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* the erosion of barriers to entry
At this level the more universal the generalization the better.

Exactly the opposite is true of the conversations inside
firms about how best to exploit new technology. These are all
about differences — the differences between industries and
the differences between firms. As Michael Porter has pointed
out, industries, and parts of industries, vary widely in terms
of their potential profitability, and the firms in any given
industry also vary widely in their ability to create sustainable
competitive advantage and thus sustained profitability.3 Firms
must constantly be asking, how is new technology likely to
affect the profitability of our industry, as well as other indus-
tries in which we might compete in the future? How can we
use new technology to improve our operational effectiveness?
How can we use new technology to create value for our cus-
tomers? How can we use technology to distinguish ourselves
from our competitors? How can we use it to establish a dis-
tinctive strategic positioning that will enable us to sustain a
price premium in the marketplace?

The currency of the conversations at the firm level is dif -

ferentiation.

It therefore isn't surprising that there should be so little
interaction between the two kinds of conversations — unsur-
prising, but also unfortunate, because each has something to
offer the other. The conversations about the economy as a
whole are often strikingly, even dangerously disconnected
from the facts on the ground.

This conference attempts to bridge that gap.

The Sloan Industry Centers Network

The unique resource it brings to bear is the Alfred P. Sloan
Foundation’s Industry Studies network. Now more than a
decade old, the scale of the Sloan network is impressive: 17
Centers, representing an investment of $60 million by the
Foundation (and considerably more in total, if the other
resources leveraged by the Sloan funds are also included).
More than 500 faculty and more than 500 graduate students

at almost 50 U.S. universities have participated in the research.

The Sloan network has been built on a few straightfor-
ward premises: (1) every industry is different in terms of the
opportunities and challenges confronted by its constituent
firms; (2) communities of university researchers with a deep
understanding of particular industries, developed on the basis
of careful, rigorous observation and analysis, can help
improve the productivity and performance of the industries
they are studying; and (3) only through close cooperation
between the university researchers and the firms in their
industry can this kind of in-depth understanding be devel-
oped.

This conference is based on a further premise — that the
network of Sloan Industry Centers, taken as a whole, can be
a source of new insights about the performance and direction
of the economy as a whole.

Researchers from many of the Centers will be reporting
on some of their recent findings over the next day and a half.
They will discuss how the firms in their industries are dealing
with technology-related opportunities and challenges in six
key domains of business strategy and practice:

* new product development

« the organization of supply chains

 the delivery of consumer services

* business logistics

« the physical location of innovative activity

 the recruitment and training of people and the organ-

ization of the workplace
In these six sessions we will see only a small portion of the
entire Sloan research portfolio. But as we listen to these find-
ings, and to the presentations of the other experts and indus-
try leaders who will join them on the program, the challenge
for each of us will be to think about what they imply, not
only for individual firms and industries, but for the economy
as a whole.

Technology and Productivity

Probably the biggest of the big-picture questions about tech-
nology has to do with productivity. Will U.S productivity
keep growing at the vigorous rate of the last few years? Or
will it revert to the mediocre performance of the preceding
two decades? What contribution can we expect from new
technology in the future? What has its role been in the recent
productivity revival?

On this last question, the popular view is that the role of
computer and communications technologies has been deci-
sive. We have come a long way from Bob Solow’s famous
comment of a decade ago that “you can see computers
everywhere but in the productivity statistics.” Today, after five
years of very healthy labor productivity growth, the prevailing
belief is that technology did it. Or as Alan Greenspan put it
not long ago:

“A perceptible quickening in the pace at which techno-
logical innovations are applied argues for the hypothesis that
the recent acceleration in labor productivity is not just a cycli-
cal phenomenon or a statistical aberration, but reflects, at
least in part, a more deep-seated, still developing, shift in our
economic landscape. . . The evidence . . for a technology-
driven rise in the prospective rate of return on new capital,
and an associated acceleration in labor productivity is com-
pelling, if not conclusive.™



Even today, despite all that has happened to the stock
market, Greenspan’s views on this issue are still in the main-
stream of expert as well as popular opinion.

Not quite everyone agrees. Robert Gordon of
Northwestern University, for one, has argued that almost all
of the productivity acceleration since 1995 can be explained
by two factors: first, an unsustainable cyclical effect due to
the unusually rapid rate of economic growth since 1995
(when economic growth is above the long-term trend, as it
was during this period, productivity growth invariably acceler-
ates above its long-term trend too); and second, large but nar-
rowly-based productivity gains within the durable manufac-
turing sector, and more narrowly still within the IT sector
itself.> In this view, there has been essentially no acceleration
of productivity at all in the 88 percent of the private econo-
my outside durable manufacturing, which of course is where
the great bulk of IT investment has occurred. In other words,
there is no evidence in the productivity data for the standard
‘new economy’ thesis that the benefits of IT are rapidly
spilling over into the economy as a whole.

How to explain the difference between these positions?
The core of the argument has to do with the difference
between labor and multifactor productivity (i.e., the produc-
tivity of labor and capital in combination). Gordon concludes
that heavy technology investment has raised labor productivi-
ty via capital deepening, but that multifactor productivity has
not increased except in the durable manufacturing sector.
Indeed, according to his calculations, the massive investment
in IT, especially in the services sector, has actually been
accompanied by a slowing of multifactor productivity growth
there. He speculates that a sort of process of diminishing
returns may be operating — in the face of fundamental limits

on the time and brainpower of human beings, there will be
diminishing returns to gains in the power of computer and
communications technology.

Gordon’s conclusions are controversial. My purpose is
not to try to resolve the issue but simply to make two impor-
tant points.

First, the stakes here are high. In the long run, the
nation’s standard of living will depend much more on what
happens to productivity than on how the high-visibility eco-
nomic issues of the day are resolved, such as the size of the
tax cut President Bush manages to get Congress to agree to,
or the Federal Reserve’s interest rate policy. And what hap-
pens to productivity will in turn depend heavily on the contri-
butions made by technology in the technology-using (as
opposed to technology-producing) part of the economy.

Second, if we really want to know what to expect here,
our best vantage point is not at 50,000 feet, but rather a per-
spective that allows close, systematic observation and inter-
pretation of the facts on the ground — in other words, the
home territory of the Sloan Industry Centers Network. Let
us see what we can see.

1 Michael Lewis, The New, New Thing: A Silicon Valley Story (New York: W.W.
Norton, 2000), p. 14

2 Ibid, p. 251

3 Michael E. Porter, “Strategy and the Internet,” Harvard Business Review,
March 2001, p. 62-79

4 Speech at the Federal Reserve Bank of Chicago, May 6, 1999.

5 Robert J. Gordon,“Does the “New Economy” Measure Up to the Great
Inventions of the Past?”,paper prepared for the Journal of Economic Perspectives
(May 1, 2000 draft)
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Rodney Brooks
Director, MIT Atrtificial Intelligence Laboratory

Pervasive Human-centered Computing: Project Oxygen and Beyond

The development of computing technologies has been, up
until now, primarily on technology’s terms. When we use a
computer, we enter into the computer’s world. Virtual reality
actually makes this worse rather than better, since we are fully
inside the computer. What we want is the computer to enter
the human world — to understand human goals, intentions
and desires. We express ourselves by talking, scribbling,
sketching, making presentations, creating documents, moving
around. ldeally, in human-centered computing, we could do
all of this in conjunction with a computer.

Project Oxygen, launched in July 2000 at MIT, aims to
do just this. In a joint effort between the Artificial
Intelligence Lab and the Laboratory for Computer Science,
along with six industry partners and DARPA, this project is
pushing the frontiers of human-centered computing. In this
brave new world, humans use speech and vision to control
computers. The devices would become anonymous, using
person-centric (e.g., face recognition) security. The computers
would always be on and working. The (probably unachiev-
able) ideal would be the kind of experience we now have with
the refrigerator: plug it in once and use it for 20 years with
few other subsequent actions required to operate it.

Project Oxygen focuses on three different ways to devel-
op human-centered computing: devices, environmental com-
puting and networks. The imagined devices are the physical
point of interaction. They’re anonymous; any person can pick
up any device and through recognition technology, the com-
puter self-configures for that person’s use. The devices are
software-based and therefore reconfigurable; depending on
the desire of the user, the computer can be a phone, an
address book, a pager, a spreadsheet program.

Even further afield is an experiment with environmental
computing. Computing is literally “in the air around us.” The
physical manifestation of the environment would be projec-
tors, screens and cameras. Computers would use sensors that

recognize speech, facial expressions, direction of gaze and,
ultimately, intentions. Early demonstrations show that this is
already possible in a rudimentary form. Members of the
Project Oxygen team are using their own offices as experi-
mental spaces, using as many of the new technologies as pos-
sible in their own lives.

The third area is the network. Here, the team imagines
sites that would sit on top of the Internet that would assure
seamless vertical handoff across protocols. Again, the idea
would be for the network to be people-centric and intent-
based.

Two examples of these new technologies:

It is becoming possible for engineers to simply draw
the basic outlines of a design on a computer’s sensor
board. The computer then translates the drawing into
aset of technical specifications; it interprets the
sketch and infers causal behavior.

» Remote presence robots (for example, the iRobot)
could give eyes, ears and wheels to the Internet.
Instead of video conferencing, a person can place a
robot at the location of the meeting and manipulate
it. The robot could, for example, shift her glance
towards different participants, respond directly to
queries, and even get up from the table and go to the
next room to watch a demonstration with the other
meeting participants. These robots could also be
manipulated from afar to perform all sorts of physical
tasks, from housekeeping to more technical work.
The potential of this technology is revolutionary:
physical work would no longer have to be localized.

In all of these cases, the systems enter the human world
rather than a human entering the technological world. They
allow people to automate and develop scripts in use. They
change the nature of work, enabling collaboration across
space and time.



Session I: The New Rules of Product and Process Development

New digital technologies create tremendous opportunities for improving new product and process development by increasing Speed and responsiveness, cut -
ting costs, improving quality, and increasing flexibility. The benefits cut across most industries — from traditionally low-tech manufacturing to high-tech

biotechnology. This session reviewed developments in three important industries.

Charles L. Cooney (Session Chair)

Co-Director, MIT Program on the Pharmaceutical Industry

Diran Apelian

Director, Powder Metallurgy Research Center, Worcester Polytechnic Institute

Brian Gourlie
Principal Scientist, Genzyme Corporation

Klavs Jensen
Professor of Chemical Engineering, MIT

Digital Technology in Product Design and
Development in Metal Processing

In metal processing, digital technologies have driven reduc-
tions in the cost of communication, inventories, consumer
and business transactions, as well as the length of time for
new product development and lead times in production.
Despite this, the way metal is processed and manufactured
has not been restructured. Digital technology now offers
incremental payoffs in metal processing but it has not
changed the basic structure of the industry. This is for two
reasons: the nature of the manufacturing process and the
structure of the industry. Metallurgy is a physically demand-
ing industry that requires casting, forming, semi-solid pro-
cessing, or powder metallurgy along with heat treatment.
Much of this work is done in mom-and-pop businesses in
multiple, highly fragmented sectors of the industry. These
small players don’t have the incentive to invest in R&D to
improve the manufacturing process, so production technolo-
gies have not been substantially altered by the emergence of
digital technologies.

Some of the current benefits in production include the
reduction of scrap and operational variables, and increased
throughput. But the potential is there for intelligent (self-
learning) processes.

