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Homogenous Goods Markets

ABSTRACT

This paper presents the results of an empirical study of price dispersion in homogeneous goods
markets. Modern economic theory suggests that inevitable asymmetries of information in markets lead to
an equilibrium in which price dispersion is present even when goods are perfectly homogenous. In this
paper we present an empirical analysis in which we employ both cross-sectional and time-series data
gathered directly from Pricegrabber.com, one of the most popular and comprehensive online
shopping/price-comparison sites on the Internet. In particular our analysis focuses on (i) the effect that the
number of firms offering a good has on price dispersion, (ii) the informational value to the consumer of

using the Pricegrabber website, and (iii) the persistency of price dispersion over time.

JEL Classification: L81, L86, L11
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Section 1. Introduction

One of the most well known tenets of classical economic theory is that in an
“ideal” world in which information is perfect, increased competition leads to lower prices
for consumers. However, the so called “Law of One Price”, where price equals marginal

cost no longer holds in a more realistic setting, in which information is imperfect, and



both consumers and producers are forced to make choices that are marred by uncertainty.
Informational asymmetries imply that the consumer and producer base is no longer
homogenous with respect to information. Some consumers are well informed about
prices. They know for instance, when and where to find sales, which stores have the
lowest prices on certain goods, and which stores they should be wary of whether due to
high prices or bad reputation. On the other hand, other consumers do not benefit from this
information: their cost of acquiring information, also known as “search cost”, is relatively
high and as a result they tend to buy from whatever retailer they happen to stumble
across. This informational gap in the consumer base, presents sellers with an opportunity
to capitalize by selling homogenous goods at different prices. However, the firms
themselves also have to make decisions under imperfect information. Ideally they would
like to price discriminate between informed and uninformed consumers. Indeed some
firms have taken this exact approach; they give special discounts to consumers who
reach their site through a shopping comparison site, and charge their average consumers a
higher price for the same goods. Most firms, however, charge a single price, and in doing
so try to capture both informed and uninformed consumers, a non-trivial feat which has
been the focus of much research and will be addressed further on in this paper.

While the extent of price dispersion has traditionally been very hard to measure,
the rapid spread of the Internet and e-commerce has opened a window into empirical
research in this field. While it may at first appear that the Internet has done wonders in
terms of disseminating information, and reducing the informational gap between
consumers, this may not necessarily be the case. The tremendous increase in the number

of e-retailers since the birth of the Internet has introduced a lot of noise into the picture.



The Internet has also dramatically lowered so called “menu costs”, which are essentially
the costs associated with listing each item’s price. E-retailers can now update prices
automatically, depending on demand, inventory, time of the day, etc., which causes
consumers to face an unprecedented level of price uncertainty. It is therefore plausible
that, on the whole, this noise actually outweighs the positive information disseminating
effects of the Internet.

In this spirit, we set out to analyze numerous aspects of online price dispersion on
homogeneous goods in more detail. In the following section we present a summary of the
most important research conducted in this field. In sections 3 and 4 we provide details
regarding our data, as well as a qualitative analysis, while sections 5 and 6 are dedicated
to quantitative analysis and results. We then conclude with a short summary of our main

findings as well as some thoughts on further possible research in this area.

Section 2. Review of the literature

The fundamental importance of information in markets was first emphasized by
Akerlof (1970) in his seminal paper “The market for lemons: quality uncertainty and the
market mechanism”. However, it was not until Salop (1977) and Salop and Stiglitz
(1977) that economists had a theoretical framework that could explain price dispersion
based on informational asymmetry. Their model presented a scenario in which natives go
to eat at the cheapest restaurant in town, while the tourists, not knowing which restaurant
is the cheapest, simply decide to go to a random one. Their model shows that information

plays a crucial role for both consumers and restaurant owners. The average tourist can



expect to pay a higher price than the natives because only the few tourists who happen to
randomly select the cheapest restaurant will pay the lowest price. The restaurant owners,
on the other hand, have to make an important decision when setting their prices: they can
choose to simply charge a high price and only sell to a fraction of all tourists, or they can
set their prices so low as to target both natives and tourists. Their choice depends
primarily on the number of natives compared to tourists, i.e. the fraction of informed
consumers compared to uninformed consumers. The lower the fraction of informed
consumers in the population, the less attractive it will be for firms to specifically target
these consumers, and the stronger the incentive it will have to sell to only uninformed
consumers. Ultimately the firm will choose its pricing strategy depending on which
scheme yields more profits.

A major theoretical step forward in explaining price dispersion was taken by
Varian (1980). While Salop and Stiglitz had focused on “spatial price dispersion”, where
experience can help consumers to eventually become informed, Varian studied the case
of “temporal price dispersion”, in which consumers can only be informed for short
periods of time, because firms continually change their prices. Varian argues that one of
the main reasons that firms run sales is to try to keep consumers uninformed about their
prices. He demonstrates that even in a perfectly competitive market where firms are
making zero economic profits selling a given homogeneous good, price dispersion will be
present. In fact, he proves an even more remarkable result, namely that the only
equilibrium that is sustainable in such a market is one in which firms charge seemingly

random prices. As Varian himself puts it “the law of one price is no law at all!”



While most research in the field of price dispersion had been purely theoretical in
the past, the advent of the Internet and online gatekeepers has greatly facilitated the
collection of data for empirical research. Early research in this field focused mainly on
comparing online price dispersion to that present in conventional retail markets. Some
economists expected the Internet to be superior to retail markets in terms of efficiency,
because one may expect that the Internet greatly reduces search costs. In theory, lower
search costs lead to higher competition between firms, and hence should put downward
pressure on prices for both homogeneous and differentiated goods. However, when
talking about online markets, it is especially important to distinguish between search
costs linked to obtaining price information, and those associated with obtaining product
and seller information (While the Internet provides consumers with easy access to prices,
determining the reliability and trustworthiness of the seller may involve considerably
more effort that in traditional goods markets.)

Empirical studies in this field have yielded diverse results. Some of the earlier
studies by Bailey (1998) show that prices are actually higher in electronic markets, while
more recent similar studies by Brynjolfsson and Smith (2001) show that prices are
significantly lower than in conventional retail markets. However, all studies to date have
found that there is a considerable amount of price dispersion in electronic markets.

