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Chapter Il

The Evolving Online Environment

By Patricia Buckley and Sabrina Montes”

Despite the current recession, migration to the
online world continues. More and more indi-
viduals, businesses, and government agencies are
using network technologies to connect with each
other in an ever-growing number of ways for an ever-
expanding number of purposes. However, as is the
case with most major technological advances,
progress is occurring neither smoothly nor along
paths envisioned by the original developers. This
past year has been marked by extreme turmoil
among Internet-related businesses even as the
Internet itself has continued to expand far beyond
its roots as a tool for sharing research data. It has
become a multipurpose, multimedia communica-
tions tool serving many different personal and busi-
ness needs.

Many businesses have only begun to exploit their
IT investments by moving their business processes
online and the network economies associated with
the Internet’s growing ubiquity should continue to
increase its value to users of all types. Moreover,
the rapid rate of innovation in network technology
witnessed over the latter half of the 1990s appears
to be enduring. Taken together, this evidence sug-
gests that major opportunities remain for network-
ing technologies to continue to affect our economy
and lifestyles.

RECENT CHANGES

The current economic environment is a difficult
one for many U.S. businesses, and Internet busi-
nesses are no exception. Many online or “dot-com”

*Ms. Buckley is a senior policy advisor and Ms. Montes is an econo-
mist in the Office of Policy Development, Economics and Statistics
Administration.

companies have failed or have had to scale back
operations significantly. The amount of online com-
mercial activity conducted by both individuals and
businesses remains at levels significantly below
those predicted by market researchers in recent
years. Investors have responded to the change in
outlook: the extraordinarily high stock valuations
and massive inflows of venture capital that became
commonplace in the late 1990s have dissipated.

Some early observers thought that online ver-
sions of businesses would quickly replace their real-
world, “bricks and mortar” counterparts. Sales
outlets, in particular, were thought to be at risk from
online sellers able to provide wider selections at
lower prices. Traditional providers of products and
services that could be delivered digitally were also
thought to be in danger of competitive extinction—
why buy a paper magazine if an online magazine
could provide custom content on demand. Trans-
actions between firms also were expected to be
transformed as purchases and sales of even the
most sophisticated products were revolutionized by
instantaneous access to worldwide markets and
auction pricing. Nothing approaching these de-
grees of transformation has yet occurred.

Like Mark Twain’s famous demise, however, re-
cent skepticism about the e-economy has been
greatly exaggerated. Despite the large number of
dot.com closures that occurred in 2001, this type
of business is not in danger of disappearing.
Rather, these businesses continue to adjust to the
realities of the markets in which they operate. And,
although the pace may be slower than widely pre-
dicted not very long ago, businesses of all types
are still increasing their use of IT and the Internet.
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Dot-Com Shakeout some formal funding from venture capitalists, an-
Online businesses are a very diverse group, op- gel investors or other investors to be in the range
erating in a wide variety of sectors, including retail- of 7,000 to 10,000. Given this base, Webmergers
ing, publishing, wholesaling, education, health, and estimates that “at most, ten percent of significant
business services. Some of these dot-coms have internet companies have shutdown or declared
only an online presence, but others are online bankruptcy.”®
branches of traditional companies. Although mea- Another indication of the relative impact of the
sures of dot-com activity are difficult to develop for dot-com failures is the effect on jobs. Until its own
several reasons, * some private groups are attempt- demise in September 2001, the Industry Standard
ing to track the current shakeout. Webmergers.com tracked layoffs stemming both from dot-com fail-
estimates that 762 “substantial” Internet firms shut ures and staff cuts at continuing dot-coms and at
down in the two-year period between January 2000 the Internet divisions of primarily off-line compa-
and December 2001.2 As shown in Figure 2.1, the nies and found that, as of July 26, 2001, there were
number of Internet business failures was substan- 134,727 dot-com-related employees laid off since

tially higher in the later half of the period. However December 1999 from 902 companies.* Though
ese layoffs on affected workers is

the figure also indicates that the pace of shutdowns the impact of th
slowed markedly in the later half of 2001. significant, the effect on the U.S. economy at large
Even with these shutdowns, however, a large is relatively limited. The Bureau of Labor Statistics
number of online businesses remain. Webmergers estimates that,
claims that a conservative estimate of the total week filed new unemployment claims in 2000.° Fur-
number of Internet companies that have received ther, many laid-off dot-com employees have been
successful in finding new jobs.
1 Not every Internet address with a “dot-com” suffix is a sepa- Accordi ng to the PricewaterhouseCoo pers

rable business. Many are business home pages that are integrated

parts of existing firms and are not viewed by their operators as sepa- Mon eyTree Su

on average, 301,800 people per

rvey done in partnership with

rate business units. Also dot-coms are not limited to online busi- VentureOne, the amount of venture capital invested
nesses with the suffix “com”. The suffix “net” and the new suffix
“biz,” are also used to denote commercial sites. 3 |bid.

