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Because of network externalities, the success of a software product may depend in part on
stalled base and its conformance to industry standards. This research builds a hedonic
model to determine the effects of network externalities, standards, intrinsic features and a time
trend on microcomputer spreadsheet software prices. When data for a sample of products during
the 1987-1992 time period were analyzed using this model, four main results emerged: 1) Net-
wark externalities, as measured by the size of a product’s installed base, significantly increased
the price of spreadsheet products: a one percent increase in a product’s installed base was as-
sociated with a 0.75% increase in its price. 2) Products which adhered to the dominant standard,
the Lotus menu tree interface, commanded prices which were higher by an average of 46%. 3)
Although nominal prices increased slightly during this time period, quality-adjusted prices de-
clined by an average of 16% per year. 4) The hedonic model was found to be a good predictor
of actual market prices, despite the fact that it was originally estimated using list prices. Several
variations of the model were examined, and, while the qualitative findings were robust, the
precise estimates of the coefficients varied somewhat depending on the sample of products
examined, the weighting of the observations and the functional form used in estimation, sug-
gesting that the use of hedonic methods in this domain is subject to a number of limitations due,
inter alia, to the potential for strategic pricing by vendors.

(Network Externalities; Standards; Pricing; Software; Hedonic Regression; Information Technology)

1. Research Problem and Model

1.1, Introduction

The production of packaged computer software for mi-
crocompurters is a multi-billion dollar industry in the US
alone, and it is expected to be among the fastest growing
industries over the next decade." While a significant
body of research examines the quality-adjusted prices
of computer hardware, much less is known about soft-
ware prices, The following analysis seeks to move for-

! Sofrare Magazine estimates that the top 100 independent software com-

panies had combined revenues $13.9 billion in 1991 (Hadges 1992, p. 17}.

({(25-1909/96 /4212 /1427$01.25
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ward in this area by building and empirically testing an
econometric model identifying the factors affecting the
price of an important category of microcomputer soft-
ware: spreadsheets.

[n microcomputer software, the purchase price re-
flects only a relatively small portion of the total con-
sumer expenditure; learning and conversion costs ac-
count for much of the remainder. This, in turn, helps to
create strong network externalities, with theory sug-
gesting a consumer preference for software that is per-
ceived as a standard (Farrell and Saloner 1985, Saloner
1989). We therefore focus on understanding and esti-
mating the impact of installed base and standards on
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the price of software. This effort requires developing a
hedonic model that uses data not only on the features
and prices of products, as is traditionally done when
estimating price indexes, but also on the installed base
of users. Insights gained in this area are likely to have
direct implications not only for the software industry,
but also for a variety of other technologies that exhibit
similar economic behavior,

The organization of this paper is as follows. This sec-
tion gives a brief overview of previous literature in this
area and presents a description of the base model. The
next section describes the data used to estimate the
madel. Results are presented in §3, along with addi-
tional analyses of the base model. Section 4 investigates
several related research questions by examining addi-
tional specifications and subsamples. Section 5 then ap-
plies the model to an independent sample of market
price data. Discussion and concluding remarks are pre-
sented in §6.

1.2. Network Externality Theory
There is a growing body of largely theoretical literature
on the economics of network externalities and stan-
dards. The classic example of a product that exhibits
network externalities is the telephone: having telephone
service is only valuable if there are other people with
compatible telephones that a user wishes to call. A more
madern example might be electronic mail systems,
which are valuable to the user only to the degree that
many other people also use them. One of the contribu-
tions of this literature is an explication of the possible
consumer benefits of standards, such as:

a network externalities from a community of users
(e.g., ability to share information in a common format),

¢ a larger market for complementary goods and re-
duced market power of sellers,

= increased price competition, since competition on
other dimensions is reduced and there may be decreases
in cost due to production scale economies, and

» a thicker second-hand market, leading to a reduc-
tion in uncertainty (Farrell and Saloner 1985, Katz and
Shapiro 1985, Westland 1992, Whang 1992).
However, these benefits are offset by certain costs of
standardization:

¢ reduced product variety or diversity,

» “excess inertia” which can slow down adoption of
better standards, and

1628

= efficiency loss if the wrong standard is imposed

(David 198k, Farrell and Saloner 1985).
- A key implication of the theory is that the existing
installed base of a technology affects consumer expec-
tations and compatibility decisions (Farrell and Saloner
1986), although sponsorship of a technology by an in-
dustry leader can act to change expectations and / or re-
duce the importance of a pre-existing installed base
(Cusumanao et al. 1992, Fichman and Kemerer 1993). A
limitation of this literature is that there has been little
empirical validation of the theory. The practical rele-
vance of the above insights depends on whether the net-
work externality effects are of the same order of mag-
nitude as other effects. _

One approach to documenting the existence of net-
work externalities empirically is to look for features
which are designed to maintain compatibility. For in-
stance, the choice of file format, user interface design or
other interfaces is often influenced by a desire to create
compatibility with as many users and products as pos-
sible. Greenstein (1993) finds that IBM compatibility is
important in the mainframe market; users of IBM main-
frames are more likely to buy mainframes from IBM in
the future than are users of other vendors” products.
Hartman (1989) uses a hedonic model with dummy
variables to reveal that IBM compatibility is also im-
portant for microcomputers. In a paper closely related
to this one, Gandal (1994} uses data from DatalPro to
construct a hedonic price index for spreadsheet soft-
ware and determines that Lotus file compatibility has
significant value.

In each case, the finding that compatibility with the
dominant standard is valuable can be interpreted as ev-
idence of network externalities, because the dominant
standard has more users than any other standard. How-
ever, one could also interpret the coefficient on the com-
patibility variable in the same way as the coefficients on
other feature variables—as a reflection of its intrinsic
value’—or, alternatively, as an indication of the

? For instance, some users may consider the Lotus interface intrinsi-
eally easier to learn and use: “Quattro gives users the choice of select-
ing any of several optional interfaces. In general, our testers liked the
Lotus-style sereen and menus, rating 1-2-3 and the five “clone’” pro-
grams highly for both ease of learning and ease of use” (National
Software Testing Labs 1988, pp. 4-5).
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“brand” value of being associated with a superior
product.® .

Classic network externalities are typically defined as
an increase in the value of a product as the number of
users of that product increases (Farrell and Saloner
1985, Farrell and Saloner 1986). Therefore, direct as-
sessment of network externalities would examine the
effects of the actual installed bases of competing prod-
ucts, including those which were not compatible with
the dominant standard, on their prices.* This would
provide a more direct estimate of the basic implication
of network externalities: the price users will pay for a
product is, in part, determined by the size of the net-
work to which the product belongs. Software products
in general, and spreadsheets in particular, make excel-
lent test beds for this wark. Learning time and compat-
ibility are important for most types of software, giving
rise to potential network externalities, and in the case
of spreadsheets in the 1980s and early 1990s, there was
a well-identified market standard, Lotus 1-2-3. Lotus
1-2-3 was touted as the single most successful computer
application ever, and a key ingredient in the success of
the highly popular IBM PC platform (Cringely 1992,
p. 147).

1.3. The Hedonic Model

In order to estimate the magnitude of the effects of stan-
dards and network externalities it is important to con-
trol for other factors that can affect the price of software.
We estimate a hedonic regression model using annual
data on price and features for a set of microcomputer
spreadsheet packages. Hedonic models are designed to
estimate the value that different product aspects con-
tribute to a consumer’s utility or pleasure. According to
Berndt (1991, p. 117), “implicit in the hedonic price
framework is the assumption that . . . a particular com-
modity can be viewed as consisting of various. . . bun-
dles . . . of a smaller number of characteristics or basic

* The decisian to make Microsaft's Windows operating system similar
in style to the Macintosh operating system {and not DOS) presumably
had little to do with a desire ta tap into the relatively small installed
base of Macintosh users and much to do with the widely-
acknowledged superiority of a Mac-like user interface.

* Alt_ernatively, one could look at the potential installed base, as Saloner
and Shepard (1990} do.
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attributes, In brief, the hedonic hypothesis is that het-
erogeneous goods are aggregations of characteristics.
Moreover, implicit marginal prices of the characteristics
can be calculated as derivatives of the hedonic price
equation with respect to levels of the characteristics.”

