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Conclusion

All of the various forms of standardization can and do serve a purpose
in the ICT sector. There is the need for stability (provided by the formal
arena), a need for defined and structured faster change (provided by
consortia and alliances), and the need for complete community invol-
vement (provided by Open Source). The groups within each arena
have not learned to work together for the good of open systems.
Rather than considering proprietary and closed systems to be the
force to be changed, they have dissipated their energies by arguing
about which form of standardization is best, forgetting that the answer
is that “Standardization is best, and non-standardization is less than
optimal.” ANSI isa necessary, but not sufficient, standardization com-
ponent for the needs of the IT sector. Consortia are central to ICT
standardization success, but they need the stability that the formal
process can offer. And for long-term change (to both the technical
and legal fabric of IT and ICT sector standardization), Open Source
provides an interesting direction —and may lead to an entirely different
standardization environment in the future.

Standardization is a complex discipline that is constantly changing as
the industry underneath it evolves. The past decade in the ICT industry
has seen massive change as the very nature of information use and
sharing by customers has changed. The state and changes in the ICT
industry in the United States reflects the state and changes of its con-
sumers — US society, both commercial and private. The ICT sector has
been credited with making the US economy much more productive,
and this has aroused admiration throughout the world.>¢ Uniting. the
various forms of standardization by allowing equivalency - in legal
as well as in economic settings — would only enhance the industry. It
is a rare situation that has no negative consequences to the industry
or society.

36 As Vittet-Philippe (1999, 2) states, “Despite the relatively modest share of ICT
{Information and Communication Technologies] manufacturing in total US
production — 8% of total — the remarkable acceleration of productivity in that
specific sector has contributed a disproportionately high 0.6% a year to total US
labour productivity growth.”
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Abstract

We examine the effectiveness of public policy in a context of competing
standards with network externalities. We show that, if the policymaker
is very impatient, then it is optimal to support the leading standard;
whereas, if the policymaker is very patient, then it is optimal to support
the lagging standard. We also consider the timing for optimal interven-
tion and provide sufficient conditions under which it is optimal to delay
or not to delay intervention.
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1 Introduction

VHS vs. Betamax VCRs; Apple Maclntosh vs. PC DOS microcompu-
ters; discrete vs. matrix quadraphonic systems. These are three of a
long list of examples from recent history where two (or more) alter-
native versions of a new standard battled for market dominance. One
aspect common to most of these standards is the importance of net-
work effects: the fact that many users buy a DOS-based microcom-
puter increases the utility of buying a DOS-based microcomputer
(among other reasons because the amount of software, technical
support, etc., available for DOS users will be better-and more widely
available).

Given the importance of network industries, it is surprising that little
attention has been paid to the role of public policy in standards battles.’
Consider the cases of high-definition television (HDTV) and mobile

We are grateful to Lorenz Schneider and various seminar participants for comments

and suggestions. The usual disclaimer applies. _

1 Exceptions include David (1986), Stoneman and David (1986), Katz and Shapiro
(1986), Cowan (1991), and Choi (1994).
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telecommunications. Public policy in these industries differed greatly
berween Europe and the US: Whereas the European Commission (EC)
was primarily concerned with early standardization, the US’s Federal
Communications Commission (FCC) adopted the more patient approach: ]
of letting market forces decide the winning standard. At first sight, the'
European approach seems preferable in that it takes better advantage
of network effects. The US approach, in turn, is more likely to lead to a;
higher-quality standard.

Our purpose in this paper is to analyze the different trade-offs’
involved in the policymaker’s decisions with respect to standardization
in network industries. Specifically, there are at least two questions that
a policymaker should address. First, the decision of which standard
to support, if any. Second, the decision of when to intervene. Regarding
the first question, we show that, if the policymaker is sufficiently .
patient, then it is optimal to favor the lagging standard. Conversely,-
if the policymaker is sufficiently impatient, then it is optimal to favor
the leading standard. Regarding the second question, we show that, if -
the policymaker is sufficiently patient, then it is optimal to delay
intervention. Conversely, if the policymaker is sufficiently i 1mpatlent,
then it is optimal not to delay i intervention.

