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1 Introduction

Technical changein competitiveeconomiesischaracterized by cyclesof creativedestruction.
Users adopt new products and abandon others. In this paper we examine the relationship
between adoption of technologies and the phenomenon of “orphaning.” Orphaning occurs
when late users adopt atechnol ogy incompatiblewith the technol ogy adopted by early users,
and suppliers of supporting services (complementary products) cease to provide their prod-
ucts for the old technology. These issues are of concern to vendors and users in electronics
markets where technical standards and product designs are fluid. Recent examples include
(1) personal computer operating systems (CP/M was the early de facto standard and was
subsequently replaced by MS-DOS), (2) videocassette recorders (Betamax versus VHS),
and (3) Stereo systems (Digital Compact Cassettes versusthe SONY Minidisk and Cassettes
versus 8-track tapes). In all of these examples, the technol ogies were incompatible, that is,
supporting services or software written for one system did not work on the other system.

In this paper we develop a model with (1) differentiated consumers, (2) endogenous
adoption times, (3) technical uncertainty, and (4) alternative technologies sponsored by
competing vendors. We identify conditions under which orphaning arises endogenously in
aframework of dynamic competition.

Our theoretical analysis contains several insights about the factors producing orphans.
We show that orphaning occursin part, because of the heterogeneity in consumer evaluations.
In particular, our model generatesadiffusion processinwhich high valueusersarethefirst to
adopt new technologies. Uncertainty regarding the availability of complementary software
aso playsakey role. Early and late buyers are likely to make different choices when there
are significant changes in the availability of complementary services over time. Finally,
competition plays a role in discouraging orphaning; intense competition among vendors
trandates into lower pricesin the present, and encourages early adoption by all groups.

In the second part of the paper, we use the model to analyze data on the micro-computer



market in the early 1980s, when most of the original operating systems technologies were
orphaned. In particular, we examine the role played by increases in the availability of
software and peripherals for the competing platforms. These increases were viewed as far
from certain at the time and played a significant role in the orphaning process. We find
that in contrast to CP/M, the success of MS-DOS largely revolved around the significant
provision of DOS compatible application software programs. The data are consistent with

our theoretical framework.

1.1 Reated Literature

Our paper adds to an already sizeable literature on platform competition and technology
adoption. In a departure from the literature, our analysis of platform competition is both
theoretical and empirical; the empirical portion builds on previous studies of the micro-
computer industry. Gabel [1991] and Langlois and Robertson [1992] provide an extended
economic history of the personal computer industry. The latter identify factors leading to
open platformsin the long run, while the former isa detailed case study concerning therole
of de facto standardization on the evolution of the microcomputer industry. In contrast to
these two studies, our empirical work is quantitative rather than descriptive. Our empir-
ical analysis also builds on Bresnahan and Greenstein [1992], who characterize platform
competition in the first three decades of the computer industry. They identify the factors
determining outcomesin platform competition. Our work differsin that we provideaformal
theoretical analysis of competition between “open” platforms and we employ an original
data set to perform the empirical analysis.

Our theoretical analysis of platform competition resemblesin spirit two dynamic models
by Katz and Shapiro of technological adoption in the presence of network externalities.!

Katz and Shapiro [1986] investigate whether the market, by adopting one of two competing

10ther dynamic models of technology adoption in the presence of network externdities include Farrell
and Saloner [1986] and Arthur [1989]. In both of these models, consumers purchase at different dates from
competitive firms.



incompatible technologies, in both periods of a two period model, establishes a de facto
standard. They show that an emerging (superior) technology is overadopted, ie, is adopted
for parameter values for which it is socially optimal to adopt the other technology. In Katz
and Shapiro [1992], an entrant must decide when to enter and whether to make its product
compatible with that of the incumbent. They show that when an entrant chooses to make
its product incompatible, it enters earlier than the socialy optimal date. Further thereis
suboptimal standardization.

Our model makes departures both in structure and focus. The common theme of the
Katz and Shapiro papers is an examination of the social and private incentives to obtain
compatibility, that is, standardization. In contrast, we focus on understanding conditions
under which different types of consumers purchase different systems at different dates,
which an explicit model of adoptions and orphans requires. Hence, we place importance
on the uncertainty about the development of complementary software for the incompatible
technol ogies and consumer heterogeneity. Inaddition, wetailor our analysisto fit conditions
in the PC market. This enables us to statistically analyze historical data from this market
and compare the results with our theoretical framework.

A related series of papers examine technological adoption in the presence of indirect
network externalities, that is, when the link between the number of users occurs through the
variety of compatible software products. See Chou and Shy [1990] and Church and Gandal
[1992,1993]. Similar to these settings, we al so examine how complementary productsaffects
both vendor and buyer decision-making. Again, our theoretical focus differs. In Chou and
Shy and Church and Gandal, all consumers make adoption decisions s multaneoudy. Hence
orphaning cannot arise in equilibrium in their models.

Finally, we overlap with the themes found in several decision-theoretic papers of invest-
ment under uncertainty. Sanchez [1994], and Dixit and Pindyck (1994) consider a setting
under which firms make discrete and irreversible investments in emerging technol ogies un-

der uncertainty. Orphaning occurs exogenously in their models, and buyers take action in
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anticipation of it. Although we embed similar buyer behavior in our analysis, we focus on
how the interaction between buyers and sellers can produce orphaning in equilibrium.

In the following section, we develop the basic model. Sections 3 & 4 characterize
equilibria for the basic model. In sections 5 & 6, we enrich the model. Sections 7 & 8
provide anecdotal and statistical evidence consistent with our theoretical model. Section 9

provides brief conclusions.

2 TheBasic Model

We develop a ssimple two-period model in which two firms offering incompatible systems
(supporting services or software written for one system will not work on the other system)
compete for sales. Each system will, with a positive probability, experience some inno-
vation; by innovation, we mean the development of supporting services or complementary
“software" which increases the value of the system.?

There are two types of consumers, denoted “techies’ (T) and “non-techies’ (N), and
a probability of innovation which is independent of the number of early users® The key
features of the model are that (1) a system is durable, i.e., a system purchased in the first
period will also provide service in the second period, (2) either, neither, or both systems
can experience innovation (between the two periods) which will enhance the value of the
systems, and (3) consumers can defer their purchase decisions to see the outcome of the
innovation, if any. For analytical smplicity, we assume that consumers can make at most
one purchase, and that this purchase can occur in either of the two periods?#

We make the following assumptions:

2Supporting servicescan taketheform of application software, peripheral devices, retail service, distribution
facilitiesand information and literature about the products.

3In section 4, we extend the basic mode! to the setting in which the probability of innovation depends on
the number of early users.

“4In section 6, we show that are results are robust to the setting in which early adopters can abandon the
system they purchased in thefirst period and buy a different system in the second period.



