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Abstract

We use data on consumers’ subjective beliefs about the distribution of prices in an

online marketplace to investigate two questions of interest. First, when consumers face

price uncertainty, to what extent do their beliefs about the distribution of prices reflect

the actual empirical price distribution? Second, do consumers learn about features of

the empirical distribution through experience? Using reported expectations for online

textbook prices from a survey of 1,224 college students, we find that consumers with

no prior experience in purchasing textbooks online tend to expect online prices to be

higher than what is observed empirically. However, consumers with more experience

in the marketplace generally have more accurate beliefs about the price distribution,

which is consistent with learning.
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1 Introduction

Price dispersion is a feature of many markets and even occurs in markets for homogeneous

goods or services (Stigler, 1961). One possible reason for the persistence of price dispersion is

that consumers have limited information over prices and acquiring information may be costly.

In markets with limited information and costly search, an individual may not purchase from

the seller with the lowest price if she is unaware of that price. Theoretical models of consumer

search incorporate the search decision into a model of consumer demand by assuming that

individuals have beliefs about the empirical distribution of prices in the market and must

incur a cost to reveal price information from one or more retailers before deciding whether

to purchase the good or service (e.g., Reinganum, 1979; Burdett and Judd, 1983). The

decision to search depends upon the magnitude of the search costs as well as the individual’s

subjective beliefs about the distribution of prices. When estimating models of consumer

search, researchers may impose assumptions on individuals’ beliefs in order to estimate search

costs. In this paper, we test the validity of these assumptions using data on the observed

distribution of prices for the online textbook market and data on individuals’ subjective

beliefs about this distribution.

There is a growing literature focusing on the development and estimation of structural

models of consumer search. These models have been used to explain observed price dis-

persion for homogeneous goods (Hortaçsu and Syverson, 2004; Hong and Shum, 2006), test

competing models of consumer search (De los Santos et al., 2012; Honka and Chintagunta,

2015), separately identify search costs from other market frictions such as switching costs or

learning (Dube et al., 2010; Honka, 2014), and investigate firm pricing behavior and recover

demand estimates in markets where price uncertainty and search frictions are important

(Giulietti et al., 2014; Koulayev, 2014; Moraga-González et al., 2015; Pires, 2015; Seiler,

2013). A critical assumption used in these studies is that consumers have rational expecta-

tions (i.e., the price of a product is a random variable, but consumers know the parameters

that govern the distribution of prices). However, if consumers have biased beliefs about

the parameters of the empirical distribution of prices, this will lead to biased estimates of

search costs. In particular, if consumers’ beliefs about prices are biased upward, the rational

expectations assumption will bias search cost estimates upwards and bias price elasticity

estimates towards zero (low levels of search can be explained by either high search costs or

low expected benefits from search). By comparing subjective beliefs to actual observed price
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distributions, we are able to test the validity of this assumption.

In addition to testing the validity of the rational expectations assumption, we also inves-

tigate the degree to which experienced consumers have more accurate beliefs than their less

experienced counterparts. Recent research has supported this idea by incorporating learning

into consumer search models.1 In these models, consumers learn about characteristics of

the products o↵ered within a single purchasing decision through a sequential search process

(De los Santos et al., 2013; Koulayev, 2009, 2013). We focus instead on learning across

purchasing decisions; in particular we examine the hypothesis that more experienced con-

sumers have acquired information about the empirical price distribution through repeated

participation in the market.2

We collect data on the empirical distribution of textbook prices from online retailers and

consumers’ subjective beliefs about this distribution. In order to obtain data on individuals’

subjective beliefs, we provide an online questionnaire to 1,224 undergraduate students with

multiple textbook purchasing scenarios in order to elicit their beliefs about prices. For each

hypothetical textbook purchasing scenario, students are given the price of a textbook from

the campus bookstore and are asked about their expectations of the lowest price available

from an online retailer. Additional questions are asked to elicit consumers’ beliefs about the

variability of the lowest price. For example, if a consumer reports an expected online price

of $100, she is then asked about the likelihood that the actual price is below $95.

Our results show that inexperienced consumers have price expectations that are signif-

icantly greater than the mean of the empirical price distribution. Therefore, we can reject

the hypothesis that inexperienced consumers know the parameters of the price distribution

for the online textbook market. Individuals with higher levels of experience, measured by

the number of prior online textbook purchases, typically have price expectations that are

closer to the empirical mean. Beliefs about the variation of the price distribution improve

1Earlier studies examined learning and search through experimental designs (e.g., Sonnemans, 1998;

Einav, 2005)
2The research questions we address in this paper are further supported by research in the labor literature,

which uses subjective beliefs about future earnings to explain college major choice (Arcidiacono et al., 2012;

Stinebrickner and Stinebrickner, 2011; Wiswall and Zafar, 2015). These studies show that incorporating

students’ subjective beliefs leads to significantly di↵erent estimates than those obtained under the assumption

of rational expectations. In addition to this, Wiswall and Zafar (2015) show that college students’ beliefs

about future earnings become more consistent with the actual earnings distribution as they proceed through

school (i.e., become more familiar with their field).
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modestly with experience. Overall, the evidence is consistent with learning, at least for

learning about the mean of the price distribution. These results support a greater focus on

the role of information and subjective beliefs when estimating models of consumer behavior.

The following section provides theoretical motivation for this project and expands on our

goals. Section 3 describes the data and Section 4 presents results. Section 5 discusses the

issue of selection, and Section 6 concludes.

2 Theoretical Motivation

In order to understand how consumers’ beliefs about prices a↵ect the search decision and to

motivate the empirical section of this paper, consider the following simple model of consumer

search. Individuals can purchase a given product from two locations. Assume for simplicity

that the search cost is zero for one of the locations, so the individual knows the price of the

product at this location. The price of the product at the other location is unknown by the

individual, and there is a cost associated with determining this price.3 Denote the price at

the zero search cost location as p⇤ and the price at the location with a positive search cost

as p, which is a random variable with cumulative density function, F (p). The individual

can either purchase the product from the first location or pay some cost, c, to search and

discover the price at the other location. If the individual decides to search, he does not incur

an additional search cost should he choose to purchase the product from the first location

(i.e., search with recall).

The decision rule for the search problem is given by Equation (1). An individual chooses

to search if,

Z p⇤

0

�
p⇤ � p

�
dF̃i(p) > ci (1)

where F̃i denotes an individual’s beliefs about the empirical price distribution. The LHS of

Equation (1) is the expected benefit of search. A individual integrates over the di↵erence

between the known (p⇤) and unknown price (p), given his beliefs about the distribution of

the unknown price. The domain of integration is bounded above by p⇤ because an individual

can costlessly revisit the first location (i.e., the benefit from search is weakly positive).