This hedonic regression approach, developed in the
1920s, has been used on a wide variety of products and
services ranging from asparagus to automobiles to
marriage dowries {(Rao 1993). A useful history and
summary is provided by Berndt (1991). Perhaps the
first successful application to information technology
was in a study done by Chow, who estimated an an-
nual quality-adjusted decline in mainframe computer
prices of 21% from 1960-19465 (Chow 1967). More re-
cently, Gordon (1993) found that the annual decline in
prices was at least that large for computer prices
through 1987. Berndt and Griliches use hedonic regres-
sion techniques to estimate the quality-adjusted change
in prices for microcomputers for the period 1982-1988
{Berndt and Griliches 1990, Berndt 1991); they find that
the decline in real prices averaged 28% per year.”

In order to estimate the optimal strategy for produc-
ers a number of researchers have focused on factors af-
fecting hardware prices. An early paper by Michaels
models the mainframe market, including such product
feature attribute factors as size of main memory and the
amount of secandary storage (Michaels 1979). Most re-
cently, Rao and Lynch (1993} construct a hedonic model
te estimate the value of attributes of computer worksta-
tions. Much less work has been done in the area of com-
puter software. One notable exception is the work of
Gandal (1994). He constructs a hedonic price index for
spreadsheet software and finds that Lotus file compat-
ibility has significant value, which provides evidence of
network externalities. However, as Gandal notes, two
important limitations of his research are the lack of data
on unit sales of products and the lack of market price
data.

This paper seeks to address these two limitations and
extend the research on network externalities and the he-
donics of software in a number of other ways. Most im-
portantly, in order to provide a direct assessment of the

% Gee also Triplett (1586) for an averview of the use of studies which
apply hedonic methads to estimate computer price indexes.
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role of network externalities, our research gathers data
on unit sales of spreadsheet products to calculate the
implicit price of having an installed base, as well as data
on several alternative measures of Lotus compatibility.
Because both installed base and the method used to
measure Lotus compatibility turn out to be important,
including these variables addresses a missing variables
bias in the other coefficient estimates. Our analysis
should therefore provide more accurate estimates of the
values not only of network externalities and standards,
but also of other features and the time trend. Further-
more, we seek to assess the reliability of the hedonic
approach in this domain by attempting to predict mar-

ket prices using our model with list prices. Additional -

extensions, including a comparison of new products
with average practice, regressions based on a market-
share weighted subsample, tests of the functional form
of the model, and evaluation of the role of platform
changes (e.g. from MS-DOS to graphical user interfaces)
are also considered. :

Accordingly, we construct a hedonic model to deter-
mine the implicit price of four general types of charac-
teristics: 1) The effect of an increase in installed base for
spreadsheet products is explicitly examined, thereby
providing insight into the importance of network exter-
nalities. 2) The related, but distinct, question of the ef-
fect of standards on prices is also analyzed. 3) The more
traditional, intrinsic feature variables typically used in
hedonic price estimation are included. 4) A time trend
variable allows us to discern any change in quality-
adjusted prices due to technological progress or other
factors.

Thus, our general model is:

B, = f(N;, 84, F;, T))  where: (1)

P, = Price, N;, = Network externalities attributes, 5
= Standards attributes, F; = product Feature attri-
butes, and T, = Time trend, all of software package i
(in year £).

The network externalities, standards and product fea-
ture attributes should positively influence price,
whereas the expected sign on the time trend variable is
negative, reflecting a decline in quality-adjusted price
over time due to technical progress. We customize this
general model to accommodate the appropriate hedonic

1630

Tahle 1 Dependent Variable(s}

Variable Mame Definition

RLISTPRICE
LOG_LIST

Inflation-adjusted {real} list price for the product.
Natural log of the RLISTPRICE far the product.

variables for the microcomputer spreadsheet package
market and then estimate it.

2. Data

Given the model above, four kinds of data are needed
for each product by year: 1) prices, 2} network exter-
nality variables such as installed base, 3) adherence to
standards, and 4) product feature attributes to help con-
trol for intrinsic “quality.’” Much of the data used was
originally compiled and described by MIT students
Donna Mayo and Daniel Young (1993).

2.1. List Price Data

Reliable information on product pricing is clearly criti-
cal for this type of hedonic model. DataCluest and In-
ternational Data Corporation (IDC) both very gener-
ously provided data on the spreadsheet market for
1987-1991.° For 1992, product list prices were collected
from trade press reviews. As a result, the sample may
under-represent the number of different products ac-
tually sold during 1992. The list price data included up
to 22 unique products in each of six years; these were
poaled to create a series consisting of 93 observations.”
{See Table 1.)

Since these data include a time series component, the
nominal prices require adjustment to account for infla-
tion. Product prices were deflated to 1987 dollars using
the GDT deflator, so the dependent variable is price in
1987 dollars.

2.2, Network Externalities

Packaged software exhibits positive network externali-
ties in that the value of a product to an individual user
increases to the degree that other people also use it (Ar-

“ These two market analysis firms are the leading data sources for
informatian an the software industry (Rebello et al. 1992},

? Data on market prices is discussed in §5.
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thur 1988). Hence new users will prefer more popular
spreadsheets to less popular ones, ceteris paribus. They
will benefit from a greater abundance of third-party
training opportunities and materials, complementary or
compatible products, and user groups, and from an in-
creased likelihood of vendor viability. It would thus be
expected that products with a larger share of the in-
stalled base will exhibit a price premium over products
with smaller shares.

The installed base of each product in each year was
computed by summing its sales in all prior years, in-
cluding sales of earlier, compatible versions.® This def-
inition of installed base is consistent with industry par-
lance and with earlier work estimating the effects of in-
stalled base on the market share of minicomputers
{Hartman and Teece 1990). The installed base share, in
turn, was computed by dividing the installed base of
each product by the sum of the installed bases for all
products for a given year. This approach is likely to
somewhat over-estimate the base share to the extent
that there were other products in the market which were
not in the sample, but this bias will be proportional for
all products in a given year. In addition, according to
DataQuest and IDC, these data represent the over-
whelming majority of spreadsheet products sold.

2.3. Standards

In its pure form, a standard has no intrinsic value;
rather, its value is derived by the adherence of other
products to the standard. Given Lotus’s pre-eminent
market position, there should be an advantage to being
Lotus-compatible. Since Lotus 1-2-3 had been the dom-
inant product in the market since its introduction in
1983, many products have attempted to capitalize on
Lotus’ user base by providing the option to use, for ex-
ample, an exact duplicate of the Lotus 1-2-3 menu tree.
This copying of the menu tree was at the heart of the
lawsuit between Lotus Development Corporation and
Paperback Software International, which further indi-
cates the perceived value of this particular standard.’

¥ No assumption was made ta either depreciate or appreciate the in-
stalled base over time, since it was not obvious that early users were
less {or more} influential than recent users.

K Latus Development Corp. v. Paperback Software International, 740
F. Supp. 37 {D. Mass. 199{).

MANAGEMENT SCIENCE/ Vol. 42, Na. 12, December 1994

Table 2 Network Externality and Standards Variables

Wariable Name Definition

BASESHARE Percentage of the then current installed kase owned
by this product.
LOT_MENU Dummy variable, ane if the product supports the Lotus

1-2-3 menu tree feature, zerg atherwise.

Part of the value of the Lotus 1-2-3 menu tree stems from
the greater ease of use for the installed base of users
who already know the Lotus menu tree, as witnessed
by this quotation from a contemporary software review:

Slash-F-R to retrigoe a file. Slash-F-S ta save. Slash-W-E-Y fo clear
the worksheet. Slash-C, mark the sonrce vange, mark the destination,
Cauntless sprendsheet users are famtiliny with the command sequences
papularized by Lotus 1-2-3 . . . Because many of these wsers are
familiar with 1-2-3, the ideal pragram is ane that uses the same com-
mand sequence. {National Software Testing Labs 1390, p. 7)

The Lotus Menu variable also represents the source
of the principal switching cost for Lotus 1-2-3 users. One
can also examine the value of Lotus file compatibility,
as Gandal (1994) did, or Lotus macro compatibility.
However, of these measures, Lotus Menu compatibility
is likely to be the most important, since a network ben-
efit should be obtained via an opportunity to avoid the
costs of incompatibility. A switch by an organization to
another user interface would require an investment by
every user in re-training, whereas incompatibility in
reading and/or writing files could be solved through
one-time construction or purchase of a converter. (Ma-
tutes and Regibeau 1988, Farrell and Saloner 1992).
Therefore, a standards effect is represented by a Lotus
Menu dummy variable, although variables for Lotus
File compatibility and Lotus Macro compatibility will
also be examined. The variable names are provided in
Table 2.

