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Executive Summary

New high-speed digital subscriber line (DSL) services, offered by local telephone companies,
will provide small businesses and residential users with access to the Internet that is comparable
in speed to that enjoyed today by larger organizations. We have been asked to analyze the
economic viability of these services and the potential impacts of regulation on the incentives of
local exchange carriers (LECs) to invest in and deploy technologies associated with DSL. In this
paper, we describe results derived from our models of the demand and cost of digital subscriber
line services.

Itisclear to usthat these new DSL services will have to compete with other comparable services,
including cable modems, wireless services, and services provided by competitive carriers and

Internet service providers (1SPs) who use unbundled loops obtained from the LEC itself. This
competition will limit regulators’ ability to require LEC provision of DSL service in some
markets at rates that are significantly above cost in order to cross-subsidize service in other
markets. For example, the price of DSL service in urban areas cannot be raised to generate
significant cross-subsidies to support DSL service in less dense neighborhoods. If regulators
attempted to do so, the LEC would lose its urban subscribers to others.

Such competition is not merely a theoretical possibility. Several firms are already using local
exchange carrier loops together with their own DSL gear to provide their own high-speed
services to consumers. Such firms include Covad in San Francisco; Vitts in Manchester, New
Hampshire; SourceNet in Reno, Nevada; HarvardNet in the Boston area; and manly others.
Covad has announced plans to offer service in the Washington, D.C.; Boston; New York; Seattle;
and Los Angeles areas reaching roughly 20% of the nation’s population.

Competing technologies are evolving rapidly. We do not yet know how consumers value the mix
of portability, speed, and cost. Wireless suppliers are working hard to develop technologies that
support effective Internet access. Hughes is selling satellite-delivered Internet service to
consumers. Cable companies are rolling out cable modems. Such rapid innovation and turbulent
competition promises benefits for consumers but increases the risks for service vendors who
must invest significant capital in a specific technology.

Our analysis also indicates that the threat of binding price regulation several years into the future
Is sufficient to change from positive to negative the net present value to a LEC of offering DSL
service. Moreover, if regulators require geographic ubiquity of DSL service, the profitability of
DSL service would plummet.

! See http://www.covad.com, http://www.vitts.net/press.htm,
http://www.source.net, or http://www.harvardnet.com.
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The table below outlines the impacts we have identified.

FCC Chairman William Kennard has said:
Like its appetite for ever-increasing computing power, | believe our nation will
have an ever more voracious appetite for data transmission capacity, sometimes
called "bandwidth." The key to satisfying this appetite will be to create real
opportunities for companies to compete to deliver high bandwidth services over
the "last mile" to consumers. Competition in our backbone networks today is
driving backbone providers to keep increasing the capacity and speed of the
backbones. We need to bring that competitive drive to expand capacity and
Improve service to the final links to consumers.

We agree. The FCC should, whenever possible, implement rules that reflect the competitive
nature of DSL offerings and create the proper long-run incentives for DSL rollout by the LECs. .



Effects of Regulation on DSL Service

Regulatory Scenario

Effectson L EC | ncentives

Effectson Market

Price Regulation
Strict rate-of-return

Price caps set in 2003 on forward-
looking costs at that time

Regulatory depreciation

Incentives to invest would be greatly weakened.

Incentives to invest would be greatly weakened
because it is harder to justify investments with lower
returns.

Rapid technological change and the assurance of
competition would increase the risks of using
regulatory depreciation. In addition, regulating
depreciation would require regulation of prices
generadly. Again, incentives to invest would be
significantly weakened.

Slower development of service,
less competition, higher prices.

Slower development of service,
less competition, higher prices.

Weakens LEC incentives to
invest.

May also deter competitors from
investing in early years.

Universal servicerequirements
Requirement to provide DSL
service to al households served by
aDSL -capable central office

Requirement to provide DSL
service at all central offices

Requirement to provide DSL
service to all LEC subscribers, if
requested

Such regulation would give the LECs the incentive to
deploy DSL technologies only in central offices where
the vast majority of loops could support DSL service.

Some smaller central offices, especially those with few
loops capable of supporting DSL service, would be
uneconomic. Consequently, the LECs' incentives td
invest would be reduced.

Cost of providing DSL service would increase
significantly. Under all reasonable scenarios, a LE
ability to make a viable business is severely
handicapped by ubiquitous deployment requiremen

Restriction of LEC supply of
DSL servicesto urban areas and
to those suburban areas with
little use of digital loop carrier.

May deter some LECs from
initiating DSL service.

Less competition, slower servig
Collout.

D

Unbundling requirements
Loop unbundling

Unbundling applied to unique DSL
facilities

Three different impacts:
1. The ability of others to provide DSL over LEC
loops would ensure competition based primarily on
CLEC facilities (e.g., DSLAMSs, routers).

2. Regulators would not be able use LEC urban DY
profits to support other services.

3. The ability of others to provide DSL over LEC

facilities would create difficult problems in managing
interference in the outside plant.

Would raises costs for LEC networks.

Would ensure that DSL will be
a competitive service.

Would ensure that LECs face
LDSL competitors with
deaveraged costs.

Managing interference would
create some difficult, but not
unsolvable, regulatory
problems.

Would raise costs to consur]
and discourage deployment of]
DSL facilities.

ners

Assurancesthat DSL costs and
revenueswill betreated as
competitive

« Requirement to offer conditioned
unbundled loops without electronig
« Available on non-discriminatory
basis

« Not subject to price caps

The LECs would be able to consider the DSL marke
as would other firms. The LECs' incentives to pursy
market quickly to gain partial first-mover advantage
would be increased.

s

t Would speed availability of
eDSL service.

* Nondominant treatment of servic|




The value proposition of ADSL service is compelling for the end user: for most
applications it provides near-Ethernet performance for small or home offices.
Multiple megabit-per-second bandwidth to the home or small office enables new
applications in commerce, entertainment, education, and science.

Mark Huntzinger, 3Com, at TELECOM Interactive 97

1. Introduction and Overview

The rapid growth of the Internet has created new demands for communications capabilities.
Many large organizations have high-speed access to the Internet using T1 lines connected to their
organization’s local area networks. Small businesses and residential users lack comparable

access to the Internet.

In our study, we consider three aspects of a new digital subscriber line (DSL) service that local
telephone companies are now preparing to offer to small businesses and residences:

* the value of this service to residential and small-business consumers,

« the likely competitive environment, and

* possible regulation of LEC provision of DSL service and its impacts.

This report offers recommendations regarding the public policies most likely to result in the

rapid, robust rollout of high-speed digital subscriber line services (DSL) to consumers. We begin
with a review of DSL services and technologies and of competitive offerings such as Hughes
DirecPC service, cable modem service, and wireless services. The technology is here today, but
there is substantial uncertainty about the effectiveness, capacity, and cost of competitive
technologies. It is also clear that today’s DSL services will only be a way station to even faster

digital access services.

Next, we examine the recent historical performance of the markets for high-speed access.

A key issue in analyzing the prospects for DSL services is the potential residential demand for
high-speed access. We offer three different approaches to such an analysis. Section 4 presents
an economic analysis of the problem of estimating future demand for these services with only

fragmentary information on current demand. Section 5 looks at the same problem from the point
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of view of atechnologist considering the growth of complementary technologies.? Finally,
Section 6 offers the views of a social scientist who conducted interviews with over a hundred
residential users of high-speed cable modems.®> While the details differ, al three approaches
predict that high-speed residential access to the Internet will be strongly valued by a significant

fraction of consumers and will deliver substantial value to the economy.

Having established that high-speed access to the Internet is valuable to consumers, Section 7
provides a brief description of acomputer model that we developed to study the impact of
regulatory decisions on the incentives of firmsto invest in DSL technologies. A more complete

description of the model is provided in Appendix C.

Finally, Section 8 provides simulation results of the likely profitability of DSL services offered
by established LECs under a variety of assumptions. We conclude that DSL service could be
profitable in the absence of regulation. If traditional regulation is applied to DSL services, it will
significantly weaken LEC incentivesto invest in this service. Rolling out DSL services requires
significant initial outlays. Under many reasonabl e scenarios, cash flows turn positive in the third
year but cumulative discounted cash flows are not positive until year 6 or 7. Imposition of
regulation before the early losses are recovered would ensure that the service would never

become profitable.

2 Appendix A contains alonger version of thistechnology study that was performed
by SRI International.

3 Appendix B contains alonger description of this study of users of high-speed
access.



Once you get this stuff, you will sell your first-born before you go
back to a normal modem.
Howard Anderson, quoted in the New Y ork Times, 20 January 1998

2. Digital Access Services — A Technological and Market Primer

a. High-Speed Consumer Digital Access Technologies

Recently devel oped technol ogies permit high-speed communications from homes or officesto
the Internet and other computer networks and services. This chapter reviews the essential
elements of these technologiesin order to give the reader a better perspective on the market and

regulatory challenges created by these technologies.

Three technological foundations — telephone lines, cable television, and wireless — offer

alternatives for improved consumer access to network services.

I Telephone Lines

Copper telephone lines can carry far more data per second than is normally transmitted by the
modems in home computers. The shortcomings of computer modems derive from the fact that
such modems are designed to work on both local and long-distance connections. But most local
switches and all long-distance connections transmit signals in only a narrow band of frequencies.
A modem connected to the copper telephone line at the home can communicate with a modem at
the telephone office (with the signal being separated from the telephone line before the
connection through the voice switch) at speeds far higher than are possible on dial-up
connections. The technologies for such high-speed local communications over telephone lines

are known as digital subscriber line, or DSL, systems.

Unfortunately, several constraints limit the performance of these connections. The limitations
can be so severe that service delivery becomes impossible. One limitation is distance. The
longer the copper wire from the telephone company to the consumer, the harder it is to transmit

digital information over that wire. Thus, when the range is a few hundred yards, data rates in the
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tens of millions of bits per second can be achieved. As range increases, practical data rates fall.
Some DSL products have a maximum range beyond which they do not work at all — typically two
or three miles for a DSL system capable of six million bits per second. A second limitation
arises from the condition of the copper wire. Wire with extra connections, beiltige taps,

works fine for ordinary voice telephone service but works poorly for DSL services. Other uses of
the wires in a cable create yet a third class of problems. Energy can leak from one pair of wires
in the cable to others — a property called crosstalk. Crosstalk between DSL services using

different standards but running in the same cable can seriously damage perférmance.

. Cable Modems

The cable industry can also provide the route for high-speed communications to the home. Cable
modems are capable of impressive data rates — in the millions to tens of millions of bits per
second. Working with manufacturers, the cable industry has defined a standard for cable
modems called the Multimedia Cable Network System (MCNS) specification. One example of
this technology is the General Instruments (GI) SURFboard cable modem model SB1000, which

was recently launched for retail sales.

Cable modems use the cable plant for the high-speed link from the cable system headend to the
consumer’s home. If the cable system is equipped for two-way operation, the return signal from
the consumer can flow over the cable network. Alternatively, if the cable system lacks two-way

capabilities, a telephone connection can be used for the return path.

4 Notice that such interference between DSL services in the same cable poses
difficult issues when access to loops is unbundled. The technical feasibility of permitting a
CLEC to use a specific DSL technology on an unbundled loop depends upon the LEC’s current
and future plans for the use of DSL technologies (and other similar technologies) on other loops
in the same cable. Interference between the technologies depends upon the technology choices
made by each firm.

