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Since its beginnings in January 1975, the market for personal
computers has ballooned. Yet the rising tide of demand has not
lifted all boats, as New England and other entrants to the industry

discovered. While some personal computer manufacturers managed to
remain in the market for a number of years, many others left after a short
time. This article examines some of the factors contributing to success in
the personal computer industry, with particular attention to the role of
experience.

Among the article’s findings are that brand effects count for a lot.
Models produced by firms with more experience, as measured by both
years h~ business and numbers of models produced in the past, had
greater longevity than similar models produced by less experienced
companies. Another finding, one that runs somewhat counter to conven-
tional wisdom, is that the more technically advanced models are intro-
duced by the more experienced firms. This appears to be part of a
dispersion strategy, by which established companies offer a variety of
models, thereby avoiding replacing existing models and preempting
top-of-the line market segments. New firms were more likely to concen-
trate their models in a particular market segment and to introduce
models embodying established technologies.

The article analyzes patterns of entry and exit of individual models
in the personal computer (PC) industry. In the case of entry, firms’
decisions about which models to produce are analyzed, with a focus on
asymmetries in location of new products~ between incumbents and
entrants. Who introduces the most technologically advanced models:
entrants or incumbents? Do incumbents preempt the market by segment-
ing it, that is, do they locate all their models in a single market segment,
or do they disperse their models along the product space? The advantage
of incumbents over entrants is also tested in the case of exit. The questions
addressed are whether firms’ reputations and experience helped them



and their models survive in the market longer, con-
trolling for models’ prices and attributes.2

The article begins with a brief history of the PC
industry in the United States, followed by an outline
of some theoretical issues associated with strategic
model locatiou. Previous work iu the area is then
summarized. The next two sections describe the data
used in this stud}, and the way models’ quality is
measured. Then entry and exit results are provided. A
SUlnmary and conclusions follow.

I. History

The n~icrocomputer or personal computer indus-
try in the Uuited States has undergone major changes
in its market structure. The industry has grown sub-
stantially from its beginnings in January 1975, when
the first microcomputer, the Altair 8800, was iutro-
duced. During its early development, the industry
was dominated by a few small-scale companies,
mainly hobbyist-run. Entry into the market was deter-
mined by technological innovation and the availability
of system-colnpatible software. Companies tended to
design their own software, with little compatibility
among systems. IBM introduced its personal comput-
ers in 1981 and dominated the market for several
years. Gradually producers of software and hardware
began separating, with less vertical iutegratiou and
more compatibility alnong products.

The 1980s brought a large number of smaller
firms into the lnarket, making the industry more
competitive. Figure 1 shows changes in the market
concentration in the personal computer industry, as
measured by the Herfindahl index,3 while Figure 2
shows changes in total elnployment in the computer
and office equipment iudustry. By the end of the 1980s,
substantial product differentiation had occurred, with
most firms offering several models, often with several
versions each. Throughout the period, new product
development was the engine of the industry’s rapid
growth. One Massachusetts-based computer manufac-
turer, Data General, claimed a new product or major
product modification every 10 to 12 working days in
1980 (Kuhn 1982, p. 2).

In some high-tech industries, entry by new firms
may be difficult because the existing companies incor-

~ Products and models in the PC market are used interchange-
ably.~

- For a more detailed analysis of this topic, see Stavins (1995).
~ The Herfi,~dahl index is defined as a sum of the squares of the

market shares of all the firms included in a particular market.
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porate their own components that are difficult o1"
impossible to imitate (for example, because of patent
protection). In the PC market, few such technical
barriers to entry were present. Existing technology
typically has been widely available and components
often manufactured by other firms. Despite the seem-
ingly easy entry into the market, however, firm entry
and new product introduction required stink entry
costs, such as establishing retail channels and adver-
tising. With the continuously evolving market, few
companies managed to survive in the market beyond
one or two years. As Figure 3 shows, the majority of
exiting firms were only one 3,ear old.

In industries with firms producing several differ-
ent products such as PCs, indMdual firms need to
decide which models to introduce, not jnst whether to
enter or leave a given market. The situation becomes
even more complicated in the case of firms producing
several products. Incumbent firms introducing new
products must decide whether to replace their old
models with similar new ones (possibly "cannibaliz-
ing" their own products) or to enter new segments of
the market. In other words, firms decide where to
place their new models in a "space" of existing
products. Such spatial location decisions might be

FigL.e 3
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intended to deter entry by other firms. Industries with
firms producing several different goods allow for
analysis of entry and exit of products, and of strategic
behavior on the part of their prodncers.