2.4. Product Feature Attribute Data

Although we focus on the network externality effects,
and specifically the value installed base share and a
Lotus menu interface add to a product’s price, other
feature attributes are clearly part of a product’s overall
attractiveness and should be controlled for. It was de-
sirable to find a single source that contained consistent
and comprehensive information on product features. A
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review of the comparative spreadsheet product reviews
offered in major computer trade journals quickly re-
vealed that the features reported on varied somewhat
from year to year. Further, the set of products reviewed
in any given year was often limited to only the most
popular programs. Thus, it was nat possible to rely en-
tirely on reviews from any one journal.

One source that did meet the goals of the research
was National Software Testing Lab's (NSTL) Software
Digest Ratings Reports (National Software Testing Lab-
oratories 1985). NSTL began publishing in 1984 and
produced at least one and sometimes two issues dedi-
cated to evaluating spreadsheet products in each year.
Most of the products covered were business-class
spreadsheets. (National Software Testing Laboratories
1988, 1988a, 1988b}. Each NSTL report also contained
detailed definitions of the product features. These defi-
nitions confirmed that the feature information collected
was truly comparable across years for different prod-
ucts, which further increased our confidence in this
source. The sample set covers products sold for the
years 1987 through 1992. These data were supple-
mented and cross-checked with spreadsheet review ar-
ticles from PC Magazine, InfoWorld, Byte, Computerworld
and others. For instance, all articles on spreadsheet
products since PC Magazine's inception in 1982 were ex-
amined. The data were also checked against product
manuals, when available, for the more recent products.

Data were collected on the product feature attribute
variables suggested as possible items that would in-
fluence purchase price decisions. The list of the vari-
ables and their definitions is presented in Table 3. A
particular effort was made to collect the independent
variables suggested by Gandal (1994) as significant
predictors, and six of his seven “preferred model”
variables are included." In total, data on 28 indepen-
dent variables were gathered including three alter-
native measures of Lotus-compatibility, four alterna-
tive operating systems, the four Jargest manufactur-
ers, and 17 specific features.

" The anly exception is Gandal's “WINDOW™ variable, which takes
the value of zero, ane, or two depending on whether the maximum
number of open windows is either 0, from two to fifteen, or sixteen or
more. This information was not available for all of the abservations.

1632

2.5. Descriptive Statistics

The data sample was confined to commercial spread-
sheet products. Neither shareware products, aimed pri-
marily at home or casual users, nor extremely special-
ized financial modeling applications (e.g., Javelin and
Encore) were included in this set. To allow the assess-
ment of the price relationships more accurately, the data
set includes only stand-alone spreadsheet programs,
not spreadsheets sold as part of an integrated package.
Integrated software packages generally include a word
processor, a spreadsheet, a communications package,
and other modules all in one box for one price. [t was
infeasible to determine the spreadsheet module’s por-
tion of the price of an integrated software package.

This data set contains consistent information for
products representing at least 75% of units sold in each
year, 1987 to 1991, according to DataQuest and IDC.
Thus, it offers broad coverage of the spreadsheet market
far products available for different computer platforms
and operating systems during this period. With multi-
ple years of data, both longitudinal and cross-sectional
differences can be observed. These two independent
sources were found to be relatively consistent with each
other.

In total, the data set contains 93 different product ob-
servations, where a new observation is generated for
each spreadsheet revision and each year that the revi-
sion is offered. It is worth noting that, despite the fact
that a new version of a product may enter the market,
sales of older versions continue. Practically, this results
because new products are not neatly introduced at the
start of a year, nor are older products withdrawn at a
year’s close. Also, there are users who choose to con-
tinue purchasing a perhaps out-of-date version of a
product to maintain guaranteed compatibility with cur-
rent files and applications or to avoid the hardware up-
grades that new software releases sometimes require.
This nation proved to be especially relevant for Lotus
1-2-3 products where, for example, sales of Lotus 1-2-3
Release 2.01 continued through 1991 despite its initial
release being in 1985. Taking into account repetition of
prior products, there are 68 distinct versions of products
{(such as Lotus 1-2-3 version 2.01 versus Lotus 1-2-3 ver-
sion 3.0) in the data sample. The sample size of 93 is
due to the fact that product versions appear in more
than one year.

MANAGEMENT SCIENCE/ Vol. 42, No. 12, December 1994
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Table 3 Gandidate Product Feature Attribute Variables

Yariable Name Definition {dummy variables equal one if the product has the feature, zera atherwise)

BAGKCALG One if the spreadsheet supports background recalculation.

CELLIMKF One if product can link spreadsheets by using a cell reference fram an external warksheet in a formula in the current worksheet.

DB_COMPT Equals the number of the following database file types that can be read or directly imported: dBase, Paradaox, and SQL.

DDE One if the product supports either the Microsaft Dynamic Data Exchange mechanism or the Mac Publish/Subscribe mechanism.

EMBEDCHT One if the product has the ability to mix {embed) charts and spreadsheets on the same page.

EXT_DATA One if the program provides links to external databases.

FONT_ _SUP One if the product supparts more than one font simultaneously on 2 worksheet ar graph.

GRAPHS One if product can create pie, bar and line graphs.

LAN_COMM One if the product has the capability of linking independent user through a local area network {LAN}.

LINKING One if product can update values in multiple (linked} spreadsheets, zero otherwise,

LOGMINRC Log of the minimum of the maximum number of rows and columns a praoduct supparts. A power variable.

LOT_FILE One if praduct is file compatible with Latus format. Equivalent to Gandal's “LOTCOMP™.

LOT_MACR One if the product supports Latus macras.

MFR_BOR One if the product is manufactured by Borland. A “make effect” variable.

MFR_CA One if the product is manufactured by Gomputer Associates. A ‘make effect’ variable,

MFR_LOT One if the product is manufactured by Lotus Develapment Corporation. A ‘make effect’ variable. Equivalent to Gandal's “LOTUS™.

MFR_MS One if the product is manufactured by Microsoft. A “make effect” variable.

MIN_CALC One if the product supports minimal regalculation, a feature which enables the spreadsheet to recalculate only cells which need to be
recalculated, rather than recalculating the entire spreadsheet when changes are made.

MOUSESUP One if the spreadsheet supports at least three of the following mouse shortcuts: pulldown menus, drag & drop editing, speed for-
maiting, speed filling, and ican/button bars.

0S_MAC One if the praduct is designed to run under the Macintosh aperating environment.

08_.082 One if the praduct is designed to run under the 082 operating environment.

08 _WIN One if the praduct is designed to run under the Windows operating environment.

PRNTPREV One if the product can show an on-screen print preview,

SORT_COL One if the product supparts sorting by columns, in addition to the normal sorting by rows.

SRCGH_RFL One if the product supports global search and replace through cell contents.

WYSIWYG Qne if the product supports a What You See Is What You Get interface.

Table 4 shows the distribution of the product set by
year. The data set covers spreadsheets made by 11 ven-
dors. Table 5 details how many data observations are
attributable to products from the three major spreadsheet

Table 4 BDistribution of Data
Sample by Year

Year Number of Data Paints
1987 11
1948 15
1989 17
1990 19
1991 22
1992 g
TOTAL a3

MANAGEMENT SCIENCE/ Vol. 42, Na. 12, December 1994

vendors. This data set includes 58 data observations
for products that operate under MS-DOS on PC-
compatible computer platforms and 35 data observa-
tions that run under graphical operating systems (M5-
Windows, O5/2, and Macintosh) on Apple Macintosh or

Table 5 Distributian of Sample

by ¥endor
Yendar Total Data Points
Lotus 23
Micrasoft al
Barfand g
Others 4
TOTAL 93
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Tahle 6 Distribution of Set by

Operating System

Operating System Data Paints
MS-0085 58
Macintosh 17
Windows 12
0842 6
TATAL 93

PC-compatible computers. Table 6 shows the distribu-
tion of the data set over these four operating systems,
and Table 7 provides summary statistics for the data set.

There are several product feature attributes for which
information was not readily available. For instance,
while a spreadsheet’s speed (e.g, file loading speed, re-
calculation speed, etc.) may enter inte a buyer’s pur-
chase decision, obtaining comparable estimates of speed
for many products is infeasible for a number of reasons.
From the NSTL reports, speed ratings are available for
only a small fraction of the data sample. The issue of
product speed is further muddied by the fact that ad-
vances in microcomputer processor speed thronghout
the period under consideration make speed rates from
year to year incomparable. Furthermore, it may also be
true that the speed of spreadsheet aperations is becom-
ing a secondary issue simply because hardware ad-
vances can be counted upon to make up for deficiencies
of the software itself."!

