that the location choice above isan equilibrium choice.
To get a unique product positioning equilibrium, one could assume that consumers observethe distribution of the products o�ered without knowing which product is which. This couldpotentially be justi�ed with a reputation or social learning argument. Alternatively, if consumershave a su�ciently high cost to enter the market, the ones who enter the market will always end upbuying a product, and therefore the product location is uniquely determined by the zero-search-costconsumers. Given that these locations are the best for the �rm, consumers may be able to infer thelocation of the products (without knowing which is which) after observing the number of productso�ered. The exact inference of the product locations is not essential for the results. When n!1this distribution of the alternatives' locations converges to the continuous uniform distribution inthe interval [0; 1]: That is, the limit when the number of products goes to in�nity is a continuumof alternatives with a uniform distribution. If the distribution of preferences is not uniform, theoptimal location of alternatives would no longer be with the alternatives equi-distant from eachother, but it would still lead to a distribution of alternatives that would span the preference space.The intuition for the results above would follow.

3.8. Testable Empirical Implications
Several testable empirical implications result from the model above. One important implication ofthe model above is that if consumers are facing a non-strategic supplier of alternatives who providesalternatives with locations independent of each other, then one should observe a signi�cant reduction

20It can be shown that these locations also minimize d(n) for a given n; if the products are such that for any givenproduct there is a positive mass of uninformed consumers that continues to evaluate products until they �nd thatparticular product.
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in information overload e�ects. That is, if one varies the number of alternatives and manipulateswhether or not the consumers expect the supplier of alternatives to be strategic, one should be ableto �nd that the information overload e�ects are smaller for the non-strategic supplier of alternativescondition.
The model has also testable empirical implications about consumers' di�erent search behaviorsdepending on their location in the consumer preferences space. In particular, one should be ableto obtain that consumers at the extremes of the parameter space search more and have a higherpreference for a greater number of alternatives than consumers who have mainstream preferences.Considering purchases at random, one should also be able to obtain that consumers with mainstreampreferences are more likely to purchase at random than consumers at the extremes of the preferencespace. Another implication for possible experiments is that when comparing product categoriesthat are \highly di�erentiated" versus \commodity-like" one should obtain that consumers are lesslikely to purchase at random and prefer a greater number of alternatives in \highly di�erentiated"product categories. It would be interesting to test this prediction in the context of the Iyengar andLepper (2000) jam experiment.