3This model abstracts from the decision to engage in sequential search or fixed-sample search as there

is only one firm to search over. For both types of search behavior, beliefs about the mean that are biased

upward or beliefs about the variance that are biased downward lead to suboptimal levels of search.
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The RHS of Equation (1) is an individual specific search cost ci. The majority of the

structural consumer search literature attempts to recover the distribution of individuals’

search costs. In order to do so, the econometrician must make assumptions regarding indi-

viduals’ beliefs, F̃ . A common assumption is that individuals know the parameters of the

distribution of p (i.e., rational expectations).4

In this paper, we focus on the first two moments of individuals’ beliefs. Determining

if these moments match the corresponding moments of the empirical price distribution is

important for the estimation of search costs. If consumers overestimate the mean of the

empirical price distribution, then the model will generate an upwardly biased distribution

of search costs under the rational expectations assumption. Similarly, if consumers under-

estimate the variance of the empirical price distribution, search cost estimates will also be

biased upward.5

An alternative to rational expectations is to allow uncertainty and learning over the

parameters of the price distribution. When individuals search and observe a price draw,

they can use this information to update their beliefs according to a learning process (e.g.,

Bayesian). If individuals are forward looking, the value of the information gained from

search is added to the expected contemporaneous benefit from search.6 The acquisition of

information provides an incentive for search, so individuals could choose to search even if

the expected contemporaneous benefit was less than the search cost. Even in the learning

framework, however, some variant of the rational expectations assumption is commonly used

to restrict individuals’ initial prior beliefs as the initial priors are typically not separately

4An alternative to making a parametric assumption on the empirical price distribution and consumers’

beliefs is to instead assume that consumers form beliefs non-parametrically based on the empirical CDF of

observed prices:

F (p) = F̃
i

(p) =
1

N

NX

k=1

I[p
k

< p]

where N is the number of observed prices. If consumers’ beliefs are biased relative to the empirical distri-

bution, this leads to similar biases in search costs that are discussed under the assumption of a parametric

distribution for prices and beliefs.
5Misspecification of beliefs also leads to biases in price elasticity estimates. If individuals’ beliefs are

biased such that they underestimate the benefit of search (relative to the assumed, true benefit), then the

model will recover price elasticities that are lower relative to the true elasticities.
6The addition of learning has implications for the tests of fixed sample versus sequential search as a model

of sequential search with learning can generate similar empirical predictions as a model with fixed sample

search and no learning (De los Santos et al., 2013).
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identified. In the empirical section of the paper we test whether inexperienced individuals

have biased beliefs about the parameters of the price distribution. We also examine whether

individuals’ beliefs are consistent with learning by testing whether more experienced indi-

viduals have beliefs that are closer to the parameters of the empirical price distribution.

3 Data

We collected data on subjective beliefs about the distribution of prices in the online text-

book market through online questionnaires sent to students at the University of North Car-

olina at Chapel Hill (UNC).7 The questionnaires asked individuals about their previous

textbook purchasing behavior and presented them with hypothetical textbook purchasing

scenarios. We supplement the responses to these textbook purchasing scenarios with price

data scraped from an online marketplace for a large number of textbooks. Before providing

a summary of both datasets, we will provide more detailed information about the textbook

purchasing scenarios.

3.1 Textbook Purchasing Scenarios

Each questionnaire contained three randomly assigned hypothetical textbook purchasing

scenarios from a total of twelve potential scenarios. Each of the twelve total scenarios was

based on a di↵erent textbook.8 Figure 1 is a screenshot of the information provided in one

particular scenario.9

For each scenario, participants were presented with the title and author of the textbook

and a description of the course for which the textbook is assigned. On the same page,

they were asked whether they had ever taken the course and whether they had ever been

assigned this particular textbook. On the following page, respondents were provided with

7Appendix Section A.1.1 contains the text from the online questionnaire. Individuals who agreed to

participate in the survey were sent a link to the questionnaire.
8These twelve textbooks include four textbooks each from physical sciences, social sciences, and human-

ities. Of the four textbooks within these general fields, two are from introductory level courses. More

information on the characteristics of the textbooks used in the hypothetical purchasing scenarios can be

found in Appendix A.2.
9For each scenario, we randomly assigned respondents to a full information case (title, author, publisher,

picture, etc.) or a limited information case. As opposed to the full information case, as seen in Figure 1, the

limited information case only provided information on the title, author, and course.
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the (actual) price of a new copy of the textbook from the campus bookstore, and were asked

what they thought the price of the book would be if they searched only one online retailer.10

We interpret the response to this question as the expected price in a statistical sense (i.e.,

the mean of the subjective price distribution). In online marketplaces, the same book can be

listed at multiple di↵erent prices by di↵erent sellers. Since the textbooks are a homogeneous

product, we assume that the response corresponds to beliefs about the lowest price. In

the results section, we consider the possibility that individuals interpret these questions as

asking about the median rather than the mean of their subjective beliefs about the price

distribution.

In order to elicit information about individuals’ beliefs about the higher order moments

of the price distribution, we then asked respondents for the probability that the price realized

after search would be less than X% or greater than Y% of their reported expected price for

a new copy of the textbook. X was randomly drawn from {85, 90, 95} and Y was randomly

drawn from {105, 110, 115}. For example, in Figure 1, the new price of the textbook at the

campus bookstore for the Fall 2012 semester was $87.00. If the respondent reported that her

expectation of the lowest price for a new copy of the textbook from one online retailer was

$50.00, then the next questions would ask her the probability that the lowest price would be

less than $45.00 and the probability that the lowest price would be greater than $55.00.

Given that individuals may not be accustomed to thinking about prices in a probabilistic

manner, we first presented individuals with an example in order to help clarify the questions.

In the example, we asked individuals to consider the lowest price they might find for a pair

of jeans if they searched one retailer at the mall. This example contained information about

probabilities (e.g., that their response should be between 0 and 100 percent) and clarification

about the nature of price uncertainty (i.e., that although their best guess might be $20, there

is some chance that the price is actually lower or higher than $20).

3.2 Online Questionnaire Data

We conducted two waves of the survey. The first was during the Fall semester of 2012,

and the second was during the Spring semester of 2013. For the Fall 2012 and Spring 2013

10The bookstore price provided to students explicitly included sales tax. Respondents were asked to

include shipping fees when providing their expectation of the lowest price available. Respondents were also

reminded to not actually search for the lowest price of the textbook.
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Figure 1: : Textbook Purchasing Scenario
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semesters, 820 and 798 respondents completed the background questions about their previ-

ous textbook purchasing experience, respectively. The sample used in analysis is composed

of 739 respondents from the Fall 2012 semester and 726 respondents from the Spring 2013

semester.11 104 respondents (52 from both semesters) were dropped because they had been

enrolled in college for more than 10 semesters and an additional 49 respondents (29 from

Fall 2012 and 20 from Spring 2013) were dropped for reporting nonsensical answers (e.g., re-

porting an expected price of $100,000).12 Appendix A.3 provides a more detailed description

of within survey attrition.

Table 1 displays the number of semesters enrolled for the questionnaire respondents.

This count includes both traditional fall and spring semesters and any summer sessions the

students had previously been enrolled in. Individuals in later semesters are slightly over

sampled due to the nature of how we recruited individuals for the study. We obtained the

email addresses of individuals who participated in a separate, longer running data collection

project and agreed to receive follow-up emails. This other project began in the Fall of 2011

and recruited new individuals each semester. Individuals who participated at the start of

this other project would be at least in their third semester at the time of data collection

(assuming continual enrollment). Appendix A.1 provides more detail on how individuals

were recruited.

Respondents’ previous textbook purchasing behavior and major choice are also reported

in Table 1. A majority of respondents have purchased textbooks at the campus bookstore

and from an online retailer. There is significant variation in how many textbooks respondents

have purchased online; 33.6% of the individuals in the sample have purchased five textbooks

or fewer from online retailers.
11There were 240 individuals who participated in both surveys.
12In practice, this was done by removing respondents who reported expectations less than 10% or greater

than 150% of the bookstore price. In Appendix B.1 we report out main results for a more relaxed omission

criterion. The results are substantially the same.
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Table 1: Respondent Characteristics

Proportion

1 - 2 Semesters 0.143

3 - 4 Semesters 0.248

5 - 6 Semesters 0.242

7 or More Semesters 0.369

Ever Purchased at Campus Bookstore 0.960

Never Purchased Online 0.106

Purchased 1 - 5 Online 0.230

Purchased 6 - 10 Online 0.241

Purchased 11 or More Online 0.423

N = 1465

3.3 Online Retailer Data

In order to construct an empirical distribution of prices for textbooks, we used a script in

Perl to scrape .html files from Amazon.com. We collected daily price data for approximately

3,500 books that were assigned at UNC during the 2012-2013 school year. Using these .html

files, we used a separate script in Perl to parse the lowest prices available for both new and

used copies of the books on each day. For used books, the additional dimension of product

quality makes mapping individuals’ price beliefs to an empirical distribution more compli-

cated. If individuals have a particular quality threshold in mind, the corresponding empirical

distribution would be based on the lowest price for a book of a su�ciently high quality. We

restrict the analysis to new books to make interpreting the results more straightforward.13