In our analysis, we consider the extreme cases of an mﬁmtely
patient and an infinitely impatient policymaker. An infinitely patient

policymaker is one who cares exclusively about the welfare of future}
adopters, whereas an infinitely impatient policymaker cares exclu}
sively about current adopters. We consider these extremes for 111us:§
trative purposes only; reality is likely to fall somewhere in between 3
There are two factors that determine the degree of pohcymakeré

“patience” in each particular case. One is the policymaker’s prefer=
ences: witness, for example, the contrast between Europe and the US’%‘1
in wireless telecommunications, or the contrast between Japan and
the US in HDTV,

More importantly, the degree of patience is likely to reflect the 4
nature of the technology in question. Take for example the case of
color television in the 1950s. Given the success of monochrome TV and =
the absence of a likely substitute for TV, a policymaker should take:
a long-term view of the standardization process. Whatever solution
is achieved, it is likely to stay for a long time and be used by a great
number of future adopters. Our infinitely patient policymaker assump-
tion tries to capture this feature,

lhias
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By contrast, digital audio tape (DAT) is a good example of a
technology with a relatively short expected life span, considering
the rapid advancements in storage and recording devices such as
CDs. In such a situation, a policymaker is more likely to concentrate
on the existing set of adopters and the standardization problems they
face.? Our infinitely impatient policymaker assumption tries to cap-
ture this situation.

In addition to issues of time horizon and patience, our model treats
the policymaker’s actions in a stylized way. Specifically, we assume
that the policymaker has the option to “tilt” the system in favor of one
standard or the other. In reality, this may come about through a variety
of mechanisms such as direct subsidies (e.g., HDTV in Japan), govern-
ment regulations (e.g., wireless in Europe), or direct adoption decisions
by the policymaker when the latter is a “large” user (e.g., nuclear
reactors in the US).

Other papers, such as Mitchell and Skrzypacz (2004), develop a
model similar to ours and derive outcomes as a function of the agents’
discount factor. However, their policy analysis is limited to comparing
the welfare-maximizing and the unregulated solutions. Our approach
to modeling public policy, while certainly very stylized, is a useful first
step toward a more complete treatment of policymakers’ options under
imperfect information about the quality of emerging standards.
In recent years, “heavy-handed” regulation which picks one winner
from several standards has increasingly been abandoned in favor of
“softer” intervention of the form modeled in our paper. Especially in
situations where a mistake would carry significant costs, helping the
market to make the efficient choice rather than making the decision
itself may be the policymaker’s best strategy.

The paper is organized as follows. In the following section, we
extend Arthur’s (1989) model of standard adoption to consider the
possibility of public policy intervention. Next we consider the direction
of optimal intervention in the case when the policymaker is very
impatient (Section 3) or patient (Section 4). In Section 5, we look at
the optimal timing for intervention. Section 6 includes a discussion of
some of the results in the context of several recent standards battles.
Section 7 concludes the paper.

2 In the case of DAT, there were two different standards, DDS and DataDAT.
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2 Basic model

Our analysis departs from Arthur’s (1989) seminal model of standard
adoption.® Suppose there are two unsponsored standards, A and B,
available to consumers at constant marginal cost (which we normalize
to zero). In each period, one new consumer arrives in the market and
buys one unit of one of the standards. Some consumers favor standard
A, some standard B; all benefit from the size of the network they link
into. Specifically, by choosing standard 7, a consumer receives, at time ¢,
utility. v; + wn;,, where v; is stand-alone utility, w is a measure of the
strength of network effects, and »; standard s network size at time .
We assume that v;-€ {0,1} and thatv; = 1 — 4.

Following Arthur, we assume that, in each period, consumers make
adoption decisions based on that period’s utility levels. Under this
assumption, it can be shown that, if standard 7 is chosen sufficiently
more often than standard j, then all future adoptions are directed to i,
even by consumers who, absent network effects, would prefer standard
j (v; > v;). Arthur et al. (1983) have shown that the above stochastic
process of technology adoption ends up in one of these absorbing
barriers in finite time with probability one. The specific condition for
lock-in to standard i is nw>nmw+1, or A;>N= 1, where
A; = n; — n; is the difference in installed bases. The values ~ N, N are
called absorbing barriers since, once crossed (Ai< =N, A; > N), they
are never crossed again. Arthur et al.’s result can then be rephrased as:
lock-in to one technology occurs in finite time with probability one.

Consider now the following extension of Arthur’s model: suppose
that consumers are unevenly distributed: a fraction p > 4 prefers one of
the standards. Since standards are otherwise symmetric, it follows that
the standard with p >1 “fans” is the better standard.* A crucial
assumption in our analysis is that the policymaker knows the above
information as well as the prior distribution of p, which we assume is

3 Callaner (2003) develops a model similar to ours in a voting context to illustrate
the formation of bandwagons. )
Standardization, i.e., lock-in to one standard, is optimal in our model as it is
in Arthur’s (1989), a result that depends on the assumption of a linear utility
function. Farrell and Saloner (1986) and Bassanini and Dosi (1998) develop
models where this assumption is relaxed and find that standardization need not
be optimal.
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symmetric around 3. However, the policymaker does not know the
exact value of p.