4. Conclusion
This paper examines consumers' preferences over choice sets with di�erent numbers of alterna-tives. This preference is induced by a trade-o� between the costs of searching/evaluating alternativesin the choice set and the potential gain in utility from �nding a �t to one's preferences. It may beseen as a formalization of the intuitions that have arisen from laboratory and �eld experiments that�nd consumers preferring smaller choice sets over large choice sets. The formalization brings withit the bene�t of a rigorous con�rmation of these intuitions as well as the discovery of new e�ectsthat can now be subjected to more tests. In particular, the paper shows that it is essential thatthe alternatives o�ered span the preference space (as it would be chosen strategically in markets by�rms), for the intuition that search costs may lead to optimal smaller choice sets to be valid.
In the model, consumers make decisions sequentially, choosing at each instance to search further,choose from the items already searched, choose randomly from the items remaining, as well asaborting the decision process altogether. Perhaps our most noteworthy result in this context is thatthis decision process leads to an optimal �nite number of products o�ered if the alternatives arenot located independently from each other, spanning the preference space, as �rms may optimallychoose to maximize choice and pro�t. Also noteworthy in this context is that the preference forsmaller choice sets can survive this expanded set of options, particularly the option to bail out of
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search. We �nd that the preference for smaller choice sets depends on consumers' beliefs about thedistribution of alternatives and their own preferences in terms of how mainstream versus extremethey are. The preference for smaller choice sets is strongest for consumers with mainstream tastesbecause they believe, correctly, that they can �nd a good alternative even from smaller choice setsbecause sellers are motivated to cater to their mainstream tastes.
It is also possible that in some markets, some consumers may face uncertainty about the im-portance of �t, whereas the �rm may have more information. In this case, consumers may try toinfer their preferences, speci�cally the importance of a good �t, from the number of alternativeso�ered by the �rm. In the context of the model above, for example, the �rm might have privateinformation on t: One can then show that, in this situation, if a fraction of consumers know theirpreferences and have no search costs, the �rm would o�er a lower number of alternatives when ithas private information than when it does not, so that consumers believe that the importance ofa good �t is not too important. That is, private information can in
uence a �rm to o�er a lowernumber of alternatives. This can also be interpreted as implying that the number of alternatives, orthe speci�c alternatives o�ered, can give information to consumers about their preferences. Thatis, consumers can construct their preferences from the choice sets o�ered.
It would also be interesting to investigate what happens when there is competition and pricelearning in a context where product attributes have to be evaluated to check for consumer �t. Inthis situation, it is possible that competing �rms, on the contrary, might try to signal that �t isactually more important to increase consumer perception of di�erentiation. In this case, anotherpossibility is that the existence of competitors may lead to more confusion and more informationoverload and these e�ects may not be internalized by the �rm o�ering the additional products (VanZandt, 2004). Another interesting issue to consider is that �rms roll out their product line throughtime. In a context with information overload e�ects, it is interesting to consider how this sequentialproduct introduction a�ects the optimal product locations and the optimal number of products.
What can �rms learn from this research? Our model suggests that for less important decisions(smaller t), and for decisions where the consumer thinks the �rm knows what the average customerwants, consumers prefer not to have a choice at all or have few choices, rather than have manychoices. For example, the consumer may want Dell to decide which parts of Microsoft O�ce topre-install on a computer, but may prefer that Dell provide a choice between Microsoft and acompetitor's version of O�ce. This example also suggests that the model presented above couldhelp us understand the potential limits to versioning strategies in information goods industries(see Shapiro and Varian, 1999, p. 67). Another way that �rms may try to help consumers is byproviding a \default" or \suggested" choice, targeted at consumers with high search costs or that
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are less informed than other consumers. This \suggested choice" may help these consumers avoidsearch costs, and the default choice may not be too sub-optimal if, as it is likely, these consumersdo not �nd the decision to be important (if the decision was important, they would have gotteninformed). Firms may also structure the choice problem to make it easier for consumers to searchfor a good alternative. For instance, a �rm can arrange its information display to \align" thealternatives (Gourville and Soman 2005) by brand (say) in a store (Hoch et al. 1999). Anotherstructural decision is how to merge choice sets. Consider two choice sets, A and B; each havingalternatives that are easily comparable within the respective choice sets. Then, in structuring achoice set A [B, there are two options: (i) mix the alternatives from A and B; and (ii) keep themseparate. Our research suggests that the seller can accommodate a larger set of choices with thelatter strategy than with the former. This might be relevant for branding strategy after a merger.

APPENDIX
Proof of Lemma 1: To show that the pair of locations f1=4; 3=4g minimizes the expectedconsumer disutility, consider general locations for the two alternatives. Denote z1 as the location ofthe product that is located closer to zero, and z2 as the location of the other product, with z1 < z2(the case of z1 = z2 being the case of one product presented above). Suppose that z2 � z1 � 2 ct(otherwise all consumers prefer to search at random, and we are back in the one-alternative case).A consumer who searches one product gets his most preferred product (between the two), becauseif the searched product is not the most preferred, the consumer knows that the other product willbe. Then, if a consumer located at x searches one product, he gets a total cost (the search costplus the disutility of the product bought) of c+ tmin[j x� z1 j; j z2 � x j]: If a consumer chooses aproduct at random, he gets an expected disutility of t2 j x� z1 j + t2 j z2 � x j :