In manufacturing and metal processing, what really mat-
ters is the quality of the goods made and shipped, and the
market price relative to the cost of operations. Digital tech-
nologies will give manufacturers a sustainable operational
advantage only if they use new manufacturing strategies.

In the auto industry, for example, attempts to dramatical-

ly reduce design-to-production time while maintaining the
wide range of variation required by the market have been
stymied in part by suppliers who cannot meet the required
time demands. Covisint, a B2B exchange, helps suppliers by
aggregating manufacturing demand. But real success will
occur when Covisint can work seamlessly with auto compa-
nies. The only way digital technologies can have a non-incre-
mental effect on the metal processing industries is if the busi-
ness model fundamentally changes. As Brian Kelley of Ford
Motor Company said, “The new economy will be defined by
old economy companies reinventing themselves.”

Microfabrication as a Platform for New
Products and Processes in Chemical
Manufacturing
The latest questions in chemical manufacturing are: will the
microsystems revolution carry over to micro-chemical sys-
tems? Is it possible to do chemistry on the scale of the
microchip? If so, scale up (one of the most difficult tasks in
chemical manufacturing, especially for hazardous materials)
can be accomplished simply through scale out, by multiplying
the number of production units. As a result, manufacturers
could (1) speed up the time from discovery to testing to pro-
duction with reduced upfront capital investment require-
ments, (2) obtain chemical information (e.g., kinetic informa-
tion) and optimize chemical processes more efficiently, and
(3) bring increased productivity to chemical industry R&D
and, ultimately, to production, as in other industry sectors.
There are many technical possibilities for micro-chemical
manufacturing, some of which are already in development or



use. Fabrication methods, such as micro-electromechanical
systems (MEMS) and soft lithography, for example, allow
producers to make many parts at the same time, thus reduc-
ing the cost of production. Micro-reactors can integrate heat
exchangers and temperature sensors for liquid-phase chem-
istry; by controlling gas-liquid-solid contact in these complex
reactions, the mass transfer is improved 100-fold. Micro-reac-
tors integrated with spectroscopy tools provide the opportu-
nity for rapid process optimization and determination of
reaction parameters, as well as integration with information
technology tools. Micro-chemical processes could also enable
on-site on-demand synthesis, which would simplify difficult
macroscopic processes such as fluorination, ease the chal-
lenges of scale up, and reduce the risks associated with chem-
icals that are dangerous to ship.

The use of micro-fabrication techniques in connection
with information technology could revolutionize the chemical
industry by significantly improving productivity. Chemistry
feeds into many different product-market segments. Micro-
chemical manufacturing presents opportunities in materials
synthesis, power devices and biochemical processing, for
example. Integrating electronics, optics, and chemistry will
improve performance and generate new applications.
Integrated laboratory systems for chemistry and biology
should improve control and data analysis, accelerate screening
and development, and allow for multi-step synthesis.

New production systems will bring about reaction units
for on-demand on-site production, reactions under extreme
conditions, and flexible manufacturing and rapid scale up.
Perhaps the old image of the large chemical plants will be
replaced by the new image of micro-processing.

Process Informatics in the Pharmaceutical
Industry

Informatics in the pharmaceutical industry benefit process
automation by streamlining the supply chain, providing elec-
tronic batch records (EBR) that capture information to assure
compliance with good manufacturing practice (GMP), and
facilitating the use of e-business tools.

Take, for example, the case of the manufacture of a
pharmaceutical tablet. A company wanted to improve its
cycle time, which was originally estimated at 20 days. Data
analysis showed that, in fact, the cycle time was 75 days, as a
result of significant variance across batches. Further analysis
showed a strong learning curve from early production times
of 400-500 days to later times, closer to the estimated 20
days. Quality was also outside the band of intended perform-
ance. After investigating, it became clear that the installation
of sensor technology would allow the system to provide feed-

back as problems occur, greatly decreasing production times
and increasing quality.

Pharmaceutical firms produce two products: the tablet
and the information that goes along with it for regulatory and
safety purposes. By implementing electronic business records
(EBR) and data warehousing, the second product — informa-
tion —is improved. Simulations of the process using data
from the past 800 batches showed that implementation of
any one of these technologies — sensors, EBR, or data ware-
housing — would produce some benefits in cycle time and
quality. But all three in combination would lead to much
more significant improvements, with the potential to achieve
an overall cycle time of 5 days.

The implication: firms should avoid the temptation to
implement incremental changes when introducing digital
technologies into manufacturing. First, identify where there is
a true bottleneck, then introduce the set of technologies in
parallel to reap the benefits.

High-Throughput Drug Discovery Using Cell-
Based Digital Imaging

High-throughput screening in drug discovery is enabled by
digital technologies and it increases the rate of identification
of new drugs. The process is based on robotic handling and
massive scale data-processing of information. It involves
doing the analysis from plates, each containing 96 wells that
hold up to 100 compounds each. At Genzyme, a Cambridge-
based biotechnology company, the library holds over 2.5 mil-
lion compounds in about 1,000 plates. These processes test
the limits of currently available computing power. Genzyme
uses terabytes of computing power for its activities.

In some kinds of drug screening, researchers use whole
cells because this avoids problems — such as transport and
toxicity — that are inherent to other kinds of tests. In high-
throughput screening using whole cells, digital imaging deals
effectively with the complexity of the outputs. Imaging can
capture a wide variety of information from the cell and
allows for a multi-parameter analysis. In raw intensity visuali-
zation, digital processing can highlight the effect of different
levels of intensity in different cells.

The search for a cure for Huntington’s disease is a good
example of the use of digital technologies. This disease is
caused by a “genetic stutter;” a stretch of DNA is repeated
over and over at one end of a gene on chromosome four.
More specifically, the protein called “Hunting10” — recently
discovered and for which there is no known function — nor-
mally has between 20 and 30 glutamines coded. In the case of
a Huntington patient, these twenty-something units can
increase to 100. This may occur during the development of



the sperm and the egg. The protein then becomes unstable
and begins to aggregate. When this aggregation occurs in a
certain part of the brain, the cells die, for reasons not yet
understood. Genzyme researchers are trying to find a way to
inhibit this aggregation process.

The company developed an assay that uses a manufac-
tured protein, which originally came from a jellyfish off the
coast of Seattle. In this assay, Genzyme uses parametric
analyses from digital images to count the number of aggre-
gates in a manufactured protein after having applied various
potential drug compounds. With this search, researchers hope
to find a cure for this disease that affects over 30,000 people
in the United States. Digital imaging technology coupled with
high-throughput screening and massive computing capacity
has dramatically changed the way we search for new drugs.

Discussion

Several themes cut across the applications of digital technolo-
gies in the metal processing, chemical manufacturing, and
pharmaceutical R&D and manufacturing industries. Digital
technologies have the potential to make — and in some cases,
have already made — dramatic changes in new product and
process development activities as outlined above. It is impos-
sible to see technical limits to the future potential; however,
achieving future benefits will involve more than technology.
In each industry, it is clear that organizational and human ele-
ments will be critical to getting the most out of digital tech-

nologies.

Learning. Both human and machine learning are essential
to future improvements. In pharmaceutical manufacturing,
the challenge is to go beyond simply recognizing problems
using electronic sensors to developing a robust process. Firms
are still far from capturing the full benefits of automated
active learning. In drug discovery, it is not enough to speed
up the process of screening compounds. Genzyme, for exam-
ple, makes its data available to everyone in the organization,
allowing for an interaction between the data processing and
the people doing the work. Only in that way will real insights
into potential drugs be discovered. Both organizational and
machine learning must be improved for digital technologies
to have their most important influence.

Need for new business models. Digital technologies cannot
simply be implemented within the existing firm and industry
structures. The fragmented nature of the metal processing
industry means that industry-wide groups need to invest in
the R&D necessary to improve production techniques. In
chemical manufacturing, integration between IT and physical
activities is necessary in order to address the duality of infor-
mation and product development. The solutions are not sim-
ply technical. New business models must take into account
both the technical and human dimensions in order to ask the
right questions and ultimately get the right answers.

Rapporteurs: Patrice Clausse and Sarah Kaplan



Session II: The New Global Supply Networks

The reconfiguration of supply chains and the role of information technology in facilitating this transformation have emerged as central themes in the
Sloan Industry Studies. New global supply networks now exist in complex assembly industries such as autos, electronics, and apparel. The reorganiza -
tion of supply chains in these industries has been characterized by increased outsourcing or ‘deverticalization.” This session brought together two indus -
try representatives and two researchers from the Sloan Industry Centers network to explore the emergence of global scale production networks that

have altered the dynamics of entire industries.

Timothy J. Sturgeon (Session Chair)

Executive Director, MIT Industrial Performance Center Globalization Study

Keynote address:

Koichi Nishimura

Chairman, Chief Executive Officer and President, Solectron Corporation

The Case of Solectron Corporation

Solectron, one of the world’s largest electronics contract
manufacturers, is an example of the elite group of global
suppliers that have emerged over the past 10 years. Today, the
company operates more than 50 facilities around the world,
which cover 14 million square feet of manufacturing and
engineering floor space. Major American companies use
Solectron’s manufacturing services, and they have recently
been joined by some Japanese and European companies.
Solectron provides product life cycle and supply chain servic-
es that include pre-manufacturing, design, full manufacturing,
post-manufacturing, product repair, and warranty. With busi-
ness units in technology, manufacturing, and global services,
Solectron provides velocity, optimization, and assembly of
the final product near the market where it is sold, as well as
continuity of supply for the customer at the lowest cost of
ownership. Companies served by Solectron see a minimum of
$50 to $100 million in annual revenue. Smaller companies are
served by a Solectron subsidiary called Fine Pitch.

The key to Solectron’s success and to adding value to the
customer is information handling. An IT network system
plays a central role in providing complex logistics and support
to the entire company. The ability to move data at the same
time as physical goods is the essence of an efficient supply
chain.

Among other things, electronics manufacturing services
(EMS) companies like Solectron provide design, manufactur-
ing, delivery, and support services for OEM (original equip-
ment manufacturer) customers around the world. The EMS
business model works in a market in which companies are
forced to react to growing time pressures as product cycles
get shorter and competition becomes more time-focused.

Companies that were previously vertically integrated can’t
do everything. To stay competitive they focus on core compe-
tencies and they outsource what they consider non-core.
When it comes to fulfilling customer demand, market leaders
use the EMS supply chain model and outsource to a compa-
ny like Solectron. This illustrates the emergence of the virtual
corporation, which integrates multiple companies that achieve
speed and flexibility in a dynamic marketplace while provid-
ing a higher quality of products and services to a broader
spectrum of customers. Ideally, EMS companies are advanta-
geous because they are flexible, responsive, reliable, fast, and
of high quality.

In the 1980s and 1990s, relationships between suppliers,
customers, and companies were transformed, through infor-
mation technology, into a network of relationships. Recently,
the Internet has become an important enabler. Enterprise
Resource Planning systems (ERP) now play key roles in pro-
duction, logistics, and purchasing. In more advanced stages of
integration, individual companies and suppliers may have
applications that enable Internet links not only at the borders
between companies, but also within specific internal process-
es. The traditional transaction and information handling is
now carried out by a web-enabled supply chain, which coor-
dinates activities and simultaneous global planning between
multiple businesses, both internal and external. Solectron is in
the process of moving to a standard ERP in all its facilities.