In order to aggregate across textbooks, we normalize the lowest online price by dividing by

the bookstore price.14 We use the daily price data for two intervals corresponding to the

timing of the surveys as well as for the start of the semester. The Fall survey period is from

November 30, 2012 to December 10, 2012, and the Spring survey period is from April 11,

13The results for used books are consistent with the results presented in this paper.
14By forming the empirical distribution in this way, we are assuming that di↵erent textbooks have the

same relative price distribution (online relative to bookstore). Otherwise a separate empirical distribution

would need to be formed for each individual textbook.
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2013 to April 26, 2013.15 The start of semester time period is defined as the week prior

to the start of classes as well as the first week of classes. To construct the empirical price

distribution, we use the average price of the textbook over the survey period. The price

sample used in the analysis trims the top and bottom 0.5% of the prices for each survey

period.16 Since outliers in the left tail of the distribution are bounded by zero, removing

the outliers decreases the mean of the empirical distribution. Also, removing the outliers

decreases the variance of the distribution. If the outliers that are removed do not actually

correspond to erroneous listings, then the mean and variance of the empirical distribution

will be lower than the mean and variance of the true distribution. The empirical distribution

for the start of semester prices is constructed similarly.

The total cost of purchasing books online includes shipping fees, which vary depending

on the speed of delivery. For items purchased on the Amazon Marketplace from third party

sellers, we added the fee for standard shipping. Items purchased directly from Amazon

qualify for free standard shipping as long as the item is purchased as part of an order that

exceeds a certain amount.17 Most new textbooks will qualify for free shipping if purchased

directly from Amazon, so we do not add any shipping fees to the price of these books.18 We

include sales tax in the campus bookstore prices. Sales taxes are not included in the online

prices.19

Table 2 provides the ratio of prices of textbooks from Amazon.com relative to the price

from the campus bookstore. The first row reports the prices of new books for the full sample

15The online questionnaire was initially distributed on November 30, 2012 for the fall survey and April

11, 2013 for the spring survey. Nearly all of the surveys were completed during these intervals. We take

these periods as the time frames that individuals are forming their expectations over. This is potentially

problematic as online textbook prices vary systematically across the year (e.g., they are generally higher in

August than May).
16The trimmed sample excludes books that have an online price listing that is either a very small fraction

or a large multiple of the bookstore price. In some cases, particularly for books with low sales volumes, the

automated pricing algorithms used by larger book resellers can generate these extreme prices.
17Orders that exceeded $25 qualified for free shipping at the time of the surveys.
18We do not include shipping for books that do not individually qualify for free shipping because they

could be purchased as part of a larger order that does qualify for free shipping. The empirical analysis

focuses on higher priced books that would qualify for free shipping. All of the books in the hypothetical

textbook purchasing scenarios qualify for free shipping if purchased new from Amazon.
19At the time of this analysis, Amazon did not collect sales taxes. Individuals were responsible for paying

the sales taxes for online purchases, however compliance was low. Sellers on the Amazon Marketplace are

responsible for paying any applicable sales taxes, so sales taxes are implicitly included in the listed prices.
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Table 2: Ratio of Amazon Prices to Bookstore Prices

Prices During Survey Periods

Mean Ratio S.D. Min Median Max Mean Di↵. ($) N

All Books New 0.846 0.143 0.380 0.845 1.398 10.27 2139

New
mkt

0.768 0.279 0.187 0.744 3.970 16.71 2312

Bookstore New 0.811 0.138 0.388 0.814 1.327 31.51 417

Price > $100 New
mkt

0.662 0.179 0.205 0.652 1.508 54.33 440

Scenario Books New 0.760 0.087 0.578 0.787 0.893 38.77 11

New
mkt

0.635 0.142 0.449 0.601 0.857 60.63 11

Start of Semester Prices

All Books New 0.849 0.150 0.477 0.836 1.5 9.53 2162

New
mkt

0.805 0.244 0.253 0.779 3.272 13.03 2319

Bookstore New 0.829 0.107 0.477 0.819 1.213 27.83 418

Price > $100 New
mkt

0.750 0.169 0.301 0.753 1.471 40.16 441

Scenario Books New 0.775 0.107 0.550 0.787 0.941 34.97 11

New
mkt

0.713 0.113 0.533 0.740 0.874 47.55 11

Notes: The ratio reported is the lowest price on Amazon.com divided by the price of the same title
from the campus bookstore. New

mkt

refers to the minimum of the lowest price listed by marketplace
sellers and Amazon.com for a new copy of the title. “Scenario Books” are the titles used in the hypo-
thetical textbook purchasing scenarios in the online questionnaire.

of books for which we have data. On average, new prices on Amazon.com are approximately

85% of the bookstore price. The second to last column reports the average di↵erence between

the price of the textbook from the bookstore and an online retailer. For all textbooks in

our sample, the savings in absolute terms is approximately $10. The second row reports

the new prices that includes new books listed on the Amazon marketplace by third party

sellers. The new price using this specification is defined as the minimum of the Amazon and

Amazon marketplace listings for a new copy of the book and is denoted Newmkt. Including

the marketplace listings increases the average savings relative to the bookstore price and

increases the variation in the distribution. The sample size also increases since some titles

are not available from Amazon. The price specification which includes the marketplace price

is our preferred measure of the online price distribution for the subsequent analysis. Future

references to the marketplace are implicitly assumed to include Amazon itself if the price
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from Amazon is lower than the lowest marketplace price. The median price is lower than

the mean, as the distributions are slightly skewed to the right.

The next two rows of Table 2 provide summary statistics for textbooks which are priced

greater than $100 for a new copy from the campus bookstore. Books with a list price below

$100 include popular press titles that have a large market outside of being assigned for

a college course. Relative to the full sample, the potential savings from shopping online

becomes greater (i.e. in both percentage and magnitude terms, more expensive textbooks

have greater savings in the online market). The variability of prices is less relative to the

full sample. The final two rows provide summary statistics for the textbooks used in the

hypothetical textbook purchasing scenarios.20 On average, these prices are slightly lower

than the sample of textbooks with a price of $100 or more at the campus bookstore, but the

di↵erence in average price is not significant at the 0.05 level.21 The bottom half of Table 2

reports the prices at the start of the semester. Prices at the start of the semester are higher

than during the survey periods, which occur towards the end of each semester. The change

in price is greater when the marketplace is included. The variability of prices also tends to

be lower at the start of the semester.

Ideally, how we define the empirical price distribution should match the price distribution

of the individuals’ beliefs, but there are a few reasons why this may not be the case. First,

textbook prices vary over time, and the time frame used to define the empirical distribution

may not match the time frame of the individuals’ subjective beliefs. To address this issue, we

conduct the analysis using both the survey period and start of semester time frame to define

the empirical distribution. Although the survey period prices reflect the empirical distribu-

tion at the time the individuals were asked to consider the hypothetical textbook purchasing

scenario, most relevant experience in the market occurs at the start of the semester when

individuals actually make the search and purchasing decision. Second, we only use price

data from a single online retailer/marketplace. We believe the prices from Amazon.com

provide a reasonable approximation to the empirical distribution of prices that consumers

face if they only search one online retailer. Of the individuals in our sample, 75% reported

Amazon.com as the first website they would visit to search for a textbook. These issues

20Note that the total number of textbooks in the purchasing scenarios is actually 12. However, online

retailer data for one textbook is missing.
21Only the di↵erence for new books purchased directly from Amazon for the start of semester is significant

at the 0.10 level.
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of timing and alternative retailers a↵ect the comparison between the individuals’ subjective

beliefs and the empirical price distribution. The comparison of individuals’ subjective beliefs

across di↵erent levels of experience is not a↵ected as long as individuals with di↵erent levels

of experience do not systematically di↵er in the time frame considered or in the choice of

the online retailer.