2 Webmergers.com counts as “substantial” all Internet compa- 4 The Industry Standard Layoff Tracker, July 26, 2001 (http.//
nies that have received some formal outside funding from venture www.thestandard.com/tracker/layoffs).
capitalists or other investors. Webmergers.com, “Year End Shut- 5Both the Industry Standard number and the new Ul claims num-
downs Report: Shutdowns More than Doubled in 2001,”January ber can include specific individuals more than once.
2002. (http://www.webmergers.com/editorial/article.php?id=49). www.bls.gov).
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Figure 2.2
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in all types of businesses in 2000 was $68.8 bil-
lion, an 80 percent increase over investment in
1999. The year 2000 marked a high point in ven-
ture capital spending; and most of this spending
went to online companies (see Figure 2.2). These
Internet companies include the dot-coms, as well
as new companies that produce goods and services
that make e-businesses processes possible. The
proportion of funds raised by these companies grew
substantially after 1996. That year, Internet firms
accounted for 30 percent of dollars raised by ven-
ture-backed companies; by 2000, the proportion
had risen to 83 percent.®

Annual numbers for 2000 were very strong. The
$56.9 billion of financing raised by venture-backed

6 See VentureOne, “Moderate slowdown in Fourth Quarter Ven-

Internet companies in 2000 is equivalent to over
10 percent of total business investment on IT equip-
ment and software economy-wide in 2000. How-
ever, the first quarter of 2000 marked the begin-
ning of a slowdown. Figure 2.3 shows that this slow-
down has been sharp. According to
PricewaterhouseCoopers and VentureOne, venture-

ture Investment Tempered by Increases in Biotechnology and Internet
Infrastructure,” Press Release, February 6, 2001. VentureOne’s pub-
lished US venture data comprises only venture-backed companies—
those receiving at least one round of financing involving a US-based,
professional, institutional venture capital firm, the division of an in-
vestment bank, or firm dedicated to venture financing. VentureOne
does not track the investments of SBICs or angel investors.
VentureOne does track the investments of corporations or corporate
venture capitalists, as well as the interest of entrepreneurial compa-
nies in corporate partnerships. (http://www.v1l.com/press,

40QPR.pdf).

Figure 2.3

EQUITY FINANCING FOR VENTURE-BACKED COMPANIES
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Figure 2.4
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backed companies raised less money in the third
quarter of 2001 than in any period since the first
quarter of 1999 and the proportion of those funds
going to Internet-related companies fell to 68 per-
cent.” (It should be noted, however, that the amount
of venture capital invested in 1999 was higher than
the total invested in the prior three years combined,
with most of that increase due to investments in
Internet-related startups.)

The majority of Internet-related venture capital
has not gone to the electronic commerce sites that
received much of the publicity during the heyday of
dot-com mania. Rather, these funds were invested
in firms that provide goods and services to other
firms—traditional as well as other Internet busi-
nesses. Although the sector distribution of venture
financing has shifted from the peak in the first quar-
ter of 2000 to the most recent quarter available
(third quarter 2001), as shown in Figure 2.4, the
fact remains that very little venture capital invest-
ment was ever made in electronic commerce firms.

Hurdles Facing Online Businesses
To date, the Internet has been far less success-
ful as a transaction medium than many early ob-
servers thought it would be. Online sales, whether

7 VentureOne press release, “Venture Capital Continues Steady
Decline in Q3 2001,” October 31, 2001. (http://www.v1.com).

to individuals or between businesses, remain at
relatively low levels in most industries. The slower
than expected take-up could, and perhaps should,
be viewed as an indication of the hurdles facing
organizations when they attempt to incorporate a
powerful new technological tool into personal, busi-
ness, and government processes.