The Internet and e-business affect every step of the
process and offer a cost-reduction opportunity. In speed and
efficiency of communication and planning, steps that hap-
pened in sequence now happen concurrently, and collabora-
tively. Final configuration happens with the customer, and



there is reduced inventory, process time, and cost. This is all
possible because of e-business tools. The Internet is used as a
publishing tool and as a mechanism to make transactions.
The Internet already improves operations (through the
exchange of manufacturing processes), project management
capability in geographically-distributed teams, and communi-
cations. However, in order to realize the benefits of the
Internet, the manufacturing model has to change. Informa-
tion may move virtually at the speed of light, but the speed
of physical movement of materials is still limited. That lag
time creates opportunities as well as challenges in realizing
the potential that exists.

Solectron is currently experimenting with several
Internet technology-based tools to begin electronic collabora-
tion. Specifically, Solectron is working with public exchanges

such as E20pen and Converge, which facilitate collaborative
planning among businesses throughout the supply chain.
Solectron is also establishing a private exchange and supports
the development of industry standards such as RosettaNet,
which today includes a broad collection of more than 300
companies, many from Japan and elsewhere in Asia.

To realize the full potential of the Internet, many chal-
lenges will have to be overcome, including (1) archival capa-
bility, because it is necessary to store and retrieve information
practically forever; (2) connectivity and interoperability, which
allow for a rapid and efficient exchange of information; (3)
scalability, which is important for business that grow rapidly
and through acquisitions; (4) security, which is a growing
challenge as e-commerce expands and more information is
exchanged; and (5) standards that allow open collaboration.

Panel Discussion

James Hatcher
Vice President of Business Development, ECnet, Inc.

John Paul MacDuffie
Wharton School, University of Pennsylvania
Co-Director, International Motor Vehicle Program

David Weil
Boston University’s School of Management
Harvard Center for Textile and Apparel Research

The Global Supply Chain in the World Auto
Industry: Role of the New Mega-Suppliers
The 1990s were a time of consolidation for first-tier suppliers
in the auto industry. In 1995, there were 2,500 Tier 1 suppli-
ers to OEMs around the world. By 2004, it is predicted that
there will be fewer than 1,500. The globalization of cus-
tomers and a shift in the design responsibilities to suppliers
were the drivers, accelerated by a perception in the industry
and the investment community that consolidation was neces-
sary. Today, about 180 first-tier suppliers control 80 percent
of the value of supplied parts. Major auto companies now
have vertically-integrated suppliers. As the auto industry looks
to other industries like electronics and computers, some spec-
ulate that modular design and built-to-order systems could be
their next move.

Modules have independent chunks coordinated with
common interfaces. Each module is developed independently,
and requires slack in design so that it works functionally and
physically in the products in which it will be placed. In con-

trast, integral designs are highly interdependent across bound-
aries and can seldom be used in different products. There-
fore, design changes have broad implications because of
interdependence. If a strict definition of modules were
applied, there would be no modular product architecture in
the auto industry. There is, however, substantial interest and
effort. Mega-suppliers are organizing themselves into busi-
ness units on a modular basis and are eager to take on the full
array of design and other services that offer higher margins
and a larger role for the suppliers.

Drivers for modularity exist in four areas. In production,
modules offer a way to manage complexity, solve some
ergonomic problems, and increase automation. On the mar-
keting side, modules simplify the idea of a built-to-order
vehicle and customized upgrading. In technology, there are
possible advantages to thinking about things that are physical-
ly contiguous in a chunk (design integration). Technology also
enables innovation to proceed at a faster pace by reducing the
complexity of interdependence. On the financial side, there is



a desire to push assets and investment risk away from the
main automakers to the suppliers. To a lesser extent, there is
also a push to lower labor costs.

Is it a good thing to be a first-tier supplier these days?
On the positive side, such a firm can follow customers glob-
ally, and a direct line to the OEM helps secure business and
integrate capabilities. The question remains: who becomes the
systems integrator? This role has been traditionally, if not for-
mally, played by the plastics segment. But with the increasing-
ly important role of electronics in a car, electronics providers
may start taking on systems integrator responsibilities.

There are reasons not to be a mega-supplier, however.
Traditionally, when charging a customer, you cannot add a
margin to any parts that you purchase. So, the more you
move to the system integration level, where you are mostly
purchasing components, the more diluted are the margins.
This could change, but it is deeply rooted in the way procure-
ment happens in the auto industry.

There is also greater risk of investment, tooling, and
warranty claims. In addition, although first tiers are being
asked to take on greater risk than in the past, customers aren’t
willing to transfer control and engineering decision to suppli-
ers.

There have been bold predictions about how B2B will
transform this industry and others, but change is likely to be
more evolutionary than revolutionary. The Internet reduces
the costs of transferring information and modes of
exchange, but there are preferred ways of managing supply
chains that differ by firm and to some degree by nation.
Companies are likely to continue along comfortable paths,
rather than incur the costs of switching to a new mode. B2B
efforts are happening through an industry-wide consortium
known as Covisint, with forecast savings predicted at 5 per-
cent of manufactured cost per vehicle and a positive financial
effect if suppliers use it. But there is skepticism about organi-
zation, competition, and different visions from the IT part-
ners that enable Covisint. Despite that, there were $1.5 bil-
lion-worth of Covisint transactions in Q1 2001.

Some e-commerce savings do not depend on whether
the mode of exchange is collaborative- or auction-oriented.
Although e-commerce reduces the cost in both cases, savings
are likely to be one-time or transitional rather than recurring.
In addition, B2B will probably tend to reinforce rather than
transform existing customer-supplier modes of exchange.
However, some disruptive influences could motivate change.
For those customer-supplier relations that have traditionally
been collaborative, shortened time horizons and financial
crises could lead them to adopt auction practices. On the
other hand, increased industry linkages, sourcing through
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mega-suppliers, and interest in modularity all require more
collaboration. And there is a third influential party; the IT
providers who write the code for tools like Covisint. Since
their experience has been mostly in the electronics industry,
where the auction mode is dominant, they are more likely to
offer auction capabilities in the tools they offer. This may
have a big effect on how these dynamics end up evolving.

In short, mega-suppliers are poised to become much big-
ger players in the global supply chain. The move towards
modularity will be slow, and will leave mega-suppliers finan-
cially exposed, but the pace should increase. During this
process, B2B will not necessarily be transformative of the
supply chain.

The New Global Supply Networks: Insights
from the Retail-Apparel-Textile Channel
Global supply chains in textiles are not a new phenomenon.
Accelerated product obsolescence and new manufacturing
processes are particular to the current period, however.
Another important issue is the approach of the 2005 WTO
agreement, which will lift quotas on apparel imports into the
United States. Infrastructure, labor force availability, wages,
and exchange rates have all put further pressures on suppliers
of the modern era. Together, these factors make it necessary
to establish new planning, sourcing, and inventory models.

Traditionally, sourcing decisions were driven by direct
costs of off-shore versus on-shore production, but today the
decision-making process is much more complex. It involves
factors like lead-time, uncertainties in transportation, infra-
structure, and trade practices. Political issues are also becom-
ing more important. Globalization and sourcing patterns will
be affected by the development of national and company-
wide logistics infrastructure, as well as by “lean retailing,” the
new methodology used in global supply networks in the
apparel industry.

Lean retailing involves weekly replenishment and smaller
order quantities — analogous to the Just-In-Time (JIT) system
in manufacturing — and aims to increase flexibility and reduce
inventory levels held by retailers. Lean retailing was born out
of dealing with an unprecedented increase in product prolif-
eration over the last two decades coupled with shorter prod-
uct life cycles. There is greater forecasting uncertainty and in
turn, a more significant associated inventory risk. Lean retail-
ing has been facilitated by technological advances such as bar-
codes and scanners — which allow product-level monitoring
and shipping container identification — as well as EDI and the
dawn of Automated Distribution Centers.

The source of U.S. apparel imports has changed signifi-
cantly in the past two decades. Substantially less apparel now



comes from the Asian Big Four: China, Hong Kong, Taiwan,
and Korea. During this period, there has been an increase in
the number of imports from Mexico and the Caribbean
Basin Nations (CB), which are closer to the United States.
Today, imports from these regions exceed those from the
Asian Big Four both in terms of volume and value. Similarly,
imports from Mexico are greater in value than those from
China. The shift away from the Asian Big Four and towards
Mexico and the CB, as well as the near-saturation of the
Chinese quota, demonstrate that although traditional policies
do affect sourcing decisions, the drive for lean manufacturing
is a bigger influence.

Forecasting the post-2005 trade environment is difficult;
simple predictions of trade flowing to lowest wage countries
are not enough. There is much uncertainty associated with
infrastructure, political climate, and supply networks.
Emerging regional trade areas, such as Mexico and the CBI,
will continue to develop as new sourcing demands on suppli-
ers strengthen. Finally, companies that work as international
logistics coordinators will be critical agents in shaping future
global supply networks in this industry.

ECNet: The New Global Supply Networks
The legacy of early globalization of manufacturing is impor-
tant when we think about connectivity and interoperability.
Local languages and early adoption of IT forced companies
to install customized systems and local solutions. These sys-
tems are not necessarily integrated or scalable according to
global corporate directives. Companies that initially moved to
leverage low-cost economies in rapidly growing countries face
these issues recurrently when they relocate to follow low-cost
labor. The result is disparate ERP/MRP plant production sys-
tems due to early adoption and growth by acquisition.
Furthermore, because of proprietary and brand differentia-
tion issues, there is no cross-brand compatibility. Systems
were designed for internal manufacturing efficiencies and not
for collaboration with trading partners. The IT solutions that
are now in place are batch-processed operations that have no
real time capability. New B2B technologies are nascent and
evolving, and they are mostly used in one or several pilot
projects, not in mass production. Technology is immature
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and unstable, and no one is willing to bet on one solution.

Today’s technology sales model is still the software sales
model. It is a proven, profitable business model with a guar-
anteed return on investment. It is similar to that of traditional
EDI: manufacturers bought applications that were installed
by the provider. The supplier could buy the same applications
and get them installed. Today, the B2B solution is to buy
applications and integrate them in the infrastructure. Then,
the supplier who wants to do system-to-system can buy a
partner application. This approach doesn't leverage the true
value of the net; it is not as versatile or scalable as what is
needed today.

By dealing with this problem, Managed Service Providers
like ECNet — which addresses connectivity and interopera-
bility — rationalize data from disparate systems to allow them
to communicate while each interlocutor uses its own lan-
guage. The challenge here is process, since rationalizing data
involves dealing with people and the system, and the interac-
tions between them.

Specific technical choices for supply chain integration
include, for example, XML and RosettaNet. XML uses one
common character set to process data in and out of systems
that were not meant to talk to each other. What is needed,
however, is a dictionary that can rationalize data into an
understandable and usable format. RosettaNet is such a dic-
tionary. The idea is to get all trading partners to agree on
standards within the trading community. But because every
manufacturer uses a unique process in competition with other
manufacturers, there is little desire for sharing. This brings us
back to the private network scenario.

Supply chain management technology is immature, but
failure to adopt solutions will render a company noncompeti-
tive. The human factor is a challenge, because it is in our
nature to resist change. Companies should focus on their core
competencies. The only way to stay current is to try some-
thing, iterate rapidly, and remain flexible so as to leapfrog the
competition. These are real-world challenges and the technol-
ogy is immature and changes almost daily.

