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Commercialization of the Internet has 
been one of the hottest topics around 

the world in recent years. Once the exclu
sive domain of scientists and engineers, the 
Internet now connects more than 60 million 
people in a global communications medium. 
The population using this "network of 
networks" has doubled every year since 
1988, and that growth rate is expected to 
continue. Matrix Internet Data Services, an 
Internet demographic firm in Austin, Texas, 
estimates that by the year 2005, a stagger
ing 700 million people could be using 
Internet-networked computers. 

The growth of this medium and the new 
capabilities deliverable on the World Wide 
Web have excited entrepreneurs, transform
ing some into multimillionaires overnight. 
There has been an explosion of new firms 
experimenting with "electronic commerce;" 
or commercial transactions over the 
Internet. Most of these ventures are in 
industries, such as the service or publishing 
industries, that rely on information delivery. 

But what about manufacturing? How 
will the Internet affect or reconfigure this 
industry? This topic has been neglected in 
the popular press, and, in fact, surveys 
show that many manufacturers are unsure 
whether the Internet will play an important 
part in their business in the next century. 

The Manufacturers' View 

In January 1997, the consulting firm 
Grant Thornton, LLP, released the results 

of a survey requesting U.S. manufacturers' 
opinions about the Internet's impact on 
their firms. The 253 surveyed companies 
showed annual sales between $10 million 
and $500 million. 

Given the frenzy over the Internet in 
other economic sectors, the response of 
these manufacturers proved somewhat 
surprising. Only 13 percent said that the 
Internet affected their operations in any 
way. More than 50 percent said the Internet 
had had no impact at all. While nearly all 
the manufacturers believe that the Internet 
will be a permanent part of their business, 
they split evenly on whether the network 
will affect the chief activities of their 
companies in the future. 

Grant Thornton's report assessed these 
results as a reflection of the novelty of 
electronic commerce in the manufacturing 
sector. Nevertheless, the presence of 
manufacturers on the World Wide Web is 
expanding rapidly. Between November 
1995 and a year later, when the survey was 
conducted, the number of manufacturers 
with a Web site almost doubled (from 14 
percent to 25 percent), and nearly two
thirds expected to have a Web site by the 
end of 1997. 

However, most manufacturers in this 
survey viewed the World Wide Web 
primarily as a means of advertising and 
marketing, and as a way to be perceived as 
a technological leader. Few, if any, re
garded the Internet as a technology integral 
to their manufacturing efforts. 
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Although it has become commonplace to 
see robust Web sites for manufacturers, 
especially those in the information technol
ogy field, few manufacturers use the 
Internet in an innovative way as a support 
system for production. However, new 
innovations, and new technologies, are 
beginning to appear, and their prospects for 
changing manufacturing are immense and 
exhilarating. 

"Build to Suit" 

In the last ten to fifteen years, U.S. 
manufacturers have adopted a series of 
production models that have proven 
revolutionary: "Just in Time" and, more 
recently, "Right on Time." By using 
information technologies to create "feed
back loops" between a production line and 
a supply channel, manufacturers fine-tuned 
production schedules to reduce inventories, 
speed up time-to-market, and enhance 
product life cycles. This sea change in 
production and distribution has enhanced 
the competitiveness of American industry: 
nearly all the productivity gains in the U.S. 
economy over the past decade have come 
from the manufacturing sector. 

"Build to Suit" represents a new varia
tion on "Right on Time" production. And, 
at present, the principal beneficiaries of 
this production approach are two Texas 
computer companies, Dell and Power 
Computing, both in Williamson County 
north of Austin. Both firms sell their 
products over the World Wide Web and by 
telephone. Web sales are increasing for 
both companies, and Dell is reportedly 
making up to a million dollars a day from 
its Web site. 

In the "Build to Suit" approach, orders 
taken over the telephone or the Internet cue 
the production line: when an order comes 
in, an electronic form containing the data 
goes to the line and the machine is as
sembled and prepared for shipping. While 
both Dell and Power Computing sell 
through mail-order houses and some retail 
stores, the overwhelming portion of their 
sales are direct, through company tele
phone banks or Web sites. 
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Dell further developed this model by 
establishing distinct, limited access Web 
sites for its largest customers. For example, 
one of Dell's largest customers, Boeing 
Corporation-purchasing 1,000 Dell 
computers every week-merits its own 
Dell-sponsored Web ordering system. 
Boeing procurement officials use this 
password-protected and secure Web site to 
order Dell computers in particular configu
rations, or in bundles with specific fea
tures, at volume-discounted prices. 