Online Sales in Perspective. Current data show that
although an ever-growing number of Americans are
using the Internet, their online purchases remain
only a small percent of their total purchases. For
the eight quarters during which the Census Bureau
has been tracking the growth in e-commerce sales
by retail sales establishments, the proportion of to-
tal retail sales accounted for by e-commerce has
remained very small—at roughly one percent of to-
tal retail sales.®

These data show that online sales grew from
$5.2 billion in the fourth quarter of 1999 to $8.9
billion in the fourth quarter of 2000, an increase of
67 percent. However, by the third quarter of 2001,

8 E-commerce sales by retail establishments are only one part of
the business-to-consumer online sales. Not included in these esti-
mates are other types of consumer purchases made by nonretail
establishments, such as airline tickets and online brokerage services.
E-commerce sales are collected from the seller and not categorized
by type of buyer. Retail sales estimates therefore include sales made
by retail establishments to parties such as small businesses in addi-
tion to purchases by individuals.
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online sales of retail firms had declined to $7.5 bil-
lion. Since these online sales had not kept up with
retail in general, the proportion of retail accounted
for by online sales dropped slightly from a high of
1.1 percent during the fourth quarter 2000 to 0.9
percent in the third quarter of 2001.°

Although they provide a very up-to-date account-
ing of retail e-commerce, these quarterly statistics
deal with only a portion of the economy engaged in
electronic commerce. Data derived from the Cen-
sus Bureau’s 1999 annual surveys provide more
complete coverage. Released in March 2001, the
E-Stats report covers establishments operating in
the manufacturing, merchant wholesales, retail,
and selected services industries. As shown in Fig-
ure 2.5, 1999 e-commerce transactions accounted
for a relatively substantial portion of total shipments
by manufacturers (12.0 percent) and total sales by
wholesale merchants (5.4 percent). These are in-
dustries that predominantly sell to other busi-
nesses. The sectors where individual purchasers
play the larger role, retailers and selected service
providers, have much lower proportions of e-com-
merce transactions (0.5 percent and 0.6 percent,
respectively).l® Taken together, these data provide
evidence of uneven, though widespread e-com-
merce uptake.

Online sales to individuals remain at levels low
enough to explain why some of the dot-coms’ tar-
geting individuals failed—the market is not large
enough to support the number of competitors that
arose. However, the relatively high percentage of
e-commerce undertaken in the manufacturing and
merchant wholesalers categories translates into
significant dollar amounts ($486 billion and $134
billion, respectively). Why then have dot-com fail-
ures in firms targeting the business-to-business
market also been widespread? Part of the reason
may be that much of the volume of online business
transactions does not use third-party Internet in-
termediaries. Rather they are transactions con-
ducted on closed proprietary networked systems
that occur between parties that have an established
relationship.

E-commerce is particularly widespread among
those manufacturing and merchant wholesale in-
dustries that have well-established histories of buy-
ing and selling electronically, most particularly the
transportation equipment manufacturers (NAICS
336) where online shipments comprise 21 percent
of total shipments, and drugs and druggists’ sun-
dries (NAICS 4222) where online sales accounted
for one-third of total sales. (See http://
www.census.gov/estats.) These two industries are

9 U.S. Bureau of the Census, United States Department of Com-
merce News, November 28, 2001, http://www.census.gov/mrts
www/current.htmi.

10 Data on manufacturers were collected on a special supple-
ment to the Annual Survey of Manufactures and are only available
for 1999. Data on wholesale merchants, retail establishments and
services were collected for 1998 and 1999 by adding an additional
question to established annual surveys for 2000. Total and e-com-

merce estimates from the various survey programs are not additive
because they are not collected on the same basis: Estimates for
manufacturing are based on shipments; estimates for wholesale
merchants and retailers are based on sales; and estimates for ser-
vices are based on revenues. These data, including industry detail
for each of the four sectors, can be found in the March 2001 E-Stats,
a publication of the Commerce Department’s Bureau of the Census.
http://www.census.gov/estats.

Figure 2.5
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examples of industries that have been trading
online using electronic data interchange (EDI) sys-
tems over value-added networks for decades—well
before the beginning of the commercialization of
the Internet in 1995. And for many of the firms in
these industries, EDI, not the Internet, remains the
predominant e-commerce network.

Until recently, technical and cost considerations
had generally limited e-commerce (particularly EDI
e-commerce) to large volume trade within estab-
lished supplier/customer relationships. The
Internet, however, by providing a low cost, secur-
able platform, makes e-commerce a possibility for
many firms, including those in industries catego-
rized by small sales to individuals. Figure 2.6 shows
the well-established position of EDI, as well as the
growing role of the Internet in manufacturing.
Among those manufacturing plants that place or
receive orders online, EDI accounts for the major-
ity of the dollar value of shipments—67 percent of
the dollar value of orders accepted online and 65
percent of the value of the orders placed online.
However, when one considers online transactions
by the percentage of plants that use a particular
network, the role of the Internet becomes more
prominent—32 percent of plants use the Internet
to accept online orders and 73 percent of plants
use the Internet to place online orders. These data
are consistent with the notion of well-established,
high-dollar volume EDI relationships particularly
among larger plants and a growing interest among

plants of all sizes in using the Internet as a sales or
purchasing channel even though the dollar value
of such transactions is currently small.