From this, one can see that if x 2 ( z1+z22 � ct ; z1+z22 + ct ); then a consumer prefers to choose analternative at random; if x < z1+z22 � ct ; then a consumer searches to �nd product z1 and gets asearch cost plus a disutility of the product bought equal to c+t j x�z1 j; and �nally, if x > z1+z22 + ct ;then a consumer searches to �nd product z2 and gets a search cost plus disutility of the productbought equal to c+ t j x� z2 j :
The expected search costs plus the disutility of the product bought across all consumers as afunction of z1 and z2 is then equal to z1(c+ t z12 )+ (1� z2)(c+ t1�z22 )+ ( z1+z22 � ct � z1)[c+ t2( z1+z22 �
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ct � z1)] + (z2 � z1+z22 � c)[c+ t2(z2 � z1+z22 � ct )] + 2 ct z2�z12 t; which reduces to
tfct � (ct )2 + z212 + (1� z2)22 + (z2 � z12 )2g: (i)

Minimizing with respect to the location of the products (for the �rm to o�er the best pair ofalternatives), one gets z1 = 14 and z2 = 34 ; which are also the optimal locations with two productsand zero search costs. Substituting the equilibrium (z1; z2) = (1=4; 3=4) into equation (i), one canobtain d(2) = t8 + c � c2t for c < t4 (for c > t4 , consumers choose to buy at random, and then justhaving one product is optimal). QED
Statement and Proof of Proposition 4 (three alternatives):
Proposition 4: Suppose that the �rm o�ers three alternatives and that ct < 221 : Then all consumerswho prefer choice to no choice search at least one alternative. The consumers' optimal search processis characterized by the following: If x < 13� ct , then the consumer keeps z1 if he �nds it �rst, and keepson searching if he does not �nd z1 �rst, for an expected disutility of 53c+tjx� 16 j: If x 2 [13� ct ; 13� c2t ],the consumer buys z1 if he �nds it �rst, keeps on searching if he �nds z2 �rst, and buys at randomif he �nds z3 �rst, for an expected disutility of 43c+ t(2x3 � 118): If x 2 [13 � c2t ; 13 + c2t ]; the consumersbuys z1 or z2 if he �nds one of these alternatives in the �rst search, and, if he �nds z3 �rst, hebuys at random one of the other two remaining alternatives, for an expected disutility of c + t6 : Ifx 2 [13 + c2t ; 13 + ct ]; the consumer buys z2 if he �nds it �rst, keeps on searching (to �nd z2) if he�nds z1 �rst, and buys at random one of the other two remaining alternatives if he �nds z3 �rst,for an expected disutility of 43c + t( 718 � 2x3 ): Finally, for x 2 [13 + ct ; 12 ]; the consumer buys z2 if he�nds it �rst, and keeps on searching (to �nd z2) if he �nds z1 or z3 �rst, for an expected disutilityof 53c + t(12 � x): The consumer at x and having the valuation parameter v prefers the no-choiceoption if and only if the expected disutility reported above is larger than v.
Proof: Note that the expected disutility of random choice is r(3) = 35t=108: To derive theoptimal consumer search strategy, consider the locations of consumers x � 12 (the case x > 12 isthe symmetric case) and ct < 16 (for ct > 16 ; two alternatives are better than three alternatives asdiscussed below). Let us look �rst at the case where consumers buy at random. If x > 16 , theexpected disutility as a function of x is t[13(56 � x) + 13(12 � x) + 13(x� 16)] = t( 718 � x3 ): If x < 16 ; inthe same way, we can �nd that the expected disutility as a function of x is t(12 � x):