[t would have been interesting to investigate product
ratings for ease of use or learning, or other more sub-
jective product qualities. However, such qualitative rat-
ings from a consistent source are available for only a
fraction of the data sample. In addition, more objective
measures of product features may proxy for these more
nebulous concepts. For instance, products that offer the
WYSIWYG interface are often heralded for their ease of
use. By quantifying the value of this interface, it may be
possible to gain insight into the value created by pro-

! For example, a contemporary review noted “To be sure, in this era
of affordable 386-hased machines, recalculation speed is a minor point
compared with time spent constructing spreadsheets and preparing
output to communicate their results” {Coffee 1991},
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ducing a spreadsheet product that is easier to use than
others in the marketplace.

Another concern may be that competitive pres-
sures, hardware innovations, and other market fac-
tors also have an impact on spreadsheet software
prices. We believe that the time trend variable may
control some of these effects, with the rest being cap-

Table 7 Descriptive Statistics
Standard

Yariable Mean Deviation Maximum Minimum
Dependent Variables
RLISTPRICE 338.38 135.48 615.73 58.85
LOG_LIST 5.70Q 0.57 6.42 409
Netwark Externality Variables
BASESHARE 6.45 12.27 64.65 0.00
LOT_MENU .49 0.50 1.00 0.00
Candidate Product Feature attribute Variables
BACKCALC 0.56 (.50 1.00 0.40
CELLINKF 0.56 050 1.40 0.40
DB_COMP 143 0.81 3.00 0.00
ODE 0.26 0.44 1.00 0.00
EMBEDCHT 0.46 0.50 1.00 0.0
EXT_DATA 076 0.42 1.00 Q.00
FONT_SUP 0.89 0. 1.00 0.00
GRAPHS 0.95 0.23 1.00 0.00
LAN_COMM 0.75 043 1.00 0.00
LINKING 0.74 0.44 1.00 0.00
LOGMINRC 6.32 1.74 1044 5.54
LOT_FILE 0.98 015 1.00 0.60
LOT_MACR 062 - 0.49 1.00 0.00
MFGR_BOR 014 0.30 1.00 000
MFGR_CA 0.65 0.23 1.00 0.00
MFGR_LOT 025 043 1.400 0.00
MFGR_MS 0.20 041 1.00 0.00
MIN_CALC 083 047 1.00 Q.00
MOUSESUP 027 0.45 1.00 0.00
0S._0s2 046 0.25 1.00 Q.00
0S5_MAC 0.18 039 1.00 Q.00
0S5 _WIN 0.13 034 1.00 (.00
PRNTPREY 0.53 0540 1.00 (.00
SORT_COL 0.45 0.50- 1.00 0.00
SRCH_RFL 0.80 0.50 1.00 0.00
WYSIWYG 0.51 0.50 1.00 0.00
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tured by the error term. Finally, all such estimations
are limited by the fact that the data may be measured
with error. This has been minimized in this study
through the use of multiple contemporaneous indus-
try sources.

3. Base Model Construction and

Estimation
We propose the following general equation:

LOG_LIST
= Bo + Bi*Installed Base + g,*Standard

+ B:*Product Feature attribute i + 8*Time + .
(2)

An initial, exploratory model was created that in-
cluded all available network externality and product
feature attributes. From this initial model a subset of the
variables that were significant at the 90% confidence
level (one-tailed test) were retained, and this smaller set
formed the base model. As predicted, BASESHARE and
LOT_MENTU were among the significant variables. The
other possible measures of Lotus compatibility,
LOT_FILE and LOT_MACR, were not significant.'? In
addition, a relatively short list of five feature variables,
pertaining to fairly distinct types of capabilities, also en-
tered into the base model. The expectation is that these
variables can collectively proxy for the averall “quality’”’
of the product, including the effects of network exter-
nality features and time. The resulting base model equa-
tion is as follows:

LOG_LIST
= i, + B;*BASESHARE + £4,*LOT_MENU
+ B3*EMBEDCHT + 4,+*LAN_COMM
+ As*SORT_COL + B8,*SRCH_RPL
+ A WYSIWYG + Bo*TIMETREND + 6. (3)

2 When the base model was estimated with LOT_FILE ar
LOT_MACR instead of LOT_MENL, they remained insignificant, so
their failure to enter inta the model cannot be ascribed simply to pos-
sible collinearity. .
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The dependent variable is the natural log of the list price
of the product. The base case product, for which all the
dummy variables were set equal to zero, is a commercial
spreadsheet product that has no installed base of users;
does not have a Lotus 1-2-3 style menu tree; cannot embed
charts on the worksheet; does not support Local Area Net-
work connections; cannot sort data by column; does not
support a search and replace feature; does not have a
WYSIWYG interface; and was sold in 1987.

The time trend wvariable is operationalized as TIME-
TREND = (Year-1987), and indicates the average de-
cline in quality-adjusted price per year. The base model
results are presented in the first columns of Table 8,
labeled “Base.”

The model was estimated using a heteroskedasticity-
consistent covariance matrix as a control for possible het-
eroskedasticity in the sample (White 1980). The Belsley-
Kuh-Welsch multicollinearity diagnostics indicated that
the independent variables were not significantly con-
founded with each other (Belsley et al. 1980). Thus, their
individual coefficients may be interpreted with relative
confidence. The sensitivity of these results to a number
of alternative specifications of the mode] are examined
below. The signs of all the feature attribute varjables
were positive and were generally significant at the 99%
level of confidence. The key exception to this is the
SRCH._RPL variable, which, while significant at the 90%
confidence level in the exploratory model with the com-
plete set of variables, is not highly significant in the base
model. However, this variable has been retained in the
base model to avoid excessive fine-tuning."

The constant term estimated in the regression may
be interpreted as the predicted price (in logs) of a
hypothetical base case product in 1987, including asso-
ciated margins (e*¥ = $130.32). The BASESHARE vari-
able is positive and significant and, given the semi-log
formulation of the madel, can be roughly interpreted as
indicating that a one percent increase in the share of the
installed base of a product translates into slightly less
than a one percent increase in the product’'s price.'*

¥ The results are little changed if this variable is omitted.

' Nate that "™ = 1.00753, 50 a one percent increase in the share of
installed base is associated with a price that is 0.753% higher, cetetis
paribus.
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Tahle 8 Base Maodel and Specification Fests
Base Linear [ndiv. Years Time Perigds

Variahle Cogff. t-stat Coeff. t-stat Coetf, t-stat Coeff. t-stat
Intercept 4.87 32 66 132.50 404 475 2368 483 31.31
Lot_Menu 0.38 294 102.40 347 0.38 304 (.36 3.08
Baseshare 0.Q075 2.64 224 287 0.0073 241 0.0089 258
Embedcht 0.45 337 136.97 414 0.46 334 0.51 266
LAN_Camm 0.45 364 98.12 367 0.46 365 0.33 211
Sart_Coi .33 2.50 91.35 279 032 2.48 0.51 276
Srch_Apl 0.14 1.23 35.67 1.42 015 1.40 0.13 1.21
WYSIWYG Q.44 367 8121 3.30 0.44 376 0.39 210
Timetrend —{.16 —4.08 —-348.18 —4.58 -0.18 -3.18
Ta8 0.07 0.35
788 —0.26 —~1.33
T40 —(0.35 —1.92
T —{1.61 —292
T92 —0.66 —-3.09
TLAN_Commi 0.27 1.5
TSart_Cal —0.28 —1.52
1 93 93 a3 93
e 0.56 0.58 0.58 0.58
Adjusted R? 052 054 0.51 0.53
Durhin-Watson 2.00 1.84 205 2.00
F-statistic 13.43 14.62 9.12 11.42

This represents the average effect for the products in
the sample over the time period 1987-1992. The
LOT_MENU variable is also positive and significant,
and exponentiating its value suggests that, on average,
a praduct with the Lotus 1-2-3 menu tree interface com-
mands a price approximately 46% (¢ — 1) greater, all
else being equal.

The set of product feature attribute variables can be
interpreted similarly. As the primary emphasis of this
analysis is on the network externality features, the
product feature attribute variables are of interest
mainly for examining their relative magnitudes versus
the base share and Lotus standard variables. In gen-
eral, these variables are approximately the same order
of magnitude as the Lotus menu variable, ranging
from 0.33-0.45. This suggests that network externality-
type variables play an important role in the determi-
nation of price.