One of the reasons for this unexpectedly high level of price dispersion could be
that the Internet has dramatically reduced menu costs. Menu costs essentially refer to the
costs associated with (re)labeling products. In traditional markets, the labeling process
may require a considerable amount of physical work, especially for large firms that sell

thousands of products. In online markets however, firms incur minimal menu costs, since



prices can be updated by simply changing a database entry. In the online marketplace
firms can even fully automate this process, making it remarkably easy for them to run
price changes depending on demand, time of day or year, or even availability of the
product. Moreover, in electronic markets, firms are able to make very small price
changes, which are infeasible in conventional markets due to relatively large menu costs.
In fact, Brynjolfsson and Smith (2000) find that online retailers make price changes that
are up to 100 times smaller than the smallest price changes observed in traditional retail
markets.

Some of the most promising recent efforts towards explaining online price
dispersion have been made by Baye and Morgan (2001). Baye and Morgan (2001)
present a theoretical framework for understanding the complex economics behind
gatekeepers. This framework demonstrates how strong network externalities can be in
such markets and shows why firms actually choose to pay advertising fees to the
gatekeeper, even if they are unsure of whether their price will be the lowest among the
listed prices. Their theoretical model has been backed up by both experimental work by
Morgan et al. (2003) and Baye and Morgan (2004), and empirical research by Baye et al.
(2004b). The most important empirical finding is that the Internet has not caused prices to
converge, instead price dispersion has remained persistent over time. Another interesting
finding is that price dispersion decreases significantly as the number of merchants
offering a good increases, but still remains persistent. All of their results are based on
price data on the most popular products appearing on shopper.com, a well-known

shopping comparison site run by cnet.com.



Hence, although the underlying assumptions of the theoretical models of Varian
(1980), Rosenthal (1980), Narasimhan (1988), and Baye and Morgan (2001) vary, all of
them predict that price dispersion is an equilibrium phenomenon, the size of which
depends primarily on the number of firms that list their prices. However, there is
somewhat of a debate in the literature as to what the best measure of price dispersion in
homogeneous goods markets actually is. Most empirical studies in this field have used
some measure that takes on a value of zero when all firms in the market charge the same
price, and there is thus no price dispersion whatsoever. Sorensen (2000) for example uses
the coefficient of variation (stdev(price)/mean(price)) to measure price dispersion, while
other studies focus on the price range (the difference between the min and max prices).

Baye and Morgan (2001) make a compelling argument that these measures may
not be an ideal way to think of price dispersion, because they do not truly capture the
degree of competitiveness in the market. It is certainly reasonable to assume that the vast
majority of users that visit price-comparison sites such as Pricegrabber end up purchasing
the product at a comparatively low price given that the goods themselves are perfectly
homogeneous. Thus the only real competitors in the market are the firms that sell at the
lower end of the price spectrum. As a result it makes sense to define a measure of price
dispersion that depends on the difference between the lowest prices charged. Baye et al.
(2004a) define the “Price Gap” (PG) as the percentage difference between the lowest two
prices. When the gap is zero, i.e. at least two sellers are selling at the same low price; the
market resembles a Bertrand equilibrium in which no firm can profitably raise its price.
Note that in any such competitive market the price gap also has the desirable property of

being 0 independent of the number of firms.



Another interesting, yet somewhat untraditional way to measure price dispersion
is by the informational value to the consumer of knowing what the lowest price is. The
Value of Information (V1) is defined as the amount that an informed consumer can expect
to save by purchasing a given good at the lowest available price compared to an
uniformed consumer, who can expect to pay the average price across all offers for the
same good. While there is reason to suspect that market thickness should affect the value
of information, the direction of the relationship may not be clear. Classical economic
theory predicts that the average price of a good drops as more sellers enter the market and
competition increases. Thus in a perfectly competitive market the average price will
equal the minimum price and marginal cost, and the value of information will be zero. Of
course, traditional theory assumes that buyers do not face informational asymmetries,
which is of course unrealistic, especially in our setting.

More suitable oligopolistic models that account for informational heterogeneity
across the consumer base predict that the value of information will increase as the
number of firms in the market increases. As more firms enter the market we can expect
(1) the minimum price of the good to decrease, and (2) the average price to increase (!)
There is a very sound logical explanation for why this should be the case: On the one
hand, as the number of firms increases, competition increases as does the likelihood that
one of the firms will charge a lower price; on the other hand the increase of competition
implies that it will be harder for firms to target the informed consumers by charging the
lowest price, and hence knowing that they will most likely sell to uninformed consumers

whom they can charge a higher price, the average price will increase. To provide the
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reader with a better understanding of what the distribution of prices may look like, we
present a slightly modified version of Varian's model below.

Let n denote the number of firms offering a certain homogeneous good, and | the
fraction of consumers that are informed, i.e. visit the shopping comparison site. If we
normalize the price, then Varian's model predicts that the distribution of prices will be
given by the following cumulative distribution function:

F(p)=1—(—(1_ p)(l_')]nll

npl (1)

1-1
on the support | ——,1
PP {m H(1-1) }

Figure 1a and 1b demonstrate what this function looks like for 1=0.2, and 1=0.5

respectively for values of n=2,5,10,30.

Figure 1. Theoretical Distribution of Prices
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(a) Distribution of Prices for 1=0.2 (b) Distribution of Prices for 1=0.5
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As the number of firms in the market increases so does the average price, because
more firms choose to price at the higher end of the price spectrum and target only the
uninformed consumers, since it is less likely that they will end up charging the lowest
price. However, the fraction of informed consumers in the population also plays a
fundamental role in determining the distribution of prices. The higher the fraction of
informed consumers, the greater the incentive for firms to target these consumers, hence
they price lower on average.