Consider now the problem faced by a welfare maximizing policy-
maker. Since marginal cost is constant and identical for both standards,
a sufficient statistic for social welfare is discounted consumer surplus:

o ¢
W=>">" &u(r),

t=1 r=1
where u(7, t) is period ¢ utility of the consumer who joined the network
at time 7, and § the discount factor. o

We will consider the following policy instrument: At a given point in

time, the policymaker has the option of forcing the next s; adoption's of
standard i. These “forced” adoptions can be interpreted in various
ways. One is to assume the policymaker subsidizes adoption by ;_)rivate
agents. An alternative interpretation is that the policymaker is 1tse!f a
large adopter (see Section.6 for examples). As we will see, the dl}rectlon
of the optimal policy depends crucially on the polic?ymak.er’s discount
factor. We will consider two extreme cases: a very impatient, or myo-
pic, policymaker; and a very patient policymaker.

3 The case of an impatient policymaker

We start with the case of a very impatient policymaker. Our main result
is that such a policymaker should favor the leading standard.

Proposition 1 . _
If § is close to zero, and given that policy intervention takes place in
state Aj, it is optimal to favor standard i if A; is sufficiently greater

than zero.

Proof
If § is close to zero, then all periods after the next are of second-order

importance. The network benefits added to the current base' of users are
given by wn;. The difference between the two standards is thus wA;.
If A; is sufficiently high, then the benefits on the existing users out-
weigh the benefits received by the new user, and the result follows. B
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An alternative version of the result is as follows. Suppose that the
policymaker has the option of offering a subsidy to the new user at time
t. Then the subsidy to standard i is positive if and only if A; > 0.

This result corresponds to the “classical” case of an externality. Since
the discount factor is close to zero, there is no informational issue; that
is, the policymaker is not concerned with the value of p and how it will
influence the expected pattern of future adoptions (beyond the next
period). The main thing the policymaker is concerned with is how the
next adopter will affect the previous adopters. If the 7 installed base is
greater than the j installed base, then the externality is greater when an i

adoption takes place, and thus the policymaker is better off subsidizing
this standard.

4 The case of a patient policymaker

Consider now the opposite case with respect to the previous section,
namely that of a very patient policymaker. From an optimization point
of view, this is the rather more interesting case. The policymaker’s problem
is that, while knowing that one of the standards is superior (higher p), it
does not know which one is which. All that the policymaker knows is
the prior distribution on p, which we assume is symmetric around 1, In
other words, the two standards look the same at the start of the proéess.
Naturally, as the adoption process unfolds, the policymaker acquires
more information, specifically, the number of adoptions of each standard.

Our main result is that the policymaker’s optimal policy is to favor
the lagging standard: '

Proposition 2

If § is close to one, and given that policy intervention takes place in
state Aj, it is optimal to favor standard j by s* = LA,

Proof
See the appendix. B

This result states that the optimal intervention intensity is to pull
the leading standard halfway back to the symmetric state (A; = 0).
Intuitively, moving the process halfway back takes into account the
trade-off between keeping the process away from the absorbing

i &
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barriers for some more time (which implies supporting the lagging
standard) and making use of the information gained from the process
prior to intervention (which suggests that the leading standard is lead-
ing for a reason: it is more likely that it is indeed the right one). Notice
that the result does not depend on the particular distribution of p; the
only restriction is that the distribution is symmetric, i.e., the two
standards have a priori an equal chance of being the optimal standard.

Specifically, consider the extreme case of a binomial distribution arnd
suppose that p is very close to 1. In other words, suppose that each of the
standards is equally likely to be favored by a fraction p of the populatiom,
where p is close to one. Even then, the optimal policy would be to delay
the lock-in process. This may at first seem counterintuitive: if so many
adopters have chosen standard . previously, then it is very likely that this
is the right standard. But precisely because p is close to one and the
policymaker is very patient, favoring the lagging standard is an optimal
policy: in the (likely) event that the leading standard is the right standard,
then favoring the lagging standard won’t do much harm; most likely, the
leading standard will eventually win anyway.