(1) The value techies (non-techies) derive in each period from a system without any innova-

tionisdT (ON). Welet N denote the number of consumersof typej,j = TorN. N = NT+NN,

(2) 07 > 0N > 0, that is, techies derive more “ standalone" utility from the basic system than

do non-techies.

(3) The systems have identical marginal costs of production in each period (Thisisfor ease
of exposition and can be relaxed). The first period marginal costs for both technologies
are denoted ¢y and the second period marginal costs are denoted c;. We assume that the
marginal costs either fall or remain constant over time, i.e., ¢; > ¢;. For the case in which

costs remain constant over time, we denote the common marginal cost by c.
(4) Each consumer purchases at most one system.

(5) A consumer of typej = N or T that purchases systemi = a,b intheinitial period (T=0)

receives expected utility over the two periods equal to

Vi =20+ pU; — p?, (1)

where p; is the probability that system i experiences innovation and U; is the added utility
either type of consumer derives from system i should innovation occur, and p? is the price
charged by firmi in theinitial period.

If a consumer of type j waits until the final period (T=1) and then purchases systemi,
the utility derived is VI = 6/ + U; — pt if innovation occurs, and VI = # — pt, if thereis no

innovation, where p! isthe price charged by firmi in the final period.

Recall that innovation means the development of supporting services or complementary
“software” which increases the value of the system. In our model, the U;’s represent the
increaseinvaluethat comesfromtheincreaseintheavailability of complementary software,

rather than the actual consumption of the software.



(6) For ease of notation, let AU = U, — Uy, denote the difference in value added by
complementary softwarefor thetwo systems. Without loss of generality weassumeAU > 0O,
i.e, system “a" is ex post superior. The interpretation is that if complementary software
indeed becomes available for both systems, the value of system “a" is enhanced by more

than the value of system “b."
Finally, we introduce some notation:

Let 5§ = (6N, 6T) denotetheinitial period purchasing decisions of the two types, where 8/ = i
indicates type j purchased system i = a, b in theinitial period. §/ = 0 denotes the state in

which typej consumers make no purchase in theinitial period.

Further, let « = («q, ap) denote whether innovation occurred, ie, whether complementary
software, appeared between the initial and final periods.

In the following two sections, we consider two cases. In the first case (section 3), the
equilibrium is aways characterized by early adoption, that is, for all parameter values, all
consumers purchasein theinitia period. In the second case (section 4) , outcomesin which
non-techies do not purchase in the initial period are possible. In both cases, if consumers
make a purchase in the first period, they always purchase the ex ante superior system. The
motivation behind these sections is to establish conditions in which some consumers wait

and early purchasers are orphaned.

3 Early Adoptions

Herewe consider aspecia case under which all consumerswill purchasethe ex ante superior
system in the first period, despite the uncertainty. This case obtains even when the potential
benefits from innovation (the U;’'s) are large. The intuition is that competition between the
systems for ex ante purchases leads to relatively low initial period prices. This case obtains

under the following two assumptions:



e Marginal costs areidentical in both periods.

e The standalone value of a system exceeds the marginal cost of production for both

types of consumers.

Recall that in this case ¢ denotes the constant per period marginal costs. Thus the second
condition above becomes AN > c. To find equilibrium prices and purchase decisions, we

work backwards starting with the last period.
3.1 Last Period (T=1) Pricing.

Since « can assume four values and 6 can assume nine values, there are thirty-six cases.
Fortunately, the analysis simplifies considerably. First note that if 6 = (a,a),(a,b),(b,a)
or (b, b), so that all consumers made purchases in the initial period, final period prices are

irrelevant. The following lemma shows that there are effectively four cases.

Lemma 1 (i) If both firms innovated between the initial and final periods, i.e.,, « = (1,1) and if
6 € {(a,0),(b,0),(0,b),(0,a),(0,0)}, i.e, some consumers made no purchase in the initial
period, then equilibrium last period prices are pl = AU + c and p{ = c.

(i) When o = (1,0), and § € {(a,0), (b, 0), (0, b), (0, @), (0,0)}, then equilibriumlast period
pricesarepl =U,+cand p} =c.

(iii) When o = (0, 1), and é € {(a,0), (b,0), (0,b),(0,a),(0,0)}, p.=candpi=U,+c.
(iv) When a = (0,0), and ¢ € {(a,0),(b,0),(0,b),(0,a),(0,0)}, p; =candp, =C.
Further, the expected utility of waiting for a consumer of typej is

EVI =6 + pappUp — C. (2

Proof: The equilibrium pricesin cases (i) - (iv) are straightforward. A consumer of type |
will derive utility net of price paid of & — cin cases (ii)-(iv); in case (i) a consumer receives
net utility of ¢, + U, — c. Since case (i) occurs with probability papp, the expression EV!

follows immediately. |



We will employ (2) to determine whether a consumer of type j will buy one system or

the other given any pair of pricesin theinitial period p° = (pS, p).
3.2 Equilibrium Initial Period (T=0) Pricing

Suppose, system h is ex ante superior, that is, phUn > pjU;, for h,j = aor b, and hZj. Recall
we assume that AU = U, — Uy > 0. When ppUp > paU,, it must bethe case that system “b"
has a higher probability of experiencing innovation than does system “a." Although system
“a" would dominate system “b" when both have software, it is possible for system “b" to be
ex ante superior.

A consumer of typej will prefer purchasing system “b" to system “a" intheinitial period,
period O, if and only if 20 + paUs — P8 < 201 + ppUp — pP or iff p8 — p? > paUqs — ppUp.

When p,U, < ppUp, al consumers prefer system “b” to system “a’ in the initial period
whenever firm “b’s" price, p?, is less than ppyUp, — palUa + ¢, and the price charged by firm
“a’ isequa to marginal cost c. Conversaly, when p,U, > ppUp, al consumers will prefer
system “a’ to system “b” in theinitial period, whenever p2 < paUa — ppUp + cand pd > c.

The question remains as to whether consumers will purchase in the first period or wait.
The following proposition showsthat in this case, competition induces all consumersto buy
in theinitia period.
Proposition 1 (Early Adoption) Suppose &N > c¢. The unique subgame prefect equilibrium
is characterized by

pe = max{—I +c,c} and py = max{I +c,c},

where " = ppUp — paUa. All consumers buy the same systemin thefirst period and fromthe
firm that has the ex ante superior system, i.e,, fromfirm*a" iff paUs > ppUp.

Proof: First noticethat price competition between the two firmswill drivefirst period prices
topa=c andp, =T +corp, = —I +cand py = c; thefirm with the ex ante superior system

makes all the sales and itsrival has zero sales and profits.



If the firm with positive sales were to delay selling until the last period - in hopes of
earning greater profits - then its rival would sell to all consumersin theinitial period. Thus,
the firm with the ex ante superior system will not be able to earn more by setting an initial
period price above || + ¢ (and possibly delaying sales).