Consider now the case in which consumers search �rst for one of the alternatives (restrictingour attention for now to x > 16). Suppose that the consumer �nds alternative z1 = 16 �rst. Then,
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(i) the consumer can choose to buy this alternative, in which case the consumer gets a disutilityof c+ t(x� 16); (ii) the consumer can choose to search once more, in which case the consumer canget his most preferred alternative, z2 = 12 ; for a disutility of 2c+ t(12 � x); or (iii) the consumer canchoose to buy at random from among the other two alternatives, in which case the consumer getsan expected disutility of c + t2(12 � x) + t2(56 � x) = c + t(23 � x): It can be easily seen that buyingat random between the other two alternatives is worse than searching once more, as long as ct < 16 ;which was assumed. Finally, buying the alternative just searched, z1; is better than searching oncemore if and only if x < 13 + c2t : Note that this means that there are some consumers who, eventhough they prefer z2 to z1 (if x > 13), still keep alternative z1 if they �nd it �rst because of theadditional search costs of trying to �nd z2: Note that this also implies that if x < 16 ; if the consumer�nds z1 �rst, he will then naturally buy this alternative.
Suppose now that the consumer �rst �nds alternative z2 = 12 : If the consumer buys this alter-native, he gets a disutility of c + t(12 � x): If the consumer searches once more, he �nds his mostpreferred other alternative for a disutility of 2c+ t(x� 16): It can be seen that the consumer buyingat random between the other two alternatives is dominated by either buying z2; or searching oncemore. One can then see that buying the alternative just searched is better than searching oncemore if and only if x > 13 � c2t : Again, some consumers who prefer z1 to z2 will be happy to keep z2if they �nd it �rst.
Finally, suppose that the consumer �rst �nds alternative z3 = 56 : If the consumer buys thisalternative, he gets a disutility of c+ t(56 �x): If the consumer buys at random one of the other twoalternatives, he gets an expected disutility of c+ t2(12 �x)+ t2(x� 16): If the consumer searches oncemore, he gets his most preferred alternative, with a disutility of 2c+t(12�c) if x > 13 and a disutilityof 2c + t(x � 16) if x < 13 : One can then obtain that buying alternative z3 is always dominated byeither buying at random or searching once more, and that buying a random one of the two otherremaining alternatives is better than searching once more if x 2 [13 � ct ; 13 + ct ]:It remains for us to prove that all consumers prefer to search at least once if ct < 221 . In order toshow this, we need to check the conditions under which the expected disutility of buying at random,t(12 � x) for x < 16 ; and t( 718 � x3 ) for x > 16 ; is greater than the expected disutility of evaluating the�rst alternative, as stated in Proposition 4. For x < 16 , the condition is ct < 15 : For x 2 [16 ; 13 � ct ],the condition is ct < 13 : For x 2 [13 � ct ; 13 � c2t ], the condition results in ct < 215 : For x 2 [13 � c2t ; 13 + ct ],the condition results in ct < 221 : Finally, for x 2 [13 + ct ; 12 ], the condition results in ct < 19 : All theseconditions are satis�ed if ct < 221 : QED

Computation of Equation (6): The expected disutility d(3) across all consumers can be ob-
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tained to be 13(5c3 + t12) + (13 � 2 ct )(5c3 + t( 112 � c2t)) + ct (4c3 + t(16 � c2t)) + 2 ct (c + t6) + ct (4c3 + t(16 �c2t)) + (13 � 2 ct )(5c3 + t( 112 � c2t)), which reduces to equation (6).
Proof of Proposition 1: Comparing d(3) with d(2) for ct < 221 , one obtains directly d(3) < d(2)if and only if ct < 116 : In order to complete the proof, one has to consider what happens whenct 2 [ 221 ; 16 ]: For ct 2 [ 215 ; 16 ], one obtains d(3) = t12 + 199 c � 143 c2t , and one obtains d(3) < d(2) if andonly if ct < 20�p202132 < 116 ; a contradiction. Finally, for ct 2 [ 221 ; 215 ], one obtains d(3) = t12+ 169 c� 4912 c2t ,and one obtains d(3) < d(2) if and only if ct < 28�p56274 < 116 ; a contradiction. QED
Proof of Proposition 2: Comparing the expected disutility as a function of x for 1, 2, and 3alternatives, we obtain that for x < 524 � c3t , the consumer prefers 3 to 2, and 2 to 1 alternatives;for x 2 ( 524 � c3t ; 13 � 4c5t ), the consumer prefers 2 to 3, and 3 to 1 alternatives; for x 2 (13 � 4c5t ; 38 � c2t ,the consumer prefers 2 to 1, and 1 to 3 alternatives; for x 2 (38 � c2t ; 12), the consumer prefers 1 to2 or 3 alternatives. For x > 1=2, the preferences are symmetric around 1=2. Choosing the rangeswhere 1, 2, or 3 alternatives are best and subtracting the cut-o� points from 1=2, one obtains theclaimed. QED
The case of an Infinite Number of Products, and ct > 116 : First, consider consumers withx 2 (qc=t; 1�qc=t), i.e., those who are not too close to the ends of the segment. If ct 2 ( 116 ; 3�2p22 ),consumers with