Broadly speaking then, Proposition 2 seems consistent with David’s
(1987) prescription that “one thing that public policy could do is to try
to delay the market from committing.”

5 Optimal timing for public intervention

So far, we have addressed the question: given that the policymaker
must make a decision at time £, which standard should the policymaker
favor? The natural next step is to ask when the policymaker should
intervene. We will address a somewhat more specific question: given
that the policymaker must choose a single time at which to intervene,
what is the optimal time £*?

The main result in this section states that a patient policymaker
should wait, whereas an impatient one should act soon.

Proposition 3

Suppose that the policymaker must choose a single time at which to
intervene. If the discount factor 6 is close to one, then it is optimal to
wait until A; = N. If 6 is close to zero and A; is large, then it is
optimal to intervene right away.
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Proof
See the appendix. W

The intuition for the impatient policymaker case is similar to that of
Proposition 1. Regarding the patient policymaker case, the question
might be asked: Why should a patient policymaker wait until A; = N?
The answer is, the closer to N we are the more information the
policymaker has. Since N is achieved in finite time with probability
one, and the policymaker is infinitely patient, there is no cost of
waiting. Waiting for longer than A; = N does the policymaker no
go.od:d once we hit an absorbing barrier, no additional information is
gained.

6 Examples

The results presented in the previous sections are as tentative as the
model they are based on is stylized. Real world examples are far more
complicated than simple models. Still, we believe the theoretical ana-
lysis allows us to make some qualitative points about public policy. In
this section, we present a few examples of public policy in industries
with strong network effects. These examplesillustrate the structure and
assumptions of our model.

6.1 Second generation mobile telephony

Second generation wireless standard setting provides an interesting
testing ground for the economic theory of public policy. The US and
the EU took very different approaches to the problem. Whereas in the
US the Federal Communications Commission (FCC) followed a
“hands-off” approach, in Europe the European Commission (EC)
mandated a standard from very early on.® Standard-setting in Europe
was regarded as a success story, especially in the early stages of 2G
technology: early diffusion was faster in European countries than in the

3 For a quali_tative assessment of US and European decisions, see Gandal et al.
{2003). Toivanen (2002) uses a decision-theoretic framework to analyze 1G
standard choice in eighty-five countries.
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US at roughly comparable prices,® and roaming (i.e., using one’s cell-
phone outside the provider’s coverage area) was clearly better in
Europe early on. As the technology matured however, these differences
became less relevant. Currently, diffusion is at similar levels and roam-
ing is virtually seamless in both markets. Finally, as third-generation
technology enters the picture, it is interesting to note that the compet-
ing standards are both based on CDMA, the standard that survived the
battle for supremacy in the policy-neutral US ground.

Our theoretical analysis (Propositions 1-3) suggests that a very
patient policymaker should wait and favor the lagging technology
before the market sets onto a particular standard; whereas a very
impatient policymaker should favor the leading technology early on.
Moreover, by continuity, Propositions 1 and 2 suggest that, for inter-
mediate values of §, the optimal government policy is not to favor any
of the technologies. This result is strengthened if we consider additional
sources of uncertainty (for example, uncertainty regarding payoff
levels), or if we consider more than two types of adopters. In other
words, the best policy may in fact be not to have a policy.

The contrasting approaches taken by the US and the EC suggest that
either one of them made the wrong decision, or else that they started
from different “utility” functions. The latter may be accounted for by
different perceived time horizons or different weights placed on early
adopters,

6.2 Wide-body aircraft: DC-10 vs. B-747

Over a period of time during the mid-1970s, the US Air Force ordered
about sixty military cargo and tanker aircraft. It was seen as a2 “no
brainer that the USAF would select the Boeing proposal” on the
grounds of the technical specifications of their planes. As it turned
out, the McDonnell Douglas KC-10 was selected. The KC-10 is the
military version of the DC-10 and shares many features with the latter.
The Air Force decision thus had the effect of keeping the DC-10
program alive for a while longer. In the end, the indirect network effect

% See, e.g. Gruber and Verboven (2001) or Koski and Kretschmer (2005) for
empirical studies of the effect of standardization on the evolution of mobile

telephony markets.
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created by the learning curve, as well as a series of DC-10 crashes in the
late 1970s, led to a sharp decline in orders for the McDonnell Douglas
plane; production was discontinued in 1980.” This example illustrates
how the policymaker can intervene as a “large” adopter.

