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Abstract

This paper estimates the rdative price sengtivity of individuals choice of whether to buy
computers online versusin retall stores using anew data source on the computer purchase
behavior of dmaost 30,000 people. To estimate the degree of competition between the two
channels, the paper uses atwo step approach. Firg, it fits hedonic regressons for the prices paid
for acomputer in aretail sore as afunction of characteristics. The coefficients on the city fixed
effectsin these regressons give a measure of the retail price level The second stage then looks
a whether individuas purchase their computersin stores versus online as afunction of the retall
price and their own persond characterigtics. The results indicate that the decision to buy
remotely is sengtive to the rdative price of computersin retal stores. Conditiona on buying a
compuiter, the eadticity of buying remotely with respect to retail store pricesis about 1.5.
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1. Introduction

One of the most important lingering questions about Internet commerce is how much
competition it provides with retaill merchants. Thisis hard to answer, in practice, because most
standard data sets do not include information about the Internet and because in most sectors,
online merchants make up only asmall fraction of total sales (even for books, online sales
account for less than 5% of the total market). Severa recent papers have emphasized the large
amount of price disperson onlinein individua sectors such as books and music (Brynjolfsson
and Smith, 1999; Balley, 1998; Clay et d., 2000) and seemed to suggest that price competition
online may not be particularly intense and that brand and other factors are quite important.

There has been little empirical work on direct competition between retail and Internet
commerce (see Baasubramanian, 1998). One exception is Goolshee (2000) who finds that
variationsin retail prices caused by loca saestax rates seemsto have alarge impact on
consumers online buying patterns, implicitly suggesting that there is cross-channel competition.
To understand the role of this cross-channel competition, though, more precise estimates of the
meagnitude of cross-price eadticities of demand across different venues are needed.

To do such estimation, however, requires data that is normaly difficult to comeby. Firg,
one needs data on peopl€'s shopping patterns across retail and Internet channels for some type of
good. Second, one needs relative price data for the good acrossin many different local markets
if one has cross-sectiona data. Unfortunately, cross-market price data on individua goodsis
extremedy rare.

In this paper | will examine the computer industry. | choose computers for two reasons.
Fird, it isan extremely important industry. There has been important work in indudtria

organization andyzing the competitive conditions in the computer industry (see the survey of



Bresnahan and Greengtein, 1999 or the work on PCs by Bresnahan, Stern and Trajtenberg, 1997).
Computer goods are adso the single largest category of retail goods sold online (Boston
Conaulting Group, 1998). In part thisis an outgrowth of the well established mail-order tradein
computers. Manufacturers such as Dell and Gateway have integrated their direct sales operations
previoudy conducted through magazines and the telephone into tremendous online businesses.
The second reason | look a computersisthat it is one place where the data are potentialy
sufficient to estimate the demand system.

The approach | take will be to use a new micro data set on individual computer purchases
and edtimate the sengitivity of venue choice to variationsin the relative price with atwo step
procedure. Firgt, | will get apriceindex for locd retail computersin each of the 50 largest metro
aress by fitting a hedonic regression on purchase price data by metropolitan areafor computers
that were bought in retail stores. | will esimate how much the individua pays for acomputer as
afunction of the computers characterigtics, year dummies, and metro areadummies. The metro
area dummies then become aloca retail price index for computers. Second, using this measure
of prices, | will then estimate alogit mode for the discrete choice of whether an individua
bought their computer in aretail sore or online as afunction of retall prices and of individud
characteristics.

The results indicate thet the variation in retall prices has a sgnificant impact on the
likelihood of buying directly from the manufacturer. Conditiona on buying a computer, the
eadicity of buying remotely with respect to the retail priceis about 1.5.

The paper proceeds in four sections. Section 2 describes the role of the Internet in the
computer industry and the data used in this paper. Section 3 presents the results from the

hedonic regresson and the cregation of the local retail price index for computers in each market.



Section 4 explores the price sengtivity on online sales with respect to this price. Section 5

concludes.

2. Data and Industry Background
A.TheData

The estimation will rely on micro data on computer purchases from the December 1998
proprietary mail survey of Forrester research called Technographics 99. Forrester isamarketing
research company specidizing in the information economy. The fidldwork for the survey was
conducted by the NPD Group. NPD Group received survey data from about 90,000 American
households on their ownership patterns for computers and other eectronic goods. The sampling
methodology is proprietary but is meant to ensure a nationdly representative sample. More
details on the Technographics program can be found in Bernhoff, et a. (1998) or Goolsbee and
Klenow (2000).