Further, the firm with the ex ante superior system will earn lessif itsinitial period price
islessthan |I'| + c. A best response for itsrival to afirst period price of |I'| + cisto set its
initial period price at c.

We now show that when initial period pricesare |I'| + ¢ and ¢, both types of consumers
will purchase early rather than wait. First suppose that system “b" is ex ante superior. Then

the expected utility for aconsumer of type|j buying system “b" in period O is
20' + ppUp — T —Cc =200 + p,U, — C.

Now supposethat system “a" isex antesuperior. Then the expected utility for aconsumer

of typej buying system “b" in period O is

20+ paUa+T — ¢ =260 + ppUp — c.

Since both of the above utilities are greater than the expected utility from waiting from

(2), al consumers purchase in the initial period. ]

The above proposition indicates that competition will induce both types of consumersto
buy early from the same firm, whenever standal one system values (9N and §7) arerelatively

large for both types of consumers and when production costs are not declining over time.

4 Waiting Games

Here we consider a more general model, in which we relax the assumptions we made in
the previous section. We consider the case in which marginal costs fall over time, while

mai ntai ning the assumption that stand-al one system val ues exceed the latter period marginal
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costs for al consumers. In the Appendix we formally examine a qualitatively similar, but
algebraically more tedious, case in which “non-techie" preferences are such that will not
purchase a system without complementary software at any price which covers marginal
production costs, but would be willing to pay a positive price for either system if software
were to become available.

When marginal production costs initial period are ¢y and fall over timeto c; in the find

period, two outcomes are possible:
1. All consumers purchase the ex ante superior system in theinitial period.

2. Techiespurchasetheex ante superior systemintheinitial period. Non-techiespurchase

in thefinal period.®

In the second outcome, techies get can stuck with orphan technologies depending on
which system experiences innovation. The reason non-techies wait is that the firm with the
ex ante superior system cannot price discriminate among consumers in the initial period.
When costs fall significantly, this firm would prefer to sell only to techies than to set price
so low asto attract both techies and non-techies. Whence adoptions and then orphang!

Proposition 2 Supposethat cg — ¢; — pp(1 — pa)Up < 07.

(I In the case in which system A is both ex post superior and ex ante superior so that
paUa > ppUyp thereisa unique equilibriumin which:

1. All consumerspurchase system* a" early if 0N > ¢y — ¢, — pp(1— pa)Up. Initial period
pricesarep® = (co — I, Gp).

2. For 0N < ¢y — ¢1 — pp(1— pa)Up < 07, techies purchase the ex ante superior systemin
the initial period. Non-techies purchase in the final period. Initial period prices are
p° = (Co, Co +T).

5In the case we consider in the appendix, an additional (third) outcome in which techies purchase the ex
ante superior system in thefirst period and non-techies make never purchase is possible. In outcomes 2 and
3, techies getting stuck with orphan technologies. The only qualitative difference between the case of falling
costs and the case we consider in the appendix is that in the former, non-techies eventually always make a
purchase. In thelatter case, if non-techies have low stand-alone val uations and neither system experiences an
innovation, they will make no purchases.
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(I1) In the case in which the ex post superior systemisinferior ex ante thereisa unique
equilibriumin which:

1. All consumers buy early from the ex ante superior systemif N > ¢y — ¢; — pa(Ua —
ppUp). Initial period pricesare p® = (—I" + ¢y, Co).-

2. For 9N < cg — ¢1 — pa(Ua — ppUp) < 0T, techies purchase the ex ante superior system
in the initial period. Non-techies purchase in the final period. Initial period prices
arep® = (—T +co, o).

Proof: Wefirst prove theresult for case when the ex ante superior system is also superior ex
post, that is, for I' = ppUp — paUa < 0and U, > Uy. Suppose that the techies buy the ex ante
superior system in thefirst period. We will show later that thiswill be true in equilibrium.

Suppose theinitial period pricefor system aisp, = —I" + ¢y, and theinitia period price
for system b is p) = c,. Note that if all consumers buy early, the fact that there is price
competition and the difference in expected values of the two systemsisl” impliesthat these
would have to be the first period equilibrium prices. If firm A were to raise its price, firm
B, which otherwise would not make any sales, could then charge a positive price and earn
profits.

Given these prices, the expected utility of non-techiesfrom buying early is

PaUa + 2(9N - (_r + CO) = PbUb + 2(9N — Co.

If the non-techieswait, from Lemma 1, they receive an expected utility of 0N + pappUp — C1.
Comparing the above two equations, buying early yields higher utility for non-techies at

prices —I" + Co, Co Whenever

N > co — 1 — po(1 — pa)Up.

So for ON exceeding the above critical value, all consumers (techies and non-techies)

alike purchase system A, the ex ante superior system, in thefirst period.
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Now consider the case in which 6N is below the above critical value. If firm A wantsto
sell to both types in the first period, then it must set p2 low enough to attract non-techies.
Following the same argument used in Proposition 2, the maximum price that firm A can

charge and sell to both cohortsis

pg = pa(Ua — ppUp) + oN + Ci1.

The profits from selling to all consumersin the first period when 6N is below the above
critical value are N[p2 — c] and the expected profits from selling only to the techiesin the
first period are

—N'T +NV[pa(1 — pp)Ua + papp(Ua — Up)],

where the second term represents the expected profits from selling to non-techies in the

second period. The profitsto selling to both types are larger whenever

~ NT(pp(1 — pa)Up)

N >co—c N

Since this critical value exceeds the above critical value, part (1) of the proposition

followsimmediately. The proof of part (11) is analogous and hence omitted. [ |

Asin Proposition 1, competition drivesinitia period prices down to (or just below) the
point at which the firm with the ex ante inferior system could make sales and earn zero
profits. These priceswill induce techies to buy the ex ante superior in theinitial period.®

The proposition showsthat non-techieswill not purchaseintheinitial period when (1) the
fall in marginal cost (co — ¢;,) islargerelative to the standalone value, 9V, (2) the probability

that the ex ante superior system will experience innovation ishigh relative to the probability

SNotethat when 7 < ¢y — ¢; — (1 — pa)pbUb, athird case in which techies also wait obtains. We are using
a discrete time model to approximate what are essentially continuoustime events. So we simplify the choice
of adoption dates to either early or late, and therefore we have restricted attention to cases in which at least
techies will buy early.
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that the ex ante inferior system will experience innovation, and (3) the additional utility U;
associated with the introduction of complementary products for the ex ante inferior system
islow relative to the additional utility associated with the ex ante superior system. Clearly
(1) isobvious, that is large decreases in marginal costs encourage low-value consumers to
delay purchases; on the other hand, (2) and (3) may seem surprising. The intuition is that
under these conditions, the ex ante superior system is much more attractive than the ex ante
inferior system and hence there is not intense price competition between the systems; in
such acasg, it isoptimal for non-techies to wait.