II. Theoretical Bnckground

In the PC market, a decision about which models
to offer for sale is strategic, not simply technological.
PC components are, to a large degree, produced by
firms other than those that sell complete systems.
Indeed, the technology embodied in microprocessors
and storage devices can be assumed to be available to
any firm at a given time. Each firm chooses which
models it is going to offer, subject to the constraints
imposed by existing technology. Incumbents face a
choice:

(1) They can place all their models in a single
segment of the market, by locating their new
models close to their existing ones. The strategy
allows firms to take advantage of their "local"
scope economies~ but at the same time creates
substitutes for their previous models. This strat-
egy results in market segmentation, where each
firm produces only close substitutes.

(2) They can try to preempt the entire market by
placing their new models further away in prod-
uct space. That way they avoid cannibalizing
their existing models and occupy empty market
niches before entrants do. This strategy leads to
market interlacing, where various firms’ models
alternate.

If existing firms choose the first strategy, they may
steer customers away from their own existing prod-
ucts in favor of their new products. But entering new
market segments is more risky, as it entails incorpo-
rating new technology before it is established in the
market and accepted by consumers.

In the PC market, existing firms have significant
advantages over potential entrants. For example, con-
sumers are more likely to buy familiar brands, and
older firms may have long-term contracts with distrib-
utors, lowering their costs relative to those of new
firms. Because of such considerations, new entrants
may be forced to search for empty market segments to
avoid price wars with more established firms. Hence,

4 Economies of scope exist when it is cheaper to produce
seve,’al products jointly than each one separately. For example, it
may be cheaper to produce screws and nails together than each in a
separate establishment, since the bulk of the inveshnent (factory,
machines, labor) has already been made.
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incumbents would be expected to distribute their
lnodels along the eutire spectrum to make eutry by
new firms difficult) Under this scenario, incumbeuts’
models will be more dispersed in product space than
new entrants’ models.

IlL Previous Research

Beginning with Hotelliug’s (1929) model of spa-
tial location (see the box), several theoretical models
of eutry deterrence and preemption in a multifirm
market have been developed. In Hotelling’s model,
two ideutical firms locate next to each other aloug a
line. The results change in the case of heterogeneous
firms, seqnential entry, and companies producing
several products, but few analyses deviate from the
standard assumptions.

The results of the theoretical studies are inconclu-
sive. While some support the market segmentation
sceuario, others conclude that market interlaciug is
more likely. The resnlts depend heavily on the as-
sumptions of specific models, such as number of
competitors, order and timiug of their entry into the
market, whether they produce one or more goods, and
whether the products are identical or differentiated.
The market segmentation results are shown in
Schmalensee (1978) and in Eaton and Lipsey (1979). Iu
Schmalensee (1978), the market was dominated by a
small number of colluding firms, which localized their
brands in order to deter entrants most effectively. In
Eaton and Lipsey’s (1979) model, an iucumbent mo-
nopolist in a growing industry iutroduces a snbstitnte
for his own product before an entrant does, iu order to
preempt the market.

Market interlaciug results from the models of
Bonanno (1987), Spence (1976), and Brander and Eaton
(1984). Bonanno (1987) showed that with no threat of
entry, existiug firms would locate as far away as
possible from each other. If they faced a threat of
entry, incumbents would deter entrants by greater
product dispersion, in order to create competition iu
all market segments aud make entry tmprofitable. In
Spence’s (1976) model, a firm would uot offer substi-
tutes for its owu product, as that would lower demand
for its existing commodity. The firm would opt for

~ Some theoretical studies predict that an existing firm produc-
ing seve.’al products will preempt the entire market with its own
products. See, h}r example, Prescott and Visscher (1977), Eaton and
Lipsey (1979), Eaton and Kierzkowski (1984). However, since it is
costly to introduce new models, incumbents must limit the number
of models they market.