5 @Home, a cable Internet service provider, claims to offer consumers connections
at speeds of 1.5 to 3 million bits per second. See http://www.home.com/home/speed.htm|
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Typically, cable modems share a pool of transmission capacity among several subscribers. That
is, the cable system may provide a data transmission rate of six million bits per second to one
customer at atime and rapidly move that capacity from one customer to another. At 2:00 am.,
the only active subscriber will be able to consume the full six megabits. During prime time,
when many people are browsing the net, the average user may see an effective bandwidth
significantly less than six megabits. Because most people request datain blocks from the Net
(e.g., aperson will download a web page, spend several seconds looking at it, and then respond),
such sharing of capacity does not necessarily degrade performance to an unacceptabl e degree.
The amount of such sharing is under the control of the cable operator. The cable operator can
either dedicate more bandwidth in the cable system to modem use or reduce the number of

customers who share each segment of the cable system.

1. Wireless Alternatives

Wireless (radio technologies) offer the third major technical aternative. Today, there are three

wireless technologies that are widely available and that are used for Internet access — cellular
digital packet data (CDPD), Metricom’s Ricochet, and Hughes DirectPC. CDPD is a packet data
communications technology that uses cellular frequencies and infrastructure. CDPD carries data
at only 19.2 Kbps — slightly slower than most dial-up lines and vastly slower than DSL

technologies. CDPD does have the great advantage of mobility.

Bell Atlantic offers CDPD Internet connectivity for a flat fee of $54.95 per month for use within
Bell Atlantic territory (usage charges apply outside Bell Atlantic territory). AT&T offers a
similar service with a different pricing sched@l®©ther cellular carriers also offer CDPD

services.

6 AT&T does not offer aflat-rate option. Rather, it offers monthly service rates

ranging from $19 per month to $115 per month. Associated with each rate is an alowed traffic
volume. Traffic exceeding the allowance incurs extra charges. See
http://www.attws.com/nohost/data/order/pricing.html.
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Metricom, afirm originally founded to provide wireless communications for el ectric meter

reading, offers awireless Internet access service in afew marketsin the United States.” The

nominal data rate on Ricochet connectionsis 100 Kbps, but congestion and retransmission

effects (similar to those occurring with cable modems) limit average transmission rates to the

range of 14.4 to 28.8 Kbps — the same as current dial-up connections. The monthly price is
$29.95 for unlimited use (academics pay only $19.95 per month for the same service). The

Ricochet fee includes both communications charges and an Internet account.

Hughes offers a satellite-based Internet service called DirecPC. To use this service, the
consumer must install a dish antenna (similar to the small receiving dishes used for Hughes’
DirecTV service) and receiving electronics. The high-speed satellite link is used only for the
transmissions from the Internet to the consumer. Information from the consumer back to the
Internet must be carried over another path — usually a dial-up telephone call. DirecPC offers
average download speeds of up to 400 Kbps. Hughes offers several pricing plans for DirecPC.
For example, unlimited prime time use with an average rate of 400 Kbps costs $129.95 per
month® The capacity of DirecPC is limited by the capacity of current-generation satellites. The
specific capacity varies with user activity and the tolerance users have for periods of congestion
and degraded performance. It is possible that current satellites can serve many tens of thousands
of users — perhaps in the low hundreds of thousands of users. The next generation of satellites,
with spot beams and frequency reuse, will increase the number of users that can be supported by

about a factor of ten.

These three wireless alternatives have vastly different characteristics. DirecPC is available

everywhere in the forty-eight contiguous states (at least at those locations having a good view to

! Current markets include Washington, D.C.; San Francisco; Casper (Wyoming);
Kearney (Nebraska); and Seattle. Additionally, Ricochet serviceis available at some airports.

8 http://www.direcpc.com/about/perf.html
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the south towards the geostationary arc), but DirecPC is not easily portable.® CDPD isthe

slowest of the technologies, but it is portable, supports communications while on the move, and

offers coverage in much of the nation. Ricochet is aso portable and is somewhat faster than

CDPD but isavailable only in limited areas. Of course, these are all new services. DirecPC was

first commercially offered in 1996. CDPD hit the market slightly earlier — 1994. Ricochet had
fewer than ten thousand subscribers at year-end 1996. It is far too early to discern the ultimate

competitiveness of these offerings.

While these three services are the primary wireless alternatives for Internet access today, we
expect the range of wireless alternatives to increase. Metricom has announced new technology
that will increase the data rate on their system to 85 Kbps. In the FCC’s WCS auction, Metricom
purchased licences covering most of the western half of the forty-eight contiguous states and
much of the Northeast. The next generation of geostationary satellites, due to be operational in
two to three years, will support two-way communications to terminals similar to those used for
the DirecPC service today at high speeds. Aloha Networks, Inc., a start-up in the Bay Area, has
announced that it will supply a two-way Internet access capability using current generation
satellites and small dishes by early 199%everal firms are developing low-earth-orbit satellite
systems that will support voice and data communications. MMDS operators are testing use of
their channels for the provision of Internet access, and the FCC has just auctioned off over 1,000

megahertz of spectrum for the LMDS service.

In addition to these visible developments, there are a variety of substantial development efforts in
wireless that are not yet public. The FCC, with its PCS and WCS auctions and its authorization
of the unlicenced NIl band, has made available sufficient radio spectrum to support a wide

variety of terrestrial radio systems. Manufacturers and service providers are working to develop

o DirecPC is portable in the sense that the equipment can be mounted on atrailer or

van and the vehicle moved from place to place. The user must then manually repoint the antenna
toward the serving satellite.

10 See www.a ohanet.com.
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voice and data services that will allow them to compete with existing wireless providers or to

meet currently unmet consumer needs.

b. Factors Affecting Adoption of LEC DSL technologies

DSL services are still in their infancy. At present, LECs face a numbers of uncertainties

regarding standards, the complexity of separating transport from ISP service, the difficulty of

serving customers at longer distances from central offices, and — potentially — regulation. In this
section, we discuss the effects of the technical constraints (distance, standards, Internet
addressing) and touch upon regulatory issues as needed. However, this section does not focus

directly on regulatory constraints.

I Standards and Changing Technology

Digital subscriber line technologies come in many flavors — it seems that a new variant is being
announced every few weeks. These rapid changes in technology create opportunities and
problems for both consumers and service providers. A service provider may be reluctant to
commit to large investments in a specific DSL technology if there is a significant risk that a
superior technology will soon emerge. Similarly, consumers will be less willing to invest in DSL
technologies if they run the risk that their investment will not be useful if they move to the
service area of another LEC. On the other hand, such improvements will eventually make DSL

more attractive.

The American National Standards Institute (ANSI) has adopted a standard for one version of
DSL — asymmetric digital subscriber line (ADSL). ADSL is designed for high-speed connections
from the network to the user (down link) and lower speed connections from the user to the
network (up link). The maximum down-link speed of ADSL is 9 megabits per second, the
maximum up-link speed is about 800 kilobits per second. Unfortunately, even this ADSL

standard comes in two slightly different variants: CAP and BMThese variants are

1 CAP and DMT are acronyms derived from the names for the modulation method
used to code digital information onto the phone line. CAP stands for carrierless amplitude phase;
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incompatible. Two customers served by a single cable cannot use both CAP and DMT — the two
technologies create interference with each otfiefhus, a LEC must standardize on one or the
other. Consumers served by a LEC using DMT cannot move to a community served by a LEC

using CAP, take along their ADSL modem, and use it in the new location.

More complicated tradeoffs face LECs and their customers. For example, consider three variants
of DSL — DSL-lite (with limited capacity but easier installation), ADSL (substantial capacity,

range of up to about three miles from the central office), and VDSL (enormous capacity [12 to 50
megabits per second] but limited range). Today, neither consumers nor information service
suppliers are set up to exploit VDSL capacities. VDSL speeds are more than sufficient for high-
definition television. VDSL speeds match or exceed the speeds most ISPs use to connect to the
larger Internet and are far higher than the average end-user speeds the ISPs are set up to handle.
Similarly, consumer computers running the usual applications cannot yet exploit connections at

this speed®

But that will change as computers and service providers evolve. If consumer needs and

preferences change rapidly at some time in the future, the LECs may end up with substantial

DMT stands for discrete multitone.

12 Technically speaking, the proceeding sentence is not quite correct. Two
customers using these conflicting technol ogies cannot share a binder group, which is a subunit of
alarge cable but may comprise the entirety of a small cable serving a neighborhood.

13 More correctly, consumer computers will perform about the same whether they
are connected to the Internet over adigital pipe with a capacity of 5 million bits per second or
one of 50 million bits per second. Using a5 million bit per second line, a60 K byte digital
object — a reasonably large digital object (e.g., a compressed figure or a very complex web page)
— can be downloaded in a tenth of a second. But, many computers take more than a tenth of a
second to display such an object. Speeding up the transfer of the object will not improve
performance if the computer itself is the bottleneck. Similarly, compressed standard definition
television can be transmitted over a 5-million-bit-per-second line — but most computers in use
today can just barely process such a signal. Of course, in a few years computer hardware and
software can be expected to improve sufficiently that the capacity offered by VDSL can be
exploited.
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investment in an out-of-date technology. Similarly, some LECs may find that DSL-lite
technologies offer adequate performance for the next few years — and thus provide a simple

hedge against technological uncertainty.

. Geographical Range and Digital Loop Carrier

DSL technology suffers from an unfortunate tradeoff — as range goes up, capacity goes down.
Some designs have maximum ranges beyond which they cannot opéfgpécally, ADSL
technology is claimed to work over ranges up to about 12,000 to 18,000 feet of copper cable or
about two to three miles. This means that the technology works fine for people with homes and
offices in the core of the city and thereby close to the LEC central offices. But users at greater
distances from the central office will get either poorer performance than do people close to the
central office or no DSL service at all. This lack of universality can be remedied — but only by

substantial LEC investment, which will raise the cost of DSL services.

Digital loop carrier (DLC) poses a related issue. For about two decades, the least cost method of
providing telephone service to areas of substantial new growth (e.g., new subdivisions, large
office buildings) has been to run a high-speed digital signal out to the neighborhood that is
converted to analog voice at a remote terminal. Copper wire pairs are then used to carry this
analog signal to the nearby subscribers. Customers served by loop carrier systems do not have
copper connections all the way from the LEC central office to the home or office, therefore they
cannot be served from the central office using DSL modems. Equipment is being developed that
will allow LECs to provide DSL service to customers now served over loop carrier. However,
those technologies are less developed and require space in remote terminals — space that is not

always available.

14 Other impairments or restrictions limit the use of specific wire pairsaswell. Such
limitations include the presence of bridge taps, loading coils, and particularly noisy signalsin
nearby pairsin the cable.
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These two constraints imply that there are two quite different cost structures for DSL services —
one cost for existing plant and one for upgraded plant. If we accept the constraints in the existing
loop plant, then DSL is a relatively low-cost innovation. In contrast, if we want to offer

universal DSL service, then substantial investments must be made to upgrade LEC plant, thereby

substantially increasing the unit cost of the service.

ii. ISP Portability

The systems developed for LEC provision of DSL service have been designed to allow the LEC
to connect its customers to multiple Internet service providers (ISPs) in much the same fashion
that LECs now connect consumers to their long-distance carriers. That is, consumers can
connect to any one of several ISPs connected to the LEC’s ADSL nétwBekeral LECs have
offered this portability feature in their ADSL trials and service offerings. In contrast, cable
systems offering high-speed Internet access typically bundle their access service with their own

Internet service®

ISP portability imposes costs and provides benefits. The cost to LECs derives from the added

complexity of networks supporting ISP portabifityConsumers face a more complex shopping

15 Alcatel presentation at XIWT, Fall 1997.

16 The method used for Internet addressing creates some of the complexity

associated with ISP portability. Typically, when a user cals hisor her ISP over a phone line,

their computer is set up to use a specia protocol (SLIP) for the connection. One of the tasks

performed by that protocol is obtaining for the user an Internet address for the duration of the
connection. That Internet address is one of many addresses assigned to the ISP. When a packet

of datais sent through the Internet to this address, the Internet merely has to be smart enough to

route that packet to the ISP who then takes over the task of delivering the datato the user. To

properly work with the Internet, the consumer’s software must be aware of the Internet address
assigned to the consumer’s computer. Some technical solutions to the problem of supporting
multiple ISPs over DLS networks require the implementation in the LEC networks of some of
the Internet-address control functions normally performed by the ISPs. Doing so permits existing
software to be used on the consumer’s computer to support DSL connectivity.

o The problem of ISP portability is also made more complex by the FCC’s policy

(part of the Computer Il Rules) that LECs not engage in any net protocol conversion.
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decision since some ISPs will be connected to the LEC DSL network while others will not be.
Configuring software for Internet connectivity can be complex. Without a doubt, the overall

software complexity is greater for LEC DSL networks than for the other two system designs.