Finding a Business Model. “Too few customers”
only tells part of the story. There are reasons that
individuals and businesses have not flocked to
online sales sites. Some Web sites were difficult
to use, had high cost, were subject to delivery de-
lays, or made it hard to return merchandise. Some
sites also failed because they could not get cus-
tomers to change their behavior. For example, the
model used by online grocery stores required cus-
tomers to plan ahead rather than choosing and
buying groceries on an as needed basis. People,
however, have shown themselves reluctant to
change their buying habits. Other dot-coms, such
as those that hoped to support themselves through
subscriptions, have found consumers very reluc-
tant to pay fees. As a result, most non-sales sites
have had to rely on advertising revenue. Online
content sites (e.g., media, portal, information, and
publisher sites), in particular, are dependent on ad-
vertising revenues. The most important means for
generating revenue among these sites is through
paid links (i.e., a button or click-through to adver-
tiser sites) and e-commerce store hosting fees. This

11 U.S. Bureau of the Census, E-Stats: Manufacturing 1999 and
mid-2000, June 8, 2001. http://www/cemsis/gov/estats. To ob-
tain the percent of shipment values, the manufacturing plants in-
cluded in the survey were asked what type of network was the pri-
mary network for making each type of transaction and the total value
of all their online transactions were attributed to that network.
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type of arrangement is subject to domino effects,
particularly since many of the advertisers have been
other dot-com companies.

In some areas, however, the new online business
models have proved to be successful, offering seri-
ous challenge to traditional providers. Online tick-
eting of travel, for example, is among the largest
volume e-commerce segments, with e-commerce
revenues of $5.3 billion or just over 20 percent of
total revenues in 1999.%2 Early online entrants in
this category, such as Travelocity.com, and
Expedia.com, quickly gained market share from tra-
ditional travel agencies. More recently, however,
these early online entrants are being challenged
by the airlines themselves, both directly and through
the jointly owned Orbitz.com. Estimates by Media
Metrix indicate that Web sites owned by the airlines
are gaining new visitors faster than online travel
agencies, thereby narrowing the lead of the online
travel agencies. Between February 2000 and Feb-
ruary 2001, individual visitors to airline Web sites
increased 26.1 percent, from 8.2 million to 10.4
million, while visitors to online travel agencies in-
creased 7 percent, from 14.4 million to 15.4 mil-
lion.*®> While only a portion of these site visits re-
sult in ticket sales (visitors may also be checking
flight arrival and departure information or just “win-
dow shopping”), this increase indicates that the po-
tential pool of online ticket purchasers has in-
creased substantially.

In other industries, the ultimate impact of online
businesses on the industries in which they operate
is less certain. While Napster was able to attract a
large audience to its music-sharing site when the
service was free, it is less certain if or when a suf-
ficient base of paying customers will emerge to
support a fee-based service.

AN INCREASINGLY NETWORKED WORLD

In spite of the difficulties and uncertainties as-
sociated with technological change, individuals and
businesses are continuing to move activities online.
Having become nearly ubiquitous, the Internet has
changed from a technological curiosity to an every-
day necessity for a growing number of individuals.

12 U.S. Bureau of the Census, United States Department of Com-
merce, E-Stats, March 2001. http://www.census.gov/eos/www/pa-
pers/estatstables.pdf.

13 Jupiter Media Metrix, “Airline Web Sties Pose Threat to Online
Travel Agencies,” Press Release, April 4, 2001. http://www.jup.com,
company/pressrelease.jsp?doc=pr010404.

Firms in all industries are facing a new competitive
reality—one in which the capabilities of IT, particu-
larly network technology, either have already af-
fected or have the potential to affect important fac-
ets of almost every business. Furthermore, avail-
able evidence suggests that the technological tools
that IT users have come to rely on will continue to
get better, faster, and cheaper.