4 Results

The first subsection presents results using the data on reported expectations. The fol-

lowing subsection incorporates additional data on beliefs to examine not only individuals’

expectations but also individuals’ beliefs about the variance of the empirical price distribu-

tion in the context of a parametric learning model.

4.1 Expectations Results

In this section we present descriptive statistics of individuals’ price expectations. Then,

we test for di↵erences in price expectations relative to the empirical prices across levels of

experience in order to determine if consumers’ expectations converge to the mean of the

empirical price distribution. The results in this section do not require the specification of a

particular distribution for the individuals’ price beliefs.

The first columns of Table 3 provide the summary statistics of the reported expectations

of the lowest online price as a proportion of the bookstore price for individuals with di↵erent

levels of online textbook purchasing experience. In the survey, individuals were asked about

the number of textbooks they had ever purchased online, and they responded by selecting

one of four possible categories. Individuals with no prior online textbook purchases expect

the price of a new book online to be approximately 83% of the price of a new book at the

college bookstore. This corresponds to an expected savings of $27.23 on average across the

hypothetical textbook purchasing scenarios. Individuals with prior online textbook purchases

expect the online price to be lower, with higher levels of experience corresponding with

a greater expected savings. On average, individuals with more than ten previous online

purchases expect the price of a new book online to be approximately 77% of the price of a

new book at the college bookstore. This corresponds to an average savings of $37.91.
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Table 3: Mean Ratio Comparisons by Online Purchasing Experience, New Books

Expectation ÷ Bookstore Price Mean Expectation Bias

Scenario Books Books > $100

Experience N
Mean

S.D. Median
Survey Start of Survey Start of

Ratio Period Semester Period Semester

No online purchases 440 0.833 0.172 0.864 0.198*** 0.120*** 0.171*** 0.083***

1-5 online purchases 923 0.819 0.153 0.856 0.183*** 0.105** 0.156*** 0.068***

6-10 online purchases 966 0.783 0.161 0.822 0.147*** 0.069* 0.121*** 0.032***

11+ online purchases 1706 0.770 0.157 0.795 0.135** 0.057 0.108*** 0.020**

Notes: The ratio reported is an individual’s expectation of the lowest price from an online retailer divided

by the price of the same title from the campus bookstore. Expectation Bias refers to the di↵erence

between this ratio and the ratio of the observed Amazon Marketplace price to the bookstore price. Each

observation corresponds to one hypothetical textbook purchasing scenario.

* refers to t–test p–value < .1; ** < .05; *** < .01; H0 = No di↵erence between ratios.

The relationship between the price expectation and experience would be consistent with

learning if the individuals with higher levels of experience report expectations that are closer

to the true mean of the price distributions. The mean expectation bias is defined as the dif-

ference between the expected price ratio and the mean of the empirical distribution, where

the empirical distribution includes the Amazon Marketplace (Newmkt in Table 2). The final

four columns of Table 3 report the mean expectation bias for scenario textbooks and text-

books with a list price greater than $100 both during the survey period and at the start

of the semester. The mean expectation bias for individuals with no prior online textbook

purchases is positive and statistically significant for all specifications of the empirical dis-

tribution. Individuals with no prior experience on average underestimate the savings from

purchasing online. This result contradicts the standard rational expectations assumption

that individuals know the online price distribution. The mean expectation bias decreases for

higher levels of experience. For the survey period price distribution, the mean expectation

bias remains significant at the highest experience level. For the start of semester price distri-

bution for books with a list price greater than $100, the mean expectation bias is significant

at the highest level of experience but only at the 5% level. For scenario books, the mean

expectation bias is not statistically significant at the highest level of experience. For books

with a list price greater than $100, the median online price is almost identical to the mean
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online price (see Table 2). Therefore, these results hold if individuals interpret the question

as asking about the median price. Whether individuals respond with the mean or the median

price becomes a larger issue when fitting a particular distribution to individuals’ beliefs.

4.2 Distribution Results

In this subsection, we examine whether the patterns observed in the data are consistent

with learning over additional parameters/moments of the empirical price distribution. Unlike

the results in the previous section, the results in this section require the specification of a

particular distribution for the beliefs. In the hypothetical textbook purchasing scenarios,

individuals report their expectations for prices as well as the probability that a draw from

the price distribution is below a given threshold (E[p] and Fp(pL;µ, �)). We use these

two moments to calculate the expected parameters of each individual’s beliefs (i.e., E[µ]

and E[�]), under the assumption that individuals believe that prices follow a log-normal

distribution.22 The log normal distribution has two properties that make it an appropriate

distribution in the current context. First, the support of the distribution is non-negative real

numbers and prices are bounded below by zero. The second feature is that the log normal

distribution is skewed to the right, which is a feature of both the reported beliefs in the

sample and the empirical distribution. The most important criteria is that the beliefs (i.e.,

prior and posterior distributions) of the distribution parameters are conjugate distributions,

which is necessary for tractably modeling a Bayesian learning process. The results are similar

under alternative distributional assumptions.23

Assuming that individuals believe that the distribution of prices is log-normal, then

individuals’ prior distribution on µ and 1

�2 is Normal-Gamma. If the individual searches, she

observes a price which she uses to update her beliefs. As the number of price observations

increases, the individual’s mean prior on µ and � converge to the true parameters, and the

variance of the priors converge to zero. In terms of the search problem, evidence of individual

learning requires that individuals with more experience in the market (i.e., more observations

22The parameters of the log-normal distribution are calculated using the following equations for the mean

and CDF of a log-normal random variable: E[p] = exp(µ+ �

2

2 ), and F
p

(p
L

;µ,�) = �( log(pL)�µ

�

), where � is

the standard normal CDF.
23The results for the gamma and normal distributions are presented in the Appendix. These are the most

commonly used continuous distributions in Bayesian learning problems and can easily handle problems where

individuals learn over multiple parameters of the distribution.
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Table 4: Reported Probability that Lowest Price < b ⇤ Expected Lowest Price

b N Mean S.D. Min Median Max

0.85 1359 0.271 0.176 0 0.250 1.00

0.90 1376 0.312 0.190 0 0.300 1.00

0.95 1293 0.339 0.195 0 0.300 1.00

of prices) have more accurate beliefs about the true parameters of the price distribution and

more certainty in their beliefs.

Denote the individual’s expected parameters as µi and �i. In the analysis, we consider the

distribution of the individual’s expected parameters in the population. Define µ̄e and �̄e as

the mean of individuals’ beliefs with the same level of experience e (i.e. µ̄e = 1

Ne

P
i µi⇤1[ei =

e] and �̄e = 1

Ne

P
i �i⇤1[ei = e]). Similarly, define V ar[µ]e and V ar[�]e as the variance among

individuals’ beliefs with experience level e. As the number of signals the individual receives

increases, the expected parameters should converge to the true price distribution parameters.

Since each individual’s beliefs converge to the true parameters, µ̄e and �̄e should converge to

the true parameters as e increases. The convergence of each individual’s beliefs to the true

parameters as experience increases implies that the variance among individuals’ beliefs goes

to zero. However, at low levels of experience, V ar[µ]e and V ar[�]e may increase depending

on the variance among individuals’ initial prior beliefs. If individuals have similar initial

mean priors, then the signal noise could generate greater dispersion of individuals’ beliefs

for low levels of experience.

Table 4 reports the summary statistics for the reported probability that a draw from the

price distribution is below some threshold for di↵erent levels of the threshold. The threshold

is defined as a fraction of the individual’s reported expectation. On average, individuals

report that the likelihood of the lowest price being less than 85% of their expected lowest

price is 0.271. For higher levels of the threshold, individuals assign a larger probability that

the price is below the threshold.