Dell and Power Computing have been 
extraordinarily successful with the "Build 
to Suit" model and its World Wide Web 
component. Dell's stock price climbed 500 
percent in one year, and the privately held 
Power Computing lists among the fastest 
growing companies in the United States. 
Their success prompted other companies to 
follow suit: Dallas-based Compaq, the 
world's largest supplier of personal 
computers, plans to move to direct sales on 
the Internet and a "Build to Suit" produc
tion line. Apple Computer, in California, is 
reportedly exploring the same approach. 

Enterprise Integration 

Computer networks have been part of 
manufacturing firms and other businesses 
for decades. Only recently, though, have 
separate firms started to tie their networks 
together to take advantage of data inter
change as a form of cooperation and 
integration. 

Electronic Data Interchange (EDI) is the 
standard used by businesses to translate 
data from one company's computer to 
another. EDI provides a way for firms to 
exchange electronic data in a particular 
format. Usually, the data are formatted to 
plug information into electronic business 
forms or databases. A bookseller, for 
example, might use EDI to pass informa
tion back and forth to a book distributor or 
to publishers. Each trading partner must 
agree in advance to use the same format for 
the data. For the most part, a network 
contractor, called a VAN (Value-Added 
Network) handles EDI transactions. These 
are middlemen businesses, arid they charge 
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proprietary VAN 
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access also offers 
limitless potential for 
connecting to partners. 
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for the set-up of the EDI system, the 
connection, and the transmission of the 
data. 

The Internet threatens to change this 
pattern in a profound way. Many software 
applications now allow "browser" soft
ware, such as Netscape Navigator or 
Microsoft Internet Explorer, to connect to 
databases on Internet server computers. 
The new computer language called Java 
even allows programmers to write applica
tions, or programs that run on client 
computers hooked to the Internet, so that 
people who once used proprietary systems 
now use the Internet for the same purposes. 

The use of Internet-aware applications, 
layered over increasingly capable operat
ing systems, like Windows NT and Unix, 
will allow manufacturers to use the 
Internet for data interchange and bypass 
the systems set up by VANs and EDI 
vendors. Vastly cheaper than a proprietary 
VAN arrangement, Internet access also 
offers limitless potential for connecting to 
partners, unlike the VAN/EDI approach. 
While some VAN firms and EDI vendors 
are moving to the Internet as a matter of 
necessity, this is only a recent develop
ment. This process will speed up as 
manufacturers learn the potential of the 
Internet for enterprise integration using 
Internet-capable applications for data 
interchange. 

Future Trends 

Since years ago when an enterprising 
student at Carnegie Mellon University 
configured a soda vending machine to 
report its inventory to the Internet, thou
sands of applications have linked the 
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Internet to noncomputing devices, such as 
video cameras or even robots. For ex
ample, the National Science Foundation 
sponsored an experiment in which people 
could control a robot in New Mexico from 
anywhere, through a Web page with robot 
control buttons. 

The next challenge for this kind of 
technology is to find commercial applica
tions in manufacturing. As the Internet 
speeds up, through greater bandwidth 
provided by telecommunications carriers, 
manufacturing integration will increase in 
sophistication. Designers will be able to 
pass around 2-D and 3-D blueprints, 
working simultaneously in many parts of 
the world. Engineers in widely dispersed 
locations will be able to control machine 
tools and see the results of their interven
tion in real time. Managers will have 
remote, real-time access to video over
views of production lines, along with 
simultaneous data, and they will be able to 
control robotic production machinery from 
anywhere in the world. 

As standards for data collection and 
interchange evolve, the goal is a world
wide, distributed, Internet-accessible 
database of information about production 
needs, distribution channels, sales, and 
marketing. This database will accelerate 
"agile" manufacturing, job-sharing, tool
sharing, more efficient use of raw materi
als, and reduced inventories. 