ISP portability provides ISPs with access to the LEC DSL service — a valuable complement to
their existing networks. Of course, ISPs have to invest time and effort in working with the new

interface requirements imposed by the new technology.

Providing ISP portability imposes significant complexity on the LEC’s network and thereby

raises costs. ISP portability provides the consumer with choice of ISPs but also raises the specter
of finger pointing between the LEC and the ISP when a problem occurs. Many consumers will
find it hard to diagnose problems and may complain to the LEC regarding ISP problems and vice

versa.

The cable industry is following quite a different business and technical model. The typical cable
system approach to providing high-speed modems bundles service from the cable system’s ISP
with high-speed digital access service. Doing so simplifies the problems of management of
Internet addresses (lowering costs) and simplifies the customer’s transaction with his or her
service supplier. Offering such an integrated service removes many of the opportunities for
conflict when service faults occur. This arrangement also limits competition between the cable
system and other ISPs. A consumer who wishes to use AOL or Erol’s Internet service over a
cable modem must first pay for the Internet service from the cable company. The cable company
connection can act as the gateway to Yahoo or the FCC web page. In this circumstance, AOL’s
added value is now restricted to AOL’s own content and information services. The consumer’s
incentive to purchase from any ISP other than the cable company is substantially reduced in such

an environment.

C. The Market Niche Served by LEC Digital Subscriber Line Services
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DSL services appear to be a transition technology that will provide significant value before the
next generation of terrestrial networks (with fiber running much closer to the subscriber

premises) come into being.

DSL appears best suited to provide service to residential consumers and small businesses. Large
organizations (e.g., the FCC or Brookings) aready have DS-1 or faster connections. Many large

office buildings already have access to high-speed capabilities — with fiber running to the
basement of the building. High-speed Internet access can be provided in an office building by
installing a router in the basement and connecting several tenants to a single high-speed

transmission link.

In contrast, residential consumers and small businesses not located in major office buildings
rarely have access to such alternati¥eBor these consumers, DSL technologies offer the

promise of substantial value.

d. Competing Technologies

As we discussed above, competing technologies are evolving rapidly. We do not yet know how
consumers value the mix of portability, speed, and cost. Wireless suppliers are working hard to
develop technologies supporting effective Internet access. Hughes is selling satellite-delivered
Internet service to consumers. Cable companies are rolling out cable modems. Such rapid
innovation and turbulent competition promises benefits for consumers but increases the risks for

service vendors who must invest significant capital in a specific technology.

e. Cost Structurefor DSL Providers
A LEC must make several different types of investments in order to provide DSL services to
consumers. Some of these investments are in training, some in information systems, some in

support technologies, and some are directly in DSL hardware. Some costs are incurred on a

18 Residential consumersin large multiple dwelling units may also have accessto
shared fiber.
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firmwide or regionwide basis. These costsinclude (1) putting in place information systems for
order taking, inventory, and customer support; (2) staff training; (3) development of marketing

plans and promotional materials, and (4) planning.

Other costs are incurred as each central office or wire center is made DSL ready. Although, in
the long run, the cost of serving many customers from a central office will be proportional to the
number of customers served, there are fixed costs (both capital and administrative) associated
with making a central office capable of supporting itsfirst DSL customer. These costs include
space planning, installing DSL modems and multiplexers at the central office, and installing

necessary connections to the data backhaul network and OAM systems.

DSL costs are also incurred on a per-loop or per-customer basis. The per-customer costs include
marketing costs, administration of the customer records, customer support (potentially an

expensive task if software problems occur), installation costs, loop qualification and upgrading

costs, and the costs of a DSL modem dedicated to the customer. The higher per-customer costs

appear to be marketing, customer support, installation, and the cost of the DSL modem.

Upgrading the loop could also be quite expensive — however, in most of our analysis we assume
that the short-run approach to DSL will be to provide service to those locations that can be served

using the existing loop plant.

There are also some costs that are incurred in proportion to the number of ISPs connected to the
network. These costs are relatively small relative to the other categories of cost and are not

considered in the current version of our cost model.

f. Conclusions
There are many alternative approaches to providing high-speed access to the Internet and

developing technologies promise more. Each of these technologies has its own advantages and
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disadvantages. LEC provided DSL services are only one of many competitive aternatives that

customers will choose from.
It appears clear that there is substantial demand for such high-speed Internet access. Residences

and smaller organizations, such as schools and libraries, will benefit from having the high-speed

Internet access now available to larger organizations.
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Just as the demand for broadband entertainment and
telecommuting has driven the need for broadband access to the
residence, the demand for high-performance connectivity for new
services and applicationsis driving the need for broadband access
to the business environment. Video conferencing, collaborative
work applications, business Internet access, and virtual enterprise
networks, which use the public broadband network to connect all
points of an enterprise, reflect the need to connect an increasingly
dispersed work force.

Frank M. Fenton and James D. Sipes, Bell Labs

3. Trends in the Use of Digital Access Services

In the past few years, the demand for high speed services has increased rapidly. Much of this

increase derives from carriers’ and other business firms’ use of DS-1 and DS-3 lines for special
access to the telecommunications network, but there has also been substantial growth in end-

users’ demand for ISDN lines and frame-relay services.

To develop a better picture of these growth trends, we asked a group of large LECs to provide us
with information on the number of lines of each of a number of high-speed services that they had
in use at the end of each year, 1992-1996. Detailed responses were provided by a large sample of
these carriers for four services: ISDN-BRI, ISDN-PRI, DS-1 and DS-3. The latter two services

are offered in both the intrastate and interstate jurisdictions; therefore we report the total lines

across the two jurisdictions in the figures that follow.

We have data on ISDN-BRI lines for 31 states and on ISDN-PRI for 27 states. To show the
differential growth in these lines and ordinary switched access lines, we have plotted the growth
of each of these high-speed services against the FCC’s year-end tabulation of access lines in
these same states for 1992-96. As one can gdgunes 3-1 and3-2, the growth in ISDN lines

has far outstripped the growth in ordinary telephone access lines. Indeed, the basic-rate (128 kbs)
service grew at a rate of 70% per year while the faster (1.544 mbs) service grew at a rate of 47%
per year over this period. By comparison, the growth in switched access lines was about 4.5% per

year.
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Figure 3-1
Total ISDN-BRI and Switched Access
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Figure 3-2
Total ISDN-PRI and Switched Access Lines, 27 States
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A similar story may be told about DS-1 and DS-3 lines. As Figures 3-3 and 3-4 show, the growth
in these services was slightly lower than those recorded by ISDN services. Nevertheless, DS-1

lines grew at an average annual rate of 24% while DS-3 lines grew at an annual rate of 47%.

Figure 3-3
Total DS-3 and Switched Access Lines, 23 Stat
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Figure 3-4
Total DS-1 and Switched Access Lines, 23 States
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A magjor reason for the sharp rise in the number of these high-speed lines has been the steady

declinein the real price of these services. We do not have data on actual transactions prices for

these services, but the Bureau of Labor Statistics has been tracking “special access” rates since
June 1995. For the period June 1995 through April 1998, intrastate special access services have
declined at a nominal annual rate of 8.2% per year for outbound service and 10.5% for inbound
service. Given an inflation rate of about 2% over this period, this suggests double-digit declines

in the inflation-adjusted (real) rates for both.
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Internet users are starving for more bandwidth, and it’s important
that we begin working on the next Internet connectivity
breakthrough even as K56flex modems are establishing their place
in the market.

Raouf Halim, Rockwell - Network Access Division

4. Residential Demand for High-Speed Connections — An Economic Approach
This section reviews consumer use of the Internet and personal computers and uses this
information to derive a function describing residential demand for DSL services (and their
substitutes such as cable modems). A more complete development of this material is presented

in Appendix D.

a. The Growth of the Internet

Because Internet hosts must be registered, there are very good data on the growth of Internet
hosts. The Internet began its remarkable growth in the late 1980s. In early 1989, there were only
about 100,000 hosts. By January 1998, there were more than 29 million hosts.*® The growth has
not been diminishing; the Internet continues to grow at an annual rate of about 60% per year.

The growth in Internet hosts or domains clearly reflects growth in the potential usefulness or
attractiveness of the Internet to businesses and consumers alike, but it does not provide a measure
of the extent or intensity of consumer interest in the Internet, nor does it suggest anything about

the value of greater speed in accessing the Internet.

b. Consumer Ownership of Personal Computers
Access to the Internet or other on-line services currently requires the use of a computer. Recent
surveys suggest that between 1993 and 1996, household computer penetration amost doubled.

Not surprisingly, the share of homes with a PC rises sharply with household income. Also,

19 Network Wizards reports that of these 29 million hosts, only about 5 million

would respond to inquiries by the ping utility. Obviously, some are behind firewalls, offline, or
otherwise unreachable.
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access to a computer — whether at work, at home, or at school — has increased rapidly for all ages

and demographic groups.

To use the Internet, home computers must generally be equipped with a modem that translates
the analog telephone signal into a digital signal that computers can read and vice versa.
According to the March 1997 Nielsen survey, 29% of households had computers with a modem.
More important, the share of home computers equipped with a modem increased from 59.9% in
July-August 1995 to 71.4% March 1997, a period of 19.5 months.

C. Patterns of Household Computer Use

The availability of a home computer and the propensity to use it is related to both to age and to
educational attainmentncome is a more powerful determinant of both computer ownership and
use. Persons with a college education are far more likely to own a computer and to use it than

are noncollege graduates.

Computer use has been growing most rapidly in homes. Between 1984 and 1993, the number of
persons age 18 or over with access to a computer grew by 220%, but the number using a
computer ahome grew even more rapidly, by 289%. Home computer penetration has now risen

to more than 40% of U.S. households, suggesting a continuing growth of home-computer
penetration of nearly 15% per year. Obviously, computer penetration cannot continue to grow at
this rate for very long because complete saturation would be reached in less than six years at this

growth rate.

d. Internet Subscription and Usage

As recently as 1993, most home use of a computer was for tasks other than email or access to the
Internet. Current evidence suggests that about one-sixth of Americans use the Internet. This
estimate is largely confirmed by recent data on the number of subscribers for the leading Internet

Service Providers (ISPs). These data are consistent with a total residential penetration of 16%.
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Home Internet subscription is directly related to household income in part because computer
ownership isrelated to income. Internet penetration also rises with population density, perhaps
because of differencesin tastes between urban and rural residents. Lower rural penetration could
also reflect the fact that Internet connections require along-distance charge for many rural
househol ds.

e. Price Sensitivity of Demand for Internet Access and Usage

The decision to subscribe to the Internet requires only that the value of having it, regardless of

the intensity with which it is used, exceedsits cost. Indeed, one might subscribe, but rarely log in

to one’s Internet service. As long as the “option” value of the service exceeds its monthly cost, a

household will subscribe.