Some individuals report a probability of zero or 100 which cannot be justified given the

distributional assumption.24 Similarly, reported probabilities close to zero or 100 will only

fit the distribution for extreme values of the parameters. Once the parameter values are

24There are 64 scenarios where a probability of zero is reported and 11 where a probability of 100 is

reported (out of 4028 total scenarios).

17



calculated, individuals with parameter values in the top or bottom 2.5% of parameter values

for either parameter are dropped from the sample to reduce the impact of outliers.25

In order to make the interpretation of the results more straightforward, we use the indi-

vidual’s distribution parameters to calculate the mean and standard deviation of the indi-

vidual’s expected price distribution, which is defined as the distribution with the individual’s

expected parameter values.26 Table 5 reports the sample mean and standard deviation of

these moments of the individual’s expected price distribution by level of experience. Dif-

ferences in the mean values from the analysis in the previous section is due to the di↵erent

samples that result from the di↵erent rejection criteria.27 The mean and standard deviation

of the preferred specifications of the empirical distribution are presented for comparison as

well as the associated 95% confidence intervals.

The results for mean beliefs about the mean of the price distribution across di↵erent

levels of experience is qualitatively the same as the analysis in the previous section; on

average, individuals with more experience are more likely to believe that the mean of the

price distribution is lower. The variation in beliefs about the mean of the price distribution

within groups of individuals with similar experience changes little across di↵erent levels of

experience. Individuals with more experience may have more accurate beliefs about the

mean of the price distribution on average, but the results do not support the conclusion that

the beliefs of all individuals are converging to a single point.

The mean of the beliefs about the standard deviation of the expected price distribution

initially increases with experience (from 0.233 for individuals with no online purchases to

0.249 for individuals with 1 to 5 online purchases) and then decreases with experience for

higher levels of experience. Comparing the beliefs about the standard deviation of the price

distribution to the empirical standard deviation suggests that individuals may overestimate

the variability of prices for new books (the lowest belief for any experience level is 0.211,

which lies outside of any of the reported 95% confidence intervals for the empirical distribu-

tion except for the scenario books during the survey period). The variability of the standard

25Probabilities of zero and 100 are replaced with .1 and 99.9 respectively. The individuals who report

probabilities of zero or 100 are included in the 2.5%. All individuals who report a probability of 100 end up

being dropped. Most of the individuals who report a probability of zero are dropped.
26Note that the individuals’ two responses for each scenario exactly identify their expectations of the mean

and variance of the normalized price distribution.
27Since individuals are dropped if their beliefs are an outlier for either of the two parameters, the resulting

sample is smaller than the sample used when only considering one parameter.
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Table 5: Mean and Variance Comparisons (Log-Normal Assumption)

Empirical Distribution, Amazon and Amazon Marketplace

N Mean Mean 95% CI S.D. S.D. 95% CI

Survey Period

Bkstr. Price > $100 440 0.662 0.645 - 0.679 0.179 0.164 - 0.196

Scenario Books 11 0.635 0.540 - 0.731 0.142 0.111 - 0.221

Start of Semester

Bkstr. Price > $100 441 0.750 0.735 - 0.766 0.169 0.154 - 0.186

Scenario Books 11 0.713 0.638 - 0.789 0.113 0.081 - 0.192

Beliefs

Interpreting Response as Mean

Experience N MeanEi(p) S.D.Ei(p) Mean
p

Vari(p) S.D.
p
Vari(p)

No online purchases 380 0.811*** 0.153 0.233 0.319

1-5 online purchases 842 0.809*** 0.146** 0.249** 0.376**

6-10 online purchases 899 0.783 0.151 0.220 0.315

11+ online purchases 1603 0.769*** 0.151 0.211** 0.297*

Interpreting Response as Median

Experience N MeanEi(p) S.D.Ei(p) Mean
p

Vari(p) S.D.
p
Vari(p)

No online purchases 298 0.857*** 0.142 0.164 0.141

1-5 online purchases 657 0.844*** 0.137* 0.166* 0.140

6-10 online purchases 691 0.814 0.134 0.148** 0.120**

11+ online purchases 1258 0.804*** 0.142** 0.156 0.139

Notes: The significance levels reported for the mean values are from a two-sample equality
of means test, where the comparison sample is all other levels of experience.

The significance levels for the standard deviations are from Brown and Forsythe’s alternative
formulation of Levene’s robust two-sample equality of variances test.

The confidence interval for the standard deviation of the empirical distribution uses Bonett’s
approximation for non-normal sampling distributions.

* refers to p–value < .1; ** < .05; *** < .01
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deviation of the expected price distribution across individuals with the same level of expe-

rience increases initially, but decreases for higher levels of experience, which is consistent

with learning. The significance levels reported for the average of the beliefs about the mean

and the variance of the price distribution are from a two-sample equality of means test that

compares individuals within a particular experience group to everyone not in that group.

The test for the equality of variances defines the comparison samples in the same way. These

tests are for evaluating whether beliefs vary significantly across di↵erent levels of experience.

The results from the statistical tests suggest that individuals with low levels of experience

and the most experience tend to have beliefs that are significantly di↵erent from both each

other and the other groups (no experience and moderate levels).

The final set of results in Table 5 calculate the distribution parameters assuming that

individuals respond with the median of their expected price beliefs instead of the mean.

Individuals who report a probability of 50% or higher that the price is below the threshold

are dropped from the analysis.28 The results for the beliefs about the mean are similar, but

the values are larger (since the mean of the log-normal must be greater than the median).

The beliefs about the variability of the distribution do not exhibit much of a pattern. These

results may be di�cult to interpret since individuals who expect a large variance in the price

distribution report probabilities that are inconsistent with interpreting the initial response as

the median. The results assuming a normal distribution are similar to the results using the

log-normal and median interpretation and are presented in the appendix. Since the mean,

median, and mode are the same for a normal distribution the issue of how to interpret the

response to the survey question is irrelevant if prices are assumed to be normally distributed.

However, a large number of individuals are dropped for reporting probabilities greater than

50%, which are not consistent with the distribution.

Overall, the evidence is consistent with learning, although the evidence suggests incom-

plete learning. It may be the case that individuals are only learning over a single parameter.

This would explain why individuals with more experience are better able to predict the mean

price, but are no better in incorporating the variance of the price distribution into their be-

liefs. Another possibility is that individuals in the sample do not have su�cient experience

for the convergence properties of the learning process to be evident.

28The threshold is defined as a proportion of the initial response, so the cdf of the price distribution at

the threshold must be below 0.5.
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5 Learning vs. Selection

Although the evidence is consistent with learning, the di↵erences in individuals’ beliefs across

levels of experience could also result from selection. If individuals have heterogeneous initial

prior beliefs, then individuals who believe that the online price is similar to the bookstore

price will not search and will not purchase their books online. Then, if the individuals

whose initial priors are close to the true distribution are the ones who search and purchase

online, the observed di↵erence in beliefs would be the result of selection based on the initial

di↵erence in beliefs and not because of learning.

To distinguish between the e↵ects of learning and selection, we examine the individuals

who participated in the survey in both the fall and spring semesters. There were 240 indi-

viduals who participated in both surveys. Of these individuals, 89 reported an increase in

their level of online textbook purchasing experience from the fall to the spring survey. If

selection is generating the observed patterns in the data, then the individuals who report an

increase in experience in the spring would have lower expected online prices in the fall than

the individuals who do not have an increase in experience29. In addition to this, individuals

who report an increase in experience should be more likely to report di↵erent beliefs in the

spring in order for the data to be consistent with learning; individuals who do not report an

increase in experience should have similar beliefs in both periods. The inherent limitation of

this test is that one period of learning may not generate a significant di↵erence in beliefs for

those whose experience increased. Therefore, this test is primarily a test of the hypothesis

of no selection. Another limitation is that individuals who participate in the survey multiple

times may not be representative of the overall population.