The time trend variable shows a decline over the pe-
riod studied. This may be interpreted as the price de-
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crease in each year, holding the quality factors constant.
Qver the entire periad, the results imply that quality-
adjusted price declined in real terms by an average of
approximately 16% per year, which is in contrast to the
slight increase in the nominal price of these products
over this period. However, as shown below, the rate of
the decline is sensitive to the choice of observations in-
cluded in the sample and how they are weighted.

3.1. Specification Tests

As noted above, the network externality and feature
variables were selected because they were believed to
represent important product feature attributes and be-
cause of data availability. One issue with such a hedonic
model is whether other critical feature attribute vari-
ables have been omitted. As one way of testing whether
the model is incorrectly specified, Berndt and Griliches
{1990} argue that any quality change not captured by
the selected feature attribute variables should be unre-
lated to the “vintage” of the product, i.e. the first year
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the product was available, or a product’s age. This test
involves adding a set of vintage variables for each of the
years in the sample, as well as a set of age variables
representing the number of years a product has been
available. An F-test is used to compare the unrestricted
model, which contains both the vintage and age vari-
ables, to a restricted model without these variables. The
restricted model passes the F-test at the 5% confidence
level (F-stat = 1.59 < f(11, 93 — 20) = 1.91). Similarly,
a test of the restricted (basic} model shown in Table 8
versus an unrestricted model with age dummies also
passes the F-test at the 5% level (F-stat = 0.36 < f(6, 93
— 15) = 2.18)." Passing these specification tests is con-
sistent with the hypothesis that the choice of hedonic
feature variables captures the bulk of the quality differ-
ences among products.

3.2. Functional Form of the Model

The base model was estimated using a semi-log form of
the regression equation, which is common in the liter-
ature (e.g., Michaels 1979, Berndt and Griliches 1990,
Gandal 1994). A justification for using log prices as the
dependent variable is that each quality improvement is
like getting a larger ““package’” of the good at the same
price, so that the effect on consumer utility is multipli-
cative (Fisher and Shell 1971}. Although this argument
seems pertinent to the case of spreadsheet software, the
hedonic function in general is the envelope of many dis-
parate supply and demand functions (Rosen 1974, Ep-
ple 1987} and, as argued by Triplett (1989), other func-
tional forms may also be appropriate. In particular, an
alternative model would be a pure linear form that ex-
presses the dependent variable, product price, in dol-
lars, such as that applied by Rao and Lynch (1993}. (The
choice of functional form does not affect the inclusion
of any of the dummy variables.) Berndt, Showalter and
Wooldridge (1990} found that the choice of functional
form could, in some cases, make a significant difference
in the calculation of price indexes, Accordingly, as a test
of the robustness of the results, the base model was also
estimated using the linear form, and these results are
presented as the Linear model in Table 8.

"3 Details of these tests, including all coefficient values and t-statistics
are available in Brynjolfsson and Kemerer (1994).
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When the Linear model is compared to the Base
model in Table 8, it is apparent that the significance of
each of the variables is very similar, as indicated by the
t-statistics. Furthermore, the coefficients in each of the
semi-log and linear regressions represent comparable
fractions of the average product price, e.g., the value of
$2.29 for each point of BASESHARE corresponds to an
increase of 0.0068 percent (2.29/338.36, the average
price), compared to a value of 0.0075 from the semi-log
model. This suggests that the Base model findings are
not an artifact of the semi-log specification.

3.3. Individual Year Time Dummy Variables

In the Base model the residual effects captured by the
passage of time are reflected in a single dummy vari-
able, TIMETREND. While preserving degrees of free-
dom, this approach does constrain the change in prices
over time to be equal in each of the years. An alternative
form of the model includes five separate time dummy
variables (e.g., T88, T89 . . . T92) in place of the single
TIMETREND variable. This model was also estimated,
and the results were similar to those of the Base model,
as shown in Table 8, The time dummies showed a fairly
steady pattern of decline, and the other coefficient val-
ues in the model remained essentially unchanged. An
F-test of the two models did not reject the null hypoth-
esis of a linear time trend at the 5% level (F-stat = 0.778
< F(4, 93 — 13) = 2.53 @ 0.05). Therefore, the more
parsimonious Base model is preferred. Figure 1 shows
the average change in price by year for the model with
individual time dummies.

While a portion of the quality-adjusted price change
between any two years may be due to changes in the
sample compasition, the overall time pattern of quality-
adjusted prices suggests that consumers are clearly bet-
ter off. Given the large research budgets of spreadsheet
vendors, some of this improvement is presumably due
to continuous innovation in spreadsheet technology.

Two other factors, however, may be important. First,
it is not uncommon for software features to be limited
by the availability of sufficiently powerful computer
hardware. In particular, hardware is a complement and
potential constraint for spreadsheet software features.
The well-documented decline in the price/ performance
ratio of computers could enable the provision of more
advanced software features, such as a WYSIWYG
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display, which would have been unattractive or even
infeasible when the typical processor speed was slower
and memory was lower. Thus, advances in computer
hardware may spill over into software quality (Gurbax-
ani and Mendelson 1990}. Second, the 1988-1992 period
was a period of increasing competition in the spread-
sheet market as Lotus’'s dominance was challenged by
Borland and Microsoft, and this may have lowered mar-
gins and therefore prices, transferring surplus from pro-
ducers to consumers. Because all three of these inter-
pretations (technical progress, declining hardware
prices, and increased competition) imply similar effects
on all products in a given year, they cannot be further
distinguished given these data.

3.4. Stability of the Base Model over Time

In estimating a model on data that are both cross-
sectional and longitudinal, one concern is whether the
model is stable over time, i.e., whether the model fits
equally well at the beginning of the period as at the end.
Therefore, as a test of the stability of the parameters over
time, an extended model was created. This extended
model allowed all the parameters to vary in each of the
two periods through the addition of a set of time-period
(“T"'} interaction variables (e.g., TBASESHARE} which
were the product of the original variable value and ei-
ther 0, if the obhservation was for the years 1987 through
1989, or 1, if the observation was for the years 1990~
1992. A significant positive (negative) value for a “T"
variable would indicate that the feature was relatively
mare (less) valuable in the later period. When this
model was estimated on the data set there was no sig-
nificant explanatory power added to the base model; an
F-test did not reject the null hypothesis that all the pa-
rameters were stable (Fstat = 098 < f(9, 93 — 18)
= 2.04 @(.05). To help guard against the possibility that
the power of the test was simply insufficient to reject
the null, a second, more focused test was conducted. An
inspection of the individual parameters indicated that
TLAN _COMM and TSORT _COL might be exceptions
to the general finding that all of the parameters ap-
peared stable. Therefore, an additional model was cre-
ated, consisting of the base model plus just these twao
additional variables. The results of this model, shown
in Table 8, also do not allow rejection of the maintained
hypothesis of stable parameter values aver the two pe-
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Figure 1
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. Mominal ———%— (nfiation- —* Quality-
adjusted adjusted

riods (F-stat = 2.04 < f(2,93 — 11) = 3.15 @ 0.05), and
further, the individual #-statistics for the two added
variables were not significant at usual levels.

These results suggest that the base model’s estimates
are relatively stable aver the time period studied. How-
ever, it is worth noting that the base madel parameter
estimates only represent average values over the entire
period, and that a larger data set would permit a more
fine-grained analysis by individual year.

4. Further Analysis of Network

Externalities
The previous section presented the base model and an-
alyzed several important basic modeling decisions. This
section extends the analysis by examining six variants
on the Base model.