Hotelling’s Model of Spatial Location

The idea of spatial location of firms began
with Hotelling’s (1929) model. In his model, two
ice cream vendors (1 and 2) decide where to
locate along a single street. The vendors are
identical in all respects (they offer an identical
product at the same price), except for their
location. Every block has the same number of
consumers, each buying one ice cream cone.
Consumers care ouly about proximity to tim
vendor--they ahvays buy from the nearest one.

In the picture below, person A will prefer to
buy from vendor 1, while person B will choose
vendor 2. Person C, located equally far from the
two vendors, is indifferent between them. Where
should the vendors locate to maximize their
profits? Each wants to be closest to the highest
possible number of consumers, whatever the
location of the other vendor. Each vendor also
assnmes that the other will remaiu in his current
location. In the picture below, vendor 2 would
locate just to the right of vendor 1 (because then
everyone to the right of vendor 1 would buy
from him), while vendor 1 would locate just to
the left of vendor 2 (because then everyone to the
left of vendor 2 would buy from him). As a
result, the two vendors would get closer and
closer to each other. In the end both vendors
would locate in the middle of the street, each
serving half of the city resideuts. The Hotelling
model explains why fast food veudors and gas-
oline stations often locate on the corners of the
same intersection. Although Hotelliug used geo-
graphic space, his model could also be applied to
characteristic (quality) space and the locatiou of
individual products in that space.

A C B

1 2

more distant products instead. Brander and Eaton
(1984) showed that with no entry, a segmented market
structure yields higher profits, but a possibility of
eutry reverses the result.

The theoretical results are thus inconclusive. Em-
pirical analysis is clearly required, but no previous
empirical papers have measured the degree of model
dispersion by firms.
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IV. Description of the Data

The data set includes annual prices and technical
attributes for new personal computers sold in the
United States from 1976 to 1988P For each observation,
the data include a set of technical specifications and a
price, as well as each model’s name and its producer.
Table 1 lists the major attributes and their descriptive
statistics.

Sick
PC Vadal)le k&~an I-)eviali,:;~ Min. [via:<.

I~rice (dollars) 27?6 21 It) -1() 13t~9[~

Clock Spee(I (MHz) 7./5 ,I.81 ,5 25

NuHtl:,e~ of Floppy Ddves 1.0/ .61 0 3

Number of Slols ,I.72 3./2 0 22

DLIIIIIIlies:
16-bil Processol .48U .5~)ll

:32-1 ~il Proc;ess,:;~ .12.4
B&W lvloHitor .-108 ..192
Color Mo~ fitor .028 .166
Po~ lal)le .156 .303
Adclitio~]al Harclwa~ e .018 .1
DiscouNt Price .278 ,448

The definition of a modelchanged over time.
Initially, models did not carrydiscrete options for
memory, storage capacity, and the like; rather, models
had fixed specifications. Towards the end of the sam-
ple period, however, most lnodels conld be custom-
ordered with alternative configurations of memory,
speed, and hard disk capacity. However, firms still
had to make the strategic decision of whether to
introduce a new model or continue the old one with
new specifications. Introduction of a new model car-
ties a fixed cost of a new design, marketing, and dealer
arrangements. The sample has 134 firms and 472
models.

V. Measuring Quality

Personal computers are vertically differentiated
prodncts, composed of a variety of characteristics.;
Each attribute is measured in different units. To corn-

pare locations of many different models in an imagi-
nary product "space" (similar to Hotelling’s street), it
is necessary to adjust for differences along several
dimensions. This study summarizes the most impor-
tant attributes in a single "quality" measure. After
each model is assigned a quality measure, the models’
location along a line can be compared. Each PC model
m is assigned a single-dimensional quality q,,, equal to
the weighted sum of its specifications :i,,,, (with j = 1,
.... ]), with weights ~iP

/

i=1
(1)

The weights /3i should represent the marginal value
that consumers and producers place on the jth at-
tribute, which can be approxin~ated by the estimated
marginal implicit prices from a hedonic regression
(see the box).