One of the reasons that the Value of Information is such an interesting measure of
price dispersion, is that it allows us to measure the cost of dispersion to the consumer.
Traditionally we tend to think of competitive markets as benefiting the consumer,
however if the hypothesis is true that the value of information increases as competition
increases, then two important results follow: Firstly, the informed consumer can expect to
benefit from higher competition, because the lowest price is expected to drop to an even
lower level; secondly, the average consumer actually incurs a cost in a more competitive
market, because the average price that he expects to pay increases. Baye and Morgan
(2003) find that on average consumers save 16% by buying from the shopper.com price
comparison site, and that this number increases to 20% for products for which over thirty
firms compete. This is a truly remarkable finding because it forces us to think of the
benefits and costs of competition as well as the incredible value that such shopping sites

provide to consumers.
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Section 3. Data

Overview

The data in our study is collected from the popular shopping-comparison site
Pricegrabber.com. The site was founded in 1999 and has since grown rapidly in
popularity. Pricegrabber hosts a database of 3.5 million different products, and claims to
have over 21 million active shoppers on a monthly basis. The service is free for
shoppers, but charges an advertising fee to sellers who want to publish their prices. Two
different pricing-schemes are available to firms: One of them is commission based, while
the other is based on click rates. Prices are updated twice daily, and include details on
shipping costs as well as merchant rating.

Our program runs queries to the Pricegrabber website twice a day, and retrieves
prices, shipping prices, and the corresponding merchant's rating, the name of the
merchant as well as other variables described in more detail in the following section.
Shipping charges are based on the zip code 05753, which is Middlebury Vermont. The
merchant's rating is a discrete variable that varies from 1 (the worst) to 5 Stars in half unit
intervals. Please see the appendix for snippets of our code, which explains how these

queries are invoked and how data is gathered.

Details on Data

For the purpose of our study we decided to create two separate databases. The
first database consists of the 200 most popular products that are listed on the Pricegrabber
website. The second one is a fixed sample that includes products belonging to different

product categories. While Pricegrabber lists over 15 different categories we only chose to
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include the top 9, because in the others, products were typically only offered by a single

firm. The categories we chose are listed below, along with some example products that

belong to them:

1.

Computers: Apple iMac 20-inch 2GHz Intel Core Duo Desktop, Logitech
Z-5500 5.1 Speaker System, Asus ABN32-SLI Deluxe Motherboard
Electronics: Creative ZEN Vision:M 30GB Media Player - Black,
Samsung LN-R408D 40" LCD TV, Motorola Razr V3 Cell Phone - Black
Video Games: Microsoft Wireless Network Adapter for Xbox 360,
UbiSoft Prince of Persia: The Two Thrones (PS2), Logitech Driving Force
Pro (PS2)

Software: Adobe Acrobat 7.0 Standard, Symantec Norton AntiVirus 2006,
Adobe Photoshop CS2

Photography: Panasonic PV-GS150 MiniDV Digital Camcorder, Canon
PowerShot S80 Digital Camera, Nikon D50 SLR Digital Camera w/ 18-
55mm F/3.5-4.5G Lens

Office: Texas Instruments TI-89 Titanium Graphing Calculator, Sony
ICD-BML1 Digital VVoice Recorder, Brother FAX-2820 Laser Fax Machine
Movies: Harry Potter and the Goblet of Fire (2005) - DVD, Lord of War
(2005) - DVD, 12 Monkeys (1995) - DVD

Books: A Tree Grows in Brooklyn, Freakonomics, The South Beach Diet
Health: Euphoria for Women by Calvin Klein Eau De Parfum Spray
1.70z, Panasonic ES8162S Pro-Curve Elite Shaver, Black Code by

Giorgio Armani Eau De Toilette Spray 2.5 oz for Men
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Figure 2. Popular products and categories

Most Popular Top 200 Products - Updated twice daily.
all Products
1-25 26-50 51-75 76-100 101 - 125 126 - 150 151 - 175 176 - zo0
Popular Computers
Popular Electranics 1. Canon EOQS 350D Digital Rebel XT Digital SLR Camera Kit w/ 18-55mm Lens - Black

Popular Photography

Popular Horne & Garden

8.0MP, 3456x2304, 3x Opt, CompactFlash Slot
Canon - 0208B003

Rating: ededdd (30 Reviews)

Lowest Price: $728.00

Popular Games £ty 2. Canon PowerShot S2 IS Digital Camera
5 5.0MP, 2532x1%44, 12x Opt, 16MB S0 Card
Popular Bahies & Kids f.i)\j ‘ Canon - 98534001
ﬁ;- e Rating: Yk deWdr (50 Reviews)
Popular Software Lowest Price: $289.95
Popular Tays 3. Corsair 133x 2GB Secure Digital Card

Popular Office

Popular Movies

Popular Music

Popular Books

Popular Jewelry &

Corsair - CMFSD1332GE

Rating: dededededs (13 Reviews)
Lowest Price: $57.25

. Nikon D50 SLR Digital Camera w/f 18-55mm F/3.5-4.5G Lens

6.1MP, 3008x2000, S0 Slot
Mikon - 25231

Rating: wedrdedrd’ (16 Reviews)
Lowest Price: §469.00

i atches

5. Canon PowerShot A620 Silver Digital Camera
7AMP, 3072x2304, 4x opt, 32MB 5D Card, SD/MMC
Canon - 03216001

Rating: dedkekRdr (16 Reviews)

Lowest Price: §240.00

Popular Apparel

58 o

Popular Flowers &
Gourret

Popular Health & Reauty L
6. Sony Grand WEGA KDSR50XBR1 50" SXRD Projection TV

16:3, HOTY

Sony - KDERSOXBR1

Rating: edrdrdedr (19 Reviews)
Lowest Price: 2,180,295

Popular Sporting Goods

R 1
g

Popular Musical
Instruments

. Panasonic Lumix DMC-FZ7K Digital Camera
6MP, 2816x2112, 12x Opt, SD/MMC
Panasonic - DMCFZ7K
Rating: dedrdededr (& Fauiews)
Lowest Price: $319.00

~

For each of these nine categories we track the prices on a fixed sample of 20
products per category, thereby making a total of 180 products in the category database.
The products we chose to include were the most popular products in their respective
categories as of February 2006. Throughout our study we shall refer to the first dataset as
POP, and to the second one as CAT.

Our datasets contain data fetched directly from the Pricegrabber website. This

data includes information on:
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Prices: This variable captures the prices that appear right away when a
consumer searches for a certain product, i.e. they appear independent of
whether the user inputs his or her zip code.