4.3. Sensitivity Analysis of Network Externality
Variables

In the base model both of the network externality vari-
ables, BASESHARE and LOT _MENU, are significant
explanators of price. What is the effect on the model if
one or the other of these variables is not included? In
order to examine this, the Base model was rerun twice,
dropping each of these variables in turn, and the results
are shown as the first two models in Table 9. In each
case the coefficient on the remaining variable increased
{for LOT_MENU from 0.38 to 042, and for BASE-
SHARE from 0.0075 to 0.0099). This suggests that omit-
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Table 9 Sensitivity Analysis
w/fo Baseshare witn Lat_Menu WLS New Praducts Cami. Baseshare Make Effect DOs Gnly

Wariable Coeff. t-stat Coeff. f-stat Coeff. -stat Caoeff. t-stat. Caoeff. f-stat Caoeff. f-star Coeff. #-stat
Intereept 489 3321 512 41.31 4,70 34.16 4.75 26.42 4.46 3326 487 29.49 4.48 23.66
Lat _Manu 0.42 346 0.56 447 1.58 287 0.37 244 0.37 233 0.76 4.85
Baseshare 0.0099 359 1.008 316 0.0071 2.34 0.0091 217
Embegcht 0.43 319 133 268 .27 2.490 167 363 0.4% 318 0,45 336 0.38 1.48
L&N_Comm 0.52 4.34 0.44 3.00 147 363 0.45 323 0.54 4.75 0.45 339 0.65 2.96
Sort_Col Q.27 a1 1.1 2.38 457 4.00 {64 4.14 n.27 211 0.33 249 0.52 213
Sreh_Rpl .13 715 .28 280 a.19 142 109 062 0.14 1.24 .14 122 014 114
WYSIWYG 0.45 3482 axn 247 4.16 1.72 .41 268 0.45 378 0.44 3.32 0.19 152
Timetrend —(.74 —-4.79 01§ -37r  ~Q09 -216 024 —4.78 018 —-429 Q.74 -408 ~0.20 —4.09
Combaseshr 0.0Mm 4.52
Mitgr _Laot 0.03 .22
n a3 93 74 4 43 43 58
fad 0.54 0.50 0.33 0.70 0.54 1.56 0.63
Adjusted #° 0.50 0.46 0.25 0.64 0.50 a.51 0.57
Durbin-Watson . 2.06 187 1.76 116 210 .01 1.70
F-glatigtic 14.34 12.34 14,35 1111 12.44 11,40 10.59

ting BASESHARE from the regression would lead to
slightly biased estimates of LOT_MENU and vice-
versa.

4.2. Weighted Least Squares (WLS) Estimation

Nat all of the products in the sample were equally suc-
cessful in the market. Those products with smaller mar-
ket shares may have been mis-priced by their vendors
or may have been purchased primarily by a market
niche of customers instead of the mainstream. Although
each of the products represents purchases of some con-
sumers and, in equilibrium, should reflect the under-
lying hedonic prices of the characteristics they embody,
it might be argued that it makes sense to weight more
heavily the products with larger market shares. In par-
ticular, if the variance of errors in observed price is in-
versely proportional to a product’s market share, then
weighting each observation by the square-root of mar-
ket share before running OLS is the appropriate correc-
tion for the resulting heteroskedasticity. Using data on
the units sold for each product each year, market share
was estimated for 74 of the products in the sample.'®

Y Unit-sales data were not available for 1992 and for a small set of
products in other years.
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This estimate of market share is based on dividing the
units sold for each product by the sumn of all units sold
in a given year. The results of this regression are given
as the third model in Table 3. As compared with the
base regression, the values of BASESHARE and
LOT_MENU are both slightly higher, indicating that
network externalities may be even more important
when successful mainstream products are given more
weight. The relative values of the feature attribute vari-
ables change somewhat, but the most notable difference
is the decline in TIMETREND which from —16% to ap-
proximately ~9%. Apparently, much of the improve-
ment in the average quality-adjusted price in the sample
is due to improvement in products with relatively
smaller market shares, so consumers of the most pop-
ular products are less likely to have benefitted.

4.3. Only New Products

Maore encouraging news for consumers is provided by
a regression on new products alone. Forty-one products
in the sample were not sold in any previous years."” To
run the regression on this subsample, the variable
BASESHARE was dropped, since these products

"7 Including major version changes and platform changes.
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obviously tend to have no installed base. As shown in
Table 9, new products, which might be construed to be
at the technological “frontier,” appear to experience a
more rapid quality-adjusted price decline over time,
nearly 24% (versus 16% for the full sample). Berndt and
Griliches (1990) found a similar phenomenon in the mi-
crocomputer market, where they report that a “new
model only” price index declines more rapidly than in-
dexes based on the full-sample. When compared to the
weighted least squares estimation, which captures the
buying habits of the bulk of users, this regression sug-
gests that the technological frontier grew mare distant
from average practice over time. One interpretation of
this finding is that inertia increased in the spreadsheet
market as users passed over innovative products in fa-
vor of products with larger installed bases. Interest-
ingly, the coefficient for LOT_MENU for this subsam-
ple is 0.58, vs. 0.42 in the model run on the full sample
without BASESHARE." It appears that the Lotus menu
tree interface may have been even more valuable in the
sample of new products than in the full sample, perhaps
because these products disproportionately needed to
“piggy-back” on the existing installed base of users of
the industry-standard interface.

4.4, Measurement of Installed Base Share
In the Base model, BASESHARE is measured as the per-
centage of the installed base that is owned by a partic-
ular product; e.g., the BASESHARE of Lotus 1-2-3 is the
percentage of the installed base that were sales of Lotus
1-2-3. This is consistent with how market share is tra-
ditionally defined. An alternative definition, however,
considers installed base as the share owned by all menu-
compatible products. For example, the BASESHARE for
Lotus 1-2-3 would not simply be Lotus 1-2-3 installa-
tions, but Lotus 1-2-3 and all compatible products with
menu tree interface. This new variable, COMBASHR
(for COMbined Baseshare), was computed for all the
data and substituted for BASESHARE in the base model
régression.

The results are shown as the fifth model in Table 8,
and are generally a poorer fit to the model. Adjusted R*

" Note that this is the appropriate comparison, and not to the value
of (.38 in Table 8, as that result is based on two madel differences, use
of the fuil sample and inclusion of the BASESHARE variabie.
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drops slightly from 0.52 to 0.50, but more importantly,
the t-statistic on COMBASHR is 0.51, versus 2.49 for
BASESHARE. (Nor does COMBASHR add explanatory
power to the Base model when it is included in addition
to BASESHARE.)

One possible explanation for the fact that COM-
BASHR is not as good an explanator of price is that
COMBASHR simultaneous includes elements that are
associated both with increases and decreases in price.
The network externality effect, that is, a larger installed
base of compatible products, would tend to make the
product more valuable to consumers, exerting upward
pressure on the price. On the other hand, an increase in
COMBASHR can also reflect a larger installed base of a
different vendor’s compatible product, which is, by def-
inition, a relatively close substitute. This would tend to
increase the strength of competition and exert down-
ward pressure on prices. Therefore, the failure of COM-
BASHR to be a significant predictor suggests that these
two effects roughly cancel each other out.”

4.5. Make Effect

In addition to the specific network externality benefit of
the Lotus menu tree structure, there may be other ben-
efits that consumers ascribe to Lotus products. Given
Lotus’s early and dominant market position, they were
seen as a market leader during this period. Therefore,
their long-term viability was unlikely to be a concern,,
and a consumer making a purchase decision could as-
sume that engoing vendar support would be assured.
In addition, continued improvements to the product in
the form of new releases could be expected. Finally, the
Lotus brand name may have acted as a proxy for a gen-
eral product quality variable not captured by the other
variables, Callectively, these effects are captured by the
Lotus manufacturer dummy variable, or “make effect’”
(Berndt 1991).

An alternative version of the model was tested add-
ing a dummy variable equal to one if “manufacturer
= Lotus Development Corporation,” and zero other-
wise (MFR_LOT). As shown as the “Make Effect”
model in Table 9, the addition of this variable was not

¥ A variable OTHBASHR, defined as {COMBASHR-BASESHARE),
was also examined. When this variable was substituted for BASE-
SHARE, its sign was negative, but not statistically significant.
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significant (t-statistic = 0.22) while LOT_MENU re-
mains significant (¢-statistic = 2.33) despite some col-
linearity between MFR_LOT and LOT_MENU. Nor
are the other feature attribute variables and the time
trend significantly affected. This suggests that the
variables in the base mode]; including LOT_MENU,
capture most of the perceived quality associated with
Lotus products.

If, instead of adding the MFR_LOT variable to the
base model, it is substituted for LOT_MENU, the fit of
the model does not improve, as might be expected if
LOT_MENU were simply proxying for part of an over-
all make effect. Instead, the R? declines slightly to .52.
This supports the argument. that the provision of the
Lotus menu capability is a good predictor of price, and,
as tested on this sample, a better predictor than the
make effect.

4.6. Change in Technological Architecture
An issue of increasing importance in technological sys-
tems is a product’s compatibility with complementary
product standards. In the case of packaged software,
these applications must be compatible with an existing
architecture, or platform, consisting of computer hard-
ware and aperating systems.