Continued Growth of Internet Use
by Individuals

The proportion of individuals in the United States
using the Internet rose by one-third between De-
cember 1998 and August 2000, from 32.7 percent
to 44.4 percent. If that trend held, over 50 percent
of the U.S. population currently uses the Internet.
As shown in Figure 2.7, the increase was evident
across all age groups. The increase is also evident
across other demographic and economic dimen-
sions, such as race, ethnicity, income, and educa-
tion.** Nor is the Internet a uniquely U.S. phenom-
enon. As shown in Figure 2.8, several countries in
the European Union have higher Internet access
rates than the United States.

The pervasiveness of growth in Internet use re-
flects the diversity of activities that can now occur
over this important medium. As shown in Figure
2.9, people are engaging in a growing array of online
activities. E-mail was the most prevalent online
activity of individuals, and on a percentage point
basis, the fastest growing. E-commerce activity
played a small, albeit growing role as the propor-
tion of the U.S. population that shops or pays bills
online doubled between December 1998 and Au-
gust 2000.

These data taken together with anecdotal evi-
dence support the notion that the Internet is be-
coming an integral part of many people’s day-to-
day lives. Some of the activities undertaken online
are timesavers. Renewing a driver’s license or car
registration online saves a trip to the Department
of Motor Vehicles. Online banking provides a faster
alternative to check writing. Others types of activi-
ties are improved qualitatively, in addition to being
provided more quickly in an online world. Online
travel services can provide a variety of pricing and
timing options unavailable offline and users can
check out destinations that they otherwise would

14 U.S. Department of Commerce, Falling Through the Net: To-
ward Digital Inclusion, October 2000. http.//www.esa.doc.gov.
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not have considered. Online news services can be
quickly searched to find articles of interest. Wed-
ding pictures can be circulated instantaneously to
friends and family. Traffic information can be
checked before starting the commute home.
Other online activities create entirely new possi-
bilities. The Massachusetts Institute of Technol-
ogy recently launched a ten-year initiative to create
public Web sites for almost all of its 2,000 courses.

The school plans to post all related class materials
including lecture notes, problem sets, syllabuses,
exams, simulations, and even video lectures.®®
Since this program does not provide access to in-
structors, labs, or diplomas, it will never be the
equivalent of actually attending MIT, but it will of-

15 Carey Goldberg, “Auditing Classes at M.L.T., on the Web and
Free,” The New York Times, April 4, 2001. http://www.nytimes.com.
The MIT case is discussed more fully below in Chapter VII.
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Figure 2.9
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fer anyone with Internet access, anywhere in the
world, the opportunity to obtain the basics of a
world-class education.

The Internet is even becoming integrated into ev-
eryday activities in ways that do not require all par-
ticipants to be Internet users. For example, some
little league baseball teams have team information
officers who manage web sites that track sched-
ules, scores, and rankings. While viewing that in-
formation requires Internet access, coaches can
also use the system to place automated telephone
calls to all players and track telephone responses.
These and other new applications will be further
supported by technology still under development.

Networked Businesses: More Than
Online Sales

The Census Bureau’s E-Stats data presented
earlier painted a picture of uneven e-commerce
uptake. However, the prospect of increased effi-
ciency, lower costs, improved customer service, and
global reach has caused most businesses at least
to consider how networking tools, such as the
Internet, could be used to increase their competi-
tiveness.

Network technologies are not only enablers of
new sales and purchasing channels; they can be
used to improve a variety of business processes.
Another report from the Census Bureau considered

online processes in manufacturing plants.*® This
report, based on a mid-2000 survey, found that
almost 90 percent of the respondent plants had
some type of computer network in place at the plant
and over 80 percent indicated, specifically, that they
had Internet access. However, even though a large
majority of plants had computer networks, only 31
percent of those plants (representing 41 percent
of employment) reported accepting orders online
and only 34 percent (representing 48 percent of
employment), reported making online purchases.
Only 16 percent of reporting plants both accepted
orders and made online purchases, while 49 per-
cent did neither.

Among plants responding to the E-Stats survey,
the most often-reported e-business process was e-
mail. Over three-fourths of reporting plants used
e-mail to communicate with vendors and custom-
ers, while 70 percent used e-mail for employee com-
munications within the plant. Smaller numbers of
respondents used other e-business processes, for
example, 19.2 percent reported providing online
support to customers and 7.1 percent reported en-
gaging in online bidding. Other e-business pro-
cesses covered in the June 2001 E-stats report in-
cluded, on the sales side, 11.1 percent of respond-
ing plants received online payments and 19.2 per-

16 U.S. Bureau of the Census, E-Stats: Manufacturing 1999 and
mid-2000, June 8, 2001. http://www/cemsis/gov/estats.
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cent provided online sales support, and on the buy-
ing side, 8.6 percent made online payments and
7.1 percent engaged in online bidding.