Shipping and Handling: These prices only appear after the user inputs a
zip code. Knowing S&H costs enables us to compute total prices. Note
that not all firms choose to post their prices, a phenomenon which we will
study in greater detail in section 7 of this paper. For those that do not
choose to post prices the words “See Site” appear in the shipping column.
Merchant Rating: The merchant rating appears next to the name of the
merchant selling the good. It ranges from 0 to 5 starts in half-star intervals.
Merchant Name: We also include the actual name of the merchant selling
the good in our database. This is useful because it allows us to control by
merchant, and also helps us identify bad merchants, i.e. those that post
incorrect information.

Product Category: This information is available for all products in both of
our datasets, but the dataset containing the most popular products only
contains goods from one of the top three categories, namely computers,
electronics, and photography. However, the CAT dataset contains
products from 9 different market sectors as described above.

Popularity Ranking: Finally, we also retrieve data on the popularity
ranking of each product in our POP dataset. Since this dataset contains

200 products the ranking ranges from 1 to 200.
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Figure 3. A comparison of offerings for the Sony Grand Wega 50" Projection TV

seller Price Tax shipping BottornLinePrice Availability Seller Ratin

Autharized Electranics Vour Best Price

MorehaREIare £2.429.00 Mo Tax Free w In Stack 226 Reviews
PAlinerean)
EDeals) $2.180.95 Mo Tax $249.00 $2.429.95 In Stack 309 Reviews
Merchant Info
Fplasma restursd
B provideo Merchant $£2,354.79 Mo Tax $224.00 $2.578.79 In Stock 266 Reviews
Merchant Info
ﬂﬁ' Featured
CAMEF Merchant $2.000.00 Mo Tax $279.99 $2.579.98 In Stack 1757 Reviews
Merchant Info
electrodiscounts 2 336.95 Mo Tax $244,95 $2.581.90 In Stock 355 Reviews
Merchant Info
SUPERSTORE| £2.236.05 Ma Tax $244.95 $2.581.90 In Stock 637 Reviews
Merchant Info
g ;
f HOUSE 2 358,99 Mo Tax $224.00 $2,582.99 In Stock 259 Reviews
Merchant Info
Ideal Audio/videg f2,587.87 Mo Tax Free $2.587 .87 In Stock

Merchant Info

Every query provides us with 380 product observations (180 for CAT and 200 for
POP). Since there are on average around 20 sellers per product we obtain close to a total
of 8000 individual firm/price observations per query. In total our datasets currently
include nearly 1,000,000 total price observations and 30,000 product observations.

From this raw data, we then proceed to calculate a number of interesting statistics
that relate to various concepts of price dispersion. The most important indicators that we
employ in our descriptive and econometric analysis are included in the following list:

1. Market Thickness: MT =# of firms offering a given product.

2. The Price Gap is the percentage difference between the two lowest prices
charged for a given good at a given time. In a market, in which sellers
attempt to undercut one another this gap should be small. The price gap is
0 when at least two firms sell at the same lowest price. On the 19th of
April 2006 for example, the lowest listed price on the Pricegrabber
website for the Sony PSP system was $192.99, and the second lowest

price was $212. Therefore the price gap for the good was just over 7%,
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which is a relatively large price gap (see Figure 11). Price Gap:

PG :—P : . where P and P, denote the first and second smallest order
1

statistics.

. The Relative Dispersion is the Coefficient of Variation in prices charged
for a given product and is measured in percent. A high value means that
the standard deviation of the prices charged is high compared to the mean
of the prices, and that thus there is a considerable amount of price
dispersion prevalent for the given product. If all sellers charged the same
exact price then the value of relative dispersion would be 0, the minimum
possible. On April 25th average price and standard deviation for the Nikon
CoolPix L4 Digital Camera were $144 and $14 respectively. Hence the
coefficient of variation was approximately 9.5%, which is very close to

the average CV over all products. Relative Dispersion:

. The Value of Information measures the percentage savings of an informed
consumer, who buys at the lowest price compared to an uninformed
consumer, who buys at the average price. A high value of this variable
implies that informed consumers benefit greatly from knowing which firm
is charging the lowest price. On the 19th of April the average price for the
Canon PowerShot A620 Silver Digital Camera was $301, while the

minimum price was a low $251, meaning that the value of information
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was just about 20%. Therefore an uninformed consumer, who did not

search for the lowest price of the camera, could expect to pay 20% more

. . E_ I:)min
than an informed consumer. The Value of Information: VI = )

The Price Range is the percentage difference in the maximum and
minimum prices charged for a given product. When price dispersion is
high the price range is high. If all sellers charged the same price the price
range would be 0. On the 26th of April the price range for the Western
Digital Raptor hard drive, for example, was relatively small at just 29%,
meaning that the highest price charged was just 29% more expensive than
the lowest price charged. The average price range in our CAT dataset is

P —P

about 60%. Price Range: PR =" maxp o

min

Section 4. Descriptive statistics

In this section we present summary statistics as well as general trends of our data.

We do so to provide a better overview and understanding of the data, before going into

actual quantitative analysis in the following section.

Trends across Product Categories

The main importance of the CAT dataset lies in the fact that it contains products

from 9 different categories. The question of interest is whether we can detect systematic

differences in price dispersion across market sectors, and if so, whether we can also
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explain the reason for these differences. Economic theory does not explicitly suggest that
such differences should exist, however there may be a number of reasons as to why they
might arise. The most obvious explanation may be that the number of online retailers
varies from one category to the next, implying a more or less competitive market
structure. Another reason may be that computers are much more expensive than books,
and that people might therefore be more willing to incur search costs when shopping for
computers, and not really bother to look around for the lowest price when they buy a
book. A much more subtle explanation could be that the consumer base for computers is
generally better informed than consumers that buy books online. If this were the case we
would expect to see a smaller price gap in the computer category compared to that of

books.

Prices

Figure 4. Average price across product categories

Average Prices across Product Categories
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The average price for our CAT dataset across all products and product categories
is $339.51. However, the average varies tremendously depending on product category.
Books for example only cost $24 on average, while the average price for electronics is an
impressive $1450. Products in the computer and photography categories are on average
priced above $500, while those belonging to the remaining categories have average prices

that are lower than $150.

Shipping

Figure 5 depicts the average shipping charged by firms across all product
categories, as well as the standard deviation and the average % of shipping costs relative

to the price.