The only econometric study of the demand for Internet connections is a recent one by Rappoport,
Taylor, and Kride?. They found the price elasticity of demand for access to be -0.18 at a price

of $9.95 per month, -0.28 at a price of $14.95 per month, and -0.38 at a price of $19.95 per
month. Rappopost al. also estimated the price sensitivity of demandhtiitional telephone

lines by using Request Il survey data i#96. They found that the arc price elasticity of

demand was -0.44 between monthly prices of $20 and $25, prices that are substantially above the
current average of Internet service alone. This elasticity rose to -1.0 between monthly flat rates

of $25 and $30.

Of greater interest for our purposes is Rappogat.'s analysis of the responses to questions
involving willingness to pay for Internet service at speeds four times faster than “normal” speed,
which is likely to be in the 14.4 to 28.8 kbps range. They found that demand for this higher
speed service was inelastic (elasticity = -0.51) in the range of $40 to $50 per month but rather

price elastic (elasticity = -1.23) in the range of $50 to $60 per month.

20 Paul N. Rappoport, Lester D. Taylor, and Donald J. Kridel, "An Econometric
Study of the Demand for Access to the Internet,” unpublished ms., November 1997.
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f. Projecting Household Demand for Internet Access and High-Speed
Connections

No one can know the prospective residential demand for high-speed online or Internet services.
So few households now have access to such services that actual data on subscriptions are
difficult to obtain and of limited value. Moreover, the very nature of these online and Internet
services will surely change as high-speed circuits become widely available. Nevertheless, given
the limited data on household computer penetration and the spread of residential subscriptions to
online services and two recent unpublished studies of Internet demand, we can proffer estimates
of the likely demand for high-speed residential connections. We conclude that about 5% of
households offered the service would subscribe by the end of 1998 if the service were rolled out
in 1997 at aprice of $40 per month. By year-end 2001, this would increase to between 10 and
11% of households, depending on the real rate of decline in the $40 price. Were the service
priced at $60 per month at initial 1997 rollout, only 3 to 3.5% of households would subscribe by
the end of 1998 and 8 to 9% by year-end 2001. Because we assumed that computer penetration,
online service subscriptions, and high-speed access penetration approach equilibrium very

slowly, we view these estimates as extremely conservative.
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Powerful desktop computers become even more powerful when
they can exchange files with other computers.
Paul Horowitz and Winfield Hill, The Art of Electronics

5. Technologists’ Views of Needs for Digital Access
This section contains excerpts from a study prepared by SRI International for this project. The

entire study is attached as Appendix A.

a. Internet Growth

Figure 5-1 plots this worldwide Internet growth over the past 18 years for three established
network metrics: hosts, domains, and websites. Because these are logarithmic plots, the linear
segments shown indicate exponential growth. Since the inception of the Web in 1993, the
number of Websites has been growing much faster than the other two measures and has already
overtaken the number of domains. By mid-1997, there were slightly more than 1 million

websites and domains and 19.5 million hosts.

2 http://www.nw.com/zone/WWW!/top.html, see also URL group 3
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Growth Rates for Different Internet Measures
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Figure 5-1 Three Measures of Internet Growth

b. A Taxonomy of the Home Internet Access M arket

I Current Outlook

SRI International’s proprietary Values and Lifestyles (VAIMJ consumer segmentation

focuses on adult consumers’ motivations for buying products, the media they use, and the
activities they engage in. On the basis of consumers’ fundamental attitude and lifestyle
orientations, VALS divides the adult U.S. population into eight psychographic segments of

roughly similar size. We used these categories to analyze consumer acceptance of the Internet.

In brief, research conducted by SRI's VALS program indicates that 65% of active home Internet
users can be classified into the following three categories: (1) actualizers, who are classic early
adopters inclined to incorporate new technologies into their busy lifestyles; (2) achievers, who

have the second largest presence on the Internet but are the least intensive users, averaging three
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or fewer visits per week; and (3) fulfills, who act on the need to know and for whom the

information-intensive Internet is seductive.

The middle two segments use the Internet in the same proportion (23%) as their percentage of the
total population (25.4%): (1) expedience, who are often early adopters of technology but
gravitate to it for stimulation and thrills; and (2) strivers, who have little discretionary income but

are image conscious, so they follow the trends.

Other groups are either absent from the Internet or their representation is not in proportion to
their share of the population (12% vs. 38.4%): (1) believers, who balk at the PC interface and
therefore are largely absent from the Internet; (2) makers, who do not find that the Internet
provides enough practical value or the type of personal leisure activities they desire; and (3)

strugglers, who have minimal resources and can't justify the cost.

. Future Growth Factors

We predict that each market segment will grow somewhat in size (population growth) and that
home use will increase still further, as a proportion of home/work/school use. Market
penetration will increase for each segment: there will be more computer awareness in schools
and businesses, and novices and lower income consumers will begin finding affordable
computers. Website hardware will get cheaper and smaller. Thus, more home users may be

setting up their own web servers. These will require 24-hour "up all the time" symmetric access.

C. Emerging Internet and Computer Technologies

I Different Types of Internet Access Traffic

Internet traffic has increased and changed in character over the past ten years, transitioning from
FTP (file transfer) and telnet (remote logins) traffic to email and chatrooms (interactive
bidirectional text streams) and finally to web browsing. The result is that many different traffic
types need to be supported over a packet-switching network. Many studies have shown that

throughput is optimized for such networks when packet sizes and traffic offering rates are very
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similar. Even though thisis not the case, the transport and application level protocols (e.g.,
TCP/IP and telnet) have been modified and refined to closely approximate optimal performance
for the primary traffic types listed below:

° Bursty two-way (email)
° Continuous in bursts one-way (FTP, netnews, web access, streaming)
° Low-volume commands one way and large bursts in the other (Web browsing,

remote X-servers, telnet)

° Low-volume two-way (text) traffic (chat rooms, text conferencing)

Voice and data traffic places new demands on the Internet — and that network is still adjusting to

these new demands.

Two types of trends in increased Internet traffic are of interest. First are the relatively predictable
trends—e.g., the desire of current active modem users to want higher bandwidths for the current
mix of email, web browsing, and interactive text. This trend will be modulated by the emergence
of smaller and cheaper websites at small businesses and households, leading to more outgoing
traffic (and thus more symmetry re outgoing/incoming) and longer Internet session times at
household sites. Second are the relatively unpredictable trends such as the low-latency

interactive traffic discussed above.

Of the unpredictable trends, two appear to be critical determinants of long-term Internet
evolution, namely, dynamic software downloading and its stimulation of still more downstream,

and interactivity and its requirement for low latency.

. Network Computing

Network Computers (NCs) are being touted as the next killer product that will bring all hold-outs
into the computer-literate and Internet-conversant fold. The concept is simple; make a very
inexpensive end-user device that relies on network servers for most of the processing and

storage. For the expected NC user application— a web browser—this model of thin clients and
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thick serversis appropriate. As aresult, considerably more network bandwidth will be needed,
depending on the level of processing shift. If the NCs have full browsers, the traffic between
client and server (user and I1SP) would be the same as for current web browsing. However, as
web browsers acquire more features that require more local memory, the complexity of the
required end-device increases. The aternative is that most of the browser processing is done on
the server and the end-deviceis avery simple I/O processor. Screen updates will likely generate
network traffic in this case which will increase and change the nature of bandwidth requirements.
In current browsers, accessing web pages is bursty with some (reading) time between accesses.
With the 1/0-only NC, reading can also generate network traffic, which could create almost

continuous downstream traffic.

Itislikely that some NCswill have Javainterpreters, and thus, a compromise situation will exist
between the two extremes described above. In this case, alow-cost NC might have a Java
runtime chip and some local cache memory. So, only the portions of aweb browser currently
needed can be downloaded. Network traffic would be like current web browsing plus some

additional software downloading.

Major vendors (Sun, Oracle, Intel, Microsoft, Apple) are coming out with NC products and

related services. The uncertainty here is whether this will be another bust like the personal digital
assistant (PDA) market has been to date or whether it really will capture the consumers’
imagination. These (primarily) low-cost hardware solutions do not address many of the reasons
people have for not getting on the Internet (or even using stand-alone computers). However, the
NC, much like higher bandwidth access (clearly needed for the NC), could be a strong catalyst to

solving these more systemic issues.

iii. Software Components, Plugins
Current software application products like Microsoft Office are being driven by market pressures
to increase the number of features with every new release. Although this may provide the right

incentives for consumers to want to upgrade to the latest version, the downside is that application
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memory requirements are growing almost as fast as new hardware technologies bring the price of
memory down. The end result is that consumers are becoming disenchanted with the rapid

obsolescence of computer hardware and software.

Another technical approach is emerging that has implications for network traffic—software
components and plugins. Applications are composed of a number of components, and so the user
needs only to load those components needed for the immediate task. Plugins allow the user to
download special processing (e.g., format conversions, decompressors) as needed from network
servers. Browsers are the primary applications using plugins today, but the concept can be
applied to any network-oriented application. Although stand-alone users can benefit from the use
of components, they become especially attractive for network computers with limited local

storage. The increased network bandwidth demands caused by this approach while unpredictable
are clearly sizable (depending on how the applications are partitioned, how predictable the set of

capabilities the user needs are, and many other factors).

\2 Videoconferencing

One of the new technologies that has been long promised is video telephones or video
teleconferencing (VTC)—first introduced at the World’s Fair of 1939 and subsequently marketed
by AT&T as Picturephone in the mid-1960s. The hope of reducing travel and other expenses
associated with international corporations and business associations has not overcome the
technical, economic, and social hurdles — other than in a few specialized applications such as
education. There has been a recent surge in videoconferencing products because of lower end-
user equipment and higher bandwidth long-distance lines, but many barriers still exist.

The primary barrier to the adoption of VTC is that our acceptance level for video imagery is very
high, conditioned by television that has not only high-quality images but significant real-time

editing and production.

VTC over the Internet suffers additional bandwidth and latency problems that currently limit

widespread acceptability, especially for two-way real-time applications. The inflexibility (or
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difficulty) in controlling the camera’s pan and zoom often reduce VTCs to looking at talking
heads—a very wasteful use of bandwidth. The power of video will not be realized over the
Internet until it can be transmitted at much higher quality, with multi-camera real-time switching
capability. Thus, we do not expect VTC to be a widely accepted, heavily used Internet

application within the timeframe of this study—i.e., up to the year 2004.

V. Internet Telephony

Transmitting voice conversations over packet networks has received much attention lately as this
option has moved from technological toy to commercial offerings. The first demonstrations of
voice over IP was made in the late 70s, but the best efforts delivery philosophy of IP routing led

to less than toll quality. In the past, its limited quality kept it out of the main stream.

Recent developments have changed this picture. First, long-haul networks—including overseas
links based on fiber—now cost less and no longer drop or delay packets so much that even voice
communications are unacceptable. Second, the exponential growth in ISPs and their larger role
in the Internet architecture has created new incentives. The ESP (Enhanced Service Provider)
exclusion that reduces the amount ISPs pay to LECs creates a favorable environment for
investing in new IP voice solutions. There has been a groundswell of activity to develop Internet
telephony (ltel) products that concentrate on user equipment and local access. Forecasts vary
widely: Internet voice services are predicted by some to grow from a $1 billion market today to a
$60 billion market by 2002, with up to 35% of all calls traveling over IP networks by th&t date.
Although SRI does not necessarily agree with these rather bold predictions, they do indicate that

the impact of Internet telephony could be significant.