Compatibility with complementary technologies is
considered an important determinant of a product's

success, and therefore a change in the complementary .

technology offers an opportunity for new entrants (Far-
rell and Saloner 1987). Recently, several authors have
suggested that such shifts occur in the microcomputer
software market; for example, Cringely notes the op-
portunity for Lotus 1-2-3 that was created by the devel-
opment of the IBM PC/DOS platform as an alternative
to the Apple II platform, where the Lotus 1-2-3 prede-
cessor, VisiCale, was already established (Cringely,
1992). Morris and Ferguson suggest that a similar
change took place as the IBM PC/DOS platform that
was Lotus 1-2-3's home was replaced by graphically ori-
ented “architectures” centered on Windaws which pro-
vide an opportunity for Microsoft’s Excel praduct to be-
come dominant (Morris and Ferguson 1993}.
Therefore, in order to examine this effect, the data-
set was split into two subsets, one consisting of prod-
ucts operating under the older, dominant operating
system, DOS, and the other consisting of the non-DQOS
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(i.e., Mac, Windows, and OS/2) products. Collinear-
ity prevented the full model from being estimated
separately on each data set: for the non-DOS prod-
ucts, the value of the WYSIWYG variable was 1 for
every observation in the sub-sample. Instead the
model was estimated on the DOS subset (1 = 58), and
a predictive Chow test of the Base model and the
DOS-only model did not reject the null hypothesis of
equality of parameters (F-stat = 0.54 < f(34, 58 — 9)
= 1.65 @ 0.05). This suggests that it may be appro-
priate to estimate the model as the “microcomputer
spreadsheet market”” rather than more narrowly as,
for example, the *'DOS spreadsheet market.” How-
ever, it is worth noting that the LOT_MENU coeffi-
cient estimate from the base model (0.38) for the en-
tire sample is less than that for the DOS-only subsam-
ple (0.76), which is consistent with what would be
predicted by theory, and with what has been sug-
gested by Morris and Ferguson.®

4.7. Sensitivity Analysis Summary

Taken as a whole, the combined results of the Berndt-
Griliches specification tests, the alternative functional
forms, the weighted least squares regression, and the
various alternative regressions provide some indication
of the relative degree of variability of the parameter es-
timates. In each case the results were qualitatively sim-
ilar: the null hypothesis of no network externalities was
rejected by the coefficients on both BASESHARE and
LOT_MENU, the product feature attribute variables
were collectively important, and the TIMETREND was
negative. However, the specific values of the variables,
as described above, did vary. This could be due to het-
erogeneity in the sample, measurement errors in the
data, and / or disequilibrium in the spreadsheet market.
Accordingly, the specific values of the coefficients from
regressions such as those in this paper should be inter-
preted with appropriate caution.

¥ Similarly, a regression which included MFR_LOT in lieu of
LOT_MENU showed a decline in the Lotus make effect on the non-
DOS platforms, which may indicate that Lotus earned less of a pre-
mijum when its menu became less of a standard, or, possibly, that its
non-DOS products were percejved to be of lower “quality” in dimen-
sions which were not otherwise captured by the base model.
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5. Market Price Validation

5.1. Market Price Data

The IDC and DataQuest data reflect a package’s list
price. This is consistent with hedonic pricing madels
used in previous computer hardware and software
studies, (e.g. Cole et al. 1986}, However, because much
microcomputer software is sold at a discount from list
price, using list price data to develop the hedonic model
may introduce bias if discounts across products are sys-
tematically related to the explanatory variables in the
model.”! The large gross margins for most software
products make this a very real possibility, especially
with regard to the variables for netwark externalities
and standards (ie. BASESHARE and LOT_MENU).
Therefore, results from list price data alone may not be
sufficient to conclude that there is an effect on actual
market prices. In order to check whether a bias resulted
from using list prices, a third, independent set of price
data was constructed from the prices of the software
packages as advertised in major microcomputer trade
magazine advertisements. Market prices were found for
a subset of 55 of the 93 observations in the full sample.
The average discount was found to be 30.5% off list
price and a correlation of 0.88 was found between mar-
ket and list prices.

5.2. Validation of the Base Model on Market Prices

The results for the subset of 55 market price data obser-
vations, presented in Table 10, are very similar to the
results of the Base Model using list prices. The coeffi-
cients on BASESHARE and LOT_MENU are little
changed, while, among the feature attribute variables,
SORT _COL loses some significance, and SRCH_RPPL
gains some in the market price model. Interestingly, the
fit of the entire madel, as measured by adjusted R?, has
improved. A Chow-test was run of the null hypothesis
that the coefficients {except for the constant term) were
identical for list price and market price. This test

' In addition, an increasing portion of sales are also accounted for by
upgrades, generally at much lower prices than list. Because the value
of upgrades is a function of the difference in the features between the
upgrade and the existing product, it is not appropriate to include up-
grade prices in the same maodel as full-priced products to new users,
and so, consistent with prior research, the sample does not include
any upgrade-only prices. )
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Tahle 10 Lat of Real Market Price is the
Dependent variakle {1 = 55)

Variahle Coefficient t-stat
c 414 19.16
BASESHARE 0.0073 224
LOT _MENU 0.38 2.10
EMBEDCHT 0.57 259
LAN...COMM 0.79 384
SORT..COL 0.34 163
SRCH_RPL 0.34 220
WYSIWYG 047 315
TIMETREND —0.22 —3.41
7 0.68
Adjusted A? 0.63
Durbin-Watson 1.39
F-statistic i2.47

was unable to reject the null hypothesis (F-stat = 0.33
< f(8, 55 + 55 — 16) = 2.02 @ 0.05).”

In comparing the estimates shown in Table 10 with
the Base model shown in Table 8, two aspects of the
data have changed. The first is the values of the depen-
dent (price) variable (Table 10 uses market prices, while
Table § uses list price}, and the second is that the market
data set represents a subset of the products of the list
price data set {Table 10 results are based on an » of 55,
vs. the n of 93 in Table 8). To examine whether the latter
was significant in understanding the improvement in
fit, the model was re-estimated on a matched sample of
the list price data set consisting of only those product
observations that also appeared in the market price data
set. This model has an R of 0.64, better than the base
model on all 93 observations, but still not quite as good
as that achieved on the market price data.

Figure 2, based on a model with five separate time
dummies instead a single linear time trend, shows a

= Interestingly, Berndt and Griliches, in their hedanic model of micro-
computer hardware prices, also do not reject the notion of parameter
equality (aside from a paralle] shift} in the list and market data sets in
perhaps the only previous hedonic study of information technology
that uses a combined data set of hath list and market observations,
{28% of their hardware price observations were from market price
data) {Berndt and Griliches 19910,
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similarity between the pattern of the decline in quality-
adjusted market price of spreadsheet software and the
list price data results shown in Figure 1, with the effect
being somewhat more dramatic in the market data.

5.3. Predicting Market Prices
The results of the previous section suggest that the base
model may be a useful predictor of market prices. To
examine this idea, a simple new model was created with
LOG_MRKT, the log of the market price as the depen-
dent variable, and Y., the predicted value of the list
price obtained as a result of running the base model, as
the independent variable.

The results of this model are {f-statistics are given in
parentheses):

LOG_MRKT = —224 + 1.30(¥y.,),
(-312) (1059

R* =0.65, F-stat = 98.06.

For comparison, the original model was rerun using the
log of list price as the dependent variable for the
matched set of 55 observations:**

LOG_LIST = —0.84 + 1.14(Y,,),
{—1.32) (10.63)

R* = 0.63, F-stat = 89.39.

Strikingly, a comparison of the R? of each model in-
dicates that the coefficients from the base model are
slightly better predictors of market price than they are
of the list price data from which they were estimated.
This is consistent with the notion that the market price
data reflect the true value placed on features by con-
sumers better than the list price data do, and suggests
that the results of the base model can be used to predict
the eventual market price.

Further confirmation of this was provided by an ex-
panded version of this model with an additional inde-
pendent variable, LOG_LIST, the natural log of the list
price. LOG_LIST would be expected to be a strong, pre-
dictor of LOG_MRKT, the natural log of the market
price. The results of this model are:

¥ Note that running this model on all 93 observations would give a
value of 0 for the intercept and 1 for the other coefficient.

MANAGEMENT SCIENCE/Vol. 42, No. 12, December 1996

Figure 2
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= —1.51 + 0.89 (LOG_LIST) + 0.29(Yy.,),
(—4.68) (9.92) - (2.60)

R* =0.88, F-stat = 193.35.