Rapporteurs: Carlos A. Martinez-Vela and Seena Rejal



Session IlIA: The New Service Organizations

This panel discussed the influence of 1T on the service sector, using as examples the airlines, managed care, and financial services industries. Although
the three industries have different technological requirements and structures, in every case 1T has not yet provided the desired returns on investment. In
addition, there is a substantial problem of appropriability: the entity that pays for the investment in IT infrastructure often does not reap its benefits.
In other words, technology is not yet the silver bullet for increased efficiency and higher return on investment in service industries.

Richard J. Herring (Session Chair)
Co-Director, Wharton Financial Institutions Center

Cynthia Barnhart
Co-Director of the MIT Global Airline Industry Program

Joan L. Buchanan
Harvard Managed Care Research Center

Larry W. Hunter
Wharton Financial Institutions Center

The Global Airline Industry maintain sales web sites, and the difficulty in dealing with
The airline sector is generally a low margin industry. Even the complex travel itineraries for business travelers.
most profitable airlines do not exceed a 9 percent return on During the 1980s and 1990s, the first generation of rev-

assets. Southwest Airlines, regarded as the most profitable air- enue management (RM) systems was developed and imple-
line, has historically outperformed its competitors in times of mented by many airlines, resulting in a 4 to 7 percent increase

recession, though not in boom times. The airline industry is in revenue. More recently, some airlines have introduced more
traditionally a sector with high IT investment in areas ranging advanced RM systems, which are credited with a further 1 to
from reservations and sales to decision support systems and 2 percent increase. Network planning systems have always
passenger comfort. been important (e.g., $500 million incremental profit at
Reservations and sales costs account for approximately 5 American Airlines is attributed to network planning systems)
percent of total revenue, making them important targets for but stand to become even more important because of near
cost reduction. The first real-time airline computer reserva- saturation conditions in certain hub airports and routes.
tion system was developed 35 years ago. Electronic ticketing There has been a move towards providing more real-time
was introduced more recently. More than three-quarters of information to more decision makers and customers, but
Southwest Airlines tickets are sold electronically, compared information sharing and incompatibility between systems
with 45 percent of those sold by more typical airlines like remains a problem. Only 59 percent of the top 150 airlines
Continental. In general, airlines have realized a limited return currently share IT systems with partner airlines. Europe is
on their investments in this area since traditional ticketing much more advanced; 70 percent of airlines there share
infrastructure can be scaled back only if e-ticketing accounts information, compared with 25 percent of all airlines in
for at least 80 percent of sales. Business travelers are most North America. Once compatibility issues are resolved, the
resistant to e-tickets because complicated itineraries do not benefits of advanced traffic management systems like the one
lend themselves to e-ticket booking, and re-ticketing onto proposed by Boeing can be harvested.
another airline in the case of delays or flight cancellations is Most passenger complaints stem from check-in delays,
difficult. seat assignment problems, lost baggage and slow baggage
Direct web booking also offers huge savings potential in delivery at destination, as well as insufficient information.
reservation and sales costs. Southwest Airlines is the clear The airlines do not use a consistent strategy to deal with
leader in the United States: 30 percent of its revenue stems these issues. Some innovations include electronic boarding-
from direct web sales compared to an industry standard of 5 pass readers, e-ticket machines, passenger tracking and flight
percent. The main obstacles to increased web sales are con- information paging, portable agent workstations, and addi-

sumer trust, security, the high cost for airlines to develop and tional in-flight information.
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Delays are a growing problem. Overall flight schedules
have lost significant robustness for several reasons: an
increase in the number of flight legs, little to no physical
infrastructure growth coupled with a soaring demand, and
schedules’ dependence on good weather conditions (unlike
European schedules), which means long delays during bad
weather situations. These problems are aggravated by the hub
system operated by most airlines, since small delays lead to
missed connection flights which in turn lead to even longer
delays. Load factors on planes now exceed 80 percent, so
accommodating passengers after delays and cancellations has
become increasingly difficult.

Managed Health Care

Managed Health Care is a large part (14 percent) of the U.S.
GDP. Even though it is a very information-intensive sector,
investment in IT has been consistently low. This industry
doesn’'t have much in common with other service industries
because it remains a local industry in which doctors — the
service providers — are not interchangeable. However, recent
developments in IT, such as computer-based patient record
systems, have changed the health care system and will contin-
ue to do so.

Computer-based patient record systems (CPR) allow
doctors and other relevant entities to have an integrated view
of available patient data as well as provide access to addition-
al knowledge sources. Physicians can key-in orders and clini-
cal data, therefore reducing errors when pharmaceuticals are
distributed in pharmacies. Further developments would even
allow clinical decision support.

There exist two basic implementation approaches: the
older, centralized CPR, on which more research has been
done so far; and the newer, distributed CPR, made possible
by improved performance of distributed IT networks.
Security issues are easier to address in the centralized version,
but the distributed system is easier to scale. The military
health service is most advanced in the area of CPR imple-
mentations.

Barriers to implementation persist. An improved natural
language understanding is required; due to limitations in the
computer’s database, doctors’ options are currently restricted.
Uniform data exchange and vocabulary standards are
required. And physicians will only accept the new technology
if it makes them more efficient, a fact that explains the failure
of previous attempts. Confidentiality and security are com-
plex problems. There is no clear leadership, either nation-
wide or organization-wide; health care is still dominated by
many autonomous providers. The work is non-routinized and
there is no standard information set. Finally, a lot of old and
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incompatible computer systems exist in health care organiza-
tions.

Managed Care Organizations (MCOs) combine insur-
ance (usually through capitation) and delivery system func-
tions within their organization. Capitations are per-person
payments independent of services needed or delivered. When
payment is no longer tied to service delivery, information
transfer is often reduced. The use of capitation therefore cre-
ates incentives for providers to limit their services. Policy
makers are now concerned that these incentives may lead to
reduced quality of care. Thus, MCOs increasingly aim to
acquire more clinical and administrative information to
improve quality of care.

The idea of using data recorded in hospitals for quality
control is quite established but difficult to apply in practice.
Often, a hospital’s data are hand written in medical records,
which do not lend themselves to statistical process control.
And administrative data available electronically are often inad-
equate for quality control. Technologies such as the lab-on-a-
chip are expected to have a significant influence on the speed
and quality of treatments as doctors gain the ability to make
real time analyses. This should make the medical service more
responsive. But managed care organizations are sensitive
about costs. They may be unwilling to make large investments
in IT if the employers who pay the MCO's are not willing to
defray at least part of the costs.

The Internet, which has revolutionized other industries,
has had relatively little influence on health care delivery. It
has, however, provided a great deal of information to
patients. Every year, over 60 million *“cyberchondriacs” access
both peer-reviewed and nonreviewed medical information.
Though patients use the Internet to become better informed
about their illnesses, they can easily misdiagnose their symp-
toms or stumble across wrong information. Doctors and
insurance providers mostly use the Internet to provide infor-
mation, not services. Most health plans have web pages, but
few use them for any kind of e-commerce. Most dot-com
health care sites were unable to deliver on their promises and
are now in financial trouble. Their influence on the estab-
lished institutions has been minimal.

While consumers are enthusiastic about the use of the
Internet for health information, computerized patient records
are needed if 1T is to make a significant difference in health
care delivery. In health care, any IT solutions will require
investment at the national level to establish standards, and
efforts at the local level to “bring physicians along.” Until
technology renders physicians’ work more efficient, it is
unlikely that it will be adopted. To date, there is little evidence
that IT is affecting the bottom line in health care.



Retail Financial Services

The financial services industry has invested heavily in all areas
of IT, ranging from hardware and software to telecommuni-
cations, but the expected increases in profitability have not
materialized. In short, the financial services sector is “the
poster child for the productivity paradox.” The underlying
problem for banks is that a significant portion of IT invest-
ments has led to increases in service levels, such as ATMs and
Internet banking, without resulting in a large growth in
income. Some IT investments were undermined by the need
to incorporate legacy information systems and by regulations
that constrain integration.

Despite investments in IT, there are now more bank
branches in the United States than ever before. This is partic-
ularly surprising considering the rapid consolidation of banks,
but can be explained by new branches placed in convenient
locations like supermarkets, as well as the difficulty banks
face when closing a branch. The number of bank tellers is
scarcely lower than it was a decade ago. Interestingly, smaller
regional banks, which aren’t usually technology leaders, are
among the industry stars in customer service.

Customer segmentation is one answer in the quest for
higher profitability and is particularly developed in the credit
card market. Segmentation allows banks to identify which
customers are the most profitable as well as what services
they require. Data is now available, but the industry is still in
search of the most adequate algorithm. Customer segmenta-
tion allows the banks to offer different services to different
customers. This can be applied successfully when remote
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channels are used, but it becomes difficult to enforce in situa-
tions of physical interaction.

Customer service has to meet three challenges that often
seem irreconcilable: (1) offering efficient, cost effective, and
accurate service; (2) converting sales opportunities into busi-
ness; and (3) detecting and preventing fraud. Customers
accept additional distribution channels created by IT (e.g.,
ATMs and Internet) relatively easily, but they are much less
willing to accept the loss of existing channels, like branches.
This is an additional challenge. Consumers do not seem to
change their behavior patterns when they change to a new
channel, thus limiting the savings potential. Furthermore, it
isn't clear whether customers are really satisfied with the pro-
liferation of distribution channels, as this often leads to
increased self-service and frustration. Call centers are an
increasingly important distribution channel.

Changes that would take advantage of potential cost sav-
ings from IT are particularly difficult for traditional banks
and much easier for firms that build themselves on IT from
the ground up; e.g., Charles Schwab. A firm should take its
history into account when it decides what to do next. For the
immediate future, banks should (1) find ways to make cus-
tomer segmentation deliver real gains, (2) develop approaches
to integrate IT strategies with their process designs and
human resource strategies, and (3) determine how to make
sensible investments in this area given the competitive envi-
ronment.

Rapporteurs: Patrice Clausse and Sarah Kaplan



Session IIB: The New Logistics

When it comes to replenishment products, practitioners in many industries now claim that the main concern is no longer with production costs but,
rather, logistics. They understand how to do production, and the question now is how to get the product to the market in the least amount of time. This
panel explored some industrial and academic perspectives on this question, with a particular focus on how information technology enables more efficient

supply chain management.

Frederick H. Abernathy (Session Chair)
Director, Harvard Center for Textile and Apparel Research

Keynote address:

Dan DiMaggio
Chief Executive Officer, UPS Logistics Group

Perspectives from the UPS Logistics Group

The various industries included in this conference benefit
from the quiet revolution that has come about through a
combination of technology and logistics. Outsourcing and
third-party logistics providers (3PLs) like UPS play a role in
this revolution. UPS Logistics (UPSL) is a billion-dollar sub-
sidiary of United Parcel Service, and was formed in 1995 to
provide supply-chain management services beyond the small-
package services that UPS was known for. UPSL's services
include global Supply Chain Management, Multi-Modal
Transportation Management Services, Service Parts Logistics
(critical parts and technical repair) and Logistics Technologies.
UPSL manages a client’s supply chain for a minimum of
three years; during that time, the company creates a network
design to optimize the client’s performance. Beyond manage-
ment, UPSL also develops and oversees the IT that connects
all the parties along the supply chain.