2 Because Internet telephony does not use the standard 64 Kbps PCM voice
encoding, it requires only about one-fifth as much transmission capacity to carry acall. Thus, in
afuture where the volume of data traffic equaled the volume of voice traffic, switching 35% of
the voice traffic to the data networks would expand data traffic by only 7%.
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In summary, technology advances make Internet telephony an attractive and growing market
segment, initially for large businesses, but spreading into the 1ISP/home user market. The actua
penetration is uncertain because of the many factors surrounding pricing (and costs) of this

service and the downward price pressure on voice service.

vi. Internet Radio

One traffic type that can be easily supported by the current Internet structure is taking broadcast
radio from one locality and providing it to another locality. Persons on travel who want to listen
to the home-town sports broadcasts or to the BBC are examples. This service has the potential of
greatly increasing (outbound to the users) traffic with little user action required. The Internet
seems a good match for relocating local radio broadcasts. The growth of this service depends on
who provides the Internet radio content, how the serviceis paid for, whether or not | SP servers
are overwhelmed and whether there is enough interest in this service. Thisisanother servicein

the category of uncertain penetration in the next five to seven years.

vii.  Real-Time Games

Computer games are getting more sophisticated, as new hardware (e.g., Intel's MMX Pentium
chips) arrives in the marketplace, and are eating into the stand-alone video game market.
Graphics, animation and, real video clips are becoming part of the genre. As the appetite for
more varied content increases, fueled by the number of kids who are computer literate, network-
based games are a natural next step. However, the low-latency, high-bandwidth interactions that
games will demand will stress all parts of the current Intessetvers as well as access lines.

But, somebody will try it, andas noted earliersinteractivity is a big draw. The real appeal of
network-based games, however, is multiple players and if that can be supported, the response

could be large.
viii.  Multiuser Interaction
Network games are an obvious application that could use a highly interactive, multiple-user

synchronous network transport service. There are a'so many business applications for this
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synchronous collaboration service, especially with the growing number of telecommuters.
Synchronous collaboration is not video (or audio) conferencing alone, but multiple users
simultaneously interacting through an application. Whiteboards, multiuser spreadsheets, CAD
design, or distance learning are only a few of the possibilities. The network infrastructure support
again needs low latency and, in some cases, high reliability. Much like the Internet telephony
example, these are quality-of-service characteristics that the standard Internet will have difficulty

providing, even with high-bandwidth access lines.
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Give the lady what she wants.
Motto of Marshall Field’s

6. Study of Users of High-Speed Modems

In this section, we describe recent research conducted on the preferences and behavior of
consumers who have used a high-speed Internet connection for a sufficiently long period of time
to become experienced. Appendix B contains a more complete description of Dr. Hoag's
research. This formal study was undertaken because so little is known about these questions. To
date, only a handful of researchers have offered insights, and these are based on unscientific,
though useful data (such as the focus group results of Deutsche Morgan Grenfell, 1997). The
cable companies that are currently marketing modems have reported favorable outcomes, but of
course these reports are for the consumption of investors and market analysts. The problem is
mostly in the dearth of detail on adoption patterns, satisfaction, and usage. This is the primary

focus of the present study and the original research it was drawn from.

a. Electronic Focus-Group Results

Before conducting a larger survey, thirty-five cable modem users were recruited to participate in
an electronically mediated focus group. A website was established where participants could
describe why they subscribed to the cable modem service, how it changed their use of and
satisfaction with the Internet, and how their perceptions of the Internet changed after they
obtained their cable modems. As with most focus groups, this was not a random sample; the
sample consisted of those individuals who responded to a letter sent to 120 residential cable

modem subscribers in a single market.

In general, the feedback was very positive. Without exception, focus group respondents praised
the service and declared the Internet to be vastly more useful, less frustrating, and more flexible
with a cable modem. Despite the expectation that users would express frustration with the cable
company, almost no one offered such comments. Three respondents complained that the price

was too high (between $45 and $70 per month, depending on speed), and another two or three
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cited reliability problems but tempered their complaints with overall positive comments. Still

others admitted to being pleasantly surprised by the value they got for their subscription fees.

The following comments illustrate the group’s enthusiasm, “l| have been evangelizing the cable
modem from day one”; “worth its weight in gold”; “Everyone | tell about my Internet access

through cable is incredibly jealous”; “I give the modem a 10.”

As to how the cable modem changed their Internet usage, 100% claimed that it had a profound
effect on usage. The common view was that data-intense applications, such as FTP, web services
and videoconferencing, were feasible with a cable modem but not with a dial-up modem. The
consensus among respondents was that they spent more time on line and/or had started to use the

Internet for new applications and to accomplish tasks previously handled by other means.

Many respondents implied that their home usage of cable modems was work related, but most
also mentioned entertainment and personal research-related uses. Other comments implied that
because of the cable modem, home Internet use changed from entertainment-only to a balance of

personal and work/telecommuting applications.

In sum, all focus group participants were very happy with their cable modems, some near to the

point of rapture.

b. Model of Influence and Large-Sample Survey Results

Following the focus group, a telephone survey of a random sample of 256 cable modem users
and dial-up access Internet users was conducted. The response rate was very high, 78%, and all
respondents shared the same cable provider in the same market allowing for comparison of the

two groups.
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On the basis on previous theoretical and empirical research and the findings of the focus group,
Dr. Hoag constructed amodel to explain modem adoption and Internet and other media use.

This model was devised to guide the devel opment of the survey.

In summary, Dr. Hoag found that a number of factors are likely to lead to an Internet user’s
adoption of a cable modem, but his or her occupatiamy job (no matter the level) in an

information field- was the strongest predictor. The second most influential factor was the data
intensiveness of Internet use. Those who just used email would not be likely to get a cable
modem. But those who needed bandwidth for the web or videoconferencing would be more

likely to have one. The relationship among likelihood of getting a cable modem, Internet
perceptions, demographic factors, the manner in which the user uses the Internet, and what other
technologies the user already has adopted is very revealing. The study of cable modem users
suggests that old, established patterns are shitting longer is age, being male or having a

high income and education a simple indicator of Internet use. That so many cable modem
subscribers also owned a near arsenal of cutting edge technologies is suggestive of an early
adopter mentality. Although the study market was specifically chosen because it was the most
mature cable modem market anywhere, and therefore presumably should have passed through the

early adopter phase, the product is still apparently very young in terms of its life cycle.

C. Satisfaction and Consumption Factors

Cable modem users were more satisfied than dial-up users on fifteen of the eighteen measured
facets of satisfaction (twelve of them at statistically reliable levels) though the mean differences
between the two groups was not very great. Still and all, because a 5-point scale was used to
measure all satisfaction items except "overall satisfaction" (which used 10 points), the difference

between an average score of 4.25 and 3.92 (as in the case of the web) may be meaningful.

In only one area, cost of service, were the dial-up users more satisfied, hardly a surprise because

typically, they spend less than half of what the cable modem users spend. However, at higher
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speeds, users were more satisfied with asynchronous uses of the Internet (email, Web, and FTP).

For several other measures of satisfaction, cable modem users were more satisfied with the
Internet. High-speed access subscribers were more satisfied with the Internet as a general way to
communicate, to learn new things, to be more efficient, to get information, to shop, and to work
from home. They were more satisfied with on-line speed and customer service aswell. Slow-
modem users were more satisfied with the Internet as away to socialize and with cost of service.
Results for several items were inconclusive: satisfaction with Usenet, IRC/MUD, as away to be
entertained, and reliability were not statistically reliable.

In general, it seems clear that cable modem users were more satisfied with the Internet than those
with aslow dial-up modem. The mean differences in satisfaction were not very great but the
narrow measurement scale could mask meaningful differences. Therefore, it isfairly safe to say
that access speed isrelated to satisfaction with the Internet.
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Unfortunately, there are really very few problems which can be
solved exactly by analysis.
Richard Feynman

7. Structure and Operation of the Crandall-Jackson DSL Model

We developed two models to help predict the effects of regulation on LEC incentivesto invest in
DSL services. Thefirst model, a demand model, predicts the level of residential subscribership
to high-speed access services as a function of the price of such high-speed access services, the

price of computers and ISP services, and time.

The second model, a cost and market share model, calcul ates the net present value to a LEC from
entering the DSL businessin aregion as a function of several variables including the evolution of
pricing over time, the presence and strength of competitors, and the pricing of complementary

products.

Appendix C provides a detailed description of these models. Below, in Section 8, we first
examine some of the impediments to rapid adoption of DSL service by LECs. Second, we draw
together our demand and cost models to examine the likely profitability of DSL offerings by
ILECs. In so doing, we isolate the variables that are critical to prospective profitability and

demonstrate the likely effect of aternative regulatory scenarios on the success of DSL offerings.
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Regulators should make sure that they have the powers available
to themto deal effectively with anti-competitive behavior and then
get out of detailed market management.

Don Cruickshank, Director General, Oftel

8. Regulation and the Rapid Adoption of xDSL Services
We have identified the following factors that we believe will slow the adoption of DSL

technology by LECs:
. Standards uncertainty,
. Regulation of DSL retail rates,
. The unbundling requirements imposed on LECs,
. The inability of many consumers’ loops to support DSL, and
. The rapid but uncertain evolution of competing technologies.

Below, we briefly consider each of these in turn and then we move to a more detailed

examination of the effects of regulation on a carrier’s incentives.

a. Standards Uncertainty

There are multiple, competing standards for DSL — offering different levels of performance, ease
of installation, and cost. It is unclear which of these standards will prevail in the fafet.

early investment in a technology that ultimately was not widely adopted in the marketplace
would have to be written off much earlier than an investment in a technology that is widely
adopted. LECs have an incentive to delay investment until the winning technology is more

clearly identified.

2 The recent announcement by Microsoft, Intel, and Compag together with several

of the larger LECs of support for a specific version of DSL may have reduced concern about
standards uncertainty. However, there still appears to be substantial uncertainty about such
standards. See U SWest Scrambles DSL Picture, Fred Dawson, MultiChannel News, Vol. 19,
No. 6, February 9, 1998.
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b. Regulation of DSL Prices
The specter of price regulation of DSL services is another factor that weakens LEC incentives to
move quickly to adopt DSL technologies. LECs run the risk that regulators will limit the upside

if DSL is highly successful.

C. Unbundling Requirements Imposed on LECs

Under FCC rules adopted after passage of the 1996 Telecommunications Act, LECs are required
to unbundle their networks where technically feasible. This unbundling requirement appears to
affect DSL services in three ways. First, LECs are required to permit other local carriers to use
their loops — so-callekbop unbundling. Such loop unbundling means that LECs will face DSL
competition, at least in denser areas, from competitors who will use the LEC’s own loops to gain
access to consumers. Loop unbundling will provide a market constraint on the prices LECs can
charge for DSL services. Note also that such competition will prevent using ILEC urban DSL

revenues to cross-subsidize rural DSL services.

Second, if LECs supply DSL services as part of their regulated carrier offerings, then the
obligation to unbundle may run to elements of the network supporting the DSL service. Some
parts of this network may be relatively amenable to unbundling, but other parts of this network
may pose substantial cost and management burdens if an unbundling requirement is applied.
Given the newness of the technology it may be impossible to determine in advance which aspects

of the DSL network can be affordably unbundled.