Hedonic Regressiou

Table 2 reports hedonic regression estimates of
coefficients on major technical attributes, producer
dummies, and age of each model, based on how they
contribute to real prices of personal computers." For
each model m, produced by firm i in year t, the
hedonic regression is:

In P,,,i, = /3o + /3i + /3, + /3~ ln(RAM,,,i,)

+ " "" + /3i AGE + ... + e,,,i, (2)

where /3i (J = 1 .... ]) indicates an estimated coeffi-
cient on the jth characteristic. Most coefficients on the
technical attributes are positive and statistically signif-
icant, indicating that adding an extra unit of storage
(hard disk), memory (RAM), or speed (MHz) raises

" The data were originally collected by Cohen (1988) and later
updated by Kim (1989). Sources include technical model reviews in
June issues of Byh’, PC Maga:ine, and PC World for list prices and
attributes, as well as ads in the Business section of lune Sunday
issues of The New York Times for discount prices.7 Products are said to be vertically differentiated if all consum-
el’s agree on which products they prefer when all the prices are
equal. For example, most consumers would choose a Cadillac over
a Chevy if their prices were the same. By contrast, products are
horizontally differentiated if tl~e optimal choice depends on con-
Stlmer tast~. For example, SOllle COllSUlllers would choose a l’ed cal-,

while others may prefer a blue one.
~ The indexis a valid approximation of the correct quality if

product characteristics are separable, that is, if a change in one
characteristic does not affect the impact of other characteristics on
quality. See Triplett (~987) for details.

.... Real prices" indicates prices in 1982 dollars.
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He,tonic Estimation

Hedonic regression is used to estimate the
relationship between product prices and the at-
tributes of respective products. The estimated
coefficients on attributes in the hedonic equation
represent marginal implicit prices of each at-
tribute. For example, to find out how much more
would be paid for an additional cubic centimeter
of engine capacity in a cal" (how much the market
has judged that cubic centimeter to be worth),
one could estimate a regression of automobile
prices on engine capacity, size of wheelbase,
number of cylinders, horsepower, a set of dummy
variables iudicating whether a car has anti-lock
brakes, power doors, and air conditioning, as
well as its make. A coefficient on the engine
capacity variable would indicate the price of an
additional trait of capacity, holding all the other
measures constant.~° Similarly, in the case of
personal computers, a hedonic coefficient on
clock speed indicates the implicit price of an
additional megahertz of speed, even if units of
speed are uot offered for sale. Hedonic coeffi-
cients represent the value attached to each at-
tribute by the market, encompassing both de-
mand for a particular characteristic and the
additional cost a company has to incur to add an
extra unit of that attribute. Hedonic coefficients
are used as weights for the quality measure
shown in equation (1).

the price of a PC. Strong brand effects also show up:
PCs manufactured by major firms command a higher
price thau similar machines that carry lesser, un-
known braud names, controlling for other attributes.
The reason for the braud effect is that reputation aud
name recognition may raise the established firms’
value to consumers. By contrast, 3,ear dummies
(which indicate the average difference in price be-
tween each year and 1976, controlling for other at-
tributes) have negative coefficients. The estimated
coefficients on year dummies indicate that PC prices
dropped sharply year after year, controlling for qual-
ity and brand effects. In earlier research, Berudt and
Griliches (1993) found that quality-adjusted prices of
PCs declined by an average of 28 percent per year.

See, for example, Griliches (1971 and 1988) for a discussion of
hedonic estimation.

Intercepl 6.517 47.60
log (Hard 13i,-~k) .16,1 19.6,1
log (RAM) .336 18. I0
log (MHz) .228 5.82
log (Numl~e~ o| Floppy Drives) .370 7.98
log (Number nf Slots) .087 4.38
Model Age .055 3.95

Attribule Dummy Variables:
Black & White Monilor .068 2.53
Color Monitor .126 1.93
Discounl Market -.274 9.86
Extra EcluiP~ nenl .222 2.68
Porlable .224 5.66
16-1?it Processo~ .2~18 7.24
32-bit Processor .575 9.59

Producer Dummy Variables:
Apple .181 2.67
Atari -.561 - 7.66
Commodore .388 6.23
Compaq .338 6.51
IBM .037 .75
NEC .140 2.25
Radio Shack - .010 -.45
Zenilh .244 3.78
Wyse Technology .040 .54
Epson -.117 - 1.53
Kaypro .098 I. 18
NCR .319 4.04
No~lhgate .192 1.94