Figure 5. Shipping across product categories

Shipping across Product Categories
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Shipping costs on electronics appear to be much higher than for the other
categories. In fact, the average shipping cost for electronics is $74.20, over 8 times that of
the second highest average of $9.16 for computer products. One explanation as to what
could be the reason for such a dramatic difference, may be that these items are heavier
than the goods in other categories and thus cost more to ship. Indeed around half of the
products in popular electronics are large screen 32" to 50" televisions, and the standard
deviation is huge which further supports the idea that it is truly these heavy TV sets that
are pulling up the average. Furthermore, when we compare shipping costs to prices, the
electronics category is no longer the leader, in fact it only ranks 6th, with shipping
accounting for just over 5% of total price. Thus shipping costs on electronics are perhaps

not as unreasonable as they appear at first glance.

Market Thickness

Before taking a closer look at how our price dispersion statistics vary across
categories, we look at differences in market thickness, across product sectors to get a
better idea of how many firms on average compete per category. Market thickness is
essentially an indication of the level of competition in the market. The average market
thickness over all products and product categories is 17.5, implying that on average
between 17 to 18 firms offer a given homogeneous good. This remarkably high number is
likely due to the fact that the products in our category database are popular products in
their respective sectors. Market thickness does, however, vary considerably across
categories as demonstrated in Figure 6. Electronics, photography and software all have on

average over 20 firms selling a given product, while computers, video games, office, and
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health have between 15 and 20. The laggards are movies and books, which on average

have less than 10 firms competing per product.

Figure 6. Average market thickness across product categories

Average Market Thickness across Product Categories
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Price Gap

The average price gap in our category dataset is 5.6%, but the real question of
interest here is whether price dispersion varies depending on the product category and the
number of firms that list prices. In Figure 7 market thickness is plotted next to the price
gap for each individual category. From the graph we see that in general the price gap
(thick bar) is low when market thickness is high (thin bar), which is consistent with both
economic theory and findings in previous studies. The price gap is lowest for the
photography category (1.36%), which is by far the most competitive sector in terms of

the number of firms competing.
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Figure 7. Price gap vs. market thickness across product categories
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Note that the price gap for the software category is the largest of all at 11.42%,
even though this appears to be a very competitive market. This somewhat puzzling result
seems to be the only one that doesn't fit the picture. One explanation may be that firms
may not truly be offering homogeneous goods even though they advertise so. For
example one firm may be offering the full software package including CD, manual, and
other goodies, while another may be offering the same piece of software, but for
download only. We searched through our database in order to detect whether there were
any specific products that were leading to this bizarre result and found that in fact,
Microsoft products had an abnormally large price gap compared to other software
products. If we disregard software, then books and movies have the largest price gaps,
which meets our expectations since they have the fewest number of firms competing per

product.

24



Value of Information

The average value of information in our CAT dataset is 23.12%, meaning that a
consumer can expect to save nearly one forth of the total price just by using the
Pricegrabber website as a search tool. This is a truly impressive number, especially
considering that Pricegrabber's comparison service is entirely free for buyers. However,
Figure 8 demonstrates that the informational value of the site varies a lot between product
categories. Our data shows that the consumers that benefit the most from the Pricegrabber
service are those looking to buy software, video games, books, and movies. These

consumers can save on average from 25% to over 40% just by doing a simple search.

Figure 8. Value of information vs. market thickness across product categories
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While we hypothesized that higher market thickness should cause the average
price to go up and the minimum price to go down leading to an increase in informational

value, it is somewhat unclear from the graph as to whether this proposition truly holds. In
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section 5 and 6 we shall formally test whether the number of firms in the market and the

value of information really are positively correlated.

Trends over time

Our analysis in the previous section was based on averages calculated over a two
month timeframe, namely from March to April 2006. We now turn our attention towards
detecting possible trends in price dispersion over time. One of the most interesting
questions of our study regards the persistency of price dispersion. As noted previously,
modern economic theory suggests that a market in which price dispersion is present may,
in fact, be in a state of equilibrium. If this were so then we should not be able to detect
any particular time related trends in our data on popular products. In other words, if price
dispersion is in equilibrium then it should remain fairly constant over time. Four different
series are depicted in Figure 11, each of which represent the percentage of products in our
POP dataset that have a price gap of greater than 10% 5% 1% and 0.5% respectively. The
graph demonstrates that there does not appear to be any significant trend over the past
two months for any of the series. This is consistent with the findings of other researchers,
particularly Baye and Morgan (2003). Our findings show that an impressive 45% have a
price gap of under 0.5%, 10% have a price gap between 0.5% and 1%, 30% have a gap
that lies somewhere in the 1% to 5% range, while the remaining 15% have a gap over

5%.
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Figure 9. Price gap over time across product categories
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These gaps are somewhat lower than those found in previous research, which may
have to do with the fact that these are the 200 most popular products on the Pricegrabber
website, thus market thickness and competition are generally higher than for your
average good. To determine whether this hypothesis does indeed hold, we plotted a
similar graph for our CAT dataset, in which the average popularity of the products is far
lower. Figure 10 lets us suspect that popularity has a significant effect on the price gap.
Nearly 20% of the products in our CAT dataset have a price gap of more than 10%, and
around 35% have a price gap of over 5%. These numbers are 3 to 4 times higher than the
corresponding values of the POP dataset. Also, note that the fraction of products in CAT

that have a competitive price gap of 0% is only 25%, compared to over 40% in POP.
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Figure 10. Cumulative price gap over time
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Similar results hold for the informational value of the Pricegrabber site. Figure 11
depicts the average value of information during the timeframe of this study. The graph
clearly demonstrates that the average VI stayed relatively constant, taking on a value of

around 22% and 15% for the CAT and POP datasets respectively.

Figure 11. Value of information over time
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Trends by Popularity and Market Thickness

As discussed above, we expect market thickness to have a significant impact on
the competitiveness of the market, and as a result also on the price gap. In Figure 7, we
saw that the price gap varied across categories for the most part according to how market
thickness changed. We shall now focus on the effect of market thickness alone on price
dispersion, i.e. independent of product category. In Figure 12, we plot the price gap
versus market thickness. As expected, the graph shows a very clear inverse relationship

between the price gap and market thickness.