Rolling out a new and relatively poorly understood technology (DSL-to-ISP connectivity) runs
the risk of creating features that competitors will ask to have unbundled even though such
unbundling is technically infeasible. At best, such requests impose regulatory costs and permit
the LEC to be painted as recalcitrant and opposed to unbundling. At worst, the LEC can be

assigned an impossible ta¥k.

2 While the FCC'’s rules do not require unbundling where unbundling is not
technically feasible, humans and human institutions are imperfect. It is quite possible that the
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The third unbundling concern associated with DSL service comes from the significant use of
subscriber-loop carrier in local telephony. In modern subscriber-loop carrier systems, fiber isrun
to the neighborhood and the voice signal is transmitted digitally over the fiber. Inthe
neighborhood, the digital signal is converted to an analog speech signal and carried the rest of the
way to the subscriber over copper pairs. Some parties have asked LECs to unbundle the their
networks at the point of connection between the fiber and copper in digital-loop carrier systems.
LECs have resisted such requests, and current FCC rules limit the requirement for loop
unbundling requests to the bona fide request process.”® If LECs begin installing DSL capabilities
at the interface used for the subscriber-loop carrier, they can anticipate that there will be

additional pressures for unbundling at this point.

d. Inability of Many L oopsto Support DSL

Although many loops will not support DSL services, the exact fraction of loops that will not
support DSL is uncertain and varies with the technology. However, it is clear that longer loops
(beyond 12,000 to 18,000 feet from the central office) are less capable of supporting DSL
services. Similarly, loops served by digital-loop carrier technol ogies cannot support central-
office-based DSL services. Different sources give different estimates of the fraction of loops that
will support DSL services. We believe that the fraction of loops supporting DSL service will
vary substantially among LECs and central offices. An urban central office with no loop carrier

and short loops may be able to support DSL on 80 or 90% of itsloops. In contrast, arural central

adversarial process at the FCC or before state regul ators could result in a mandate to perform a
technically infeasible unbundling. The combination of a new technology, DSL, with a
technology not normally the province of regulators, 1P transport, provides circumstances where
mistakes are more likely than usual.

2 LECs observe that the equipment cabinets used for such interconnection are

typically sized to support the communications demand in the neighborhood they serve and do not
permit the collocation of equipment from other service vendors. LECs aso point out issues
involving the use of maintenance and testing equipment on such unbundled subloops. Finaly,
privacy issues appear to be more of a concern in this context than with central office collocation.
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office with many long loops and significant use of loop carrier may be able to support DSL on

only 15 to 20% of its loops.

Such uncertainty poses a marketing and political dilemma for LECs that choose to offer DSL

service. Aninability to serve many customers translates to arestriction in the use of mass media

to promote the service. Running an advertisement that encourages a customer to call the

business office — only to have the business office tell the customer, “Sorry, that service is not
available to you” not only wastes advertising and administrative costs but diminishes the LEC’s
brand name. Similarly, for a regulated company to provide a service that it can make available in
some neighborhoods but not others invites charges of redlining and cream skimming. One must
consider practical politics here. What happens if a highly regulated company cannot provide
DSL service to the mother of the chairman of the state senate committee on commerce because
her home is located six miles from the nearest central office? Is a LEC willing to get into a

situation in which it will sell DSL services to some plumbing supply stores but not others?

e. Integration of Demand and Cost Models

In this section, we draw together our demand and cost models to examine the likely profitability
of xDSL offerings by ILECs. In so doing, we isolate the variables that are critical to prospective
profitability and demonstrate the likely effect of alternative regulatory scenarios on the success of
xDSL offerings. We begin by combining the revenue and cost models into a net revenue model
for an ILEC with a mixture of wire centers ranging from large centers in heavily urbanized areas
to small wire centers in rural locations. The availability of xDSL service to households in any of

these wire centers depends on the distribution of loop lengths and the condition of those loops.

Our model divides each region into three areas: urban, suburban, and rural. Because loop lengths
are shorter in the more concentrated urban areas, we assumed that a new xDSL service can reach

a maximum of 80% of urban subscribers, 70% of suburban subscribers, and 50% of rural



V. Cost of Capital

The model allows the user to specify both a market cost of capital and aregulatory cost of capital
and to specify which should be used in the analysis. The selection variable that specifies either
economic or regulatory depreciation also is used to control whether capital costs are calculated

using the market or regulatory cost of capital.

m. Incremental Cost Analysis

This sheet contains a duplicate of the Revenues and Expenditures sheet. However, if the IncAnal
macro is executed, then the demand in each subregion in each year isincremented by one and the
difference between the costs with and without the additional subscriber is calculated and stored.
The results of such calculations are displayed on the xDSL Subscriber Economics sheet and
Subscriber Economics Graphs. Notice that because of the assignment of support and marketing

costs to first-year subscribers, incremental costs can exceed average costs in the later years.
n. Complementary Expenditures

This sheet permits calculation of complementary expenditures by consumers. This allows the user

to put the costs of xDSL service into context. A sample of that sheet is shown in Figure C-20.
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A | B | o | b | E e E I H I
1 |Complementary Consumer Expenditures
2 IF customer premizes cquipment iz bo be purchazed by the conzumer, thoze costs should be recorded here.
5 Zimilarly, for inside wiring upgrades.
4
= Modetn Inzide wiring
=)

Economic
Depreciatio Economic
T Tear Capital Cazt o n Tear Capital Cast Depreciation
-]
Q 1995 400 20% 1995 100 10%
10 1999 tE20 20% 1999 tas 10%
11 2000 $256 20% 2000 ta0 10%
12 2001 205 20% 2001 t5E 10%
13 2002 164 20% 2002 $51 10%
14 2003 $131 20% 2003 T 10%
15 2004 105 20% 2004 4 10%
16 2005 t54 20% 2005 tro 10%
i7 2006 1T 20% 2006 E1-1-] 10%
15 2007 t54 20% 2007 L {-¥] 10%
19
Figure C-20
0. Market Share Calculation

This sheet contains the calculation of the fraction of the market and number of subscribers taking
the xDSL services of the firm under analysis. As described earlier, demand modeling is divided
into two separate elements. Primary demand, the number of XDSL subscribers in each year, is
calculated as afunction of prices and the total number of potential subscribers. The user provides
information about the prices (over time) that will be charged for DSL service in each subregion by
the firm under analysis and by the competitors. The competition model is then used to calculate
the number of users who sign up with the firm under analysis and the number who sign up with

competitors.

The calculation used to divide primary demand among the firms in the market makes that division
according to price and an element of consumer inertia and performs a separate analysis for each of
the three subregions. In thefirst year, consumers are assumed to make their decision on price

aone. The market share of the firm under study is alinear function of the difference between the

firm’s price and the competitor’s price. (For simplicity, we are describing the case with only a
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single competitor.) If thetwo firms have equal prices, then their market shares are equal. If the

price charged by the firm under study is more than a specified fraction, dP1, below the

competitor’s price, then the firm gets a 100% market share. If the price is between the lower
limit and the equal price, the firm’s market share varies linearly with the difference in prices.
Similarly, there is another fraction, dP2, that is applied to the competitor’s price. If the firm’s
price is more than (1+dP2) times the competitor’s price, then the firm has a zero market share.
This market model has the advantage of predicting that firms with close prices will have similar
market shares, but allowing price differences to affect the market equilibrium. The user is
permitted to set the parameters dP1 and dP2. One can think of this approach to price competition
as an application of “fuzzy logic.” If dP1 and dP2 are set to be quite small, then the model
becomes a low-price-take-all market. In our initial runs, we have used values of dP1 and dP2 of
0.3, which makes the model price sensitive — but not overwhelmingly so. Figure C-21 below

shows the market share of the firm under study as a function of the price it charges.

Comparison Price
100%
Percent
potential 1n
subs
0%
A A
<t— P
R A
Price Charged by Firm

FigureC-21 Market Share as a Function of Relative Price.
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In the second year, modeling the market becomes more complex. There are three categories of
subscribersin the second year: (1) new subscribers who have come into the market, (2) old
subscribers who have decided to shop around, and (3) old subscribers who stay with their current
supplier. The number of new subscribersis simply calculated as the difference in the primary
demand for year one and year two. These new subscribers are then assigned to one firm or the
other based on the method that was used for all subscribersin year one (price competition). The
model also requires the user to specify an inertia factor that describes the fraction of subscribersin
year one who remain with their current supplier. The complementary fraction (1 - inertiafactor)
isthe churn factor. The number of first-year subscribers is multiplied by the churn factor to
determine the number of subscribers who become mobile. These subscribers elect to leave their
current supplier and shop around. (One could consider these to be a mix of dissatisfied
subscribers, people who move, and the curious.) These subscribers are then assigned to afirm
using the price competition model that was used in the first year. If such a subscriber is
reassigned to the firm under study, the marketing and administrative costs associated with a new

subscriber are incurred (rather than the costs associated with a retained subscriber).

The inertia factor allows the firm to benefit from low prices in early years — generating consumers

who remain with the firm for several years after its prices are no longer the lowest.

The demand information supplied also contains a specification of the region served by the firm
under study. The specification of the region includes the number of central offices operating in
the region in each year — subdivided into the number of central offices serving urban, suburban,

and rural subscribers.

p. Subregion calculations
Both demand and costs are divided into three categories — urban, suburban, and rural. Cost
differences among regions depend on two factors — any differences in loop costs specified in the

inputs and differences in the number of subscribers per central office. That is, differences
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between average costsin rural and urban areas can arise when the fixed costs of upgrading central
offices to support DSL service are recovered over relatively few subscribers as well as from any

assumptions about differential costs of upgrading loops or of otherwise extending DSL service.

The model requires the user to specify the price charged by both the firm and its competitorsin
each of these geographic regions for each year considered. The model then cal culates the number
of subscribers for each central office for each year. The costs generated by attracting, supporting
and providing service to these subscribersis then calculated. The model also calculates the
incremental cost that would be created by one additional subscriber in each year by an additional

subscriber in each subregion.

g. Running the model

The model isacomputer spreadsheet prepared in Microsoft Excel (version 7.0a). The datafor
individual runs can be entered on the subsheet labeled Scenario Inputs. All results except for
incremental costs are normally recalculated immediately after the data are changed. Incremental

costs are calculated by running the macro IncAnal.

The model isdesigned to be run in an interactive fashion. The user sets parameters, examines the

output, adjusts the parameters, and examines the new output. For example, if the user wished to

simulate rate-of-return regulation, he or she would set a price vector for the firm and its

competition, set the allowed return, and indicate whether regulatory or economic depreciation was

to be used in the analysis. The model would then calculate the firm’s costs (including the cost of
capital used in the DSL service). The user would then replace the prices with the costs so
calculated (the copy command makes this step quite easy). Market shares and therefore per
subscriber costs would change again. The user would iterate this process until costs and prices
converged. At that point, a price vector has been identified that represents the effects of binding

rate-of-return regulation (zero economic profit in each time period).
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Similarly, if the user wished to examine the effects of geographic averaging imposed by
regulators, the user would input a price vector for the firm that had the same price in each region.
The competitive prices could remain deaveraged, and the competitive performance of the firms

could be compared.

r. Conclusion

We have described a model designed to examine the effect of regulatory decisions, most notably
control of retail pricing and capital recovery, on the health of the regulated firm supplying DSL
services over the next decade. One of the purposes of such amodel isto identify the effects of
regulation on the incentives faced by such regulated firms when they consider whether to invest
(and how much to invest) in DSL service. Clearly, many of the necessary inputs to such a model,
such as the price of DSL modemsin 2001, are necessarily speculative. However, because these
speculative values are used in a consistent fashion, we believe that this model can be avaluable

tool in comparing the effects of different regulatory regimes.
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Appendix D The Residential Demand for High-Speed Connections

Given the relatively recent development of the Internet and the even more recent development of
widespread use of the Internet by households, there is only limited information on residential
Internet demand use and even less information on the demand for high-speed digital services.
Much of the information on Internet use comes from surveys in which respondents are self-

selected, thereby imparting a substantial upward bias to the estimates.