Year t97~ -.572 -3.45
Year 1978 -.823 -4.77
Year 1979 -.924 -5.85
Year 1980 -.985 -6.44
Year 1981 - 1.212 7.79
Year 1982 - 1.452 -9.46
Year 1983 - 1.918 - 12.80
Year 1984 1,948 - 12.89
Year 1985 - 2.375 - 15.30
Year ~986 2.799 -17.76
Year 1987 3.125 - 19.62
Year 1988 --3.50~ 21.45

R::= .759 F = 115.7 N = 1436

Quality Space

To reduce several attributes to a single-dimen-
sional measure, a single number representing quality
was assigned to each PC model. Quality was mea-
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snred as a weighted sum of each model’s attributes,
such as storage, memory, and speed. The attribute
weights,/3it, were derived from the hedonic estimation
described above. Since implicit prices of technical
attributes of PCs declined significantly over the period
covered by the data, a separate hedonic regression
was estimated for each year. The equation in Table 2
is therefore illustrative only and represents average
coefficients on attributes over time.

VI. Entry

Both incumbent and entering firms mal<e strategic
spatial location decisions when they introduce new
models into the market. Existing finns try to keep
potential new entrants away, that is, to deter future
entry. In industries where each finn produces a single
product, the optimal strategy is for firms to distribute
themselves evenly in the product space so as not to
leave any empty spaces for new entrantsJ~ Such a
strategy is lnost likely to prevent potential entrants
from coming into the market. But in the case of firms
that produce several different products, such as the
PC industry, an existing firm must decide where to
place its new models relative to the existing models,
taking into account not only potential entrants’ prod-
ucts, but also possible effects on the demand for its
own products.

Dispersion among Models

A measure of within-finn model dispersion was
constructed to test the hypothesis that il~cttmbents
spread their new lnodels along quality space more
than entrants.~2 For each firln, the withil~-film disper-

11 See, for example: Bonanno (1987); D’Aspremont, Gabsze-
wicz, and Thisse (1979); Hay (1976); and Schmalensee (1978).

~ ~ is a measure of within-firm dispersion:

E
{ri/- M. , where O,

q,,,, is quality as described in equation (1), and t~da is the lmlnber of
lnodels produced by firm i in year t. ~ is the total dispersion of all
the models in year t:

Nt       , where ~,- Nt
and N~ is the total lmmber of models produced by all firms in year
t (Nt = ~i Aqlt)" Nit is the relative dispersion index: Ri~ = (~,/~).
Only firlns with at least two models on the market were considered
in lhe dispersion analysis.

L

h]cumbel]ts

Entrants

sion measure was compared with overall dispersion in
the PC market in that year to obtain a measure of
relative dispersion--that is, the degree to which a
firm’s models were dispersed in the quality space
relative to those of other firms.

As can be seen from Figure 4, incumbents had a
consistently higher model dispersion than new en-
trants, consistent with the hypothesis. The dispersion
was also higher for older firlns, on average, as can be
seen in Figure 5. The difference could not be attributed
to the fact that new firms introduce fewer models; the
dispersion measure controls for the number of mod-
els, and firms that came in with only one model were
not included in the dispersion analysis (they had no
dispersion).

Econometric estimation was used to determine
whether dispersion changes continuously with the age
of firms or asymmetry exists between entrants and
incumbents, and whether firm experience accumu-
lates with years on the lnarket or with the number
of models a firm has produced. Table 3 shows the
estimated relationship between the relative dispersion
index and a set of factors that might explain firm
decisions regarding the spatial location of their models.

Older firms (FIRMAGEit) with more model expe-
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Figu~ e 5

19761o 1988
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rience were indeed more likely to have higher model
dispersion and thus to "cover" the whole quality
spectrum. The result is consistent with persistently
strong brand effects in the PC iudustry. Once a firm
established brand recognition, it utilized it to cater to

Va~ ial)le Coeflicienl t-Statislic
Inlercept -.017 -.29

ENTRANT~ .043 .90

FIRIvlAGE,~ .051 4.23

PIONFIRM, .102 1.88

NMOL)CUIvI,.~ , .019 2.98

[’,lLJivll-II:llvi~ ~ .001 .75

NLIII ~ber of ol)se~vatio~ is :]23

}~dr t. EFI IRAIq I du~ nmy equals I il ii~ m is an enhant; FII~MAGE is f, n fs
age: PIONFIHM dun]my eq~*als 1 il firm is "lfinneedng." Ihal is, il it eve~

bet <,i iiiutJoI5 hll]l has inlro~luce~l I.)efulb cIIrrelll yedl; alld [,~L IIvlFIRM is

all market segments. For example, once Zeos got a
reputation for its quality and service, it diversified by
introducing more advanced models, such as porta-
blesJ3 At the same time, the established firms contin-
ued their production of technologically "obsolete"
models, thereby expanding their model spectrum over
time.