Multinationals that have complex supply chains are more
likely to hire outsourcing partners like UPSL for more exten-
sive services. High-tech companies like those in semiconduc-
tors, telecommunications, computer hardware, and apparel
(though to a lesser extent) all use UPSL. These industries are
all vulnerable to obsolescence and increasingly are organized
in global supply chains. Relying on 3PLs allows the firms to
concentrate on innovative R&D and marketing, not on the
movement of goods.

3PLs do a better job than an internal department
because they continually improve their supply-chain perform-
ance based on innovation and the best practices that emerge
in other industries. For example, UPSL has experience with
companies that use the web as a marketing channel. Nike.com
was an early adopter. UPSL handles Nike.com’s inbound
product from Asia, inspects the shoes and apparel before
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they’re sold, connects with the company’s order entry system
to ship the product, handles returns, and operates a customer
call center.

Working with web companies is different from working
with brick-and-mortar companies. Direct to-consumer mod-
els require different fulfillment operations than a typical man-
ufacturing company is used to. Shipments consist mainly of
small packages. Retail consumers also expect more real-time
information about their shipments. Web companies want a
quick startup, so there is a small amount of time to setup IT
systems. The companies also have unpredictable growth pat-
terns. Because all industry sectors are looking at consumer-
direct models, this experience will be useful as the model is
extended.

Another reason why 3PLs can do a better job than an
internal department is technology. IT can be a potent man-
agement tool, but selecting and managing it is no simple task.
Choosing software and technology platforms is tough, and
integrating them with legacy systems is tougher.
Consequently, large companies increasingly depend on their
3PLs for best-of-breed technology. 3PLs can integrate with
the variety of legacy systems that exist across a supply chain.
UPSL has developed a proprietary system called Global
Tracking Manager that takes information in a variety of for-
mats and changes it into usable formats based on the user.
UPSL’s systems are used by some of the most sophisticated
technology companies in the world, including IBM, Compagq,
HP, and Cisco.

3PLs are also used as general contractors to manage a
variety of vendors and suppliers. They are hired for their
intellectual capital and management skills, not for the trucks
and sheds that may be in the network. Distribution centers



are just as likely to house microscopes, soldering irons, and
clean rooms as conveyor belts. Workers are more likely to
wear lab coats than t-shirts. Data is transmitted electronically
between supplier and customer to ensure accuracy and speed.
For apparel companies, UPSL imports goods from around
the world, inspects them, and packages them according to
retailer qualifications. For cell phone manufacturers and mar-
keters, UPSL tests and programs phones.

Major trends include exchanges, collaboration, and sup-
ply pressure. AMR Research reported in April 2001 that 70
percent of retailers and 79 percent of manufacturers plan to
participate in exchanges such as Covisint over the next two
years. Exchanges are an indication of the move towards col-
laboration, and information technology has made this possi-
ble. Collaboration does not only include moving information;
it extends to collaborating more efficiently on the physical

movement of goods. Vendor Managed Inventory (VMI) is an
example.

Pressure on suppliers is another trend cutting across
industry sectors. Buyers, particularly retailers, increasingly
push their suppliers to absorb the upstream costs of their
businesses, which include investing in technology to commu-
nicate with the buyer’s systems. And pressure does not stop
with delivery, because post-sales services are also in demand.

In the past, cost cutting in labor and manufacturing was
the focus of most efforts. Today, industries look to inventory
levels, supplier performance, and reduction of cycle times —
all supply chain issues — for cost cutting. Outsourcing both
logistics and manufacturing remains a viable way to strength-
en the balance sheet in tough times. More industries will be
looking at outsourcing strategies, following the lead of the
computer components industry.

Panel Discussion

Janice H. Hammond
Harvard Center for Textile and Apparel Research

Robert P. King
University of Minnesota Retail Food Industry Center

Chelsea C. White 111

Co-Director, University of Michigan Trucking Industry Program

Managing the Apparel Supply Chain in the
Digital Economy

This presentation outlines the key research findings in the
Harvard book A Stitch in Time. These findings are tightly cou-
pled with issues and challenges of supply chain management.
Four propositions that come out of this research are:

(1) The retail, apparel, and textile sectors are increasingly
linked as a channel through information and distribu-
tion relationships. Thus, the channel, rather than the
firm, becomes the basis for competition. By looking
at a firm in isolation you would miss a substantial part
of what may or may not make that firm competitive.

(2)Supply chain management (SCM) is the key to success
for textile and apparel manufacturers. It enables them
to use sophisticated information links, forecasting
capabilities, and management systems. Companies
that do this well tend to be successful.

(3) The factory can provide competitive benefits only if
other, more fundamental, changes in supply chain
management have been introduced. Unless firms
change their distribution practices, there is no change
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to the bottom line.

(4)Even with the implementation of GATT, a viable
apparel and textile industry may remain in North
America and draw on a range of production process-
es in the United States, Canada, Mexico, the
Caribbean, and Latin America. This will require
strong, and increasingly sophisticated, supply chain
management capabilities. Regional advantage is
important to try to compete on speed.

The influence of effective Supply Chain Management
(SCM) in the short term can be significant, with large savings
and profit increases. There are many individual examples of
such improvements in which inventory turns doubled and
stockouts decreased after implementing Vendor Managed
Inventories (VMI), or cases in which stockouts decreased by a
factor of 10 and profitability doubled after instigating the
“accurate response” model. These examples involve thinking
about the design and execution of the supply chain, using
information obtained in a sophisticated way, using it to make
effective decisions, and viewing the channel as a system rather
than a loosely linked group of individual companies.



Statistical analysis shows a correlation between adopting key
SCM practices and profit increases. It also suggests that firms
without excellent supply channel management capabilities will
fail to be competitive.

The underlying problem that SCM will solve is matching
supply and demand. But there is tremendous demand uncer-
tainty. The traditional U.S. textile and apparel industry supply
chain has lead times of up to one year and losses are estimat-
ed at $25 billion per year. These losses can be explained by
demand uncertainty at the Stock Keeping Unit (SKU) level.
Different sizes, colors, and styles have different demand pat-
terns. There are correlations between demand uncertainty and
sales volume, product life cycle and product proliferation.
Products with lower volumes tend to have relatively higher
demand uncertainty. Moreover, any specific product line has
higher relative demand uncertainty at the start of its cycle
when it is not clear whether it will take off, and also at the
end of its cycle when volume trails off. Similarly, product
proliferation drives demand uncertainty at SKU level.

There are general techniques for reducing the costs of
mismatched supply and demand. Forecasting uncertainties
can be tackled by decreasing product variety and lead times
and increasing replenishment capabilities. The challenge of
lead time uncertainty, which is a major contributor to mis-
matched supply and demand, can be met by decreasing pro-
duction, transportation and customs uncertainties.

An example of successful SCM is Zara, a Spanish appar-
el manufacturer and retailer which has applied these levers,
competes on speed, and is very successful in doing so. The
founder believes that clothes will become a “perishable com-
modity” and focuses on apparel as a product for consump-
tion. Zara exploits locational advantage by manufacturing in
Spain, where labor costs are higher but lower lead times can
be achieved — this is critical when competing on speed. Zara
will move some manufacturing operations to the United
States if the market takes off here. The company also has
capital intensive automated factories to increase productivity.
Zara holds some textile in its inventory, which may be risky,
though not as risky as keeping finished garments.
Furthermore, Zara produces clothing in small batches which
allows for flexible planning. Finally, Zara makes use of a very
large, automated, and extensive logistics center located close
to the production facilities. This further streamlines opera-
tions and reduces lead times.

Information is what allows Zara to manage its supply
chain so effectively. Zara store managers carry handhelds and
send selling trends, customer comments, and store orders to
headquarters. Designers scan and transmit their designs elec-
tronically, straight from the HQ to factory computers, or
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even to computer-controlled cutting equipment.

Recent research points to a hybrid approach. For fashion
products you need a very fast response. For something pre-
dictable, such as a basic product category, it is possible to sus-
tain longer lead times and keep the cost of production down.
That is the next step in this research.

The Retail Food Industry

The retail food industry is fragmented; there are many firms
at each level of the supply chain so inter-organizational coop-
eration is a challenge. Stores require products in bulk and at a
relatively low cost. Transportation accounts for a substantial
portion of costs.

At a supermarket, challenges include managing deliveries
and outputs. In a sample of 300 stores nationwide, the medi-
an store receives 12 deliveries a week from major or primary
suppliers, of which seven are semi loads; and 51 direct store
deliveries, which include things like soft drinks and frozen
pizza. The same store has around 10,300 outbound transac-
tions per week.

The magnitude of the logistics problem is evident. Inside
the store, employees can use information technology (in the
form of hand-held units) to improve ordering. Customer self-
scanning may be another improvement. Larger efficiency
gains are possible through collaboration and information
sharing with suppliers outside the store. Computer Assisted
Ordering (CAO) and Vendor Managed Inventory are exam-
ples of such collaboration. So far, only 15 percent of stores
in the sample use CAO. Independent retailers are reluctant to
use VMI for fear of transferring benefits to suppliers.
However, when the store owns the distribution center or vice
versa this is less of an issue. Another form of VMI is Direct
Store Delivery (DSD), when the manufacturer brings the
product directly into the store and retains ownership until it is
sold. When a product is scanned out of the store, data and
payment are sent to the vendor.

At the distribution center, inbound scheduling is the
biggest concern. Problems include traffic congestion at
inbound loading docks and coordinating deliveries so that
cross-docking-transfer directly from inbound to outbound
trucks-can be done. Distribution centers are encouraging ven-
dors to eliminate less than full truck load shipments. VMI is
increasing in distribution centers so the relationship between
the distribution center and the vendor is better than that at
the store level, and there is electronic sharing of data between
the distribution center and the vendor. Some B2B exchanges
will facilitate this kind of activity. Back haul opportunities are
also an issue because over 50 percent of truck miles are
empty.



For food manufacturers, outbound scheduling is key:
trucks should be full, deliveries on time, and the product
should have maximum shelf life when it arrives to the distri-
bution center and the store. Perishables must move as quickly
as possible. On the inbound side, where food is coming from
farmers and upstream in the system, preservation is an issue
that has vast logistical implications. A case in point is geneti-
cally-modified corn, which is now pervasive in the system.
Organic foods will pose the challenge of keeping them sepa-
rate in the supply chain. Protection from disease, like BSE
(mad cow disease), also pose substantial challenges.

An emerging effort in the industry is collaborative logis-
tics. One example involves two dairy products companies.
Both supply refrigerated products to a number of stores,
often deliver in less-than-truck-load (LTL) shipments, and
have distribution centers in California. They are now experi-
menting successfully with co-warehousing and co-shipping,
thereby cutting costs. A second example involves shipments
of a product from a plant in the Midwest to the East Coast.
Trucks were coming back empty but now have joined a B2B
community. The companies are building tours for those
trucks that may involve three or four legs with different com-
panies’ products in them, in an effort to maximize the num-
ber of miles that those trucks drive full. An Internet-based
shipping community was established through a third-party
logistics firm, which manages shipper-carrier contracts and
does demand/capacity matching within the community.

Home delivery has not succeeded on a large scale
because of logistics problems. Potentially successful strategies
include “clicks and bricks™ partnerships and stable delivery
with strong driver-customer relationships. In-store pickup,
rather than home delivery, is likely to become more popular.