6.3 Nuclear power reactors

By the late 1950s, there were about a dozen relevant technologies for
nuclear power reactors, Of these, the main contenders were light water,
heavy water, and gas graphite. None of the technologies was perceived
as clearly superior, and early adoption figures indicated that consumers
were divided in their preferences. Due to strong learning and network
effects, experts predicted that one of the technologies would eventually
dominate. One important event in the race was the US Navy’s decision
to adopt the light water technology in their nuclear submarines.
Eventually, when a market for civilian nuclear power emerged, the
light water “absorbing barrier” had been crossed and the industry
was locked-in to this technology. According to Cowan (1990), “light
water is considered inferior to other technologies, yet it dominates the
market for nuclear reactors.” This example thus illustrates, among
other things, how suboptimal outcomes may take place in the standard
setting process with public intervention.

6.4 Pest control technology

For a limited period of time, the US Department of Agriculture spori-
sored one of the alternative technologies for pest control: Integrated
Pest Management (IPM). Individual farmers have little incentive to
deviate from the common practice in the vicinity, which implies a
network effect similar to the one we consider in our theoretical
model. For this reason, while the government intervention was tem-
porary, its effects were permanent: the industry got locked-in to IPM,
which, according to Cowan and Gunby (1996), was the welfare max-
imizing outcome. This examples illustrates that early public interven-
tion may have a determinant effect even if limited in its extent and
duration.

7 For more on McDonnell Douglas, see http://www.angelfire.com/dc/douglasjets.
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6.5 Linux vs. Windows

Recently, several government agencies in the US, Europe and Asia have
decided to adopt the Linux operating system at various levels.® Acting
as large and influential customers, governments may support the lag-
ging technology with the aim of delaying the outcome of the standards
battle, or simply to lower the dependency on single software vendors.

7 Conclusion

The above examples illustrate the variety of situations where standards
battles take place and government intervention is a possibility. Sometimes
the policymaker acts by law, sometimes by offering adoption incen-
tives, sometimes by acting as a lead adopter. Notwithstanding the
specificities of each situation, one thing is common to all cases: the
policymaker faces the dilemma of which standard to favor, if any, and
when. We thus think that our model, stylized as it is, addresses an
important set of public policy issues.

Appendix

Proof of Proposition 2: We begin by assuming that the prior distribu-
tion of p takes two values, and later generalize to the case of a sym-
metric distribution. In other words, the policymaker knows that one of
the standards is preferred by a majority p > 1 of the population, knows
the value of p, but does not know which standard is which.

Suppose that at time ¢ the system is in state A; > 0. Let P(A;) be the
probability that the system will eventually get locked-in to i. Let TI(A;)
be the probability that standard i is the right standard, that is, the
standard associated to p > }. Then the unconditional probabiliey that
“the system gets locked-in to the right standard is simply

n(A;) = TI(A;)P(A;) + TI(-A:)P(-4)). (1)

8 The list includes: in the US, the Air Force, the Federal Aviation Administratiop,
the Postal Service, and the Departments of Defense, Agriculture, and Energy; in
Europe, the European Commission, various government offices in Germany, a.nd
France’s Ministries of Culture, Defense, and Education; and China’s Post Office.
Sources: http://www.ZDNet.com on 04/06/2002; http://www.usatoday.com on
30/05/2002.
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P(Ai) = pP(Ai + 1) + (1 - p)P(4A; - 1).

pZN _ pN_A'(]. _ p)N+A,-

P(A) =

B
mp T (1 - p) T,
mpTH(1 — p) T
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pAi (pPN — pN-4(1 — p)N*)
(0% + (1 - p)*) (™ - (1 - p)™)
p—A, (pZN _ pN+A,(1 _ p)N—Ai)
(=2 +(1—p)™) (PN - (1-p)™N)

n(A) =

Optimal intervention for specific p

A policymaker will maximize the probability that the right barrier is hit
by forcing s adopters to adopt either the leading or the lagging stan-
dard. Let s > 0 denote forced adoptions of the lagging standard and
s<0 adoptions of the leading one. Note that s # 0 influences only
P(A;). That is, the probability that a given barrier is the right one is
not affected. We can now see that the new probability of achieving a
desired outcome is

pA (pZN — pN-8its(1 — p)N+A,-—s)
(0 + (1 -p)*) (PN - (1 -p)™)
p (pZN _ pN+A,-s (1— p)N—A,'+S)
(b= + (1 -p)™) (0N - (1 -p)™)