Regardless of a finn’s age, the more "experience"
it had (as measured by the uumber of lnodels it had
marketed iu the past, NMODCUMi,t_~), the more
dispersed were its models. The effect may be due to
the fact that the more models a firm produces, the
more established is the firm’s reputation and the
larger are its cost advantages due to economies of
scope. Those advantages were reflected in the firm’s
strategic decision to disperse its models through prod-
uct space.

Leat ~.f~ ogg~ng

A popular belief is that new entrants in high-tech
markets "leapfrog" existing firms by being first to
introduce the most advanced technology. This hy-
pothesis was tested for the PC industry by comparing
quality of new models introduced by incumbeuts and
entrauts. If the popular belief were true, new firms
would be the ones to introduce the most advanced
technology. As Figure 6 shows, however, the opposite
turned out to be true iu the PC market: On average,
new models introduced by incumbents were of higher
quality than those introduced by new entrants. Thus,
while existiug firms were typically first to offer the
most technologically advanced products, new firms
located their models in more established market seg-
ments. New finns may not be able to afford the risk of
being first in uew market segments.

VII. Exit

Despite the industry’s growth since its begiuniugs
in the 1970s, firms and models have coutinually left
the market. Some firms’ models may tend to stay in
the market longer because of those firms’ reputations
or economies of scope due to learning effects. But
model exit can also be due to individual model effects;
a model may be overpriced relative to other models

~3 Similar effects can be observed in other markets. For exam-
pie, once Cuisinart established its reputation as a maker of food-
processors, it took advantage of the brand recognition and began
marketing other products, such as pots and pans, with a Cuisinart
label.
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Figure 6
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with similar attributes. Regression analysis can quan-
tify how important the two types of effects were in
inducing the exit of PC models from the market
during the 1976-88 period.

Firm Effects

Firm-specific reasons for model exit may be re-
lated to the firms’ order of entry into the market. They
may be associated with what Schmalensee (1982)
called "pioneering brands." He showed that coming
in earl), pays off: Customers are more likely to con-
tinue buying the brand they recognize, even if a new
entrant introduces a cheaper version of the same
product. If costs of s;vitching away from incumbent
producers in the PC market turn out to be high, new
entrants’ models would fail to gain market share and
would tend to leave the market first. Brand loyalty is
more likely to attach to firms than to individual
models, since with rapidly advancing technology cus-
torners are unlikely to make repeat purchases of the
same model.

A firm’s long market tenttre (due to otttstanding
management, for example) also gives it a potential
advantage of accumulated experience. Likewise, pre-

vious investment in advertising and R&D may make a
firm’s models more likely to remain in the tnarket than
similar models by other firms. ~

Model Effects

To accoLtnt properly for the firm effects and to test
whether established firms had advantages over new
entrants in model exit, individual model effects have
to be controlled for. Previous work supported the idea
that higher-priced models have something customers
are willing to pay for, even if the "something" cannot
be observed in available data (Trajtenberg 1990; Berry,
Levinsohn, and Pakes 1995). However, high prices
may also indicate that a particular model was simply
overpriced given its attributes. Since coefficients on
model attributes in a hedonic regression represent
both costs of productiol~ and valuations of attributes
by consnmers, those coefficients can be used to calcu-
late a predicted model price, with which the actual
price can be compared. ~5 The difference can have two
distinct interpretations: (1) a markup of price over
cost, thus measuring over- o1" underpricing of a model;
or (2) some unmeasured quality of a model. These
differences are used here as a measure of relative
overpricing of PC models (holding their attributes
constant) to test whether overpriced models are more
likely to exit the market.

A~alysis

On average, models that exited the market had
higher prices relative to prediction than models of the
same age that stayed for at least one more year (Table
4). However, firm-related factors also appear impor-

~4 A firm’s models may leave the market simply because the
firm goes out of business. In order to isolate that effect, this study
separalely analyzed models produced by continuing firms only.