x 2 (1�
r4qc=t� 1

2 ; 1 +
r4qc=t� 1

2 )
buy at random, while the other consumers with x 2 (qc=t; 1�qc=t) engage in the search processas described in the text. If ct > 3�2p22 ; all consumers with x 2 (qc=t; 1 � qc=t) choose to buyat random. As noted in the text, this implies an interesting search strategy for the consumers,depending on their preferences: consumers who have relatively speci�c preferences (in the model,with a location close to zero or one) search, and consumers who have more generic preferences(around the center of the market) do not evaluate a product prior to purchase and buy at random.

Now, consider consumers with x < qc=t (consumers with x > qc=t behave similarly to these).For 116 < ct < 18 , the expected disutility decreases in x both when a consumer engages in the searchprocess and when a consumer buys at random. Note �rst that, as argued above, when a consumerengages in the search process, the expected search costs plus the disutility of the product bought isconcave in x: On the other hand, the expected disutility of the product bought when a consumerbuys at random is convex in x. In other words, the further away a consumer is from the center ofthe market, the increasingly worse is the consumer's situation.
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Comparing the strategy of engaging in the search process with buying at random, we �nd thecondition on x that makes the �rst strategy preferable is x2 � x + 12 � q2 ct � x2 which reducesto f(x; ct ) � x4 � 2x3 + 3x2 � x + 14 � 2 ct � 0: This polynomial function is convex and decreasingin ct : Therefore, there is a c� such that if ct < c�, then f(x; ct ) = 0 has no solutions; if ct > c�,then f(x; ct ) = 0 has two distinct solutions; and if ct = c�, then f(x; ct ) = 0 has exactly onesolution (c� is close to :078). We also know that f(x; 3�2p22 ) = 0 at x = 2�p22 and that 3�2p22 isthe only ct 2 ( 116 ; 18) in which x = q ct satis�es f(x; ct ) = 0 and f(pc; ct ) < 0 for ct 2 (3�2p22 ; 18):Furthermore, f 0(2�p22 ; 3�2p22 ) > 0 and f(0; 3�2p22 ) > 0: Therefore, f(x; 3�2p22 ) = 0 has anothersolution strictly greater than zero, and strictly smaller than 2�p22 : This implies that c� < 3�2p22 :Checking that f(x; 116) � x4 is always positive for x 2 (0; 12), we have that c� > 116 : We then canconclude the following. For ct 2 ( 116 ; c�), all consumers with x 2 (0;q ct ) engage in the searchprocess. For ct 2 (c�; 3�2p22 ), we have that f(x; ct ) = 0 has two solutions, y1( ct ) and y2( ct ); with0 < y1( ct ) < y2( ct ) < q ct ; that consumers with x 2 [0; y1( ct )) [ (y2( ct );q ct ) engage in the searchprocess, and consumers with x 2 (y1( ct ); y2( ct )) choose at random. Finally, for ct 2 (3�p22 ; 18), thereis only solution to f(x; ct ) = 0 that is below q ct ; y1( ct ); and consumers with x 2 [0; y1( ct )) engage inthe search process, and consumers with x 2 (y1( ct ); ct ) choose at random.
Putting all these results together, we have that there are ct 2 (c�; 3�2p22 ) such that the set of con-sumers that choose at random is not convex. That is, starting from the center of the market and go-