Even with the inclusion of the actual list price data,
the model results still add statistically significant pre-
dictive power, This can be interpreted as evidence that
the hedonic model conveys information about the mar-
ket value of features above and beyond the information
implicit in actual list price decisions. If two products
have the same list price, the market price will tend to
be higher for the one with higher quality, as measured
by the Base model.

6. Discussion and Future Research

6.1. Interpretation of the Findings

The prices of spreadsheets are potentially determined
by a large number of factors other than network exter-
nalities, feature attributes, and a time trend. Technical
progress and turbulence in industry structure suggests
that prices are not in complete equilibrium. Further-
mare, because of the relatively low marginal cost of pro-
ducing spreadsheet software, vendors have consider-
able discretion in setting the list prices for their prod-
ucts. As a result, strategic pricing and other factors
beyond the scope of the hedonic model may be signifi-
cant, so0 that estimating precise hedonic functions is
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likely to be difficult. Nonetheless, the hedonic hypoth-
esis—that the price of a software package can be mod-
eled as a function of its features—is ultimately an em-
pirical question. The analysis above provides support
for this hypothesis, indicating that such a model can be
used to identify characteristics which are important and
to estimate the relative values of these characteristics.
In particular, our model suggests that the positive net-
work externality effects from installed base and from
compatibility with a dominant interface standard are
approximately as important as any of the intrinsic prod-
uct features. These results provide additional empirical
data for the ongoing economic study of innovations and
compatibility. However, because the exact values of the
coefficients varied depending on which observations
were included and how they were weighted, so precise
quantitative conclusions about the values of specific fea-
tures should be made with care.

These results also have a number of practical impli-
cations. For software vendors they offer insights into
appropriate package offerings. Developers can get a
sense of the marginal value attributable to either fea-
tures previously provided or currently provided by
other vendors in order to glean insights about relative
consumer preferences. Marketing staff can infer lessons
about the relative rate of price change over time and
therefore the likely duration of any existing market pre-
miums. Legal staffs can use these results to estimate the
market value of compatibility with an existing standard
for licensing purposes. Another implication of the re-
sults is that the prices of spreadsheet software, adjusted
for features, have declined significantly, so consumers
are receiving significantly more sophisticated products
at the same cost. The 16% price decline found in the Base
model, while somewhat less than the quality-adjusted
price decline in hardware, contrasts with the widely-
held notion that software development has shown little
progress.

6.2, Competitive Strategy

The evidence that network externalities are important
in this market has significant implications for competi-
tive strategy. From the perspective of the vendor, it is
advantageous to achieve a significant share of the mar-
ket quickly, so that higher prices can be commanded
due to the positive effects of consumers joining a large
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network. This suggests that the initial purchase should
be made as easy as possible, understanding that the
early adopters can be seen as, to a degree, ““subsidizing”
later adopters, given that the sum of intrinsic and net-
work benefits is lower for early adopters than for later
adopters.*

In addition, vendors who seek to control important
standards should consider licensing their technology,
not only for the revenue stream such licensing offers,
but also to increase the size of the network and therefore
increase their own future sales. While licensing creates
potential competitors, the sensitivity analysis using
COMBASHR suggested that in the spreadsheet market
the network externality effect may balance out the in-
creased competition, so that the net effect on the ven-
dor’s own products may not be as negative as they
would be for products which had no positive network
externalities. In addition, by licensing the technology
the vendor avoids creating significant incentives for
other vendors to innovate around the standard, which
could produce important competing products with dis-
tinct user bases.

Vendors should also consider that changes in the
value of network externality attributes over time may
be related to changes in complementary goods, specifi-
cally the hardware and operating system platforms that
the application software requires to run. Entry into the
software market is more likely to be successful when
there is a major change in platform because of inertia
from network benefits. However, when there is a sig-
nificant change in the architecture, this may tip the bal-
ance and make users willing to abandon their previous
application software. For example, the evidence that the
Lotus menu tree interface is less valuable under a

M in fact, the correlation found between higher installed base and
higher prices may be due, in part, to the realization by vendors that
earlier adopters should be charged a lower price in order to build the
network. An extreme example of this in the personal financial man-
agement software market was the decision by Computer Associates to
“give away" one million copies of their product, Simply Maney for a
“shipping and handling fee” of $6.95 in order to build an installed
base. Application of a hedonic model similar to the one develaped
here to that market segment might have provided some indication of
whether the value of resulting installed base was likely to be worth
the investment.
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graphical user interface supports the argument that the
initial absence of a Lotus-based product allowed entry
and significant network creation by Microsoft Excel.
This reduced the benefits to new users of adopting the
Lotus standard, since the prevailing standard, in the
sense of widest use, was not Lotus-based. Indeed, while
Farrell and Saloner model a constant arrival rate of new
customers, they speculate that a non-constant arrival
rate will lead to more entry during high growth periods
(Farrell and Saloner 1986). Another way to look at it is
that a new hardware or operating system platform “Jlev-
els the playing field”” and erases the advantage of the
incumbent network.

6.3. Future Research
A direct implication of these findings is that installed
base can be treated on a par with intrinsic product qual-
ity in affecting the market value of spreadsheets. Be-
cause a praoduct cannot build an installed base until it
is released, this suggests that product managers face a
direct and quantifiable trade-off between releasing a
product later (but with more features) versus releasing
it earlier. Further research could examine the strategic
behaviar of software companies to determine the extent
to which they “invest” in installed base by rushing de-
velopment, lowering margins, increasing advertising,
or foregoing features which take time to implement.
Different firms may choose different strategies depend-
ing on the existence of complementary products in their
portfolio or constraints on their finances.™

The role of complementary products in supporting or
undermining network externalities is likely to be in-
creasingly important in the information technology
field. The information technology industry as a whole
is evolving toward the prevailing model of the personal
computer industry, in which different vendors control
hardware, operating systems and various layers of ap-
plications software.

An obvious extension of this work would be to ex-
amine more closely the role of platform changes, such
as the change from DOS to Windows, on the value of

™ In this spirit, Chevalier and Scharfstein (1995} present evidence that
liquidity-constrained firms in the supermarket industry are less ahle
to invest in building market share than are firms with greater access
to capital.
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standards and network externalities. If, as expected, it
is found that success rates are markedly better for en-
trants at certain opportune times, it would obviously be
of great interest to the business community. Further-
more, the relative values of coordinating product fea-
tures and introduction by a single vendor {as with soft-
ware “’suites’’) versus alliances of several vendars ver-
sus industry-wide standards will depend, infer alia, on
the size of network externalities. Implications for gov-
ernment policy also could be drawn from such findings.
For instance, the evidence found here of user inertia,
manifested as a growing gap between average practice
and the technological frontier of new products, may be
socially inefficient.

Other, shorter term future research would involve ex-
tending this model into future time periods and/or
adapting the model developed here to other categories
of microcomputer software. For example, word pro-
cessing software has had a number of important ven-
dors and products (WaordStar, WaordPerfect, Micrasoft
Word), as opposed to the historical near-monapoly po-
sition of Lotus in the business spreadsheet market. In
the database market, Ashton-Tate’s early dominance
with dBase has lessened without a single dominant
newcomer. It might be expected that results for these
markets would differ from spreadsheets.

In addition, with such data on other categories it
would be passible to develop a richer model of a
greater portion of the total microcomputer software
market by estimating a system of simultaneous equa-
tions that would allow for various cross-equation re-
strictions. For example, vendors with products in mul-
tiple categories could be expected to benefit from this
breadth of offering through a stronger make effect.
This make effect variable could be restricted to be
equal across equations if that was felt to appropriately
represent the realities of the market. Alternatively, the
degree to which reputations varied across product cat-
egories could be tested. Similarly, compatibility effects
may also differ in, for example, the case where no sin-
gle standard dominates.

Finally, the hedonic model applied in this paper,
while widely used, can be expected to underestimate
price declines to the extent that it does not incorporate
the value of new features which are introduced over
time. Recent work by Bresnahan, Berry and Trajtenberg
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has resulted in a methodology for more accurately as-
sessing the benefits of new products and features by
making fuller use of data on quantities as well as prices
(Berry 1994, Bresnahan 1981, Trajtenberg 1989}. In order
to estimate such a model, however, the methodology
would first have to be extended to explicitly take into
account the effects of network externalities and the re-
sulting identification problem for the underlying de-
mand curves.®
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