Indeed, if the concept of a fully robotic, 
so-called "lights-out" factory-one with 
no human workers at all-becomes a 
reality, the manufacturer of the future may 
need only the Internet to do his or her 
job.+ 
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I n this era of the virtual corporation, three 
Texas cities ranked in the top ten of 

Fortune magazine's 1995 places that 
"serve the evolving workplace": Austin 
[7], Dallas [8], and Houston [9]. This new 
workplace embraces the "work anywhere, 
anytime" paradigm-a flexibility, experts 
insist, facilitated but not dictated by 
communications technology. 

In this work environment, teleworking1 

recorded the most significant increases. 
Estimates vary widely: a LINK Telework 
survey found that some 15 million corpo
rate employees in the United States now 
work from home full time or part time; the 
February PC World estimates more than 
11 million, with 68 percent of companies 
offering telecommuting programs. By 
2000, the number of telecommuters in the 
United States will reach 30 million. 

The Texas Experience 

In 1995-96, the Texas Department of 
Transportation, the U.S. Department of 
Transportation, and the Federal Highway 
Administration commissioned the Texas 
Transportation Institute (TTI) to study 
telecommuting programs in Texas. The 
research focused on the employees at six 
public agencies or businesses2 who work at 
home on a daily or part-time basis. (The 
table shows comparative data on the six 
TTI case study programs.) 

The study identified some laws or 
policies that encouraged teleworking in 
Texas. For example, the Employee Trip 
Reduction program requires employers 
with more than 100 employees to develop 
and implement programs to increase 
vehicle occupancy and reduce the number 
of commuters driving alone. Also, the 1993 
state legislation encouraging state agencies 
to establish telecommuting programs to 
streamline spending led to the develop
ment of teleworking programs. 

Highlights 

Formal guidelines spelled out the roles 
and responsibilities of the employer and 
teleworker. Highlights emerging from 
these telecommuting experiences include: 
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• The establishment of formal advisory 
committees or informal networks to 
provide opportunities to interact and 
discuss potential problems and needs. 
• The wide range of technological 
sophistication of telecommuter equip
ment. Workers have second telephone 
lines and links to main computer 
systems in some arrangements; in 
others, they use laptop computers and 
check in by telephone. 
• The identification of ten industries 
that have the greatest potential for 
telecommuting in major urban areas in 
Texas. These are: educational services; 
health services; manufacturing-durable 
goods; business and repair service; 
mining; communications and public 
utilities; public administration; finance, 
insurance, and real estate; other profes
sional and related services; and whole
sale. 

While the case studies show that 
telecommuting programs are being suc
cessfully used in government and private 
agencies in Texas, some hesitancy was 
noted. The most often cited reasons were 
management concerns about lack of super
vision and potential abuse by employees. 
Indeed, much of the literature mentions the 
need to change the approach from manage
ment by sight to management by results. 

Benefits 

Social. The study specified the benefits 
of telecommuting to society: reductions in 
traffic congestion and the associated costs 
of road maintenance and public transporta
tion; reductions in energy consumption; 
and improvements in air quality. 

Surveys of the six Texas cases indicate 
average savings of about 38 miles per one 
vehicle trip (or 76 miles round trip). 
Another study of a Texas telecommuting 
project-the GTE Pilot Program in Dallas 
done in 1995 by DBR and Associates
reported a 92 percent decrease in vehicle 
miles traveled and a 76 percent reduction 
on all trips during telecommuting days. ) 

Organizational. Among the benefits 
cited by employers in the TTI study were: 
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increases in employee productivity, 
morale, and commitment; decreases in sick 
leave; and improvements in the retention 
and recruitment of employees. Pioneers in 
the field say that 20-30 percent increases 
in productivity are common. 

Employers also noted reductions in 
overhead. For example, from 1991-96, the 
number of attorneys increased at the Com
mission on Appeals Department of the Texas 
Workforce Commission, but office space 
needs during this same period were reduced. 

Other benefits to employers included 
- expanded opportunity to hire disabled 

employees and more effective use of 
computer and communication technology. 
Organizations with telecommuting options 
are viewed as more adaptive and better 
poised to exploit the advantages that new 
generations of these technologies offer. 

Employee. The employees participating 
in the TTI study listed several benefits of 
telecommuting, including: reductions in 
the stress, time, and costs associated with 
commuting; flexibility in working times; 
increases in productivity and job satisfac
tion; and improvements in family life. 