ing to either extreme, we have �rst consumers that choose at random, x 2 (1�
q4pc=t�12 ; 1+

q4pc=t�12 );
then consumers that engage in the search process, x 2 (y2( ct ); 1�

q4pc=t�12 )[(1+
q4pc=t�12 ; 1�y2( ct ));then consumers that choose at random, x 2 (y1( ct ); y2( ct ))[ (1� y2( ct ); 1� y1( ct )); and, �nally, againconsumers that engage in the search process, x 2 [0; y1( ct )) [ (1� y1( ct ); 1]:

Solution of the Integral Rp ct0 q2 ct � x2 dx: De�ne the variable � as q2 ct � x2 = x� +q2 ct ,
which yields x = �2�p2 ct1+�2 : Note also that dxd� = �2q2 ct 1��2(1+�2)2 : Substituting variables, one can thenwrite Z p ct0

r2ct � x2 dx = Z 0
1�p2 4ct (1� � 2)2(1 + � 2)3 d�: (ii)

Noting now that (1��2)2(1+�2)3 = 4(1+�2)3 � 4(1+�2)2 + 11+�2 ; that R 11+�2 d� = arctan �; that R 1(1+�2)2 d� =�2(1+�2) + 12 arctan �; and that R 1(1+�2)3 d� = 5�+3�38(1+�2)2 + 38 arctan �; we have
Z p ct0

r2ct � x2 dx = 4ct [ �(1� � 2)2(1 + � 2)2 + 12 arctan � ]01�p2 = c4t(2 + �): (iii)
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\Approximate" Optimal Number of Products with the Possibility of ConsumersSettling for the Second-Best Alternative: As we already know, the optimal distributionof n products is such that the distance between neighboring products is 1n . Here, we estimate theapproximate expected disutility of a consumer engaging in the optimal search when some consumersalways search until �nding their �rst-best alternative, and others can settle for their second-bestalternative. We then minimize this approximate expected disutility over n: This approximation isexact as c goes to zero (and n goes to in�nity).21
Since all but 1n consumers are located between two products, we only consider the expecteddisutility of consumers located between some two products. We have assumed that n is suchthat consumers very close to a product search until they �nd that particular product. However,consumers who are located almost at the mid-point between two adjacent products will search onlyuntil they �nd one of these two products. In other words, all consumers search until they �nd thebest or second-best product. If a consumer �nds the best before the second-best, he chooses thebest. However, if he �nds the second-best before �nding the best, he chooses the second-best if heis su�ciently close to the mid-point between the best and the second-best so that the expected costof searching further until he �nds the best is too high compared to the reduction in disutility.
The expected total cost of searching until the consumer �nds the best alternative is approxi-mately n2 c (the exact value is in Equation (14)). The expected cost of continuing search for the bestalternative after the second-best is found depends on how many products the consumer has alreadytried. Let k be the number of searches it takes to �nd the second-best and let us assume that thebest alternative was not yet found by the kth search. The expected additional cost of searchinguntil the �rst-best is found is then n�k2 c.
The optimal consumer strategy is the following. If the consumer is further than nc4t from themid-point between the best and second-best product, she will search until she �nds the best one,since even if she �nds the second-best one �rst, the cost of searching for the best product (at mostn2 c) is lower than the additional utility from the best product, which is twice her distance from themid-point times t.
Consider now a consumer located within nc4t of the mid-point between the best and second-bestproduct. We have that this consumer searches at least until the best or second-best product isfound. The probability that she will �nd the best or second-best product when at least q but lessthan q + dq fraction of the products (where q = kn for some integer k and dq = 1n) are searched is