The fact that e-business process use in manu-
facturing plants is not yet widespread suggest that
firms are still in the early stages of exploiting the
potential of network technologies. Several factors
may help to explain why online business processes
are not yet widely used in manufacturing plants.
Some companies interested in purchasing online
may find that their vendors are not yet online or
those wishing to sell online may find that their cus-
tomers are not ready to make a switch to that way
of doing business. However, many corporate pur-
chases, particularly purchases of mission critical
or custom components, rely on long-standing rela-
tionships. There is a degree of trust and a record
of dependability that may have been built up over
a period of years that purchasing managers are
reluctant to abandon.

Finally, moving even a portion of purchasing
online is not costless. Purchasing activities must
be integrated with the firm’s other internal elec-
tronic activities. The learning curve may be steep
and training cost considerable. Nonetheless, com-
petitive pressures will likely drive greater volume
to this trading channel if companies continue to
see savings from online purchasing. Reported sav-
ings are considerable. For example, Raytheon Com-
pany, a manufacturer of electronics and aviation
equipment, reported savings of 25 percent on $100
million worth of goods purchased at three online
auctions. However, not all participants in online
marketplaces are as satisfied. In one recent sur-
vey, only 10 percent of companies participating in
online exchanges felt that the exchanges had met
their expectations. In general, participants agreed
that organizational changes, such as standardiz-
ing and developing new procedures, improving and
introducing new technology systems and introduc-
ing integration technology, are needed to capture
benefits from exchanges.*®

Shifting other business processes online, such
as warehouse management systems, bring addi-
tional upfront costs and concerns as companies

17 Bob Tedeschi, “E-Commerce Report: Companies in No Hurry to
Buy Over the Internet,” The New York Times, March 5, 2001. http://
www.nytimes.com.

18 Giga Information Group/Booz Allen Hamilton Study: B2B Ex-
changes Not Yet Delivering Benefits, News Release, November 19,
2001. http://www.Gigaweb.com.

cope, not only with integrating their various systems
internally, but integrating systems between compa-
nies. While technology may one day make this in-
tegration process easier and cheaper, at present
interface difficulties remains a major barrier to firms
realizing the full benefits of electronic business pro-
cesses.?®

Continued Technological Innovation

The foundation technologies of the digital
economy—processing power, data storage, and data
transmission—are dramatically more powerful now
than they were only a decade ago. Furthermore,
all evidence suggests that the rate of increase in
the raw capabilities of these technologijes will con-
tinue. However, today’s online activities do not com-
pletely tap the capabilities of today’s IT tools. Slow
Internet connection speeds for many businesses
and individuals are a particular bottleneck.

Technological Foundations. As shown in Fig-
ure 2.10, processing power has doubled roughly
every 18 months. This has resulted in super com-
puters and personal computers with processing
power that is orders of magnitude greater than com-
puters manufactured only a few decades ago.
There is, however, no guarantee that this rapid
growth in processing power will continue. As the
number of transistor per chip grows, chip making
becomes technically more difficult and more expen-
sive. However, industry participants are working
towards new chip production processes based on
new lithography technologies that would keep costs
down and enable the continuation of today’s pro-
cessing power trends.?°

In the meantime, researchers have begun de-
veloping a techniques to get more computing power
out of existing resources. For example, “grid” or
“distributed” computing take advantage of unused
processing power across various computer net-
works, such as an office computer network or even
from across the Internet. In grid computing, a cen-
tral computer parses a problem into discrete com-
ponents and distributes the computational work
over and array of networked computers. Each of

19 James Aaron Cooke, “Making the Right Connections,” Logis-
tics Management & Distribution Report from Logistics Online, Febru-
ary 2001. http://www.manufacturing.net/magazine/logistic/ar-
chives/2001/Im0201.01/Im0201system.htm.

20 Gary Stix, “Getting More for Moore’s Law,” Scientific Ameri-
can, April 2001 (www.sciam.com/2001/0401issue,
0401innovations.html)
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Figure 2.10

GROWTH IN PROCESSING POWER
1971 - 2001
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the networked computers computes its portion of
the project and sends the completed work back to
the main computer. The result is massive total pro-
cessing power achieved not through better hard-
ware, but through software coordination of exist-
ing hardware. The Departments of Defense and En-
ergy, the National Science Foundation (NSF), and
the National Aeronautics and Space Administration
are each financing grid projects.?* The NSF granted
$53 million to fund TerraGrid, a “grid” computing
project that will link four U.S. supercomputer sites.??