Even more careful surveys of users and nonusers encounter problems of survey bias and sampling
error because many households do not wish to participate in such surveys and even those who do
participate may find it difficult to answer accurately the survey questions dealing with Internet or
on-line service use. Many if not most Internet and on-line services now permit a household
unlimited use for aflat monthly fee, thereby eliminating the need for the household to maintain an
accurate notion of its use. In addition, those households whose members value time highly - a
obvioudly critical determinant of the demand for high-speed usage— are likely to be
underrepresented in any survey, even if the survey oversamples high-income households in an

attempt to obtain a representative number of completed surveys from these households.

S. The Growth of the Internet

Because Internet hosts must be registered, there are very good data on the growth of Internet
hosts. The Internet began its remarkable growth in the late 1980s. In early 1989, there were only
about 100,000 hosts. By January 1998, there were more than 29 million hosts.*” A loglinear plot
of this growth shows that the growth has not been diminishing, but continues to grow at an annual
rate of about 60% per year (See Figure 5-1 below).

3 Network Wizards reports that of these 29 million hosts, only about 5 million

would respond to inquiries by the ping utility. Obviously, some are behind firewalls, offline or
otherwise unreachable.
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Of course, the growth in Internet domains tells us little about Internet usage — particularly by
households. The growth in Internet hosts or domains clearly reflects growth in the potential
usefulness or attractiveness of the Internet to businesses and consumers alike, but it does not
provide a measure of the extent or intensity of consumer interest in the Internet. Nor does it

suggest anything about the value of greater speed in accessing the Internet.

t. Consumer Owner ship of Personal Computers

Access to the Internet or other on-line services currently requires the use of a computer. The
Current Population Survey has been collecting data on household computer use since 1989. In
1989, only 8.2% of households had a computer; by 1989, the share had grown to 15%; and by
1993, 22.8% had computers. (Table Appendix D-1) Similarly, the most recent Department of
Energy survey of households, undertaken in 1993, found that 23.3% of households owned a
personal computer. By 1996, however, surveys by both PNR and Associates and Nielsen Media
Research show that more than 40% of households had a computer. This suggests that in just three
years, household computer penetration had amost doubled.

Table Appendix D-1
Home Computer Ownership, 1984, 1989, and 1993 (% of Households)

Y ear Current Department of | Nielsen Media PNR
Population Energy Research
Survey
1984 8.2
1989 15.0
1993 22.8 23.2
1996 NA NA 39 43.6
1997 NA NA 41.3 NA

Source: Current Population Survey; Energy Information Administration, Household
Characteristics, 1993; Nielsen Media Research, Home Technology Report, March 1996 and
March 1997; PNR and Associates, Request 111, May 1996.



Not surprisingly, the share of homes with a PC rises sharply with household income. The

proportion rose from less than 10% for those with incomes of less than $15,000 per year to 45%

for those with an income of $50,000 or more, according to DOE’s 1993 survey. More recently, in
March 1997, Nielsen found that only 20% of households with income below $10,000 per year had

home computers and 55% of those with incomes above $50,000 had home cofhputers.

The CPS survey also found that access to a computkether at work, at home, or at scheol

has increased rapidly for all ages and demographic groups. In 1984, only 9% of persons 18 or
over had access to a computer; in 1993, nearly 36 had access to a computer. The growth rate is
similar for all races or ethnic groupsWhite, Black, and Hispanic. Nearly two-thirds of those

with access to a computer use a computer at home. The Nielsen survey found that access to a
home computer rose from 39.5% of those surveyed in July-August 1995 to 41.4% of respondents
in March 1997

To use the Internet, home computers must generally be equipped with a modem that translates the
analog telephone signal into a digital signal that computers can read and vice versa. These
modems may or may not be connected to second residential telephone line. PNR found that

25.7% of households had modems for their home computers in 1996, but only 14.3% of

households had a second telephone line. These second lines could be used simply as second voice

lines or as lines to connect a modem and/or a fax machine.

In its March 1997 survey, Nielsen found that 29% of households had computers with a modem.
More important, the share of home computers equipped with a modem increased from 59.9% in
July-August 1995 to 71.4% March 1997, a period of 19.5 months. In both surveys, 27% of
computer households indicated that they had purchased a computer within the last year. In
addition, 27% of home computers with a modem had a modem speed of 28.8 kbs or 33.6 kbs.

Moreover, the age distribution of home computers appeared to be almost identical in the July-
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Nielsen Media Research, Home Technology Report, March 1997.
¥ Id.
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August 1995 and the March 1997 surveys. Nearly half of all computer households had bought a
computer within the past two years. These data point to arapid replacement (or augmentation)
rate for home computers, with virtually al new additions coming with amodem that is at or very

near the current technological state of the art.

u. Patter ns of Household Computer Use

The use of a computer rises sharply with family income. Among persons aged 18 or over,
computer use was only 11.4% in 1993 for those with family income of less than $10,000 per year.
Computer usage rose to 36.5% for persons from families with median income ($25,000-$34,999)
and to 65.4% for those from families with income of $75,000 or more. More important for this
study, the availability of a computer at home rose from 6.8% to 61.7% for persons from the lowest
and highest income classes, respectively. However, it appears that only about two-thirds of
persons with access to a computer at home actually used it in 1993 (T able Appendix D-2).

Table Appendix D-2
Computer Use by Family Income Level for Persons Age 18 or Older, 1993 (%)

Family Income Uses a Computer Has a Computer Uses Computer
at Home at Home

L ess than $10,000 114 6.8 4.4
$10,000-$14,999 15.2 8.4 53
$15,000-$19,999 23.0 125 7.6
$20,000-$24,999 27.7 15.3 95
$25,000-$34,999 36.5 21.2 13.2
$35,000-$49,999 46.3 313 19.5
$50,000-$74,999 60.3 459 29.8
$75,000 or more 65.4 61.7 404
Undisclosed Income 24.4 20.2 10.0

Source: Current Population Survey, October 1993



The availability of a home computer and the propensity to useit is related to both to age and to
educational attainment. The 1993 Current Population Survey found computer use rises slightly
with age through middle age, but declines thereafter (Table Appendix D-3). However, the more
recent Nielsen Media Research Survey found that frequent computer use rises over the entire age
distribution for males and declines only marginally for women over 54. When asked whether they
had used a home computer "today or yesterday," nearly 70% of all males using a home computer
responded affirmatively, but only approximately 50% of women responded yes (T able Appendix
D-4).

Table Appendix D-3
Computer Use by Age, 1993 (%)

Age Has a Computer Uses Computer
at Home at Home
18to 21 years 30.4 18.2
22to 24 years 254 16.8
25to 34 years 25.3 17.9
35to 44 years 34.2 224
4510 54 years 34.4 21.1
55to 64 years 19.9 10.7
65 yearsor older 84 33

Source: Current Population Survey, October 1993.



Table Appendix D-4
Frequent Computer Use by Home Computer Users, 1997 (%)

Home-Computer Users by Used Home Computer " Today or
Demographic Group Y ester day"

Teens 12-17 54.3
Men 18-34 70.7
Men 35-54 63.3
Men 55+ 70.2
Women 18-34 48.2
Women 35-54 54.6
Women 55+ 47.4

Source: Nielsen Media Research, Home Technology Report, March 1997.

Income is a more powerful determinant of both computer ownership and use. Persons with a
college education are far more likely to own a computer and to use it than are noncollege
graduates (Table Appendix D-5). In 1993, 80% of all home computer use by persons 18 years of

age and over was undertaken by persons with at least some college education.
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Computer Use by Educational Attainment, Persons 18 Yearsand Older, 1993 (%)

Table Appendix D-5

Education Has a Computer Uses a Computer
at Home at Home
Lessthan 9th Grade 4.5 0.5
Oth to 11th Grade 8.1 31
High-School Graduate 16.7 7.8
Some College 33.1 21.7
Bachelor's Degree + 48.7 36.1

Source: Current Population Survey, October 1993.

Computer use has ben growing most rapidly in homes. Between 1984 and 1993, the number of
persons age 18 or over with access to a computer grew by 220%, but the number using a computer
at home grew even more rapidly, by 289%. Still, even in 1993, only 26% had accessto a
computer and only 16% actually used a home computer. As we have seen, home computer
penetration has now risen to more than 40% of U.S. households, suggesting a continuing growth
of home-computer penetration of nearly 15% per year. Obviously, computer penetration cannot
continue to grow at this rate for very long because complete saturation would be reached in less

than six years at this growth rate.

V. Internet Subscription and Usage

Asrecently as 1993, most home use of a computer was for tasks other than email or access to the
Internet. The October 1993 Current Population Survey asked respondents how they used their
computer, prompting them with the categories — analysis, bookkeeping, graphics, home-based
business, household records, "learn to use," programming, sales, and bulletin boards. The only

category that is likely to have reflected access to Internet or other on-line services for most

D-7



computer users would be "bulletin boards.” But of the individuals aged 18 or older who used a
computer at home for any purpose, only 8.7% of the 16% who used a computer at home indicated
that they accessed bulletin boards, reflecting a usage rate of just 1.3% of adults. Far more used
their computers for "bookkeeping,” "household records,” or "learn to use,” surely three categories
that require little or no on-line usage. It istherefore likely that only avery small number of adults
— perhaps fewer than 5% — used the Internet as early as October 1993.

By 1996, home Internet subscriptions had grown substantially. PNR’s Request Ill survey of
31,000 households found that 14.8% of homes subscribed to an Internet servicé’ iAmoag

8,857 telephone-subscribing households surveyed by PNR in 1996 in their annual Bill Harvesting
survey, 17.7% indicated that they used the IntétnétJanuary 1997 survey of 48,000

households by PNR and Market Facts, Inc., found that 16% of households were Internet
subscriberé? The Nielsen March 1997 Home Technology Survey found that 14.9% of its survey

households reported that they subscribed to a commercial on-line $&rvice.

Commercial estimates of adult Internet access generally conform with the above survey data.
Business Week estimates that 40 million people are now InternetUaarspril 1997 survey by
FIND/SVP estimated that there are 40-45 million u§elrs November 1996, Louis Harris
estimated that there were 35 million adult Internet users, and in October 1996, IDC Research

estimated that there were 31.4 million adult u&ers.

Thus, current evidence suggests that about one-sixth of Americans use the Internet. These data are

largely confirmed by recent data on the number of subscribers for the leading Internet Service

40

Paul N. Rappoport, Lester D. Taylor, Donald J. Kridel, and William Serad, “The
Demand for Internet and On-Line Access,” unpublished ms, 1997.

4 PNR,Bill Harvesting |11, 1996.

42 Rappoportt al.
Nielsen Media ResearcHpme Technology Report, March 1997.
http://lwww.cyberatlas.com/demographics.html.
http://etrg.findsvg.com/internet/interest.html.
http//:www.idcresearch.com.
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Providers (1SPs) (Table Appendix D-6). The ten largest | SPs have approximately 19 million
subscribers. Because some of these subscribers may be nonresidential and some residences may
subscribe to more than one service, these data are not inconsistent with atotal residential
penetration of 16%.