These data provide information on the demographics of each respondent including
gender, race, income, education, age, whether they use a computer at work, whether they run a
business from home, and their state and broadly defined metropolitan area of residence
(specificaly, what televison market). They aso answer whether they have apersona computer
a home.

| will look at those people with a computer. For anyone with a computer at the time of
the survey (conducted in December 1998), the survey asks how many computers they currently
have, how many they have ever had, when they bought their first computer, and how often they
use their computer. For their most recent computer, they answer where they bought it, how

much they paid for it, and give a variety of characteristics of the computer such as the speed of



the chip, whether they have a modem, alaser printer, and so on. Note that these are for home
computers and do not include business purchases.

| will use two different parts of the data for the two steps of the estimation procedure. In
the firgt part the dependent variable is the log of the redl price paid for the computer as afunction
of its characterigtics. In these regressons | will ook only & people who bought their computers
inretall soresand | will restrict the sample to the top 50 markets (to ensure there are enough
observations for the hedonic regression). The metropolitan area dummiesin these regressons
indicate how much more or less a computer with the same observables cogts in different markets.

For the second part of the estimation, the andysis looks at al people who own a
computer and the dependent variable becomes whether they bought the computer from aretail
store or from aremote vendor.! Here the city level dummies in the price regression become the
retall price index for the city and | try to explain where the customer bought their computer from
asafunction of individua level demographics, dummies for when they bought their first

computer and for how many computers they own and other measures of computer sophistication.

B. The Computer Industry

In 1999, there were more than 36 million PCs sold in the United States (InfoTech Trends,
2000). Mot of these were to businesses but given that more than haf of U.S. households have a
PC in their homes, residentid sales are dso quite important. Among computer manufacturers,

there are two main methods of slling to resdentid cusomers. Thefirst isto market computers

YInthis category | include anyone that answers either “ direct from the manufacturer” or “online” asto where they
bought their computer. | do thisbecauseit is common for customers of the large direct sellers of computers such as
Dell or Gateway to use the Internet to customize a computer and get a price quote and then call on the telephone to
place the order. Thismight be reported by the customer in either category. All of the other choices are from some
type of retail store such asfrom an electronic store, from a computer store, etc.



through distribution networks such as computer stores like CompUSA, dectronics stores like
Circuit City, generd retailers or catdog merchants. The dternative is direct sdlling from the
manufacturer to the consumer, usudly ether through an Internet Site or through direct adsin
computer magazines. The mogt well-known of these merchants are Dell and Gateway, though
there are severa others. Recently, Gateway has aso opened computer stores of their own
(Gateway Country stores) but this mainly took place after this sample.

Table 1 illustrates the point with data from Forrester on the location of the most recent
purchase for members of the sample and brand of the most recent computer for members of the
sample from 1996 through 1998. The data indicate that of computer ownersin the top 50 metro
aress, about 60 percent purchased their last computer from some kind of retail store with
computer and e ectronics stores dominating the category, about 30 percent of computer owners
purchased their last machine from a catalog, direct from the manufacturer or over the Internet,
and about 10 percent received the computer as a gift. The share buying from aretall store has
been dowly fdling over time. In 1995, about two-thirds had bought their last computer a a
gore. By 1998, it was about 57%. Typicaly the direct sdllers appeal to a more informed
consumer than does the computer store. The average computer owner that bought their last
computer in astore, for example, has owned 2.0 computersin therr lifetime whereas the average
remote buyer has owned about 2.2.

The brands represented are familiar. Compag, Packard-Bell, and IBM make up the
largest sellers. That Gateway islarger than Dell isabit surprisng snce Dell’s sdles are larger
but this may be due to the focus here being on home computers as opposed to business,
government, and educational sdles. More than athird of the sample bought a brand that was not

in this group of well-known merchants.



3. Hedonic Regressions and A Loca Price Index

Firgt, using the price and computer characteristics data, | will estimate a hedonic
regresson with dummies for each metropolitan area that will provide an estimate of the loca
retal pricelevel. The dummieswill indicate how much more an individua in some area must
pay for acomputer with the same attributes. Thereis alarge literature on the subject of hedonics
in the computer industry (see Berndt, Griliches, and Rappaport, 1995 or Berndt, Dullberger and
Rappaport, 2000 for results and guides to the literature). Typicaly these hedonic studies are
based on ligt prices and are not quantity weighted (i.e., each modd is equally weighted because
there isno sdles databy modedl). The Forrester data have the advantage of being transaction
prices and being quantity weighted but have the mgor disadvantage that they lack the same level
of detall for the characterigtics of the machine. Rather than having the actud MHz of the CPU,
for example, the Forrester data has only categories such as 386, 486, Pentium, Pentium 11, and so
on.

| estimate the hedonic price indices by looking at buyers in the 50 highest population
markets (chosen because they had sufficient observations to estimate the city fixed effects rather
precisdly). The hedonic regression will explain log prices for computers bought in retail stores
asafunction of dummiesfor the speed of the chip, dummies for the fourteen manufacturers, year
dummies, and dummies for whether the computer was bought with amodem (and the type of
modem), a printer, a scanner, extramemory, an expanded hard drive, and metropolitan area
dummies.