21We can compute the exact expected disutility and exact optimal number of products under the assumption thatconsumers close enough to a product always keep searching until �nding this product. This computation for large nis, however, more complicated than the approximation presented here and does not yield major new insights.
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asymptotically 2(1� q)dq. This is because the probability of �nding one of the two best on the kthsearch is (1 � 2n)(1 � 2n�1) � : : : � (1 � 2n�k+2) 2n�k+1 = 2n�1(1 � kn) � 2(1 � q)dq: Once she found the�rst or second-best, she has spent qnc on search, and with probability 1=2 found the best product.The expected disutility of the best product across all consumers we are considering is t2n � n8 c.With probability 1=2, however, the consumer has found the second-best product. In this case,when she considers further search until she �nds the best product, she faces the bene�t of twice herdistance to the mid-point times t and the expected additional cost of (1� q)n2 c. Hence, she will notsearch further for the best product if and only if she is at most (1�q)nc4t from the mid-point. Hence,in the case we are considering, the consumers who would decide to search further are located at adistance between nc4t and (1�q)nc4t from the mid-point between the best and the second-best product.These q n2c2t consumers will incur further search costs of (1� q)n2 c and will have a product disutilityfrom the best product of, on average, t2n � (1� q2)nc4 . The other (1� q)n2c2t consumers, located closerthan (1 � q)nc4t to the mid-point, will not search further, and will have product disutility from thesecond-best product of, on average, t2n + (1� q)n8 c.Integrating the total expected dis-utilities of consumers located within nc4t from the mid-pointbetween their best and second-best choice over all values of q, we obtain that the sum of theirexpected dis-utilities is n2c2t R 10 (ncq + 12( t2n � nc8 ) + 12(q( (1�q)nc2 + t2n � (1 � q2)nc4 ) + (1 � q)( t2n +(1�q)nc8 )))2(1�q) dq; where n2c2t is the total number of such consumers. Let a � n2c2t . Then, the aboveexpression reduces to at5a+48n , and it is (asymptotically) the sum of disutilities from the fraction aof all consumers who can possibly stop the search process at the second-best. The remaining 1� afraction of the consumers always search until the best alternative is found. They each incur anexpected search cost of n2 c = atn , and an average product disutility of t4n � n8 c = (1� a) t4n :
Hence, the total consumer disutility is t2+8a�a28n : This expression is minimized at n = p24�6p103 q tc �0:7473q tc : When n is chosen as above, asymptotically, a fraction n2c2t R 10 12(1� q) 2(1� q) dq = n2c6t =4�p109 � 0:093 of consumers end up choosing the second-best product; the rest of the consumersend up choosing the best product.
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Figure 1: Expected disutility of strategy "search first" and strategy "buy at random" for each x, for three alternatives, t=1, and c=1/16. Note z1=1/6, z2=1/2, 
z3=5/6. If z3 searched first then buy at random if x in [1/3-c/t,1/3+c/t].
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Figure 2: Expected disutility of strategy "search first" and strategy "buy at random" for each x, for three alternatives, t=1, and c=1/9. Note z1=1/6, z2=1/2, 
z3=5/6.

Buy at random is better than search first for some x.
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Figure 3: Expected disutility for each x for choice sets with one, two, or three alternatives with t=1, c=1/16.
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Figure 4: Expected search costs plus disutility of product bought for each location x for the case of an infinite number of products under purchase at 
random, and purchase with search for c/t=.08, t=1. y3=(1-(4c1/2-1)1/2)/2.
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Figure 5: Expected search costs plus disutility of the product bought as a function of the search costs when there is an infinite number of products. c* is 
defined in the text, and c**=(3-81/2)/2. t=1.
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Figure 6: "Approximate" optimal number of product as a fucntion of c/t.
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Figure 7: Expected disutility for each number of products under search until finding the closest product for t=1, c=05.
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