In the longer term, quantum computing—using
circuits created out of individual molecules—has the
potential to yield advances in processing power that
dramatically exceeds what is possible today. If re-
alized these molecular-scale processors would en-
able the development of computers capable of ad-
dressing computational problems that are, for all
practical purposes, unsolvable using current tech-
nologies.?® Even in today’s environment where in-
vestors are skeptical of technology investments,
quantum computing and other nanotechnology re-
search appears to be drawing investment money.?

Transmission speeds are also on the rise. Trans-
mission speeds over fiber optical cable have been

21 Steve Lohr, “I.B.M. Making a Commitment to Next Phase of the
Internet,” New York Times, August 2, 2001.

22 Jeffrey Benner, “A Grid of Supercomputers, Wired News, August
99,2001 (www.wired.com/news/business
0,1367,45977,00.htmI?tw=wn20010810).

23 “Quantum Dreams,” The Economist, March 7, 2001
(www.economist.com).

24 “The Smaller the Better,” The Economist, June 21, 2001
(www.economist.com/science/tqg
displayStory.cfm?Story ID=662220).

doubling every 12 months. French and Japanese
companies have each announced experimental
results in which they transmitted more than 10 tril-
lion bits per second through a single optical fiber.?®
Researchers are also working on developing all-op-
tical networks, which would even further increase
transmission speeds by eliminating the current re-
quirement of converting optical signals to electronic
signals to route them.?®

Advances in digital data storage technologies
have taken place concurrently with those in data
processing and communications technologjes. Disk
capacities have been doubling every nine months.?’
As in the case of processing power, these advances
have also come at decreasing costs. The price per
megabyte for hard-disk drives fell from $11.54 in
1988 to $0.04 in 1998, and an estimated $0.01
in 2000.2(Figure 2.11) There also has been a pro-
liferation of inexpensive and portable consumer-
oriented digital data storage technologies. ?°

Overcoming the Broadband Bottleneck. While the
transmission speed of communications technolo-
gies, such as fiber optics, is increasing, these high-

25 Jeff Hecht, “Fiber Crosses the 10-Trillion-Bit Barrier,” Technol-
ogy Review, March 27, 2001 (http://www.technologyreview.com/ar-
ticles/hecht032701.asp).

26 peter Heywood, “Optical Networking In Five Easy Pieces, Busi-
ness Communications Review, May 2000.

27 Jon William Toigo, Avoiding a Data Crunch, Scientific American,
May 2000,

(http://www.sciam.com/2000/0500issue/0500toig.html).

28 Correspondence with James N. Porter, Disk Trend, on October
1, 2001.

29 Michael Marriott, “In the Storage Race, Will Consumers Win?”
The New York Times, April, 5, 2001.
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Figure 2.11
DRAMATIC DECLINES IN THE COST OF DIGITAL DATA STORAGE
ILLUSTRATED BY FALLING AVERAGE COST PER MEGABYTE
IN HARD DISK DRIVES

$100.00

$10.00 1

$1.00

Price per megabyte (log scale)

$0.10 4

$0.01 T T T T T

Source: Disk/Trend, Inc.

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

speed technologies are not distributed throughout
the networking infrastructure. This creates trans-
mission bottlenecks.

The most dramatic advances in transmission ca-
pacity can be seen in long-haul infrastructure, which
is largely constructed using fiber optic cable. Be-
cause of the costs associated with installation,
however, fiber is generally not used in the “last-mile”
connections to homes and businesses.*° In time,
fiber may be used to bridge the last-mile. Today,
however, communications companies are trying to
provide higher bandwidth communications by up-
grading existing infrastructure.® Most home and
businesses already have at least one communica-
tions line that can be upgraded to provided high-
speed Internet access. Atthe close of 2000, there
were 5.2 million residential and small business sub-
scribers to high-speed communications lines in the
United States.*

30 A few communications companies have instituted trials of “fi-
ber to the curb” and “fiber to the home” in new housing develop-
ments.

31 The diffusion of broadband depends largely on the communi-
cations section—a sector that is fundamental to the Internet and the
IT-driven changes that are underway and a sector that is being
wracked by both these new forces and the current economic slow-
down.

32 Federal Communications Commission, “Federal Communica-
tions Commission Releases Data on High-Speed Services for Internet
Access,” Press Release, August 9, 2001 (http://www.fcc.gov/Bu-
reaus/Common_Carrier/News_Releases/2001/nrcc0133.txt).