Figure 12. Price gap and value of information across market thickness
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Overall the price gap decreases dramatically as the number of firms in the market
increases (the large spike at 16 is most likely due to lack of observations of products for
which exactly 16 firms compete). The decrease is largest when there are just a few firms
competing, whereas after the market thickness goes to above 20 firms its effect on the

price gap becomes negligible. This supports the idea that the firms that compete on
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Pricegrabber are not truly in a Bertrand equilibrium, but rather act as a monopolies or

oligopolies and exert market power.

Figure 12 demonstrates that as market thickness increases the value of

information appears to increase as well, although the relationship seems to be weak.

However, there may be two effects determining the value of information here, namely a

market thickness effect as well as a popularity effect.

Figure 13. Price gap and market thickness versus popularity
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In Figure 13, we plot the price gap versus both popularity and the average market

thickness per popularity category. The graph demonstrates that there is also a similar

inverse relationship between the price gap and popularity. However, it is also evident

from the plot that the average market thickness decreases with popularity.
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In section 5 we employ econometric analysis to determine whether the effect of
popularity on the price gap and value of information truly exists, or if we are in fact just

witnessing a market thickness effect.

Section 5. Quantitative analysis

From the summaries of the previous section it appears that the data exhibits
various interesting phenomena on both the individual firm and aggregate product level. In
order to test whether these phenomena are systematic and truly matter, we employ

econometric analysis. The propositions we wish to test are as follows:

Proposition 1. Market thickness and the price gap are inversely related: A higher

market thickness will lead to a smaller price gap and vice-versa.

As the number of firms offering the same homogeneous good increases we expect
the market to become more competitive, which should be reflected by a smaller price
gap. This proposition has been tested in previous studies, most notably Baye and Morgan
(2003), in which the authors found that market thickness did indeed have a highly

significant inversely proportional effect on price dispersion.

Proposition 2. Market thickness and the value of information are positively

related: A higher market thickness will lead to a higher value of information and vice-

versa.
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As the number of firms in the market increases Varian's model predicts that the
minimum price will decrease, while the average price will increase. Hence we should
notice an increase in the value of information as market thickness increases.

While these are our only formal hypotheses, we are also interested in the possible
effects of popularity and market sector on the price gap and the value of information.
Baye and Morgan (2003) show that a fraction of the observed price dispersion across
products is solely due to differences in popularity of the products, although the magnitude
of the “popularity effect” is negligibly small compared to the effect of market thickness.
To the best of our knowledge we are the first researchers to conduct an analysis by

market sector, which makes our findings particularly interesting.

Methodology

We test proposition 1 on both of our datasets. For our fixed sample of products
(category dataset) we set up a basic model in which we regress the price gap (PG) on
market thickness (MT) and only control for product fixed effects (PROD). From there we
incrementally add dummies to capture fixed effects across product category and time.

Our models for this dataset are therefore as follows:

PG, =a,+ Y a,MT, + > a,PROD, +¢, (2)
MT prod
PG, = S+ B,MT, + > B,PROD, + > B.CAT, +v, ©)
MT prod cat
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PGit =7 +Z7/mMTit + z 7pPRODit +Z7/cCATit +Z7tTIMEit + @y (4)
MT

prod cat time

For our popular products dataset, we use the same approach, but also control for
product popularity. However, the disadvantage of this dataset is that nearly all of the top
200 most popular products on Pricegrabber belong to the photography, electronics, or
computer category, which of course limits our analysis to just these categories.

The only difference between the models presented above and the ones we employ
for our analysis of the main determinants of the value of information, is that we exchange
the dependent variable, price gap, with the value of information. Otherwise our approach

to testing proposition 2 is identical to that of proposition 1.
Section 6. Results

Price Gap

In Table 1, Table 2, and Table 3 we present the estimates of equations (2), (3) and
(4), and for our fixed sample (CAT dataset). Please note that in each table we have
suppressed the coefficients of dummies for more than 30 firms as well as all product and
time dummies. These are of course available upon request. The estimated coefficients
represent the differences from our base category, which is 57 firms, an incredibly high

market thickness.
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Table 1. Dependent variable: price gap - fixed effects: product

Inelependent. Variable Coelficien t-Value Expected Cell Mean
Number of Firms
2 Firms 807 4 .87 11.71
3 Firms 722 4.49 10 B
4 Firms 537 3.4 a0l
5 Firms 574 3.68 0.38
6 Firms 513 3.33 B7S
7 Firms 527 344 5481
8 Firms 4.18 2.74 7R3
0 Firms 304 L.99 G G8
10 Firms 221 L.45 586
11 Firms 2.11 1.39 505
12 Firms 326 2.14 .90
13 Firms 154 1.22 549
14 Firms 101 LG7 4 66
15 Firms L.13 .75 457
16 Firms 1.11 .74 475
17 Firms .50 .33 4.14
18 Firms -0 47 .32 N
19 Firms .20 .14 3E5
20 Firms 158 1.39 423
21 Firms 0193 .63 455
22 Firms 104 1G4 4 .50
23 Firms 047 032 4.12
24 Firms 05l 1.35 4.15
25 Firms 042 129 407
26 Firms 1.14 1.80) 482
27 Firms 204 1.42 568
28 Firms .54 0.38 4.19
29 Firms .10 .07 374
30 Firms LA3 195 817
N = 4602 R? = 0.7146
Null Hypothesis: p-valie
All Market Thickness lixed elfects are zero [

All Product Hxed elfecis are sero [




Table 2. Dependent variable: price gap - fixed effects: product, category

Independent Variahle Cloofficient t-Valwe  Expected Cell Mean

Kumhber of Firms

2 Firms 207 4.87 11.56
3 Firms T.22 449 10.72
4 Firms % i 1M .86
5 Firms 074 368 0.24
f Firms hl3 e | 263
T Firms n32T ER D 8T
& Firms 4.18 274 T.08
% Firms 1M 1.9 .0
10 Firms 221 1A% hTl
11 Firms 211 139 nuiil
12 Firms 3.2 214 .76
13 Firms 1.84 1.22 M
14 Firms Ll 06T 4.51
15 Firms 1.13 0.7h 4.63
16 Firms 1.11 0.74 A0
17 Firms (.50 033 3.99
18 Firms =047 -0.32 303
1% Firms (.2 .14 .70
20 Firms (.58 .39 408
21 Firms 0.93 063 4.43
22 Firms (.04 L6 A
23 Firms 047 .32 3097
24 Firms (.51 .35 .01
25 Firms (.42 0. 2% d.02
26 Firms 1.1& [ 41.68
27 Firms 2iM 142 Nl
28 Firms (.5 .38 4.0
29 Firms (.10 007 EX]
30 Firms L.53 .95 53
Categories
Computers 2709 2R 51 -187
Electronics X798 Wi AR 286
Video Games 2562 2TTE Q151
Mowvies -13.51 -16 26 1161
Softwars -12.88 -13 68 1224
Books 2703 e -141
Oiftice -H5.04 -HlE 192
P hiostography -M5.33 -2T.Td -121
Health 2512
N = 14602 R* = (L7146
Null Hypothesis p-valme
All Market Thickness fixed effects are zero 1]
All Product foced effects are zero 1]