Table 6 reports the mean parameter values for beliefs fitted to a log-normal distribution

for the two groups for both surveys as well as the mean change in parameter values between

surveys. There is not a significant di↵erence between the mean parameter values of the two

groups in the fall semester, which is consistent with the hypothesis of no selection. In the

spring semester, the magnitude of the di↵erence between the parameters of the two groups

increases. The di↵erence in the spring semester across groups is significant for the parameter

� but not for the parameter µ. The group that reports an increase in experience has a larger

29Individuals who do not report an increase in experience may actually be gaining experience. For example,

they may be moving from 6 to 8 online purchases, or they may have engaged in an online search and not

made a purchase.
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Table 6: Beliefs by Change in Experience

Fall Spring Di↵erence

Group N mean µi mean �i N mean µi mean �i mean µi mean �i

Increase Exp. 237 -0.303 (0.261) 0.266 (0.262) 240 -0.279 (0.236) 0.206 (0.207) -0.024 0.060***

Same Exp. 395 -0.313 (0.255) 0.238 (0.236) 389 -0.304 (0.248) 0.248 (0.243) -0.010 -0.010

Di↵erence -0.010 -0.025 -0.028 0.042**

change in beliefs from the fall to the spring semester. For individuals whose experience

increases, there is not a significant di↵erence in the parameter µ across semesters, but the

di↵erence in the parameter � is significant. There is no significant change in parameter values

for the group whose experience remains the same. These results suggest that selection is not

the primary cause of the di↵erences in beliefs across experience levels and generally support

the learning hypothesis. However, due to the limited sample size, no definitive conclusion

can be drawn.

To further examine whether learning or selection are responsible for the observed rela-

tionship between beliefs and experience, we next focus on individuals for whom the e↵ects

of learning and selection would move in opposite directions. Individuals who report price

expectations below the mean of the empirical distribution are more likely to search, but if the

individuals are learning about the price distribution, then their beliefs about prices should

increase on average after search. We limit the sample to individuals who have relatively low

expectations for the price in the fall semester. These “optimistic” individuals are defined

as those who are in the bottom 25% of the expected price responses in the fall semester

after averaging over the scenarios for each individual. Table 7 reports the results for the

price expectations for these individuals in the fall and spring semesters. Individuals who

report a higher level of experience in the spring semester have a lower expected price in the

fall semester, which is consistent with selection. However, this di↵erence is not significant.

Beliefs in the spring semester are significantly higher (closer to the empirical mean). Since

the experience is measured in intervals, individuals who report the same level of experience

may have more experience in the spring, just not enough to cross the upper threshold of

their current experience interval. For this reason, it is not surprising that individuals who

report the same level of experience in the spring also report a higher expected price. The

magnitude of the increase is larger for those who report an increase in experience, but the

di↵erence is not significant.

22



Table 7: Change in Price Expectations for Individuals with Low Price Expectations

Fall Spring Di↵erence

Group N Expectation ÷ Bookstore Price N Expectation ÷ Bookstore Price

Increase Exp. 46 0.603 (0.173) 46 0.699 (0.179) 0.095**

Same Exp. 90 0.645 (0.141) 85 0.735 (0.160) 0.090***

Di↵erence -0.041 -0.036

Note: Sample includes individuals whose average expected price ratio was in the bottom 25% of all respondents

for the fall survey.

Although the evidence presented does not find significant e↵ects of selection and provides

some support of the learning hypothesis, it is likely that both e↵ects are responsible for the

observed relationship between price beliefs and experience. The relative extent to which each

is responsible is an open question. If there was learning and no selection, then individuals

would have homogeneous initial beliefs that are biased upward. The individuals who search

receive signals from the true price distribution and their beliefs become more accurate.

If there was selection and no learning, then there would be heterogeneous initial beliefs.

The individuals with lower price expectations would search while those with higher price

expectations would not search. The typical assumption in consumer search models is that

individuals have homogeneous initial beliefs that are unbiased (since the individuals are

assumed to know the true price distribution), which does not allow for selection or learning.

6 Conclusion

The evidence is consistent with learning, but it appears that the learning process is incom-

plete. The beliefs of individuals with even the higher levels of experience on average do not

fully converge to the empirical distribution. Also, many individuals with high levels of expe-

rience have inaccurate beliefs (i.e., the variation across individuals’ beliefs does not converge

to zero). There are three primary explanations for the persistence of inaccurate beliefs. The

first is that the level of experience where this convergence would occur is beyond what we

measure in the data. The second is that the beliefs are converging to a distribution that is

more specific than what we specify. For example, books in di↵erent fields may have di↵erent

online price distributions. Finally, there is likely to be some noise in the reported data as

individuals may have di↵ered in their interpretation of questions as well as the amount of

consideration given to their responses.
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One limitation of this analysis is the problem of external validity. Although the online

market for textbooks is comparable to online markets for other goods, the individuals in our

sample are not representative of consumers in other online markets. Relative to consumers

in other online markets, individuals in our sample are likely to be younger with higher

intellectual ability, but they may have less overall experience in online markets. If there

are knowledge spillovers across online markets (i.e. if experience in one online market causes

individuals to have more accurate beliefs about the prices in other online markets) then the

observed bias in the initial beliefs may be more pronounced in the online textbook market,

where individuals are likely to have less overall experience in online markets.

In this paper we use a novel dataset to examine subjective price beliefs and their relation-

ship with experience in a market. We find that inexperienced consumers have biased beliefs,

but that consumers appear to be learning about the empirical price distribution as they

repeatedly participate in the market. This study also leaves open a wide avenue for future

research. First, since we do not estimate a dynamic model of search and learning, we are not

able to show how individuals incorporate their beliefs into the search decision. Thus, we are

not able to determine whether individuals incorporate the benefits of the additional informa-

tion obtained through search for future purchasing decisions in their decision to search. Also,

if individuals have heterogeneous initial prior beliefs, one potential avenue of future research

would be to determine the sources of this heterogeneity. Finally, since the price distributions

are determined by the market equilibrium, future research could study the dynamic pricing

decisions of firms in a market with heterogeneous search costs, heterogeneous initial prior

beliefs, and learning about prices.
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A Data Appendix

A.1 Online Questionnaire Data

Individuals who participated in the online questionnaire were respondents from a list of

emails generated through participation in a separate online questionnaire conducted at UNC

during the 2011-2012 and 2012-2013 academic calendar years. These individuals agreed

to participate in follow-up surveys at the completion of the separate questionnaire. This

separate questionnaire was distributed by instructors to their students, who had the option

to participate. Additional details about this separate questionnaire are available in Spence

(2015).

A.1.1 Online Questionnaire

[The following is a subset of the questions provided to textbook consumers using Qualtrics online

survey software. Notes are provided in brackets.]

Textbook Purchasing Questionnaire

The following survey seeks to gain understanding into how consumers choose which retailers to

consider when faced with purchasing decisions. Over the course of this survey you will be presented

with a number of hypothetical textbook purchasing decisions. You will be asked about your price

expectations from online retailers and your beliefs about the time costs involved with searching

within an online market. You will not actually have to price any textbooks from online retailers or

visit any website outside of this survey.

Directions: Please answer all questions to the best of your ability. Use the right arrow button at

the bottom of the screen to advance to the next page. You may also use the left arrow at the bottom

of the screen to move back at any time and change a previous answer. If you are uncomfortable

answering a specific question you can either skip that question or exit the survey. Thank you for

participating!

How many semesters in total, including this one, have you attended UNC and any other college?

(Count a summer session as a semester)

Semesters:

What is (are) your major(s)? Please write Undecided if you do not currently have a stated major.