Part Il of Proposition 2 shows that under the above conditions, early and late buyerswill
make different choices when there are significant changes in the availability of complemen-

tary services over time.

5 Network Externalities

In Propositions 1 and 2, the probabilities of innovation (the p’s) are independent of the
number of consumers who purchase each product in theinitial period. Our interpretation of
innovation is the appearance of complementary products, such as software. The incentives
of third parties to develop software may depend on the number of early adopters. In this
section, we consider the case when the probabilities of innovation are increasing functions
of the number of initial period adopters, that is, there are direct network externalities. For
simplicity, we again consider the basic case in which marginal costs are constant over time.

We consider network externalities of theform

pi = Pi(Ni), = a, b (3)

where S—IQ > 0. When there are direct network externalities, multiple equilibriacan exist, as

the following proposition illustrates:

Proposition 3 Suppose that
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(1) 0N >,
(2) pa(N)Uq > pp(0)Up, and
(3) po(N)Up > pa(0)Ua,

where N is the number early adopters.
(1) An equilibrium in which all consumers adopt system “a" in the initial period exists.
Equilibrium prices are p; = pa(N)Ua — pp(0)Up + ¢, and p, = C.

(1) An equilibrium in which all consumers adopt system “b" in the initial period exists.
Equilibrium prices are p = pp(N)Up — pa(0)U, + ¢, and p2 = c.

Proof: Inthefirst equilibria, everyone, both firmsand each individual consumer, anticipates
that consumers will purchase system “a." These beliefs are self-fulfilling, provided that
firm “a" setsits price a p; = pa(N)Ua — pp(0)Up + €. In the second equilibria, everyone
(correctly) anticipates that early adopters will purchase system “b." These beliefs are self-
fulfilling, provided that firm“b" setsitspriceat pg = pp(N)Up — pa(0)U,+cC. Then, theresult
followsimmediately from Proposition 1. |

Hence the result is as characterized in Proposition 1, with the exception that there are

multiple equilibria.
6 Second Purchases

Here we consider the case in which early period adopters can purchase the other hardware
technology in the final period. We illustrate that the possibility of re-purchase has no
gualitative effect on the equilibrium outcomes characterized in Proposition 2. We consider
the case in which technology A is both ex ante and ex post superior and only techies made
initial period purchases.

The techies' final period utility of staying with the early period system ais 67 + a,Us,,
while the utility of switching to system “b" is 67 + a,Up — pi. Since technology “a" is ex
post superior, the techies would not switch to technology “b" in cases o = (0,0), « = (1,0),

and o« = (1, 1)) a any non-negative price. Hence the equilibrium final period prices are as
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characterized in Lemma 1 with “c" replaced by “c,." For the case in which o = (0, 1), the
techies might make an additional purchase.

Lemmal showsthat when re-purchaseisnot possible, theequilibrium final period prices
incasea = (0,1) arep; = ¢, and p = U, + ¢1. Notice that at these prices, only non-techies
would purchasein thefina period. If firm*“b" charged pj1 < Uy, techieswould indeed make
asecond purchase. Thusif N(Up — ¢;) < NNUy, so that it isnot profitablefor firm “b" to sell
to both cohorts, final period prices are identical to those characterized by Lemma 1, and no
re-purchase occurs despite the fact that re-purchase is possible. Thus, the expected utility
of waiting does not change for any type. If on the other hand, it is profitablefor firm “b" to
sell to both cohorts, final period prices are p; = Up and p; = ¢. Here, the expected utility of
waiting for non-techies increases by the factor of pp(1 — pa)Ci.

Alternatively, if price discrimination (based on whether aconsumer already hasan “old"
product) isfeasible, consumers (techies) who turnedintheir “old" systemswould be charged
pt = Up and pl = ¢4, while consumers who did not turn in an old system would be charged
Pt = Up + ¢; and pi = c;. In the case of price discrimination, the expected utility of waiting
does not change for any type, regardless of the distribution of techiesin the population.

Hencetheequilibriumisas characterized in Proposition 2, with the exception that techies
may make multiple purchases. We conjecture that this argument generalizesto other cases.

Insummary, our theoretical analysis contains several insightsabout the factorsproducing
orphans. Orphaning occursin part, because of the heterogeneity inconsumer evaluations, ie.,
high value users are thefirst to adopt new technologies. However, uncertainty regarding the
availability of complementary software also playsarole. Proposition 2 showsthat early and
late buyerswill make different choices when there are significant changes in the availability
of complementary servicesover time. Finally, competition playsarolein encouraging early

adoption by al groups, which should discourage orphaning.
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7 Platform competition in the micro computer mar ket

It is not our intention to recount the economic history of the personal computer industry.’
Here we explain how our model captures many of the factors that shaped a key episode of
platform competition, between the CP/M and DOS operating systems that occurred in the
early 1980s.

There were a number of other operating systems that competed with CP/M and DOS
in that period, most notably Apple, as well as Unix, TRS, and Atari. The evidence (see
Figures 1-3) suggests the preeminence of the fully open platforms, CP/M, MS-DOS, and
partially-open Apple platforms. However, Apple appeared to serve a different market than
did CP/M and DOS (See Gabel [1991], and Langlois[1992]) .8

Before we begin our discussion we briefly explain our data, which we assembled for
this study. Figures 1-3 show the quarterly number of pages of advertisements in Byte
magazine devoted to hardware, software, and peripheras (respectively) using different
competing platforms. We chose Byte because unlike other computer magazines, Byteis a
general magazine that covered developmentsfor al operating systems. Some software was
compatible with several platforms and was advertised in that manner. In such a case, each
platform receives an equal proportion of the advertisement.

Recall that the U/s represent the availability of software and peripherals, not actual
sales. We believe that the amount of software and peripheral advertising data is a natural
proxy for the relative number of complementary products availablefor a particular operating
system. Since the advertisements in Byte magazine during the relevant period were for par-

ticular software products and peripheralsrather than advertisements for mail order software

"See Gabel [1991], Bresnahan and Greenstein [1992], and Langlois and Robertson [1992].

8There is aliterature that argues that IBM/DOS succeeded, in part, due to the openness of its architecture
as compared to Apple’s. In contrast, we want to focus on the factors that determined the success and failure
of thetwo fully open platforms, an issue that has largely escaped analysis. Hence, our analysisfocuses on the
role stochastic, network-related, events had on adoption decisions and platform competition between the two
fully open platforms.
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companies, we believe that the data are a good proxy for availability of complementary
products.®

We use the hardware advertising data as a proxy for the sales of the various operating
systems. We employ hardware advertising data rather hardware sales data in order to be
consistent with the software/peripheral data and because it is extremely difficult to obtain
detailed sales information, which is consistent over time, about all suppliers and products
for each platform.