In addition, broadband wireless communica-
tions—e.g. satellite and “fixed-wireless” technolo-
gies, such as LMDS (Local Multipoint Distribution
Service) and MMDS (Multipoint Microwave Distri-
bution System)—can substitute for broadband home
access. Communications companies are also de-
veloping broader bandwidth wireless networks for
mobile use.

Wireless communications networks, however,
have bottleneck problems of their own. At present,
wireless data applications are relatively rudimen-
tary because most wireless networks still operated
at low bandwidths. Today’s fastest wireless (“sec-
ond generation wireless”) data transfer rates are
about 14 Kb/sec or four times slower that the av-
erage dial-up connection.>

Although there have been many press reports
about the “third generation” (3G) wireless, promis-
ing speeds as much as 150 times faster than cur-
rent data rates, the combination of a slow economy
and the technological complexity of 3G has caused
many communications companies to delay their 3G
deployment plans. Faster wireless bandwidth will
ultimately be deployed, but 3G has been tempo-
rarily set aside for interim technologies that exploit
the existing wireless infrastructure.

33 “Sprint Leads Evolution to 3G with Nation’s Clearest, Fastest,
Most Economical Migration Strategy, “PR Newswire, March 20, 2001.
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Outstanding Policy Issues

Adopting network technologies has proved more
challenging then many observers originally thought.
Not only have businesses, governments, and indi-
viduals had to cope with rapidly changing technol-
ogy, uncertain business models, and shifting eco-
nomic conditions, but a variety of public policy con-
cerns have proved difficult to address.

One of these is privacy. In order to provide ser-
vice to customers, online businesses must be able
track the customer at least from the point at which
the customer signals they want to make a purchase.
Privacy concerns focus on the uses of that customer
information beyond the point of that immediate
need.

Businesses operating online also face special-
ized variants of consumer concerns in the area of
security, authentication, and fraud. Security (e.g.,
protecting credit card numbers from misuse) and
authentication (e.g. verification of a seller’'s iden-
tity) are concerns that are being addressed by a
combination of encryption technologies and legis-
lation, such as the consumer consent provision of
the Electronic Signatures in Global and National
Commerce Act (ESIGN). Fraud, in particular, re-
mains a source of concern—particularly Internet
auction fraud, which has accounted for 64 percent
of all Internet fraud reported to the Internet Fraud
Complaint Center (IFCC).34

CONCLUSION

As the 1990s closed, the marketplace was lit-
tered with failed ideas related to the provision of
some good or service over the Internet. Some were
unsustainable business plans—there was no way

to generate enough revenue to cover costs, much
less make a profit. Others did not pass the test of
the market—business and consumers simply did
not want or need the products and services at the
price offered. Today, the environment is much more
cautious and there is a great deal of uncertainty
about what businesses and consumers do on the
Internet, what products and services they want, and
what they will be willing to pay for them. The con-
tinual barrage of reports on Internet use and opin-
ion surveys attests to the effort underway to divine
the Internet’s future.

The digital technology revolution has not ended,
but the costs of change are easier to see. The up-
take of technologies has been slower and more
uneven than expected as businesses sift through
a myriad of options to find IT solutions suited to
their needs. Numbers of dot.com companies have
closed their doors; but many more remain.

If we consider the history of other technological
revolutions, none of this should be a surprise. Of
nearly 1,000 U.S. companies that tried to build and
sell gas-powered automobiles before 1927, only
200 survived long enough to bring a commercially
suitable vehicle to market.*® Of these, fewer than
a handful operate today, but they account for a sub-
stantial share of a much larger economy. The les-
son is that technological revolutions take time, and
the digital technology revolution has barely begun.
Throughout the current economic slowdown and
retrenchment in the dot.com sector, U.S. compa-
nies have expanded their use of IT and networking
technologies in a continuing search for competitive
advantage. More slowly than we might have pre-
dicted, but no less relentlessly, these efforts are
transforming our economy and our lives.

34 The Internet Fraud Complaint Center “Internet Auction Fraud,”
May 2001. The IFCC is a partnership between the Federal Bureau of
Investigation (FBI) and the National White Collar Crime Center (NW3C).
(http://www.ifcctbi.gov/strategy/pressroom.asp).

35 | awrence H. Seltzer, A Financial History of the American Autoas
cited in General Motors, “Competition and the Motor Vehicle Indus-
try,” a Study submitted to Subcommittee on Antitrust and Monopoly
of the Committee on the Judiciary of the United States, April 10, 1974.