Following the results of Berndt, Dullenberger and Rappaport (2000) on the non-
constancy of the parameters over time for certain characteristics (and because some of the

characteristics in the Forrester depend on the year—buying a scanner in 1994 means something



quite different than buying onein 1998), | will aso run a specification that includes interactions
of the scanner, chip speed, modem, Iaptop, memory, and printer dummies with the year
dummies. In doing these specifications and taking the metropolitan area dummies as a measure
of thelocd priceindex, | am implicitly assuming that price differences across markets are
constant across the sample and scale up the price of an identical computer in amultiplicative
way. | will restrict the sample to computers bought in the period from 1996 through 1998 to
keep the sample consistent.

Mogt of the coefficients on each characterigtic have the intuitive signs and plausible
magnitudes. They are reported in column 1 of table 2. Faster chip speeds, the presence of a
scanner, amodem, or alaser printer are associated with higher prices, for example. The year
dummies suggest that the qudity adjusted prices fell amost 15% per year in the period. Thisis
smadler than the 25%- 30% declines found in the list- price based hedonic regressions of the early
1990s but till sizable. In column 2, | add the year dummy interactions with the computer
characterigics. Doing this effectively diminates the year dummies on their own but the overal
trend in prices remains large and negative. Though not listed to save space, the resultsindicate
that the price premium for each type of chip falls over time, as does the laptop premium, and o
on.

The dummy variables for each metro areain these regressions are then used as an
indicator of the price level in each location. Sincethey arein log terms, | take the exponent and
then norm the price levels to be 1 in the 50th largest market (Providence, RI). The prices of the
I nternet/catalog computers are assumed to be the same across markets, so the locdl price effect is
ameasure of the rdative price. The prices vary from 0.98 to 1.12 aslisted intable 3. The

correlation of the retail price index from this regression with the one from regresson (1) is.99.



It istrue that cities with low costs of living, such as Lancaster and Greensboro, tend to have low
retail prices for computers but the index is dso relatively low for citieswith higher codts of
living but amore information technology savvy popul ace such as RaeghvyDurham, Boston, and
San Francisco, though Sedttle is a notable exception. 1 will use this price index, derived from the
more general modd in specification (2), in the estimates below.

Asthisretail priceindex will form the core of the estimation, it isimportant to check that
vaiationsinit actudly represent variationsin locd prices and not spurious factors that might
a0 be correlated with the probability of buying online. The main fear in such regressonsisthat
better unobserved characterigtics of a person’s computer that tend to increase the price will
show-up as higher prices when they are, in fact, higher qudity. In markets where alarge fraction
of people buy machines with higher MHz, conditiona on the type of chip, for example, or some
other measure of qudity that is unobservable in the Forrester data, the price index will look
higher, conditiona on the observables but for the wrong reasons. |If the types of places where
people buy higher MHz machines, conditiona on observables, are aso the places where people
tend to buy online and through catalogs (i.e., more sophigticated places), thiswill bias the results.

To ded with this potentid problem, | do two things. Firgt, | add individua level
demographic information including age, income, education, and race dummiesto the pricing
regressonsin column 3. These variables should not have adirect impact on prices paid for
identica machines (unless there is discrimination) but may be correlated with the taste for
unobserved quality in the computers. Indeed, as shown in the table, these variables are
sgnificantly correlated with price. Better educated and higher income people tend to have
higher prices, conditiona on the same observable computer characteristics (athough older

people do, aswell). Theimpact of these factors on the locd retall computer price index,



however, isvery smdl. The corrdation of the retall price index from this regression with thet in

the general modd is.96 and it did not affect the results below to subgtitute it.