We now maximize # with respect to s:
or(Ai) _
ds
p¥ (= PN+ In(p)(1 — p)™*4 4+ p’“’*‘(l p)" 4 In(1 - p))
(% + (1 - p)*) (PN - (1 - p)™")
p~4 (PN In(p) (1 — p)™ M - p”*""‘(l P In(1 - p))

(o4 + (1 —p) ™) (N - (1 - p)™)

n(Aj) =

+

or simply

ana(sA) — (=B (™ + (1 = P)™) + (AN (P~ + (1 = »™))-

(In(1 -p) —In(p))
(=2 + (=) ™) (> + (1 —p)™) (o - (1 - p)™)

where
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Y(A,) = pApNTAFs(1 - pyNHas,

The denominator is different from zero, and so is In(1 — p) — In(p)
(for p # 4). A necessary condition for maximizing n(A;, s) is therefore

that
Y-8 (0% + (1= p)™) +9(8) (™ + (1 - p)™™) = 0.
which implies s* = —A; /2. We take the second derivative to determine

whether s* is 2 maximum:

& A;
L = (S + (1)) + (8 (% + (1 - p))).
(In(1 - p) — In(p))*
P2+ 1 =p)™) (% + (1 -p)*) (PN — (1 - p)™)’

Observe that all of the bracketed expressions on the right-hand side are

positive. It follows then that the second derivative is negative and s* is a
global maximum.

W Generalization to any symmetric distribution

The above results readily generalize to any symmetric distribution of p.
The idea is that any distribution symmetric about § is the integral of a
series of binomial distributions like the one we considered above. Since
the optimal solution does not depend on p, it follows that the same
solution holds for any distribution of p that is symmetric around im

Proof of Proposition 3: The case when § is close to zero is straightfor-
ward: anything that takes place after the current period is of second-
order importance; and an intervention in the current period has a
positive effect on welfare. "

When § is close to one, discounting is irrelevant (or close to irrele-
vant). We need to find out in which period the impact of public policy is
greatest. Define p = 1=2, Notice that, given our assumption that p > 1,
it follows that 0 < p<1. With this change in variables, we can simplifzy
various previous expressions as follows:
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1 _ pN+Ai

PO =3
Substituting in the expression for n(A;) and simplifying, we get
O =(1-pMn(A) =1-p". (2)

Moreover, since by Proposition 2 we have s* = A, it follows that
1~ phFeite
1-—pN
Substituting in the expression of #(A;, s) and simplifying, we get
-Ai _ N
— 2N\~ _ N-1A; gl —p
Y=1-pMA)=1+p" 2 (m—l). (3) -

Comparing (2) and (3), we conclude that: (a) expected value without
policy is independent of A;; (b) expected value with policy is increasing
in A;. We conclude that the expected incremental value from imple-
menting the optimal policy is increasing in A;. B

P(A; +57) =
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Switching to digital television:
business and public
policy issues

NORBERT MAIER AND
MARCO OTTAVIANI

Abstract

This paper investigates the incentives of broadcasters to use subsidies
and sunset dates to affect the viewers’ decisions to switch from analog
to digital television. It is shown that when viewers have identical
preferences for digital television, it is never optimal for the broadcaster
to subsidize just a fraction of viewers. When instead viewers have -
different valuations, broadcasters might want to induce viewess to
switch gradually. Implications for welfare and effects of universal
service requirements on equilibrium outcomes are also discussed.

1 Introduction

" Television is currently undergoing a major transformation. The old

analog standards are being replaced by new digital standards, widely
perceived to be technologically superior. Digital television (DTV)
makes possible the delivery of a signal virtually free of interference,
with better image and audio quality and improved interactivity. In
addition, data compression technologies allow for a more efficient
use of bandwidth.! Not only does DTV provide the flexibility of
increasing the quality and number of channels, but it also frees up
bandwidth for alternative uses.?

We thank Victor Stango for guidance, Jozsef Molnar for research assistance, amd the
UK Economic and Social Research Council for financial support (research grant:
RES-000-22-0385). .

1 With the same bandwidth required for a single analog channel, the new digital
technology is capable of transmitting five to ten digital channels of corppara!:le
(“standard”) quality. Alternatively, that bandwidth can be used to deliver high
definition television with movie-quality picture and sound.

2 We do not discuss the different standards for digital television. We refer to Farrell
and Shapiro {1992) for an early account of the developmient of the Adwanced
Television Systems Cotmittee (ATSC) standard in the United Sggtgc, angl to
Grimme (2002) for a discussion of the development of the d‘l»gxtal video
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