~:~ The difference between the actual and predicted prices is
equal to the hedonic residuals.
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rant in determining exit, with inculnbent firms baying
an advantage over new entrants: As Table 5 Shows,
over 40 percent of the models leaving after their first
year on the market were produced by new firms. Over
one-third of the models that left after their first year
were produced by new firms that themselves left the
market. The causality of events could go in either
direction: Firms might have exited because of their
poor management and high costs, but they also might
have left becanse their models were inferior.

The probability that a model exited in a given
year was estimated (in logit form) as a function of firm
and model characteristics, including measures of
model overpricing (Table 6). The coefficient on the
difference between predicted and actual price (RESID)
is both positive and significantly different from zero,

fal~,le ~~
Prol~abilily 0/: Model’s E:vil," 1976 Io 1°°°~:,,_,o

Vada ~le C( e/iirzient I-Statistic

Intercept - .285 - 1.50
RESID.,,~ I.,121 3.56
Fq F_ S SIGN, ,,t I. 142 2.23
FIHMAGE, -. I 15 - 2.91
EN-FRANT,~ .440 2.16
MODELi,,GE,,,, .21 I ,’3.25
NMODCUM,.~ , .095 5.86
PIONFIRivI~ - 1.586 - 7.6 I
PIONMODEL .... .367 I .t 5
N 1092
chi:: 133.04
log likelihood - 681.14
"Dependenl vat ial-,le is Ilia prob:lbihlv of exil of model m by hrm i, ill yeal
t. IRESID is resirh cd front annunl he& ~nk; ~egressions: REbSIGN is signed
residuLil square ( ~ I,~r i~osihve, - ior ilagali,/e); FIRIvICGE is lirm’s age;
/vlODELAGE is moclel’s uge: find blMODCUM is rlumher ot models Iim~

Table 5
Exit of Models am7 Firms .from PC Market,
1976 to 1988
Over 40% of models lhal left the mad,:et in their lirs[ year were
9roduc:ed by r~ew firms...

bJumbe~ o[
FimYs Age Models Percent

1 112 41.79
2 38 14.18
3 35 13.06
4 25 9.33
5 25 9.33
6 14 5.22
7 3 1.12
8 11 4.10
9 2 .75

11 3 1.12

Total 268 100.00

.. and mosl of lhose tim ~s lefl the market tl-~emselves

Age o1 Fi,n Number of
at Exit ivlodels Percenl

1 99 36.94
2 43 16.04
3 39 14.55
4 26 9.70
5 26 9.70
6 14 5.22
7 4 1.49
8 12 4.48
9 2 .75

11 3 1.12

Total 268 100.00

indicating that the difference captures model overpric-
ing rather than unlneasured value to cousumers, and
that overpriced models are indeed more likely to exit
the market. The second variable, however, indicates
that the marginal effect of the difference dilninishes as
the difference gets bigger (plus or lninus).~6 The size of
these two coefficients can be interpreted as follows: If
a firm doubles the price of its model without changing
the model’s attributes, its likelihood of exiting rises.
How much it rises depends on its previous likelihood
of exiting: If the model’s likelihood of leaviug the
market was 0.25, doubling the price will raise it to
0.33; if it was 0.5, it will be 0.6; and if it was 0.75, it will
now be 0.82J7 When an interaction term of ENTRANT
and RESID was included in the model, the coefficient
was positive. That indicates that when new entrants

~ The difference between positive aud uegative residuals is
captured by the signed residuals squared (RESSIGN, +~2 for
positive residuals, -e2 for negative ones). Since the signed residuals
squared coefficieut is uegative, the residuals’ effect diminishes as its
absolute value grows larger.

w If a firrn doubles the price of its model without chal~giug the
model’s attributes, the hedouic residual on the lnodel will iucrease
by 0.693. Because the probability of model’s exit is estimated usiug
the logit model, it follows that

Pr(exit) --
Pr(no exit)

All increase ill the residual by 0.693 will in turn translate iuto an
iucrease iu the lnodel’s probability of exit froln the market relative
to the previous probability of exit:

1.5 Pr0(exit)
PQ(exit) 1 + 0.5Pro(exit) "
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overprice their models, they increase the likelihood of
their models leaving the market even more than that
of incumbents that overprice.