The Trucking Industry

The trucking industry was deregulated in 1980. In the follow-
ing two decades, 48,000 carriers went out of business, includ-
ing many of the largest ones. The trucking industry consti-
tutes around 3 percent of the U.S. GDP. It is a large and dif-
fuse industry and most trucking companies are quite small.
Seventy percent of them operate six trucks or fewer, and
approximately 65 percent have annual revenues of less than
$1 million. Trucking is the dominant mode of freight trans-
portation in the United States, accounting for approximately
60 percent of freight volume and approximately 80 percent
of freight revenue. The role of trucking firms is expanding as
they take on new services and consolidate. It is now rare to
find a company that refers to itself solely as a trucking com-
pany. Trucking is concerned as much with moving informa-

tion as with moving freight.

The Internet has influenced the trucking industry in the
form of e-brokers. Freight brokers have traditionally matched
loads based on geographical dispersion of information. Two
prominent e-brokers are Transplace.com and
Freightquote.com. Transplace.com was formed by six large
truck-load (TL) firms. The site combines logistics operations
as well as negotiates discounts. Freightquote.com focuses on
the smaller shippers, trucking firms, and owners. It leverages
the volume from smaller shippers to get discount rates.

According to a survey on use, resources, and Internet
strategy in the industry, firms invest an average of 12 percent
of their revenues in IT. This relatively high percentage can be
explained by the fact that the private companies need a lot of
data before they pick up freight. Next in the investment rank-
ings are the TL companies. LTL groups score relatively low
because they have predictable schedules, and thus such tech-
nology is somewhat redundant.

At the moment, only 5 percent of shipments in the U.S.
are procured through the Internet. Seventy-five percent of
customer-related Internet applications are connected to mar-
keting. Process-related Internet applications are dominated by
office communications like internal e-mail and personnel-
related issues.

Wireless technology presents opportunities for the truck-
ing industry to minimize uncertainties such as weather, traffic,
disrupted interchanges, border crossings (e.g. U.S.-Mexico),
and weigh stations, that have conventionally affected this
business. There is a need for low variance and reliability in
time-sensitive trucking. Wireless applications include electron-
ic border crossing, weigh-in-motion systems, Auto Vehicle
Location (AVL) systems, and routing management.

The use of IT in the trucking industry is pervasive.
Firms are aggressively adopting new technology in response
to competitive pressures. The Internet has been influential in
retaining customers, increasing market share, and improving
internal processes, rather than reducing costs. It can be
argued that IT is producing efficiencies and boosting mileage
by 8 percent, gains which are directly captured by the firms.
A further 16 percent mileage improvement can be achieved
by more closely monitoring drivers’ work and with lower
mileage rates.

Discussion

Implications of logistics on workforce skills. Computer skills are
essential in the apparel industry. Data is rarely physically
recorded, and less physical labor is required. There is also a
change in the nature of work. Cross-training is essential
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because workers need to be more flexible.

In supermarkets, labor issues are a huge problem. CAO
acts as an information technology stand-in for some of the
human skills built up over time, but there is resistance to
using it. Training is a challenge. Collaborative skills are also
necessary.

In the trucking industry, companies are bringing the
logistics function in-house, and as a result, many companies
have hired a CIO to deal with this. The skill level of dispatch-
ers has gone up, and also productivity. At the driver level the
skill level has not changed significantly.
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The need for speed. The trend in all industries is to eliminate
idle time. In apparel, retail stores have given up their ware-
houses. The need for speed also comes primarily from uncer-
tainty in demand. With shorter product life cycles, every day
that the product waits to be developed or designed is a day
lost from the selling season. In food, it is all about freshness,
so products have to move quickly. If the trucking industry
has an obsession with speed it's because of customers’ obses-
sion with it.

Rapporteurs: Carlos A. Martinez-Vela and Seena Rejal



Session IV: The New Geography of Innovation

Shrinking transportation costs and low-cost, high-bandwidth telecommunications services have led to predictions of ‘the death of distance’ as a factor in
economic outcomes. Yet physical proximity clearly still matters -- especially, perhaps, for the location of innovative activities. This session looked behind
the superficial paradox of global versus local, and explored the real implications of the digital revolution for locational decisions.

Richard K. Lester (Session Chair)
Director, MIT Industrial Performance Center

Keynote address:

Michael E. Porter
Professor, Harvard Business School

Clusters and Competitiveness: Findings from the Cluster Mapping Project

Approaches to the study of firm competitiveness have tradi-
tionally been “firm-centric.” The assumption has been that
the firm contains within it the power to choose and that these
choices are fundamental for its success. From this viewpoint,
the real advantages of a firm lie within. But there is another
perspective that is well supported by data; at least some of a
firm’s strengths reside outside the company and are not based
on choices the company makes. Paradoxically, those industries
most associated with the borderless economy are often also
those most associated with local clustering. It is increasingly
obvious that geography matters when it comes to a firm’s
opportunities, its ability to compete, and the success it can
achieve. This dimension has yet to be integrated into main-
stream management thinking.

The influence of location on competition may be under-
stood as four separate influences that are mutually interacting.
First are factor (input) conditions; i.e., the pool of assets
available at a given location. At each location there are, for
instance, different skills, infrastructure, natural resources, and
scientific activities. Second, demand conditions vary across
locations. A firm is most able to understand demand and
anticipate needs of a nearby customer, thereby gaining
insights that are hard to get from distant customers. Local
needs, whether sophisticated or segmented, can give a compa-
ny clues, and challenge it to innovate more rapidly. Third, the
local competitive and strategic context influences a firm’s
ability to compete and succeed elsewhere. For instance, local
rivalry may lead to increased overall firm competitiveness, and
local investment or intellectual property protection regimes
may help global strategies. Finally, related supporting indus-
tries such as capable local suppliers and firms in related fields
also play a role.

These conditions, together with an institutional frame-

20

work, give rise to a “cluster” structure in many locations
around the world. Clustering is a feature of every advanced
economy and is highly correlated with wealth. If there is a
high per capita GDP, there is more clustering, better devel-
oped clusters, and more institutional robustness around them.

Location matters because of what economists call
“externalities.” Certain economies or spillovers exist within
geographic areas that are difficult to access or penetrate
unless a company is there with both people and facilities.
These spillovers include information and lower transaction
costs. Other things being equal, local outsourcing seems to be
more efficient than distant outsourcing. The relationship with
a local supplier benefits from trust, repeat business, and repu-
tation. New firms tend to emerge in places where there are
already other firms, benefiting from the ability to notice nich-
es that are underser ved.

The ability to access technology or information from a
distance is no longer a competitive advantage. Everyone uses
the web. Everyone can license technology from a distant
provider. Cross-border transactions and information flows
have created some efficiencies, but have also leveled the play-
ing field. The remaining and most robust advantages are
those that cannot be accessed through easy, relatively arms-
length transactions across borders. Rather, they are those that
come from special relationships, unique and preferred access,
and flexibility that is location-connected. They have to do
with speaking the same language, tacit knowledge, oppor-
tunistic interactions, and information flows. The increased
intensity of knowledge, information, change, and innovation
make geographic effects stronger, not weaker.

Location has various levels of influence. For economic
policy, location has to be thought of in a multi-layered way.
National policies affect all locations in the nation. Regional



government policies or characteristics affect all institutions in
that region. There is also an interesting role for certain kinds
of institutions particular to a given cluster that make the loca-
tion more productive and innovative. For example, there may
be specialized research institutions in a particular region, as is
the case with various biotech institutions in San Diego, or at
UC Davis in the case of the California wine cluster. In gener-
al, feedback loops and information flows within a cluster can
be enhanced by certain kinds of institutions, such as private
sector associations, private-public partnerships, public sector
agencies, and informal networks.

The process by which these clusters form is extraordi-
narily interesting and we are just starting to learn about it.
Clusters often form by quasi-chance. The San Diego cluster
started when Jonas Salk traveled to San Diego, liked the
weather, and mused that it would be interesting to set up a
research institute there. The city agreed, provided the land,
and the Salk Institute was born as the first part of a cluster
that grew in the decades that followed. Though there was an
element of luck in this case, cluster location is not random.
The decision to make the La Jolla Mesa a biotech area was
well planned. There was a concerted five-year strategy to cre-
ate UCSD. The formation of a biomedical industry council
also had a very important role in creating some specialized
human-resource development programs. So forming clusters
is a combination of chance, good fortune, pre-existing condi-
tions and purposeful behavior.

The Cluster Mapping Project is a research effort still in
progress aimed at generating quantitative data on regional
economies by studying the 172 economic areas defined by the
U.S. census. Preliminary findings show that there are enor-

mous variations across areas in terms of both innovative out-
put (as measured by patents) and average wages. With the
data generated in the project we can see that a regional econ-
omy, whether it is a state, an economic area, or a conurbation,
consists of three parts. First, there are the local clusters,
which include industries like personal services and local con-
struction and development. Second, there are the traded clus-
ters, encompassing industries like medical devices or financial
services. The third kind includes those industries whose loca-
tion depends on natural resources. About two-thirds of total
employment in any given region is in the local clusters.
However, traded clusters are the ones that really drive pros-
perity. Their average wage is much higher and it appears that
having prosperous traded clusters drives regional wages up as
well.

What, if anything, should we do about these clusters?
Should we stay out of the way? Should there be some inter-
vention? If so, should it be public or private? Carefully craft-
ed intervention can speed the process of cluster develop-
ment, but it rarely creates a cluster to begin with.
Associations or collaborations can be created to catalyze the
process. But tight models of causality are hard to construct.
Much is being learned about what role business should play.
It appears that there are strong reasons for private-sector
investment in public goods through collective activity and
even through individual firm activity. Looking at the world
through the cluster lens suggests that firms may play a proac-
tive role in influencing the fundamental productivity or effec-
tiveness of their location. It also suggests new priorities for
government that must be reinforced by the private sector.

Panel Discussion

Roger Bohn

Director, UC-San Diego Information Storage Industry Center

David Hodges

Co-director, UC-Berkeley Competitive Semiconductor Manufacturing Program

Martin Kenney
University of California-Davis

The New Geography of Innovation in the
Semiconductor Industry

Until about 10 years ago, semiconductors were designed and
manufactured within integrated organizations. Then compa-
nies started to follow a viable alternative path, with product
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definition, design, and marketing separated from manufactur-
ing. Manufacturing is now increasingly done by specialized
firms known as foundries, which by 2000 accounted for
around 20 percent of all semiconductor production and
around 9 percent of total industry sales.



The manufacturing enterprise now drives design firms.
In fact, this model has been successful because designers
have accommodated to manufacturing requirements.
However, the foundry model is not effective for microproces-
sors, digital signal processors, and DRAM.

The supply chain in the semiconductor industry is now
global. Japan and Germany dominate in refining silicon and
the supply of other raw materials. Manufacturing equipment
is split; Japan and the European Union lead in optical equip-
ment, while the United States leads in other segments.
Electronic design automation is also led by the United States.
Seven out of the 15 largest design firms are located in Silicon
Valley.

The forces driving this separation of functions lie in dif-
ferences across several dimensions of each product stage.
The skills needed to define, design, and market advanced
semiconductor products are vastly different from the skills
needed to operate an efficient semiconductor manufacturing
operation. Management capacity is different. There are also
significant differences in time scales and investment require-
ments for design and manufacture. Separation of these tasks
came about through maturation and standardization in the
semiconductor industry; it is now a mainstream technology
that is manufactured in similar ways worldwide.