Thisdatahas strengths and weaknessfor our purpose. Itsmain strengthisthat it provides
a quantitative and consistent indication of the growth, commercial success, and failureof all
the categories of components associated with these different computing platforms. Because
itissodifficult to construct consistent measurement of new or incipient markets, thismay be
theonly measurethat can do so. However, thereisno generally accepted theory of advertising
for high-technology markets, nor any systematic empirical literature on thetopic.X’ So there
isno commonly accepted way of relating advertising to therate of sales, or theinstalled base.
We are convinced, however, that the observed level of these ads positively correlates with
real economic activity. We are especially confident of this conclusion when we examine
aggregate statistics, which averages out many potential small errorsat individual companies.
First, we are confident that as the total sales for atype of product increases, so too do the
total level of advertising. Second, the lags between advertising and real economic activity
do not appear to be long — e.g., conventional wisdom places this industry among the fastest
in its responsive to market signals and new sales trends. Third, we are also convinced that
advertising is segmented across different sub-component markets, so we can differentiate

between different types of advertising for different componentsin asensibleway. Therefore,

Of course, actual sales of software would also probably be a good proxy for the availability of comple-
mentary products.
10Degpite economists general interest in the phenomena of advertising, as a research topic in itsdlf, there
is amost no precedent for using this type of data to learn about features of the underlying high technology
market. We are aware of only one other attempt to examine advertising in high- technology markets. Klenow,
1994, uses news rel eases and announcements to track the entry of new goods.

17



we posit that the total advertising for acategory of components positively correlateswith the
growth and commercial success or failureof the category of componentsin thismarket. The
total of commercial advertising for a component category reflects the underlying adoption
behavior of users and equilibrium outcomes of inter-platform competition. This is surely
right in the long run, since vendors in this market responded to successful sales with more
advertising and to commercial failure with less (or none). The main reason for expecting
difficulty for our purposesisthat some advertising has specul ative and signalling motivesin
the short run, as new products are rolled out. These problems suggests that we should take
great care below not to overstep our interpretation.

Several vendors sold machines to customers between 1975 and 1980. The vast majority
of these early users tended to be, and perhaps needed to be, computer literate, and likely
included many tinkerers and hobbyists. These are the techies in our model. The benefits
derived by theearly usersfromtheir microcomputerswere to amuch greater extent afunction
of the user’s ability to experiment and do much of programming, as compared to later users
- who are the non-techies of the model.

From the figures, it is obvious that CP/M was the dominant operating system. One
reason for the success of CP/M was relative abundance of available application software,
which was available for free within the hobbyist community. Since the standalone system
valueswere relatively low, the market was (as predicted by Proposition 2) limited to techies.

A dramatic change in the market for operating systems occurred in the early 1980s
shortly after the introduction of the IBM PCin 1981. The IBM personal computer primarily
used the MS-DOS operating system.*

As Langlois and Robertson [1992] document, the change in platforms underwent two
phases. One occurred within the 1981-1982 period, when CP/M and DOS operating systems
competed and the outcome was uncertain. Indeed, the July 1982 edition of Byte magazine

devoted 26 pages to an analysis of the two 16 bit operating systems (the CP/M-86 and

The IBM PC aso could run the CP/M operating system.
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MS-DOS) competing for dominance. During this phase, there was not yet sufficient appeal
for non-techiesto enter the market, despite the competition between the two platforms.

There is evidence that during this phase, CP/M, the early leader, was viewed as the ex
ante superior system, at least concerning expectations about the number of complementary
software products that were likely to be available in the immediate future. In the detailed
comparison of the CP/M-86 and the MS-DOS operating systems that appeared in Byte
magazine in 1982, Richard Lomas, a system manufacturer wrote, “ I n seeking languages and
applications, | have found more available for CP/M-86 than MS-DOS."*2 More importantly,
there were expectations that CP/M would retain this relative edge over time. Lomas noted
that the CP/M software was also compatible with MP/M-86, a multi user system. The
upward compatibility of MS-DOS software to Xenix (the multi user system specified by
Microsoft) was less certain. Lomas remarked that “most if not all software running under
MS-DOS will not run under Xenix."

Thus, many of the techies adopted CP/M systems in the 1981-1982 period. Figure 2
shows that as late as 1983, software vendors using CP/M invested almost as heavily in
advertising asthose using MS-DOS.

Ontheother hand, MS-DOSwasVviewed by many asthe ex post superior system, that is, if
the applicationssoftwarefor MS-DOS did materialize, therewasgeneral agreement that MS-
DOS was “a better and faster single-user single-tasking operating system for nontechnical
users."'® In terms of the model, many believed that that the U; for MS-DOS was larger than
the U; for CP/M.

Onereason for this assessment was that IBM had tremendous existing customer base in
traditional data processing shops throughout large corporations. Its existing marketing and
support network initially viewed the PC as acomplement to already established mainframe

networks, where most users had experience with terminals. PCs could act as intelligent

2Note that this edge in application programs corresponds with figure 2.
BBYTE Magazine, July 1982, p 331.
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terminals, and with a bit of technical gerrymandering at first, and less so as IBM improved
the system software, could transfer data from mainframes to small applications on the PC.
When user-friendly spreadsheets, databases and wordprocessors appeared on DOS, these
PCs were able to perform simple analytical and word-processing tasks while by-passing
capacity constraints associated with the use of a central data base on a mainframe. The
Techie-oriented systems that preceded the IBM PC were less able to address both sets of
needs. In sum, theinitial IBM PC initially represented a promise of increased functionality
to alarge class of new PC users. existing mainframe users.*

The installed base of mainframe users perhaps also provided greater assurances of a
market for software, and provided software developers incentives to develop software for
DOS-based systems. Other factors also affected the outcome. In contrast to the early
Apple line of microcomputers, the IBM PC with its MS-DOS operating system was an
open architecture system. Gabel [1991] provides evidence that software applicationsfor the
proprietary Apple operating system declined significantly with the advent of the IBM PC.
Of course, CP/M was also an open system.’® Indeed both DOS and CP/M operating systems
could be run on the early Intel 8086 chips.®

Nevertheless, by 1984, Gabel [1991] notesthat there were 11,000 different software pro-
grams available for the MS-DOS operating system. By the 1984-1985 period (Langlois and
Robertson’s second phase), the IBM PC with its MS-DOS operating system had supplanted
the CP/M machines. Figures 1-3 show that CP/M hardware and peripheral advertisements
ceased to exist and software advertisements had declined significantly.

Thus, asnap shot of the industry in 1985 hardly resembled a snap shot of the industry in
1981. Theprimary usersweretechnically sophisticated in 1981. They were general purpose

This alone, of course, cannot explain the IBM PC's success. Even as late as 1983, there was widespread
dissatisfaction among Data Processing managers with functionality of personal computers in business envi-
ronment (Friedman and Cornford [1989]).

150penness eventual ly became associated with cloning. Yet, the significant clone occurred in 1985-87, after
the dominance of the standard was established.