The FIRMAGE coefficieut is negative and signifi-
cantly different from zero, indicating that older firms’
models are less likely to exit than younger firms’
models. Two explanations of the advautage are possi-
ble: Either the longer the firm has been on the market,
the lower are its costs (due to learning effects),~s or
consumers develop braud loyalties and buy models
mal~ufactured by firms they trust. If the former is true,

Brand loyalty and reputation
apparently allow firms to compete
successfully in the market despite

some overpriced models.

a firm’s costs decrease as the firm gets more estab-
lished. In that case, an older firm’s models would be
cheaper and the difference between predicted and
actual price lower. Since no snch difference exists
between newer and more established firms, the brand
loyalty explanation for firm effects seems more plau-
sible than the learning effect theory. Furthermore, new
entrants’ lnodels are more prone to exit the market
even controlling for firln’S age, as shown by the
positive and siguificant coefficient on the ENTRANT
d n m nay.

Another iuteresting question is whether selling
overpriced models makes a firm drop out of the
competition. There is no evidence for that: The corre-
lation between a firm’s overpricing and its probability
of exit or its number of new models is not significantly
different from zero. Thus, brand loyalty and reputa-
tion apparently allow firms to compete successfully in
the market despite some overpriced models.

VIII. Summary and Conclusions

Following developments in the persoual com-
puter industry over time is no easy task. The industry
has undergone tremendous changes with technologi-
cal innovation and new product development, and
continuous movement of firms and products into and
out of the market. What can be learned h’om observing
those changes? Does firm behavior follow certain

patterns? Which fil’lnS are first to embody the most
advanced technologies in their models when initially
developed: existing firms or new entrants? Do firms
preempt the market by gathering all their products in
a single segment of the market, or do they disperse
them along the product space?

This study uses data on prices and attributes of
individual PC models sold in the United States be-
tween 1976 and 1988 to analyze patterns of model
entry and exit. Application of hedonic coefficients as
weights on individual model characteristics allows
computer models differentiated in many attributes to
be projected onto a linear quality scale. Such a linear-
ization allows comparisons of model selection across
different firms and over time. Contrary to popular
belief, the findings indicate that new entrants do not
"leapfrog" existing firlns in the introduction of new
technology. Incumbent firms offer the most technolog-
ically advanced products, while new entrants locate in
more established market segments. At the same time,
incumbent firms take advautage of their brand recog-
nition and continue offering their older models. As a
result, incumbents’ models tend to be more dispersed
throughout product space thau entrants’ models.

Firm effects were also significant in determining
the probability of a model’s exit. In particular, older
firms were more likely to keep their models from
leaving the market. New entrants were particularly
vulnerable; their models were more likely to exit the
market than other firms’ models, even controlling
for overpricing and firms’ age. The study also finds
that overpriced models are more likely to exit the
market, regardless of the age and experience of their
producers.

Despite large differences among PC models, per-
sistent firm effects were documented in all parts of the
study. Those effects cannot be explained by the mod-
els’ characteristics. Firms gain their advantage over
time; the older the firm, the more likely it is to be
successful. The advantage could be due either to
learning effects (tenure on the market lowers firms’
costs) or to firms’ reputations stemming from brand
name recognition. This study found no conclusive
evidence for the learning effects, but strong evidence
that established firms gain brand name advantages.
The results show that established firms use their

~’~ Because model-specific fixed costs decrease with the number
of models introduced (due to increasing returns to R&D, advertis-
ing, and retail agreements, for example), the older the firm, the
lower are its costs of model introduction. The decrease in costs
associated with cumulative output is consistent with Lieberman’s
(1984) result.
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advantage to preempt the market by dispersin,g their
models along quality space.

Those results shed light ou firms’ behavior in
industries with firms producing several different
products. Brand recognition is very strong, even in
such a rapidly evolving market as the PC industry.
Therefore, firms should benefit from aggressive mar-

keting strategies early on. Once their brands are
established and their uames recognized, they may try
to redeem some of the early investments. On the other
hand, consun~ers are more likely to get better deals by
buying products manufactured by new entrants,
which often offer promotions and discounts to get
their foot in the door.
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