Major(s):

Which of the following have you ever purchased a textbook from? (Please check all that apply)
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⇤ UNC Student Stores (campus bookstore)

⇤ Ram Book and Supply

⇤ Another college bookstore

⇤ Amazon.com

⇤ Half.com or Ebay.com

⇤ Ecampus.com

⇤ Chegg.com

⇤ Another online retailer

⇤ Another student (directly)

Which of the following have you ever rented a textbook from? (Please check all that apply)

⇤ I have never rented a textbook

⇤ UNC Student Stores (campus bookstore)

⇤ Ram Book and Supply

⇤ Another college bookstore

⇤ Amazon.com

⇤ Half.com or Ebay.com

⇤ Ecampus.com

⇤ Chegg.com

⇤ Another online retailer

⇤ Another student (directly)

Please write in the other online retailers you have ever rented or purchased a textbook from:

When do you normally purchase (or order) your textbooks?

⇤ More than 2 weeks before the semester starts

⇤ 1 - 2 weeks before the semester starts

⇤ A few days before the semester starts

⇤ The day the semester starts

⇤ A few days after the semester starts

⇤ 1 - 2 weeks after the semester starts

⇤ More than 2 weeks after the semester starts

Have you purchased or rented any textbooks for an upcoming summer session?

⇤ Yes

⇤ No
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How many textbooks have you ever purchased or rented online?

⇤ 1 - 5

⇤ 6 - 10

⇤ 11 or more

When purchasing or renting a textbook online, have you ever used a website that shows the lowest

prices available from multiple online retailers?

⇤ Yes

⇤ No

On average, when you purchase a textbook online, how many di↵erent online retailers do you visit?

Number of Retailers Visited:

Do you have an Amazon Prime membership?

⇤ Yes

⇤ No

Do you have a Paypal account?

⇤ Yes

⇤ No

How many online purchases do you typically make in a three month period?

Number of Purchases:

If you were given an isbn number or textbook title and wanted to purchase or rent this textbook

online, what is the first website you would visit?

Website Name:

Hypothetically, if you only visited one online retailer, how many minutes do you think it would

take to look up one textbook and purchase it? (Include the time to search, find the option you

want, enter your information, and complete the transaction)

Minutes:

Hypothetically, if you only visited one online retailer, how many minutes do you think it would

take to look up three textbooks and purchase them? (Include the time to search, find the option

you want, enter your information, and complete the transaction)

Minutes:

You will now be given a number of hypothetical textbook purchasing decisions. In each case, you

will be given information about the textbook and asked to give your best guess about what the price

of this textbook is from an online retailer. This survey is concerned about what your expectations
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are about prices from online retailers, so please do not actually search for the price of the textbook

online. Before presenting you with the hypothetical purchasing decisions, you will be provided with

an example of what the questions will be like.

Example: If you searched only one clothing store in the mall (ex. Old Navy), what do you think

is the lowest price you could find for a pair of jeans in your size? Please enter your answer as a

number. Note that this question does not have a right or wrong answer, it simply asks for your

best guess.

$ [Denoted “Example Expectation” in following questions]

Example Continued: Given that you dont know the lowest price of a pair of jeans with certainty,

there is some chance that the lowest price is lower than $[Example Expectation] and some chance

that the lowest price is greater than $[Example Expectation]. In the following questions, you

will be asked about your beliefs about the chance that the lowest price you could find would be

below $[Example Expectation] and also the chance the lowest price you could find would be above

$[Example Expectation].

What do you think is the chance that the lowest price of the pair of jeans is less than $[90% of

Example Expectation]? Please enter the chance as a percentage (i.e. a number between 0 and 100).

For example: I think there is a 30% chance that the lowest price of the pair of jeans is less than

$[90% of Example Expectation];

Percent Chance:

What do you think is the chance that the lowest price of the pair of jeans is more than $[110% of

Example Expectation]? Please enter the chance as a percentage (i.e. a number between 0 and 100).

For example: “I think there is a 35% chance that the lowest price of the pair of jeans is greater

than $[Example Expectation].”

Percent Chance:

You will now be given three textbook purchasing scenarios, each similar to the previous example.

[The following is an example using one of the possible twelve textbooks. Respondents were given

three scenarios randomly drawn from three groups of four textbooks (one from each group).]

Scenario: You are assigned “Economics: Principles and Policy” by William Baumol and Alan Blin-

der for an introductory economics course (ECON-101). [The following information on textbook

characteristics was randomly assigned to respondents with 50% likelihood. The likelihood of re-

ceiving this information for the subsequent scenarios did not depend on whether the information

on characteristics was shown for previous textbook purchasing scenarios.] This is the twelfth and

latest edition of the textbook, it was published by South-Western College Publishing, and was last
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revised in 2012. The dimensions of the book are 8.4 x 1.5 x 11.1 inches, it is a hardcover, it contains

880 pages, and it weighs 4.4 pounds. A picture is provided below:

[Picture presented such as the one shown in the screenshot in Section 3]

Have you ever taken this course?

⇤ Yes

⇤ No

Have you ever been assigned this textbook?

⇤ Yes

⇤ No

You know that a new copy of this book costs $212 (including taxes) at the UNC Student Stores. If

you searched one online retailer, what do you think the price of a new copy at this online retailer

would be (include shipping costs)? Reminder: Please do not actually search for this price. Provide

your best guess instead.

$ [Denoted “New Expectation” in future questions]

What do you think is the probability that the lowest price for a new copy of this book is less than

$[85%, 90%, or 95% of New Expectation] (including shipping costs) at the online retailer?

Percent Chance:

What do you think is the probability that the lowest price for a new copy of this book costs more

than $[105%, 110%, or 115% of New Expectation] (including shipping costs) at the online retailer?

Note that your answer to this question added to your answer from the previous question should

not exceed 100.

Percent Chance:

You know that a used copy of this book costs $159 (including taxes) at the UNC Student Stores. If

you searched one online retailer, what do you think the price of a used copy at this online retailer

would be (include shipping costs)?

$ [Denoted “Used Expectation” in future questions]

What do you think is the probability that the lowest price for a used copy of this book costs less

than $[85%, 90%, or 95% of Used Expectation] (including shipping costs) at the online retailer?

Percent Chance:

What do you think is the probability that the lowest price for a used copy of this book costs more

than $[105%, 110%, or 115% of Used Expectation] (including shipping costs) at the online retailer?

Note that your answer to this question added to your answer from the previous question should
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not exceed 100.

Percent Chance:

A.2 Textbook Purchasing Scenarios

Table 8 provides information on the textbooks used in the hypothetical textbook pur-

chasing scenarios. Respondents that completed the survey faced three scenarios; in each

scenario, one textbook from each group was randomly assigned to the respondent. The first

group is composed of social science textbooks; the second group is composed of hard science

textbooks; the third group is composed of humanities textbooks. In the Fall 2012 semester,

individuals were presented these scenarios in the previous ordering (social sciences, hard

sciences, then humanities). The Spring 2013 questionnaire assigned the order of the groups

randomly.

Textbooks were chosen to provide variation in the following characteristics: the number

of total editions of the textbook, whether the textbook is the latest edition, the year of

publication, whether the course was designed for an introductory or upper-level course, the

type of cover (hardback vs. paperback), the number of pages, and the weight. In the following

tables, course number refers to the numbering at UNC for the Fall 2012 and Spring 2013

semesters. New bookstore price refers to the price from UNC’s campus bookstore during

these semesters.