16See the Lomas articlein Byte 1982.
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by 1985. The main applications were limited in 1981 and often were not user friendly.
In 1985 applications were varied and many emphasized their “ease-of-use”. And most
interesting for our purposes, the dominant technical standards embedded in the operating
systems of the majority of PCsin 1981 differed from those embedded in the majority of
PCsin 1985. Since most of the new application software was incompatible with the CP/M
systems, a large fraction of the users of PCs in 1981 found themselves orphaned by 1985.
Figure 4 summarizes these “snapshots."

In the next Section, we examine the advertising data to look for differences in the
combinations of software, hardware and peripheralssold to early users and late users. Based
on these historical facts and the theoretical model, we expect that the later (general purpose)
users would be more reluctant than early (technical) users to purchase systems without the

availability of a significant amount of complementary software.

8 Econometric Evidence

The empirical analysis investigates the early PC computing market. Our theoretical model
suggests that where orphaning occurs, the early adopters and the later adopters would have
qualitatively different characteristics. In particular, early adopters would be less reliant on
software than later adopters. Hence, we expect a different pattern of sales for hardware and
software (and peripherals) between CP/M in the early yearsin which it was more dominant
and MS-DOS in the later years in which it was dominant. More precisely, for MS-DOS,
we expect that previous sales of applications software will be a better predictor of future
hardware and software sales than previous hardware sales.

We track the history of components associated with DOS and CP/M, the two dominant
“open” platforms. Both were “open” in the sense that their operating system specifications
were known to potential third-party vendors of software and peripheral hardware. For each

platform, we collected advertising datafor thefollowing three categories: hardware, software
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and peripherals. For reasons explained below, we focus on describing and interpreting
the relationship between contemporaneous and lagged commercial activity associated with
hardware and software. First we discuss characteristics of the data and then perform our
anaysis.

We track the CP/M market from April 1978 to October 1986, which is almost the entire
lifetime of products associated with the platform. We track the DOS platform from July
1981, the date any product on the DOS platform was first advertised, to October 1986. We
stop at this point primarily because the advertising associated with products using the CP/M
platformis so scattered and rare as to no longer warrant much interest.t’

We collect quarterly observations, which results in 35 and 22 complete observations
for CP/M and DOS respectively. Table 1 presents some basic summary statistics and the
figures display histories. As shown in the figures, advertising for the DOS platform grows
over the entire period, while advertising for the CP/M platform peaks around 1982-3. Total
advertising growsover thewhole period, reflecting the entry of many new consumersintothis
market. The growth and death of total advertising conforms closely to industry perceptions
about the growth and death of these platforms, which we take as further assurance that total
advertising tracks commercial activity.

Itisinsightful to comparethat therelativeamountsof softwareand peripheral advertising
with that for hardware. The summary statistics in Table 1 show that the two platforms have
very different patterns. MS-DOS has a much higher proportion of software and periphera
advertising relative to hardware advertising. This most certainly reflects a real economic

phenomenon.’® Weinterpret this pattern additional evidencethat these dataare good proxies

"Whilethere was advertising for other proprietary platformsin this period, notably Apple, TRS, and Atari,
thesearelessinteresting. First, they arequantitatively lessimportant. Second, the platformsarenot consistently
open, so our theoretical framework haslessto say about their characteristics. Third, our impressionisthat these
platformswere amost exclusively aimed at the market for games and, ultimately, a different set of consumers.

8Indeed the life-cycle of the CP/M platform suggests that the CP/M ratios of software/hardware and
peripheralg/hardware were biased upwards. Near the time of CP/M’s degath there was almost no hardware
advertising whilethere was still plenty of software and peripheral advertising.
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for sales.

To further examine if there are dynamic differences in these variables for the two
operating systems, we use regression anaysis to summarize the history of DOS and CP/M.
Tables 2 and 3 present OL S regression results from regressions of hardware on software and
peripherals and visa-versa.’® We include only one lag. A second lag does not markedly
change the coefficients on the first [ag.?°

Because our theoretical framework provides no natural specification for the different
effects of software and peripherals, we also show three alternative non-tested specifications
of the non-hardware variables. In model 1 we use al three variables. In model 2 we use
only hardware and software. Inmodel 3 we add peripheralsto software. Most specifications
fit well, even though we never use more than three explanatory variables. Therefore,
we conclude that these specifications provide a reasonable and concise description of the
market’s change over time.

First we examine the question: what is the relationship between lagged values and
contemporaneousvaluesof hardware and software? Inthe case of CP/M, lagged softwareand
peripheralssignificantly predictslater hardwareadvertising, controllingfor lagged hardware.
For example, an extra page of page of software advertising precedes one-third of a page
of hardware advertising. Similarly, lagged hardware significantly predicts softwarein most
specifications, though the same is not necessarily so for peripherals. For example, an extra
page of page of hardwareadvertising precedesamost half apageof softwareadvertising. We
conclude that thereis a statistically robust and economically important interaction between
lagged commercial activity and contemporaneous activity across hardware and software
components in the CP/M platform.

We observeadifferent relationshipinthecase of DOS. First, lagged software doessignifi-

cantly predict hardwareadvertisingin al of our specifications. For example, an extrapage of

19The numbers in parentheses in tables 2 and 3 are the standard errors. A “*" means that the t-stat exceeds
1.64, while“**" means that the t-stat exceeds 1.96.
2OFor many specifications, we cannot reject the hypothesisthat all second lags are jointly zero.
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software advertising precedes one-half of apage of hardware advertising. However, lagged
hardware does not significantly predict software advertising in any of our specifications.
Nor does peripheral advertising predict hardware or software advertising. We conclude
that there is an economically important relationship between lagged commercial activity in
DOS software and later DOS hardware. However, the relationship is unidirectional: lagged
hardware does not predict software.

Now we can examinethequestion: arethe coefficientsdescribingthecommercial activity
for DOS the same as those describing CP/M? The answer is clearly no. On a specification
by specification comparison, the two regression results are not similar. Coefficients take
on different signs, magnitudes, and significance. Coefficients describing the relationship
between contemporaneous and lagged values differ. The patterns associated with DOS
advertising contrasts sharply with those associated with CP/M. Our interpretation is that the
success of DOS depended largely on the availability of software. CP/M displays patterns
reflecting its appeal primarily to early adopters.