All Category fixed efforts are zero 1]




Table 3. Dependent variable: price gap - fixed effects: product, category, time

lndependent Varialde Cocthicicat t=Value  Expoctoed Coll Mems
Nurnher of Finns
2 adi 1.8 1163
3 1. 16 1.4 10156
1 A.26 3. AL
a Afid At L0
L] ald 3.1 255
T AT d.489 BIT
-] L300 2.3 1.70
9 a1l 2.8 .4l
1] 236 1.54 .76
11 229 1.5 A8
12 a4d0 2.3 (1}
K} 205 1.35 ada
14 L1% .77 L5
(5] Lil ()3 L71
I6i L2 (.2} LG
17 LEE .46 Log
15 (.23 (.17 A1
19 .53 (.36 3.94
Al L3 a5 123
a L2 [L.%1 Liil
x L19 (. 1} 159
23 ILE# [} L&
| L2 (.42 113
25 L2 .42 Loz
Xi L41 [].5Kj 152
-1 231 1.8 |
25 (LEG (L6 Lid
x [L52 (.36 3.92
Al L44 .54 1835
Ut egrras
Cloamputers 27.23 X4 218
Elext minies 2834 LA 3.21
Vide Grammes 2562 TG (148
Menaes 13.49 1624 1165
Software 14.01 1551 12.12
Brxiks 2684 EANE 1.71
{Hhee 2612 x4 (L.95
I hertograge dy 2649 IT B8 1235
Hemlth 25.13
N = 160K [ = (.7 16
Null Hypethes® 1= vahue
All Market Thickses=s fixes] effexts are moo il
All Procuet fixed cffcts are zoo i
All Category fixes] effests are oo il
AL T aoeme fieed edbexts are mTo (074l

The results support the hypothesis that there is a strong inverse relationship
between market thickness and the price gap. Overall our model can explain around 71%
of the total variation in the price gap. The model predicts that when just two or three
firms compete the price gap will be higher than 10%. It is interesting to see just how
quickly the gap shrinks. With just 10 firms in the market the gap is already below 6%,

and as of 14 firms it remains between 3 to 5 percent.
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These estimates barely change when we add category and time fixed effects. Note
that the hypothesis that all time fixed effects are zero in the last model yields a p-value of
0.0741, indicating that the time dummies are insignificantly different from zero at a 5%
level, hence price dispersion does not appear to diminish over time; instead it appears to
be persistent over time, a result that confirms findings in previous literature.

Another interesting result is that there do appear to be systematic differences
between product categories. Moreover, some of the magnitudes of the coefficients are
very large. It appears that products in the categories health, software and movies have
particularly high price gaps, compared to the other categories. To the best of our
knowledge we are the first to test for category specific effects. It is therefore hard to say
whether this result should hold in general, or whether this phenomenon is limited to the
Pricegrabber website.

When we ran the regressions on the data from the POP dataset, the effect of
popularity on the price gap was negligibly small, which confirms the hypothesis that
there is no real popularity effect on the price gap. The true reason that we generally
observe smaller price gaps for popular products therefore appears to be that the more
popular products on average have a greater market thickness than less popular ones (see

Figure 13).

Value of Information

In the following tables we present the estimates for the value of information based
on models that are similar to the ones we used for the price gap. Table 4, Table 5, and

Table 6 display the results for the fixed sample (CAT dataset).
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Table 4. Dependent variable: value of information - fixed effects: product

Market thickness Coefficient t=Value Expected Cell Mean

2 Firms -23.88 -11.33 10.49
3 Firms - 20,00 -0.78 14.36
4 Firms -19.53 -0.55 14.54
5 Firms -18.85 -0.a1 15.52
6 Firms -17.11 -8.72 17.25
7 Firms -15.32 =786 19.005
& Firms -14.21 =7.32 20015
9 Firms -14.97 =7.7: 19.39
10 Firms -13.51 -6.958 2085
11 Firms -12.74 -6.049 21.62
12 Firms =-10.08 -0.22 24.28
13 Firms -10.99 -0.71 2337
14 Firms -12.71 -6.6 21.66
15 Firms -12.43 -6.49 21.094
16 Firms -14.03 =736 20,34
17 Firms -134.32 =704 21.05
18 Firms -12.48 -0.08 21.59
19 Firms =-11.45 =606 2291
20 Firms =022 -4, 88 25.15
21 Firms =708 -4.24 26.39
22 Firms =TT -4.14 26.60)
23 Firms =543 -4.35 26.14
24 Firms -850 =466 25.67
25 Firms =046 =007 24.91
26 Firms =0.400 -4.82 2536
27 Firms =503 -4.35 26.34
28 Firms =012 -0.004 25.25
249 Firms -9.19 -5.1 25.18
30 Firms -0ahd =461 2902
i 14602 B* = (.8794
Null Hypothesis p-value
All Market Thickness fixed effects are zero il

All Product fixed effects are zero 0




Table 5. Dependent variable: value of information - fixed effects: product, category