A.3 Survey Attrition and Estimation Sample

Table 9 summarizes the number of respondents at various points within the survey. For the

Fall 2012 semester, 979 respondents began the questionnaire and 734 (75%) completed the

questionnaire. For the Spring 2013 semester, 1002 respondents began the questionnaire and

703 (70%) completed the questionnaire. We only exclude individuals who did not complete

the background questions. This leaves 820 respondents from the Fall and 798 respondents

from the Spring. Of these individuals, we exclude 104 respondents (52 from both semesters)

because they had been enrolled in college for more than 10 semesters and/or summer sessions

and an additional 49 respondents (29 from Fall 2012 and 20 from Spring 2013) for reporting

nonsensical answers (e.g., reporting an expected price of $100,000).
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Table 9: Survey Attrition

Fall 2012 Percent Spring 2013 Percent
Respondents Remaining Respondents Remaining

Began the questionnaire 979 100 1002 100

Completed the background questions 820 83.8 798 79.6

Completed at least one scenario 759 77.5 761 75.9

Completed at least two scenarios 741 75.7 716 71.5

Completed the questionnaire 734 75.0 703 70.2

Table 10: Results Using Alternative Samples

Main Sample Extended Sample Single Scenario

Experience N Mean SD N Mean SD N Mean SD

No Online Purchases 440 0.833 0.172 473 0.833 0.186 140 0.833 0.205

1-5 Online Purchases 923 0.819 0.153 1016 0.812 0.161 296 0.797 0.175

6-10 Online Purchases 966 0.783 0.161 1015 0.778 0.170 297 0.758 0.190

11+ Online Purchases 1706 0.770 0.157 1905 0.771 0.169 531 0.754 0.174

B Robustness Checks

This section investigates the robustness of the results presented in the paper by providing

results from a number of other specifications. Specifically, we explore the robustness of our

results by varying the following:

B.1 The criteria for being omitted from the sample and the number of scenarios used for

each respondent.

B.2 The distributional assumption.

B.3 Sample for the test for selection.

We also provide evidence supporting the log-normal distribution assumption for the price

distribution in section B.4

B.1 Omission Criteria

Respondents are omitted from our sample in the main body of the paper for two reasons:
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1. Being enrolled in more than 10 semesters of college.

2. Reporting expectations less than 10% of the bookstore price or greater than 150% of

the bookstore price.

The first criteria is used to focus on traditional college students. The second criteria is

used to eliminate respondents who we believe did not take the questionnaire seriously (for

example, individuals who reported expectations of $0 or $100,000). To make sure that our

results are not biased because of these omissions, we relax these criteria.

We proceed to report the main findings from the paper for a less stringent omission

criteria. Specifically, we only omit respondents who report expectations less than 1% of the

bookstore price or greater than 200% of the bookstore price, and students in more than 14

semesters of college. This results in one respondent being omitted from the Fall sample and

one respondent being omitted from the Spring sample for reporting expectations below 1%

of the bookstore price, and three respondents being omitted from the Fall sample and two

respondents being omitted from the Spring sample for reporting expectations greater than

200% of the bookstore price. Eight respondents in the Fall sample and 7 respondents in the

Spring sample are omitted for reporting being enrolled in more than 14 semesters of college.

Table 10 reports the mean ratio of expectations to bookstore prices for the main sample

as well as the extended sample. Including outliers does not significantly change the estimates

of mean price expectations. Also included in Table 10 are the results that only use the first

hypothetical textbook purchasing scenario that an individual responded to (out of a potential

of six for individuals who completed the questionnaire in the fall and spring semester). The

price expectations for the first scenario are lower than for the full sample, but the relationship

between experience and price expectations is the same for both groups.

B.2 Alternative Distributional Assumption

Table 11 reports the results for the normal and gamma distributions. Also included are

the results for the log-normal and gamma distributions using a more restrictive sample.

Since the normal distribution requires dropping individuals who report a greater than 50%

probability of being below the threshold, the restricted samples are constructed using a

similar rejection criteria. The samples are constructed by dropping individuals who report

a 50% or greater probability of being below the threshold. Then the parameter values are

33



Table 11: Distribution Results

New

Experience N mean Ei(p) mean
p

Vari(p)

Normal

No online purchases 301 0.835*** (0.135) 0.139 (0.099)

1-5 online purchases 663 0.822*** (0.129**) 0.141* (0.097)

6-10 online purchases 696 0.796 (0.130) 0.130 (0.089*)

11+ online purchases 1257 0.785*** (0.134) 0.133 (0.096)

Gamma

No online purchases 412 0.836*** (0.164) 0.237 (0.288)

1-5 online purchases 870 0.819*** (0.152*) 0.243* (0.312)

6-10 online purchases 908 0.785* (0.158) 0.224 (0.276)

11+ online purchases 1604 0.774*** (0.153) 0.217* (0.269)

Log-Normal - Restricted Sample

No online purchases 301 0.835*** (0.135) 0.120 (0.069**)

1-5 online purchases 663 0.822*** (0.129**) 0.122** (0.066)

6-10 online purchases 696 0.796 (0.130) 0.114 (0.060**)

11+ online purchases 1257 0.785*** (0.134) 0.115* (0.064)

Gamma - Restricted Sample

No online purchases 325 0.847*** (0.164) 0.126** (0.072***)

1-5 online purchases 690 0.821*** (0.151*) 0.125*** (0.070**)

6-10 online purchases 708 0.788** (0.153) 0.114* (0.063**)

11+ online purchases 1263 0.780*** (0.150) 0.114*** (0.063**)

Notes: Standard deviations in parenthesis. The significance levels reported for the

mean values are from a two-sample equality of means test. The significance levels

for the standard deviations are from Brown and Forsythe’s alternative formulation

of Levene’s robust two-sample equality of variances test.

* refers to p–value < .1; ** < .05; *** < .01
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calculated for each individual, and the final sample includes individuals whose parameter

values are not in the top or bottom 2.5% of values for either parameter. The results for the

log-normal and gamma using the restricted samples does not change the mean of the price

expectations by a large amount, but the variability of the expected price distribution falls

substantially. The higher mean variability of the expected price distribution using the less

restrictive sample for the log-normal and gamma distributions is driven by the individuals

who report a high probability of the price being below the threshold. Ultimately, the results

are similar regardless of the distribution used.

B.3 Alternative Sample for the Test for Selection

In this section, we restrict the test for selection to the individuals who report no experience

in the fall semester (22 individuals with between 47 and 56 scenarios). Since the measure

of experience is an interval, individuals who remain in the same interval for both fall and

spring may or may not have gained experience. By restricting the sample to individuals who

have no experience in the fall semester, we are able to test between a group that gained

experience from fall to spring and one that does not gain experience. The results of this test

are that there is no clear evidence of selection, however, the sample is too small to make any

definitive conclusion.

B.4 Price Distribution

In this section we provide some evidence supporting the use of the log normal price distri-

bution as well as discussing some limitations of the distribution in fitting certain features of

the empirical price distribution. Tests for normality reject the assumption of normality for

both the distribution of prices and the log of prices for most specifications of the empirical

distribution. Generally, the normal distribution is able to fit the data slightly better than

Table 12: Parameter Values by Change in Experience

Fall Spring Di↵erence

Group N mean µi mean �i N mean µi mean �i mean µi mean �i

Increase Exp. 45 -0.243 (0.163) 0.216 (0.148) 51 -0.291 (0.272) 0.236 (0.274) 0.048 -0.020

Same Exp. 58 -0.311 (0.289) 0.269 (0.278) 54 -0.310 (0.269) 0.271 (0.283) -0.001 0.002

Di↵erence -0.068 0.052 -0.019 0.035
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Figure 2: Histograms of Prices, Survey Period

the log-normal distribution. In order for the log normal distribution to fit the long right tail

of the price distribution, the result is that it places too little weight on the left tail relative

to the empirical distribution. The analysis in this paper is not dependent on a particular

distributional assumption. In structural search models, however, an incorrect distributional

assumption on the individual’s beliefs about the price distribution or about the empirical

price distribution can significantly bias estimates. Figure 2 displays histograms of the em-

pirical prices for the Fall survey period. Figures 4 and 5 display kernel density estimates for

used and new prices.
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Figure 3: Histograms of Prices, Start of Semester

Figure 4: Kernel Density Estimate, Survey Period
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Figure 5: Kernel Density Estimate, Start of Semester

Figure 6: Kernel Density Estimate, Amazon Marketplace, Survey Period
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Figure 7: Kernel Density Estimate, Amazon Marketplace, Start of Semester

Figure 8: Daily New Prices
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Figure 9: Daily New Prices: Amazon Marketplace
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