Category || Mean | Sd.Dev. | Minimum | Maximum |
Hard CPM || 7.28 6.43 0.00 20.00
Soft CPM || 11.54 7.74 0.50 27.50
Periph CPM || 3.60 2.79 0.00 10.00
Hard DOS || 11.75 8.75 0.00 29.50
Soft DOS || 25.02 | 17.56 0.00 62.00
Periph DOS || 22.11 | 11.32 0.00 38.00

Table 1: CPM: April 1978- Oct. 1986; DOS: July 1981 - Oct. 1986
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Model 1 Model 2 Model 3
Dept. Var. | Hard | Soft | Periph | Hard | Soft Hard | Soft+Periph
Const | -0.87 1.7+ 0.35 -0.69 1.6* -0.89 2.2*
(0.74) | (0.88) | (0.50) | (0.77) | (36) || (0.74) (1.2)
Lag Hard || 0.39** | 0.45** | 0.04 | 0.43** | 0.44** | 0.38** 0.58**
(0.14) | (0.17) | (0.20) | (0.15) | (0.17) || (0.14) | (0.23)
Lag Soft || 0.32** | 0.60** | 0.27** || 0.41** | 0.58**
(0.13) | (0.15) | (0.09) || (0.12) | (0.29)
Lag Periph | 045 | -0.12 | -0.06
(0.25) | (0.29) | (0.17)
Lag Soft+Periph 035+ | 056
0.09) | (0.14)
R-squared | 0.86 | 0.86 | 065 || 084 | 086 || 086 | 085 |

Table 2: CPM: April 1978- Oct. 1986
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Model 1 Model 2 Model 3
Dept. Var. | Hard | Soft | Periph | Hard | Soft Hard | Soft+Periph

Cond | 0.87 | 13" |473*]| 161 | 44 | -057 6.9*
(145) | (3.25) | (1.98) || (1.18) | (27) || (1.44) (3.5)
Lag Hard || -025 | 0.09 | -0.34 | -0.18 | 040 | -0.29 -0.23

(0.18) | (0.41) | (0.25) || (0.16) | (0.38) || (0.20) (0.49)
Lag Soft || 0.49** | 0.58** | 0.29** || 0.51** | 0.70**
(0.08) | (0.18) | (0.11) || (0.07) | (0.18)
Lag Periph | 0.10 0.44 | 0.69**
(0.12) | (0.27) | (0.16)
Lag Soft+Periph 0.35** 0.97**
(0.06) (0.19)

R-squared | 086 | 0.82 | 084 || 085 | 080 || 082 | 089 |

Table 3: IBM: July 1981 - Oct. 1986

9 Conclusion

In this paper we addressed the interdependent decision problems facing buyersin choosing
which of the early microcomputers to purchase and when to make the purchase, and the
corresponding dynamic pricing problem for suppliers of those microcomputers. We find
conditions under which price competition among vendors induces consumers to buy early,
despite the uncertainty about the development of complementary software.

We also find conditions under which some consumers adopt early whereas others wait
for uncertainty to be resolved; when these conditions are satisfied, it is possible that late
adopters purchase a different system than the early adopters, leaving the latter stuck with
an “orphan” technology. Our model suggests that orphaning will occur only when more
and better software than expected becomes available for a technology in competition with

that of the early leader. Since the amount and variety of complementary software cannot be
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predicted with certainty, early adopters face some inherent risks, and orphaning can occur.
An empirical implication of our theoretical analysis is that when orphaning occurs,
software is more likely to precede hardware for the technology of the “late” leader than for
the technology of the “early" leader. The data we present support this prediction; thereis
evidence from the early microcomputer market that the pattern of adoptions and orphaning
wasassociated with thelater adopterswaiting for software and other complementary products
to develop. In particular, the advertising patterns associated with the DOS platform differ
fromthose associated with CP/M, theleading operating system among early microcomputers.
In contrast to CP/M, there isevidence that the success of DOS depended largely on the entry
of many DOS-based software vendors and the associated increase in the availability of DOS

compatible complementary software.
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Appendix: Low Basic System Valuations:

Here we assume that marginal costs are constant over time. However, we suppose that
“non-techies' preferences are such that c — Uy < 0N < ¢ < 9T, where, as before, ¢ isthe unit
production cost which is both constant over time and with the level of output.

The first two inequalities mean that “non-techies’ have no interest in a system without
supporting services at any price that covers marginal production costs, but would be willing

to pay apremium for either system if software were available. Three outcomes are possible:
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(1) All consumers purchase the ex ante superior system in the first period, (2) Techies
purchase the ex ante superior system in the first period and Non-techies make purchases in
the second period, and (3) Techies purchase the ex ante superior system in the first period
and Non-techies do not make any purchases in the second period.

Outcome (2) occursif at least one of the systems experiencesinnovation, while outcome
(3) occurs if neither system experiences innovation.?* Under both outcomes (2) and (3),
techies can get stuck with orphan technologies. In particular, techies adopt the ex ante
superior system. Non-techies who wait end up purchasing a system that has experienced
innovation. Hence the groups may purchase different systems.

The intuition for this result is to similar to the case of falling marginal costs. The
only qualitative difference between the cases is that in this non-techies will not make any
purchases in this case if they do not purchase in the initial period and neither system
experiences innovation.

We now provide the formal result. In advance of the proposition, let

¢(1 — papp) + Uppo(pa — 1)

=
2 — papp

NTc(1 — papp) + NNC(1 — pa) — NTppUp(1 — pa)

0 = ,
NT(2 — papp) + NN(2 — pa)
é — C(l - Pa/’b) - Pa(Ua - PbUb) ‘and
2 — papp
j = N'e(L = popa) + NVe(L — pb) — NTpa(Ua — poUs)

(2 — papp)NT + NN(2 — pa)

Proposition 4 (1) First Suppose that the ex ante superior system, A, isalso ex post superior
system, that isT = ppUp — paUa < 0.

(I) Then there isa unique equilibriumin which:

2'0utcome (3) will also occur in the uninteresting case in which 0N < ¢ — Uy,
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1. All consumers buy early from the ex ante superior systemA, if N > 4. Initial period
pricesarep® = (—I + ¢, c).

2. For 6N < min[d, 4], techies purchase the system A in the first period. Non-techies
make a purchase only in the second period if at least one innovation occurs. Thefirst
period pricesarep’ = (—I" +¢,C).

3. 1 < 0, thereisathird region: For § < 9N < 6, all consumers buy system A in the first
period, the first period price for system B is 0 and for system A the first period price
iSP(O™) = pa(Ua — pplUb) + ON(2 — papp) + pappC < —T +C.

(11) Now suppose that the ex ante superior system, A, isinferior ex post, thatis, ' > 0. Then
there isa unique equilibriumin which:

1. All consumers buy system A early if N > 9. Initial period pricesarep” = (c,I" +C).

2. For 9N < min[é, 9] Jtechies purchase system A in the first period. Non-techies make a
purchase only in the second period if at least one innovation occurs. The first period
pricesarep® = (¢, +C).

3. If 6 < 6, thereis a third region: For 6 < §N < 6, all consumers buy system A in the
first period, the first period price for system B is 0 and for system A, the first period
priceis pd(0™) = ppUn(1 — pa) + ON(2 — papp) + pappC <T +c.