Independent YVariahle Coetlicient t-Yalue Expected Cell Mean
Number of Firms
2 -X1E8 -11.33 10040
3 =00 -0.T8 14.28
1 -19.53 -0.55 1475
5 -18.85 -0.51 15.43
[i] -17.11 -8.72 17.17
T -15.32 -T.506 18,56
& -14.21 -T2 AT
9 -14.97 -1.72 19,31
10 -13.51 -6.08 HLTT
11 -12.74 ELiRn 21.53
12 -1000E -h.22 .20
13 -100.5% -hT1 X129
14 -12.71 B 2157
15 -1243 A% 2185
16 =140 =T34 225
17 B I -T.0d NG
18 -1248 -G08 2180
1% -11.45 -0 I E3
20 -0 -85 2506
21 -T.08 -4 .30
22 =TT -4.14 M5l
23 -8 -8 M5
24 -8.70 <L 25.58
25 -0.46 -0T 24.82
26 -0 -4.52 2528
27 -8.0c -8 H.2H
28 -0.12 -5 2516
29 -0.1% =010 25,09
a0 -haH -261 2893
Categories
JoTputers -hldd -13.18 T.59
Eloctronics 1083 1259 9.1
Video Games s Lk -¥.29 1311
Mo ies -19.54 -18 50 12
Software A% =42 HLGE
Books -24.44 -21.52 R
Oifiee s A -3 05 17.4%9
P hiotography -hAEL 1375 )]
Heoalth 564
N = 14602 R* = (LAT04
Null Hypothesis p-value
All Market Thickness fixed effects are zerao 0
All Produet tooed effects are moro 0

All Category fixed effects are e 1]




Table 6. Dependent variable: value of information - fixed effects: product, category, time

Independent variable Coetlicient t-Yalue Expected Mean
Number of Firms
2 Firms -23a8 -11.07 10,52
3 Firms -19.80 -0.66 14,10
4 Firms -1927 =040 14.63
5 Firms -18 60 -5 15.31
i Firms -16.74 -8.51 17.16
T Firms -14.83 -7.59 19.06
& Firms -13.75 -T.06 LG
9 Firms -14.56 -T7.49 19,34
1) Firms -12.90 .65 2101
11 Firms -12.13 -0.25 21.78
12 Firms -0.51 -4.91 2440
13 Firms -10.21 =528 2370
14 Firms -1205 -6.24 218G
15 Firms -11.73 .11 2218
16 Firms -13.29 6596 261
17 Firms -12.51 -6.59 21.39
18 Firms -11.59 -6.09 232
19 Firms -1i34 =Nl X157
) Firms -8.20 -4.33 25.71
21 Firms -6.95 =368 25.95
22 Firms -f.AL -3.62 27.089
23 Firms -T.H -390 AT
24 Firms -T.88 -4.21 .02
25 Firms -8.53 -4.55 2538
2 Firms -8.00 -4.27 25.91
27 Firms -60.97 -3.79 2.0
28 Firms -7.091 -4.35 2500
2 Firms -707 =440 25.93
3 Firms -has -2.62 28.52
Categories
Computers -5l G0 1343 TAB
Elactronies A3 -13.25 945
Video Games ~16. 109 -39.35 13.33
Muowvies -1947 -18.47 39,40
Sof tware -0.73 =562 516G
Books -2 09 -21.23 .25
{Mfice -11.04 -2 1744
Photography 308 =401 522
Health hT.8
N = 14602 R* = (L&RT
Null Hypothesis p-value
Al Market Thickness fixed effects are mero 0
All Praduct fixed effects are zera 0
All Category foced effects are zero 0
All Time fixed effects are wero 0

The results show a very strong positive relationship between market thickness and

the value of information, which, of course, confirms the proposition that we stated in the

previous section. In fact, our model can explain nearly 90% of the total variation in the
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VI, indicating that the number of firms offering a good is an even better indicator of the
value of information than of the price gap, of which around 70% could be explained.

The expected value of information when only two firms compete is only 10%, but
this number quickly increases to over 20% for just 10 firms. From there it increases
gradually to approximately 30% for 30 firms, after which it no longer significantly
increases no matter how many firms are in the market. As was the case for our price gap
results, adding fixed effects for categories and time barely changes our estimated
coefficients and expected means.

An interesting finding here is that the variation of the value of information across
product categories is very large. For example an informed consumer that buys a camera
can only expect to save around 5% over an uninformed consumer, while he or she can
expect to save an amazing 58% when buying an electric razor, and nearly 40% when
buying a DVD.

When we ran these regressions on the POP dataset, while adding controls for
popularity, our findings were similar to those we made for the price gap. Popularity alone

does not seem to have any real effect on the value of information.

Section 7. Conclusion

In this paper we analyzed price dispersion on homogeneous goods that is reflected

on the Pricegrabber.com shopping comparison site. Our research confirms past findings

regarding the determinants of price dispersion on other online gatekeepers. We also
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found that that price dispersion varies systematically across market sectors, and that the
Pricegrabber service provides tremendous informational value to its users.

Our results provide strong supporting evidence regarding the validity of Varian's
model in which the number of sellers of a given good has a large impact on price
dispersion. Both the percentage gap between the two lowest offerings and the gap
between the lowest and average offering depend primarily on the market thickness,
although the direction of the effects differ as expected. The price gap is large when there
are just a few firms competing in the market, but rapidly decreases as the market becomes
more competitive.

The value of information depends even more strongly on the number of firms than
the price gap. With just 2 firms in the market, consumers that inform themselves about
prices by visiting the Pricegrabber site can expect to save just 10% more than consumers
that buy from a random online retailer. However, this number increases to an impressive
30% when 30 or more firms post offerings.

These findings are consistent with previous findings, most notably those of Baye
et al. (2004a), despite the fact that their data comes from a completely different source
(shopper.com) and is nearly 5 years old. It appears that passage of time and the maturing
of online retail markets has had no effect whatsoever on the persistency of price
dispersion, that price dispersion is in fact, as modern economic theory suggests, an
equilibrium phenomenon which results from asymmetries of information in these
markets.

Price dispersion also varies across market sectors and popularity ranking. While

the magnitude of the effect of popularity on price dispersion is negligible, the same
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cannot be said for product categories. In fact, our results show that even after controlling
across products, and time, there is considerable variation between different categories.
Dispersion is generally largest for health products, while it is small for products
belonging to the photography category.

In future studies it would be useful to further delve into the possible reasons for
the systematic differences of dispersion across categories, and test whether these are also
present on other online gatekeepers. It would also be interesting to devise new measures
of price dispersion, besides the ones presented here, that directly incorporate merchant

rating.
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