A clear boundary between design and manufacturing has
emerged. Now, the manufacturing organization sets rules that
are followed by designers. This separation creates several
competitive advantages: the time to market is reduced, firms
can start and grow rapidly, a modest investment is required to
enter a new market, entrepreneurship is encouraged, and the
pace of innovation is faster. Given the rate of change in this
industry, adapting to competitive pressures would be impossi-
ble in a vertically integrated organization.

Success in design relies not only on product features but
on market timing, path-to-market entry (i.e., whether going
directly to OEMs or distribution channels), and other such
system-wide concerns. In contrast, the foundry focuses on
tight control, high productivity, and fast cycles for standard
processes, with high investment and a few hundred workers.

Taiwan has evolved into the center of manufacturing
excellence and dominates the foundry cluster. During a time
when manufacturing was not a high-status activity in the
United States, Taiwan built high-class organizations capable
of superior performance in manufacturing, control of manu-
facturing parameters, product quality, and turn-around time.
Information technology has been critical for enabling
Internet-based customer service. Today, Taiwan's TSMC and
UMC account for about 65 percent of world-wide foundry
production.
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Geography of Success in the Hard Disk
Drive Industry

The Hard Disk Drive (HDD) industry is cost-driven, manu-
facturing-driven, and technology-dominated, and has a rapid
rate of innovation. Within 15 years, cost per megabyte
dropped from $100 to $0.01. During that time, data density
increased 100 percent per year. In the early 1990s, strong
competition from Japanese manufacturers almost drove out
American firms. But though the number of U.S. firms fell
from around 70 to around 20, they still dominate the industry
and today hold more than 75 percent of market share.

How did they survive in a high-tech, cost-driven, manu-
facturing-driven industry? Unlike in the semiconductor indus-
try, HDD firms have not outsourced or vertically disintegrat-
ed. U.S. firms still own, manage, hire, train, and employ in
their own factories. Although they did move abroad, it was
not because of low wages, but rather to seek regions of
expertise. In particular, the firms moved to Singapore, where
there is a cluster of manufacturing excellence.

In the process of locally disaggregating the value-chain,
each part of the process has been placed where it is best
matched with local strengths. Design remains in the clusters
of Silicon Valley, Minneapolis, and Colorado; research is in
U.S. academic institutions and corporate labs; and equipment
development and manufacturing is in the United States.
Manufacturing is managed in Singapore, where high-end
assembly is also located. Low-end assembly is mainly in
Thailand, China, and Malaysia. By spreading out, firms gained
access to skilled labor and flexible working conditions, while
preserving the locus of expertise in Singapore. Tax incentives
have also influenced location decisions. Transportation does
not really matter in an industry where the value-to-weight
ratio is around $1000 per kilogram.

A manufacturing-driven industry requires excellent coor-
dination between product development and manufacturing.
With such disaggregation, the challenge lies in handling new
product introductions across the Pacific Ocean. Success lies
in managing the design-to-manufacture interface. This
involves retaining commonality across product generations.
The key is a standard new product introduction process. U.S.
product teams travel with the product across the Pacific and
spend time managing the transfer to manufacture. Rather
than coordinate the physical labor, the teams focus their
attention on coordinating information through integrated
company-wide databases.

Singaporean and American operations are now proficient
at joint learning and problem solving. Successful HDD com-
panies effectively design and manage the flows of knowledge
throughout the company. They have done this by not out-



sourcing manufacturing. The design-to-manufacture interface
is a core competence.

Software is another industry that could follow a similar
path, since the software can be designed in the United States
and coded at a center of excellence elsewhere. The cell-phone
industry is also moving in this direction.

Comparisons of Semiconductors and HDDs
The hard disk drive and semiconductor industries give insight
into the complicated nature of the value chain and how sets
of clusters emerge as the value chain becomes segmented.

Both the HDD and the semiconductor industries have
little or no manufacturing operations in Silicon Valley, but
design continues to be concentrated there, with the exception
of DRAMs. Both industries face extreme price erosion and in
both cases speed is crucial, but so are yields. Rapid ramp-up
and well-planned logistics are needed to avoid product-value
degeneration.

Similar enabling conditions have existed in the remote
locations of each industry. There are excellent communica-
tion and transportation links to both Taiwan and Singapore.
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Companies in both areas have increased their manufacturing
skills. Government has played a key role in providing a good
business environment and promoting the development of
technology. There is also a steady flow of personnel back and
forth between the United States and Taiwan and Singapore.

Silicon Valley is the design center for both industries, and
the reason is its access to knowledge bases, such as universi-
ties, corporate research labs, and practicing designers, as well
as lead users. Cisco is a leading-edge user in Silicon Valley. Its
demand for semiconductors motivates design excellence on
the supply side. In Taiwan, companies have become highly
skilled in fabrication and are impressive dealmakers. When
Taiwanese companies invest in firms in Silicon Valley, they're
creating financial links between the locations, to go along
with the other links. Taiwanese manufacturers specialize in
exploiting new technologies that are on their way to becom-
ing commodities. Singapore has great HDD production
ramp-up skills.

Rapporteurs: Patrice Clausse, Carlos A. Martinez-Vela, and Seena
Rejal



Session V: The New World of Work

Drawing from the Human Resources Network of the Sloan Industry Centers, this session explored how lessons from existing industries might apply
to the world of work in the new economy. Previous research has established that knowledge, skills, and so-called high-performance work systems and
human resource policies and practices add value in existing industries. What is their role in the new economy? Are they even relevant? If so, what role
do they have in an environment with high turnover rates, uncertainty about employment duration and organizational survival, and where workers are
not as committed to the firm?

Thomas A. Kochan (Session Chair)
Co-Director, MIT Institute for Work and Employment Research

Rosemary Batt
Cornell University

Clair Brown
University of California-Berkeley Competitive Semiconductor Manufacturing Program

M. Diane Burton
MIT Sloan School of Management

John Paul MacDuffie
Co-Director, International Motor Vehicle Program

John McMahon
Senior Vice President of Human Resources, Terra Lycos, Inc.

Mia Wenjen
Co-Founder, Aquent, Inc.
Flexible Work Organization and High- “participative rationalization” (worker involvement in contin-
Commitment HR Policies in the Auto uous improvement). Although the benefits for management
Industry are obvious, it is questionable whether workers benefit at all.
Three research rounds — the latest in year 2000 — of the There are also efforts to establish common production sys-
International Assembly Plant Study carried out by the tems that may promote better knowledge transfer across facil-
International Motor Vehicle Program (IMVP) provide some ities. Finally, there is less attention to labor-displacing automa-
insights into trends in human resource (HR) practices and tion and more on finding innovative ways of approaching the
their contribution to performance. Flexible work organization man-machine interface in the final assembly areas.
and high-commitment HR practices at assembly plants world- Several challenges lie ahead. First, production volatility,
wide are strongly linked to: (1) the simultaneous achievement which has always been an issue in the auto industry, may be
of high productivity (few hours per vehicle) and quality (few increased by the adoption of build-to-order systems, with
defects per vehicle); (2) faster product changeovers with consequences for work hours. Second, with the emergence of
fewer launch delays and defects; (3) an ability to accommo- supplier parks (groups of suppliers close to assembly plants),
date higher levels of product variety with no cost or quality multi-company teams also emerge, which raises questions
penalty; and (4) dynamic performance improvement via about labor relations and wage/benefit differentials. Third, as
kaizen and continuous improvement activities. PCs proliferate in the factory and some companies distribute
Recent trends point in several directions. For a long time, them to employees for home use, the traditional boundaries
there was discussion about the potential of self-managing of blue collar work are blurring, such as work vs. family and
teams; however, an increased amount of production interde- line work vs. managerial or ‘knowledge’ work. Finally, a gener-
pendence limits the potential of such teams. The debate has ational transition is underway and the industry faces image
shifted to kaizen or continuous improvement activities like problems in terms of attracting young talent to its operations.
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Labor Market Outcomes in the
Semiconductor Industry

The semiconductor industry is currently undergoing a major
transformation as new technologies and products are moving
away from the PC-based world towards a Net-based world.
The labor market is more mobile and dependent on non-
wage compensation. Preliminary findings from ongoing
research about the work dynamics in this industry are:

» Manufacturing success is related to the introduction
of new production technology and the involvement
of all occupations in problem solving under the lead-
ership of engineers. Operators and technicians play a
smaller role than engineers in creating high-perform-
ing semiconductor factories in comparison with more
traditional factories, like automotive or steel.

« Individual-driven creativity is more effective than
organization-driven creativity. Research suggests that
employment systems that support individual creativity
and knowledge management systems that support
individual and self-generated sources of knowledge
enhance creative performance relative to systems that
focus on teamwork and organization-generated
knowledge.

 Information handling automation (IHA) favors
younger highly-skilled workers over older highly-
skilled workers. IHA is accompanied by a reduced
number of operators relative to technicians and engi-
neers, and there is a widening skill gap.

« Material handling automation (MHA) increases
employability of low-skill workers and increases the
skill gap. MHA de-skills the work and increases the
relative number of operators while the engineering
job gets up-skilled. Nevertheless pay is normally
reduced throughout the work force.

» Technological change has little influence on compen-
sation across occupations. More advanced semicon-
ductor fabs have a higher demand for skilled workers
but overall training tends to be reduced and low-skill
jobs are further de-skilled while high-skill jobs are up-
skilled. This is often coupled with little change in the
compensation structures.

» Technological change has had some negative effects
on the labor market. The more technology advances,
the fewer opportunities there are for the least-skilled
workers. In general, low-skilled workers have not
gained the pay increases that their more highly-skilled
coworkers have received.

 Older engineers confront shorter career ladders and
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are losing bargaining power. Rapidly changing tech-
nology and the rush to market means that young
engineers’ bargaining power has increased relative to
that of their more experienced coworkers. Career
building, which previously had been exercised within
a company’s internal labor market, is now exercised
though job-hopping and professional networks.

It is likely that several key HR practices will persist in the
Internet economy despite recent market downturns. During
the bull market of the 1990s, engineers gave up security and
stable income for high-risk, high-return compensation pack-
ages. While the downturn of technology shares is expected to
increase the proportion of cash in remuneration packages,
stock awards will remain part of the remuneration. Job
assignments will be an important motivational tool and the
emphasis on meritocracy will persist. Training will remain the
responsibility of the individual.

Predictors of Better Performance in
Customer Service

When work is organized at a group level — which, unlike in
manufacturing, does not involve job rotation or changing the
type of work done — a few things happen. First, a group-
memory system is created and individual members of the
group learn from each other and share knowledge. This
makes it easier for novices to enter the group because they
have access to the group-memory system. For experts, this
kind of learning makes dealing with the information com-
plexity much easier. There is a cognitive effect that exists in
team-based work, and it leads to better customer satisfaction
as well as improved sales and efficiency. Group-based work
also improves motivation and reduces the high turnover rates
in this industry.

Does this model, which is based on micro-level research,
apply across all types of call centers? Whether we look at res-
idential, small business, or large-business segments, sales
increase when there are high-involvement work systems in
place. Even in low-skilled, mass-market operations, where the
common assumption is that the mass production model is
effective, it is not. This is because there is a level of cus-
tomization and information complexity that requires ongoing
learning, sharing of information, and knowledge manage-
ment.