A second, more direct test isto repeat the hedonic regressions but use the prices paid for

computers bought direct from the manufacturer to get aloca price index for remote computers.
| dothisin column 4. Since these prices are nationa prices, however, there should not be any
local variation in the price of remote computers (save, perhaps for the tax term). To the extent
that there are, these may be a measure of the unobservable quality premium in each city (i.e, a
city with a higher index means that people buying remotely tend to buy higher qudity machines
with the same observables). Later | will then include this aternative remote computer price
index as a control in the decision estimates to test for the presence of spurious corrdation. A
finding that higher loca remote prices (which can only come about because of variationsin the
unobservables across cities rather than actua variation in prices in those cities) are correlated
with the probability of buying remotely would be rather important evidence of a flaved
gpproach. An interesting thing to note about the remote price index, now, however, isthat it is

bascaly uncorrelated with the retall price index (a correlation of -.04).

4. Probability of Buying Remotdy Versus Retall

With this price index of local computer prices, | then use information on the individud to
examine their choices about whether to buy a computer remotely as afunction of their
observables and of rdlative pricesin their area. Table 4 lists the results from alogit regression of
the{1,0} decison of computer owners of whether they bought their computer remotely as a
function of how many computersthe individua has ever owned, when the person bought their

first computer, how long they have had online access, whether this purchase was a laptop,

10



whether the respondent has ever bought a non-computer product online, the number of cars and
trucks in the household (which reduces the cost of retail shopping), race, age, education, income,
whether they use acomputer at work, year dummies, and the price index in the city. These
controls are meant to account for individua technologica sophistication.

Not surprisngly, people having bought computersin the past, having previoudy bought
online, having higher income, and so on, are significantly more likely to buy directly from the
manufacturer. The price coefficient is dso sgnificant and somewhat large, suggesting direct
competition between retail and the remote sales.

More importantly, however, prices are, indeed positively and significantly correlated with
the likelihood of a computer owner having bought online or direct from the manufacturer. The
margind effect indicates an eladticity of 1.45 (i.e., conditiona on buying a computer, an increase
in retail prices of 1 percent raisesthe overdl likelihood of buying remotely by 1.45 percent).

Next, to ded with the issue of whether the computer price index is merely picking up
differencesin the loca housing or other cogts of living, in column 2 | add the Money Magazine
Cogt of Living Index for the largest city in the metro area. Thisisaso anumber equal to 1in
Columbus, Ohio. Theresultsindicate that higher loca prices do make people more likely to buy
computers online, separately from loca computer prices, but that the effect of higher computer
pricesitsdf isdill large and Sgnificant. The conditiond cross-price dadticity hereisdightly
larger than in the base case.

Findly, in column 3, asthe test of whether this results from the spurious correlation
between technologica sophistication, unobservable computer qudity in an area, and likdihood
of buying remotdy, | dso include the loca price index for remote purchased computers, as
described above. The coefficient on the remote price index is smdl, inggnificant and of the
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wrong sgn while the retall price index remains dmogt exactly the same sze (the conditiona
cross-price dadticity isagain 1.55). This suggests againgt the explanation that unobserved
quality is behind the variaion in the price index as a counter-explanation of the cross-price

senstivity.

5. Conclusion

This paper has used micro data on individua computer purchases to estimate local retall
price indices for computer equipment and to use these price data to estimate the price sengtivity
of computer purchases across different channds. The results suggest thet there is ignificant
competition between online and retall sdlers of computers. The conditiond cross-price dadticity
of buying remotely versus buying in a store with respect to the retail price isin excess of one and
suggests that online and offline sdles of computers are unlikely to be truly separate markets.
Thisisone of thefirst estimates of direct competition between online and offline retallers.

The apparent cross-price sendtivity of demand suggeststhat it would be fruitful to
consder the supply and pricing decisions on the part of merchants who, presumably, know what
the customer eadticities are when they make such decisons. Thisimportant topic is left to

future work.
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TABLE 1. LOCATION AND BRAND DISTRIBUTION OF HOME COMPUTERS

L ocation of L ast Purchase

Computer Store
Electronics Store

Discount Warehouse/Membership Club

Office Superstore
Other Type of Retail Store
Direct, Catdog or Internet

Gift

Brand of L ast Purchase

Compaq
Packard-Bdl
IBM
Gateway
HP
Ddl
Acer
NEC
Toshiba
Other Brands
Unknown

Percent of Total

23.9
23.0
4.6
3.8
4.7
29.6
10.3

Per cent of Total

10.8
105
10.2
9.5
6.7
4.8
31
1.8
1.6
35.1
5.8

Notes: Author’s caculations using data from Forrester on computers purchased from 1996-1998.
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TABLE 2: HEDONIC LOG PRICE REGRESS ONS