Table Appendix D-6
Subscribersto Largest Internet Service Providers, 1997 (millions)

Internet Service Provider Subscribers
AmericaOn-Line 8
CompuServe 5.3
Microsoft Network 2.2
Prodigy 1
AT&T Worldnet 09
Netcom 0.6
Earthlink 0.3
Concentric 0.2
MCI 0.2
Erol's Internet 0.2

Source: Internet Week, June 1997 (from ZD Net AnchorDesk)

Home Internet subscription is directly related to household income in part because computer
ownership isrelated to income. PNR and Associates found that 1996 Internet penetration was less
than 5% for households with annual income of $10,000 or less, 23% for households with incomes
between $45,000 and $50,000, and 43% for households with annual income of $125,000 or

more.”” Nielsen’s March 1997 survey found that 29% of households with less than $10,000

income reported were on-line subscribers, while 72% of households with incomes of $100,000 or

47

Rappoport et al.
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more subscribed to such a service.® Nielsen’s higher penetration rates reflect the fact that income
breakdowns are only provided for households who are on-line subscribers at work, home, school,
or elsewhere. Internet penetration also depends on occupation. Nearly 30% of persons with
professional, managerial, and technical occupations were Internet subscribers, or nearly twice the

average for all persors.

Finally, Internet penetration rises with population density, perhaps because of differences in tastes
between urban and rural residents. But lower rural penetration could also reflect the fact that

Internet connections require a long-distance charge for many rural households.

W. The Price Sensitivity of Demand for Internet Access and Usage

The decision to subscribe to the Internet requires only that the value of having it, regardless of the
intensity with which it is used, exceeds its cost. Indeed, one might subscribe, but rarely log in to
one’s Internet service. As long as the "option" value of the service exceeds its monthly cost, a

household will subscribe.

Using the Internet requires that the subscriber decide that the cost of the connection be less than
the value of the service obtained. Because access to the Internet is generally priced at flat monthly
rates and the subscriber’s residential line is also flat rated, the marginal pecuniary outlay for using
the Internet is usually zerd.However, the full cost of Internet is not zero, even if one ignores the
psychological costs of grappling with a new technology and various Web sites with which one is
unfamiliar. The most important cost of using the Internet is obviously the subscriber’s time. As a

subscriber’s income rises, or at least as his/her marginal value of time rises, the cost of sitting at

8 Nielsen Media Research, Home Technology Survey, March 1997.

49 Rappoport et al.

>0 Some services that can be accessed over the Internet, such as Amazon.com — a
bookstore or United Airlines, impose charges for their services (books and air travel). The
analysis in this paragraph does not apply to such services.
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the computer also rises. Thus, we would expect that all other influences equal, Internet usage

would decline with income.™

The pricing of Internet service has evolved towards a flat-rate system although some providers

still offer anumber of different usage programs at different flat monthly rates. In 1996, nearly

70% of all Internet users paid $15 or less per month for their service.® These low rates are duein

large part to the flat monthly telephone rates available to both the residential subscribers and the

inbound service on the ISP’s lines that connect the subsetiBeren the large share of on-line
subscriptions accounted for by America OnLine, there is simply not much variance in the prices
faced by subscribers for Internet access. Therefore, it is difficult to estimate the price sensitivity of

demand for Interneiccess.

The only econometric study of the demand for Internet connections is a recent one by Rappoport,
Taylor, and KrideP? They estimated a logit function with data from PNR's Request Survey for

1996, including a variety of demographic variables for each household, dummy variables for
geographic location, and variables reflecting the household's ownership of other information and
communications equipment, such as a fax machine, a cordless phone, or a cellular phone. They
found the price-elasticity of demand for access to be -0.18 at a price of $9.95 per month, -0.28 at a

price of $14.95 per month, and -0.38 at a price of $19.95 per month.

Rappoportt al. have also estimated the price sensitivity of demanddditional telephone lines

by using Request Il survey data for 1996; respondents were asked if they would subscribe to a

> Notice that other factors, such as the effect of income on computer purchases and

a correlation between education and income, may mask a fall-off in the use of the Internet with
income. Aswe have described above, measured data show an increase in Internet use with
income.
32 Rappoport et al.
In many states, there is no flat-rate business service, but even these states do not
permit the local exchange carriersto charge for inbound calls from Internet subscribers.
>4 Paul N. Rappoport, Lester D. Taylor, and Donald J. Kridel, "An Econometric

Study of the Demand for Access to the Internet,” unpublished ms., November 1997.
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second line if it conveyed unlimited Internet service at various prices. They found that the arc
price elasticity of demand was -0.44 between monthly prices of $20 and $25, pricesthat are
substantially above the current average of Internet service alone. This elasticity roseto -1.0
between monthly flat rates of $25 and $30.

Of greater interest for our purposes is Rappoport et al.”s analysis of the responses to questions
involving willingness to pay for Internet service at speeds four times faster than "normal™ speed,
which islikely to bein the 14.4 to 28.8 kbps range. They found that demand for this higher speed
service wasinelastic (elasticity = -0.51) in the range of $40 to $50 per month but rather price
elastic (elasticity = -1.23) in the range of $50 to $60 per month.

The PNR Bill Harvesting database may also be used to estimate the demand for Internet usage.
Preliminary estimates suggest that usage has an income elasticity of demand of -0.66, reflecting
the fact that higher income individuals find it more costly to sit at their computers than do those

with more modest incomes.

X. Projecting Household Demand for Internet Access and High-Speed
Connections

Obvioudly, any attempt to forecast the demand for Internet access is fraught with peril because the
nature of the serviceis changing rapidly and consumers' ability to grapple with a complex set of
equipment and software is evolving rapidly. Predicting the demand for high-speed connectionsis
even more difficult given the absence of datain an environment in which cable modems and

XDSL are only beginning to permeate the residential market.

Nevertheless, we can use the two studies by Rappoport, Taylor, and Kridel and Rappoport et al. to
make at |east an educated guess. Given Rappoport, Taylor, and Kridel’ s results and the knowledge
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that approximately 16% of households now subscribe to the Internet at an average price of about

$20 per month,* we can approximate current Internet demand by the following linear equation:

(1) Q = 0.22- 0.003 P,

where Q, is the share of households subscribing and P, is the monthly rate. This equation yields
price elasticities that are very close to those reported by Rappoport, Taylor, and Kridel. It also
predicts that Internet subscription would be equal to 22% of households if the price were to fall to
alevel near zero. Thiswould represent about 55% of al households with computers

and about three-fourths of all households that own computers with a modem. These are reasonable

results.

The potential demand for high-speed Internet connectionsis surely only a subset of al current
Internet subscribers. We used Rappoport et al.’s results on price elasticities to guide us, but we
made our own assumptions about the likely current extent of demand. We began by assuming that
at another $20 per month, approximately half of al Internet subscribers would opt for a high-
speed XDSL service or a cable modem capable of delivering information at five to ten times the
current speed of modem-equipped computersiif the price were as low as $20 per month. We
derived this estimate by observing that equation (1) predicts that a doubling of the cost of the
current low-speed service would reduce Internet subscriptions from 0.16 to 0.10 of households. If
10% of households would continue Internet service at $40 per month, surely it is reasonable to
assume that at least 8% of households would opt for a high-speed service at a price of $20 per
month (in addition to their Internet or online service charges), even if they had the option to retain
their low-speed service at $20 per month.

55

Rappoport, et al. report that 70% of households pay $15 or less for their
connections, but this excludes usage charges, tel ephone usage charges, or the charges for a
second line where one is used. As aresult, we use $20 as an estimate of the average monthly
price.
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With these assumptions, alinear demand function is assumed to reflect current potential

equilibrium demand for high-speed connections:

(2) Qus=0.10-0.001 Pg

where Q,;5 is the share of households demanding high-speed connections at a monthly price of
P, Of course, thislevel of demand would not be achieved on day one of anew high-speed
offering, nor necessarily even within ayear. It would take time for households to recognize the

availability and potential value of the service(s).

The demand for high-speed services will clearly grow with the development of new Internet
services that require large amounts of information transfer and with the growth in computer-
equipped households, which in turn will respond to further declines in hardware prices and future
growth in household income. Rather than attempting to predict these underlying forces as well as
the future course of monthly Internet rates and telephone line charges, we simply assume that
household computer penetration and Internet penetration of computer households follow alogistic

growth path of the following form:

@A) f(t) = 0.75/[1 + exp(-0.25 1)]

where f(t) is the penetration rate and t is calendar time in years with end of year 1997 equal to one.
The predicted (exogenous) rate of growth of computer penetration and Internet penetration are
shown in Table Appendix D-7, beginning with 1998. This assumes that the share of households
with a computer asymptotically approaches 0.75 and that the share of these households with
Internet service also approaches 0.75. Therefore, over time total Internet households grow to 0.75
times 0.75 or 0.5625 of all households. Obviously, thisis an arbitrary assumption and, if anything,

Islikely to prove conservative.
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To forecast the demand for high-speed connections, we also assumed that household penetration
of such connections approaches equilibrium at the rate implied in equation (3), or

1/[1+ &®"']. Therefore, we divided equation (2) by [ 1 + €°**'] and multiplied by the square of
equation (3) and normalized to 1997 by dividing by 0.178 the assumed penetration rate for online

and Internet servicesin that year:

(4) Qus . = {0.5625/[(1 + exp(-0.25 1)]*/ 0.178} .[0.10 -0.001P, ]

Table Appendix D-7
Predicted Path of Household Computer and Inter net-Service Penetration
(% of U.S. Households)

End of Year Computer Internet
Households Households
1997 422 178
1998 467 218
1999 509 259
2000 548 301
2001 583 340
2002 .613 376
2003 639 408
2004 .661 436
2005 678 460
2006 .693 480

Thisyielded predictions of household penetration of high-speed services (from any provider) that
depend only on the monthly high-speed circuit rental rate. We show these predictions for end of
year two (1998) and end of year five (2001) under various assumptions about the year-end 1997

price and the decline rate in these prices in Table Appendix D-8.
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Table Appendix D-8
Predicted Household Penetration of High-Speed Cir cuits
in Areasin Which Serviceis Offered

Monthly Price- Real Price Real Price
Year-End 1997 Declines at 5% Declines at 10%
(19979%) per Year per Year
End of Year 1998:
$40 .049 .051
$50 042 045
$60 .035 .039
End of Year 2001:
$40 102 112
$50 .081 103
$60 .079 094

y. Conclusion

No one can know the prospective residential demand for high-speed online or Internet services.
So few households now have access to such services that actual data on subscriptions are difficult
to obtain and of limited value. Moreover, the very nature of these online and Internet services will
surely change as high-speed circuits become widely available. Nevertheless, given the limited
data on household computer penetration and the spread of residential subscriptions to online
services and two recent unpublished studies of Internet demand, we can proffer estimates of the
likely demand for high-speed residential connections. We conclude that about 5% of households
offered the service would subscribe by the end of 1998 if the service were rolled out in 1997 at a
price of $40 per month. By year-end 2001, this would increase to between 10 and 11% of
households, depending on the real rate of decline in the $40 price. Were the service priced at $60
per month at initial 1997 rollout, only 3 to 3.5% of households would subscribe by the end of

1998 and 8 to 9% by year-end 2001. Because we assumed that computer penetration, online
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service subscriptions, and high-speed access penetration approach equilibrium very slowly, we

view these estimates as extremely conservative.
We also have not considered another important market for DSL services— organizationsin

smaller buildings where shared tenant Internet accessis not feasible. This market includes many

small businesses, offices of larger businesses, and libraries.
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