The intuition behind this result is essentially the same as Proposition (2). The Techies
buy early. The price that the Techies pay, will, if the innovation is not so great, or its
probability sufficiently low, and the stand-alone value for the Non-Techies is high enough,
also induce the Non-techies to buy early. The main difference between Proposition 2 and
Proposition 4 is the possibility of athird region in which the initial price depends on Non-
techies stand-alone values. In this case, the firm with the ex ante superior system would
prefer to sell to both the Techies and the Non-techies in the initial period than to sell only
to the Techies in the initial period, and to the Non-techies in the later period if has the
better system ex post. The critical values of the stand-alone values depend on the relative
number of Techies and Non-techies. Before we prove Proposition (4), we state and prove

the following lemma.

30



Lemma 2 Suppose that N + U, > c. Further suppose that techies purchase in the initial
period and that non-techies do not. Then there is a unique equilibriumin the final period,
with the following prices:

(i) Ifa=(L,1)thenpl =Uy— Up+candpt =c. (i) If o = (1,0), then pl = U, + 0N and

Ps =C.
(iii) If o = (0,1), then pt = U, + AN and pl = c.
(iv) If « = (0,0) thenpl = p2 =c.
If non-techies wait, they receive an expected utility of
papb(Ub +oN — C). (4)

Proof: Thelemmafollowsimmediately from Lemma 1, with the modification that when
asingle firm innovates, the maximum priceit can charge non-techiesin the second periodis
U +0N <U; +c,sincedN <c. n

Proof of Proposition (4).

We first prove the result for case when the ex ante superior system is also superior ex
post, that is, for I' = ppUp — paUa < 0and U, > Uy,. Suppose that the techies buy the ex ante
superior system in thefirst period. We will show later that thiswill be true in equilibrium.

Suppose theinitial period price for system aisp; = —I" + ¢, and the initial period price
for system b is p = c. Note that if al consumers buy early, the fact that there is price
competition and the difference in expected values of the two systemsisl™ impliesthat these
would have to be the first period equilibrium prices. If firm awere to raise its price, firm
b, which otherwise would not make any sales, could then charge a positive price and earn
profits.

Given these prices and first period prices as described in Lemma 2, the expected utility

of non-techies from buying early is

palUa+ 20N — (=T +¢) = ppUp + 20N —c. (5
If the non-techieswait, from Lemma 2, they receive an expected utility of papp(Up + 0N — C).
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Comparing (5) and (4), buying early dominates buying late for non-techies at prices

—I +c,cwhenever

N > S = papp) — Ubpp(1—pa) _ 5 ©)
- 2 — papb
Note that § < c. So for #N > 4, al consumers (techies and non-techies) alike purchase

system a, the ex ante superior system, in the first period.
Now consider the case N < 4. If firm “a’ wantsto sell to both typesin the first period,
then it must set p2 low enough to attract non-techies. From (4) such a price, pa(f) must

satisfy

papp(Up + 0N — ©) < paUqa + 20N — p2

Let
pg(QN) = Pa(Ua - PbUb) + GN(Z - Papb) + pappC (7)

Whend > 0N, the profitsfrom selling to all consumersin thefirst period are N[p2(0N) — c]
and the expected profits from selling only to the techies in thefirst period are

—NTT +NN[pa(1 — pp)(Ua + ON) + papp(Ua — Up +C) — pacl,

where the second term represents the expected profits from selling to non-techies in the

second period. The profitsto selling to both types are larger whenever

NTc(1 — papp) + NNe(1 — pa) — NTppUp(1 — pa)
NT(2 — papp) + NN(2 — pa) '

It can easily be verified that § < c.

(8)

oN > f =

When § > 6, (i) for N > 0, both types purchase the ex ante superior system in the first
period at aprice of ||, (ii) for § < 9, only the techies purchase the ex ante superior system

inthefirst period (also at apriceof |I'| + ¢.) Non-techies make no first period purchases.

32



When é < 4, there are three regions: (i) for 8N > 4, both type of consumers purchase
system “&’, the ex ante superior system in the first period at the price of || + ¢, (ii) for
0 < 0N < 0 both types purchase system “a" in thefirst period, but at a price of p2(o"), (iii)
if 9N < 0, only techies purchase the ex ante superior system at the price IT'| + cinthefirst
period.

Thus, assuming all techies purchase the ex ante superior system in the first period we
have shown the result for the case in which p,U,; > ppUp and U, > Up. We now show that
in fact techies will buy the ex ante superior system in the first period

Thereare three potential cases: (i) 9N > 4, (ii) 6 > 0N > 6, and (iii) 9N < 4. In case (i) all
consumers purchase system “a’ intheinitia period. The pricesarep, = -l +candp, = C.

Incase (i), “non-techies’ are purchasing intheinitial period, so Proposition 1 shows that
techies will also purchase rather than wait.

In case (ii), “non-techies' wait in equilibrium. Thus, regardless of whether techies wait
or purchase in the initial period, equilibrium final period prices are given by Lemma 2.
Given these prices the expected utility of waiting for techiesis less than 67 + pppUp. The
expected utility of purchasing intheinitial period isat least aslargeas 20" + p,U, — ¢, which
is greater than the expected utility of waiting, since 87 > c.

Finally, in case (iii) the initial and final period prices are the same asin case (i), and so
techies will have incentives to buy the ex ante superior system in the initia period in this

case too.

We now prove the result for the case that the ex-ante superior and ex-post superior systems
are different, that is, paUa < ppUp. The proof is constructed in a similar manner. We now
derive § and 4, which are analogousto 6 and § respectively.

Suppose the first period price for the ex ante superior system, system “b", isT =
ppUp — palUa + ¢, and the price for the other system is c. Then non-techies who purchase

system “b" early will derive expected utility of ppUp + 20N — I — ¢ = pU, + 20N — c.
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Recall that the non-techieswill derive an expected utility from waiting of pap,(Up + 6N — ©).

Comparing these two expressions, non-techies will buy system a early whenever

N = S = papp) — pa(Ua — poUn)
a 2 — papo

= 0. 9)

For 0N < 4 firm A can sell to both typesin the initial period when the price it charges,
pY, satisfies
papp[Up + 0N — ] < ppUp +20™) — pp.
The most firm“b" can charge and till sell to bothtypesintheinitial period isdenoted pS(o™)
and equals

PR(O™) = poUn(1 — pa) + ON(2 — papb) + papoC. (10)

By selling to both techies and non-techies, firm “b" will get profits of Np2(4N). Firm A
can set itsfirst period price at I, sell only to techies in the first period, and earn expected
profitsof NTI™ + NN pp(1 — pa)(Up+ 0N — ¢), wherethefirst termisthefirst period profitsfrom
selling to the techies and the second term is the expected profitsfrom selling to non-techies
in the second period. Selling to techies is more profitable than selling to both typesin the
first period whenever 0N < 4.

The result then follows by showing that, analogous to the case in which system “a" is

both ex ante and ex post superior, techies always purchase in theinitial period. ]