1) ) 3 (4)
No Interactions Interactions Demographics Remote Sales
386 or less -.065 (.027) -.109 (.053) -.115(.053) -.187 (.086)
486 -.072 (.019) -.063 (.041) -.076 (.041) -.110(.058)
Pentium .049 (.021) -.050 (.028) -.058 (.028) -.149 (.043)
Pentium 11 .138 (.016) 119 (.027) 104 (.027) .049 (.041)
Macintosh -.044 (.059) -.039 (.071) -.045 (.070) .003 (.073)
Modem .071 (.029) .008 (.050) .004 (.049) .240 (.054)
Scanner .031 (.008) .028 (.014) .023 (.014) .030 (.018)
Laser Printer .114 (.030) .073 (.039) .058 (.038) .050 (.045)
Laptop .156 (.020) .173(.028) 152 (.028) 312 (.035)
Sades Tax 403 (.452) .394 (.451) 273 (.451) 533 (.671)
ExtraMemory -.014 (.009) .001 (.015) -.005 (.015) .001 (.021)
Y ear 1995 271 (.013) .022 (.094) -.006 (.093) .154 (.106)
Y ear 1996 211 (.011) -.035 (.086) -.058 (.085) .190 (.100)
Y ear 1997 134 (.010) -.098 (.073) -.008 (.079) .015 (.084)
Education .004 (.002)
Income(/100) 129 (.013)
Age(/100) 104 (.032)
Other Dummies. | 8 other hardware | 8 other hardware Race 8 other hardware
13 manufecturers | 13 manufacturers | 8 other hardware | 13 manufecturers
Gift Metro Area scanner X year 13 manufacturers scanner X year
chip X year scanner X year chip x year
modem X year chip X year modem X year
memory X year modem X year memory X year
laptop x year memory X year laptop x year
printer X year laptop x year printer X year
Gift printer X year Gift
Metro Area Gift Metro Area
Metro Area
n 9,391 9,391 9,327 9,391
R2 A3 14 .16 14
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TABLE 3: ESTIMATED RETAIL PRICE INDEX FOR COMPUTERSBY MARKET

Retal Retal

Metro Area Computer Metro Area Computer

Price Index Price Index
Fittsburgh 1.118 Tampa 1.057
Norfolk 1.106 Memphis 1.056
New Orleans 1.103 Greenvillle 1.052
Grand Rapids 1.102 San Antonio 1.051
Orlando 1.101 NYC 1.048
Seditle 1.098 Sacramento 1.043
Detroit 1.097 Houston 1.040
Cincinnati 1.092 Indiangpolis 1.040
Philadelphia 1.088 San Francisco 1.037
Milwaukee 1.080 Portland 1.037
Denver 1.079 Ddlas 1.032
Birmingham 1.073 Atlanta 1.031
Miami 1.073 Nashville 1.026
Minnegpolis 1.071 Boston 1.025
S. Louis 1.069 Columbus 1.022
Clevdand 1.069 Louisville 1.022
Bdtimore 1.068 Kansas City 1.021
Albuquerque 1.067 Oklahoma City 1.019
Hartford 1.065 Charlotte 1.010
Chicago 1.065 Buffdo 1.006
San Diego 1.063 Phoenix 1.000
Washington DC 1.063 Providence 1.000
Sdt Lake City 1.060 Lancaster 0.999
West PAm Beach 1.059 Rdegh 0.980
LosAngdes 1.058 Greensboro 0.976
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TABLE 4 LOGIT MODELSOF THE DECISION TO BUY REMOTE VERSUSRETAIL

©0) &) (©)
Retail Computer Prices 2.129 2.281 2.265
(.548) (.562) (.565)
Generd Codt of Living 350 .368
(.112) (.122)
Remote Computer Prices -.141
(.401)
Ever Bought Online 324 333 333
(.038) (.038) (.038)
Age -.010 -.010 -.010
(.002) (.002) (.002)
Education 077 .079 .079
(.007) (.008) (.008)
Femde .168 169 169
(.032) (.032) (.032)
Number of Automobiles -.082 -.077 -.077
(.016) (.016) (.016)
Dummies Year, # of comps, | Year, #of comps, | Year, #of comps,
Yr of 1st comp, Yr of 1st comp, Yr of 1st comp,
Yrsonline, Race Yrsonline, Race Yrsonline, Race
L aptop, Income. Laptop, Income. L aptop, Income.
n 20,724 20,326 20,326
Log Likdihood -12433.3 -12164.8 -12164.7
Estimated Conditiona 1.45 1.55 154
Cross-Price Eladticty
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