) 
Components of Successful Programs 

The TTI study and a review of available 
research in the United States and abroad 
point to elements that appear to affect the 
success of telecommuting programs: 

•Financial, technical, and policy 
support from management executives. 
•Clearly defined policies and guide
lines and signed agreements outlining 

management and telecommuter expec
tations and responsibilities. 
• Selection of tasks. Appropriate tele
commuting jobs do not require exten
sive interaction with the public or 
coworkers. 
• Selection of telecommuters. Good 
candidates are self-motivated and self
starters, can work independently, and 
have extensive experience. 
• Selection of managers and supervi
sors. The case studies identified the 
following characteristics: management 
by objectives, trust in employees, and 
good communication skills. 
• Establishment of communication 
methods. Techniques include establish
ing regular times for phone calls, using 
e-mail and pagers, and setting hours. 
• Equipment and support. Although 
equipment, cost sharing, and require
ments for use vary, telecommuters must 
be properly equipped. 
• Monitoring systems. The case studies 
used monitoring mechanisms, evalua
tion procedures, or advisory committees 
to identify and address problems. 

Notes 

1. Telework or telecommuting is working for an 
organization at home or at a satellite work site at 
least part of the time while connected to the office 
via some form of telecommunication technology. 

2. Researchers reviewed reports , interviews with 
management and telecommuters, and surveys of 
telecommuters. Selection was made to provide a 
cross-section of organizations, work settings, geo
graphical locations, and telecommuting programs.+ 

Comparative Data on Six Telecommuting Programs in Texas 

Project Year Particir.ants Current Part or 

started in pilot number of Training Contracts full 
program teleworkers time 

San Antonio-Information 1992 12 Services 50 yes yes part 

Mobil Oil Corporation 1994 5 20 yes yes part 

Rice University 1994 11 20-30 yes no both 

Comptroller of Public 1996 30 30 Accounts yes yes part 

Texas Workforce 1991 

/ 
Commission 17 no yes part 

Texas Natural Resource 
Conservation Commission 1994 32 yes yes part 
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Organizations with i 
telecommuting options 
are viewed as more 
adaptive and better 
poised to exploit the 
advantages that new 
generations of these 
technologies offer. 
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• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
•Austin Technology Incubator • 

In 1989, the University of Texas at Austin, through its IC2 Institute, initi
ated a community experiment in launching technology-based companies. 
Since its founding within the Bureau's Center for Technology Venturing, 
Austin Technology Incubator (ATI) has facilitated the development of more 
than 60 companies and graduated 33 companies. Among the telecommunica
tions companies currently in residence at ATI are: 

: Partnerware Technologies is an Internet software company for corpora-
• tions. The Partnerware Extended Enterprise product allows a firm's corporate . . 
• customers, channel partners, and employees to access powerful buying, 
: selling, and collaborative capabilities through any standard Web browser. 

• 
• Matthews Communications Managment is developing a new call manage• • ment system based on digital signal processing technology. The company , 

was founded by Gordon Matthews, the inventor of voice mail. 

Crypto-Logic, Inc. created and markets Ultimate Privacy, a true one-time 
pad encryption software package for e-mail users who require high security. 

• 

• • • • 
• • 

PCStek USA is developing a network of public kiosks that will allow people • 
• without home computers and/or modems to establish e-mail accounts, • 

purchase soft and hard goods from remote locations, and surf the Web. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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Announcements 
Japanese Style Networks and 

Innovations in High Technology 
Firms in Texas reports findings from 
research directed by Dr. Elsie 
Echeverri-Carroll and funded by the 
IC2 Institute and the Bureau. The latest 
in the Bureau's Technology in Texas 
series, the study is based on a survey 
of 1, 772 high tech manufacturing 
firms and focuses on the ways com
pany networks contribute to innova
tive behavior. Copies will be avail
able from the Bureau in late October . 

The Bureau of Business Research 
is participating in a long-range 
strategic planning study for the Austin 
metropolitan area. Commissioned by 
the Economic Development Council 
of the Greater Austin Chamber of 
Commerce, the study is being per
formed by the Economic Strategy 
Group of ICF Kaiser in partnership 
with the Bureau. + 

October 1997 