How Silicon Valley Start-Ups Hire,
Organize, and Keep Their Employees

In the early 1990s, scholars identified three kinds of stylized
facts about organizations. First, for a given technology, strate-
gy, labor market, geographic region, and regulatory regime,



there was one best way to organize. Second, substantial evi-
dence indicated that high-commitment work systems were
good. And third, established companies had a hard time
adopting high-commitment work systems. At the same time,
the world was also focused on Silicon Valley, where there was
no loyalty, people moved around seamlessly, and yet they
seemed happy, motivated, and productive employees. It was
also apparent that there wasn't just one ‘Silicon Valley’ way to
organize. This was an on-the-ground reality that contrasted
with the stylized facts.

The Stanford Project on Emerging Companies looked at
start-ups to figure out when and how companies locked into
particular ways of organizing. The project investigated how
CEOs and HR officers from 172 companies thought about
organization, management, motivation, loyalty, coordination
and control. The result was a typology of employment mod-
els, which were labeled ‘star,’ ‘engineering,’ ‘commitment,’
‘bureaucracy, and ‘autocracy.’ There were, of course, many
hybrids that did not fit in any category.

These five employment models were characterized along
several dimensions, including the basis for attachment and
retention, criteria for selection, and means of control and
coordination. The first dimension, retention, includes com-
pensation, qualities of work, and emotional attachment to the
work group as a community. Criteria for selection include
skills, talent, and fit with the team or organization. Finally, the
means of control and coordination include monitoring, peer
or cultural control, reliance on professional standards, and
formal processes and procedures.

The star model should be familiar to academics. In aca-
demic science departments, a model faculty member is proba-
bly the best and brightest in her field, is motivated by doing
interesting and challenging work, and behaves well within the
university. In the star model, employees are attached to chal-
lenging work, selected from elite groups, and are subject to
professional controls.

The commitment model is the type of high-commitment
work system learned from the Japanese and from companies
like Saturn. It stresses attachment to people and culture,
selecting employees for cultural fit, and controlling through a
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set of normative systems and values.

The engineering model is the archetypal Silicon Valley
model. Cool technology, interesting work, a focus on the cur-
rency of skills, and peer control, but not predicated on any
organizational loyalty. It can tolerate mobility and job hop-
ping. It is about the projects, not about the companies.

A bureaucratic model is a formalized or a scaled version
of an engineering model, but instead of relying on the cul-
ture and the team for control and coordination, there are for-
mal systems in place. The model is still based on current
competence and assumes people are interested in the work
that they are doing.

The autocratic model is of the “this is my company and
you do as | say” genre. Bureaucracy and autocracy are unde-
sirable to Silicon Valley professionals.

Does the model matter? This research indicated that it
does. It matters for how likely a company is to go public.
Commitment-model firms are much more likely to go public.
How likely the company is to survive also depends on the
model. Again, commitment firms are much less likely to fail.
The model also matters for post-1PO financial performance.
Here, star firms lead but commitment firms follow closely.

Changing a company’s model also has interesting impli-
cations. A change in model significantly increases turnover,
especially among the longest tenured employees. A change
more than triples a company’s likelihood of failure, reduces
its subsequent growth in market capitalization by around 3
percent per month, and is associated with approximately 50
percent lower probability of an IPO. The least disruptive
shift is to an engineering model.

The model matters. Having a clear and explicit employ-
ment organization model is a path to competitive advantage.
There is virtue in “staying the course.” The commitment
model, the same commitment model we know from manufac-
turing, is surprisingly successful in the high-tech sector too.
But it is not the only one, and each of those mentioned
above has advantages and disadvantages.

Rapporteurs: Patrice Clausse, Carlos A. Martinez-Vela
and Seena Rejal
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Her research activities have focused on the development of
planning models and algorithms to improve carrier opera-
tions, particularly airlines. She has served on the Board of
INFORMS, and the editorial boards of premier journals in
transportation and operations research. Her awards include
the Presidential Young Investigator Award from the National
Science Foundation.

Rosemary Batt

Rosemary Batt is assistant professor of human resource stud-
ies at the Industrial and Labor Relations School, Cornell
University. Her research interests include labor market analy-
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sis, service sector productivity and competitiveness, work
organization and teams, and strategic human resource man-
agement. She has written extensively on the restructuring of
the telecommunications services industry under deregulation,
and is co-author of The New American Workplace: Transforming
Work Systems in the United States.

Roger Bohn

Roger Bohn is associate professor of management at the
University of California-San Diego’s Graduate School of
International Relations and Pacific Studies, and director of
the UCSD Information Storage Industry Center. A specialist
in technology and operations management, his primary
research is on the management of engineering and other
knowledge-based activities in technology-driven companies.
He is co-author of the book Spat Pricing of Electricity, and is
now working on a book about the transition from art to sci-
ence in high-tech manufacturing.

Rodney A. Brooks

Rodney A. Brooks is director of the 230 person MIT
Artificial Intelligence Laboratory, and is the Fujitsu Professor
of Computer Science. He is also chairman and chief techni-
cal officer of 125 person iRobot Corp. He developed the
behavior-based approach to mobile robots which iRobot
Corp is now commercializing. During the last decade he has
concentrated at MIT on humanoid robots and social interac-
tions. His new research projects are aimed at building "living
machines”, machines whose natural description will be that
they are alive in the same sense as animals or plants.
http://www.ai.mit.edu/people/brooks
http://www.irobot.com

Clair Brown

Clair Brown is professor of economics and chair of the
Center for Work, Technology, and Society at the University of
California, Berkeley, where she also heads the human
resources group of the Competitive Semiconductor
Manufacturing Program. Her research has focused on many
aspects of the labor market, including compensation struc-
tures, unemployment, and job training, and she is the author
of American Standards of Living, 1918-88. Dr. Brown is also
the founder of GetSkilz, Inc., a company providing web-
based compliance solutions.



M. Diane Burton

M. Diane Burton is assistant professor of management at
MIT’s Sloan School of Management. Her field of interest is
employment relations in entrepreneurial companies and
human resource management practices. She is now conduct-
ing a study of Silicon Valley start-ups, with an emphasis on
sources and consequences of different organizational sys-
tems, structures and practices. In ongoing research, she is
studying entrepreneurial teams and executives’ careers.

Joan Buchanan

Joan L. Buchanan is a lecturer in Health Care Policy at
Harvard Medical School. She has over twenty years of experi-
ence in health research and has a broad spectrum of projects.
She is the project director for the Managed Care Industry
Research Center at Harvard. Her center-related research, a
collaborative effort with Frank Levy, seeks to understand why
the investment in health information technology has been so
limited.

Charles L. Cooney

Charles L. Cooney is professor of chemical and biochemical
engineering at MIT, executive officer of the MIT Department
of Chemical Engineering, and co-director of the MIT
Program on the Pharmaceutical Industry. His major research
interests include computer control of biological processes,
isolation and purification of biological products, and the
application of computer aided design to biochemical systems.
In 1989 he was awarded the Gold Medal of the Institute of
Biotechnological Studies. He serves as a director of a number
of biotechnology and pharmaceutical companies.

Dan DiMaggio

Dan DiMaggio is chief executive officer of the UPS Logistics
Group, a wholly-owned subsidiary of United Parcel Service.
During DiMaggio’s tenure, UPS Logistics Group has grown
to be a billion-dollar unit of UPS in less than five years;
clients include IBM, Compag, Dell, Gateway, Hewlett-
Packard, Lucent, Honeywell, AlliedSignal, Ford Motor Co.,
DaimlerChrysler, National Semiconductor, and Adidas. The
company also provides global supply chain management solu-
tions for a number of e-commerce companies. DiMaggio is a
member of both the American Institute of Industrial
Engineers and the Council of Logistics Management.

Brian Gourlie

Brian Gourlie is a principal scientist at Genzyme Corporation
in Cambridge, MA. His research activities are focused on the
development of cell-based tools for high throughput drug
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discovery. Some of these tools include engineered antibodies,
models of kidney disease, cancer, and more recently, models
of neurodegenerative diseases. He also serves on the medical
review board of the Elsa U. Pardee Foundation for cancer
research.

James Hatcher

James Hatcher, vice president of business development at
ECnet, has made significant contributions to advancing
ECnet’s position as a global leader in the supply chain man-
agement world. With 20 years of experience in the electronics
and manufacturing industries, Hatcher is known for his suc-
cinct explanations of the role and positioning of electronic
commerce in the high technology community. While at
ECnet he has held senior management positions in sales,
marketing and operations. He has a strong international back-
ground and speaks Mandarin Chinese.

Richard J. Herring

Richard J. Herring is the Jacob Safra Professor of
International Banking, director of the Joseph H. Lauder
Institute of Management and International Studies, and co-
director of the Financial Institutions Center at the Wharton
School of the University of Pennsylvania. Herring is a mem-
ber of the Shadow Financial Regulatory Committee, the
International Faculty on Corporate and Capital Market Law,
and the Multinational Banking Seminar. He has served as an
advisor to the U.S. Department of the Treasury, the Federal
Reserve Board, the Council of Economic Advisers, the
International Monetary Fund, and The World Bank, as well as
a number of commercial banks and nonfinancial corpora-
tions.

Janice H. Hammond

Janice H. Hammond is the UPS Foundation Professor of
Business Logistics at the Harvard Business School. Her cur-
rent research focuses on how manufacturing and logistics sys-
tems develop the speed and flexibility to respond quickly and
efficiently to changing customer demand — critical capabili-
ties in the retail-apparel-textile channel. She is co-author, with
her colleagues from the Harvard Center for Textile and
Apparel Research, of A Stitch in Time: Lean Retailing and the
Transformation of Manufacturing - Lessons from the Apparel and
Textile Industries. Hammond teaches and consults at several
major US corporations.

David A. Hodges
David A. Hodges is do-director of the Competitive
Semiconductor Manufacturing Program and the Daniel M.



Tellep Distinguished Professor of Engineering Emeritus at
the University of California at Berkeley. His research has cen-
tered on semiconductor manufacturing systems. Hodges was
the winner of the 1997 IEEE Education Medal and the 1999
ASEE Benjamin Garver Lamme Award. With R. W.
Brodersen and P. R. Gray, he received the 1983 IEEE Morris
N. Liebmann Award for pioneering work on switched-capaci-
tor circuits. He is a Fellow of the IEEE and of the AAAS
and a member of the National Academy of Engineering. He
is a director of Mentor Graphics and Silicon Image.

Larry W. “Chip” Hunter

Larry W. “Chip” Hunter is the Arthur Anderson Assistant
Professor of Management at the Wharton School at the
University of Pennsylvania, and is a member of the Wharton
Financial Institutions Center. He studies the effects of firms’
employment practices on both individuals and organizations,
and the relationship of those practices to the use of technol-
0gy, to customer segmentation strategies, and to the broader
environment. His interest in the organization of work in the
service sector has led to research on long-term nursing care
and retail banking. His research has also focused on innova-
tive industrial relations practices.

Klavs F. Jensen

Klavs F. Jensen is the Lammot du Pont Professor of
Chemical Engineering and professor of materials science and
engineering at MIT. His research interests include microfabri-
cation, testing, integration and scale-up of microfluidic sys-
tems for chemical and biochemical discovery and processing.
He is the co-author of more than 300 publications including
several edited volumes. He is the recipient of numerous
awards, including a Guggenheim Fellowship, and the Allan P.
Colburn, R. H. Wilhelm, and Charles C.M. Stine Awards of
the American Institute of Chemical Engineers.

Martin Kenney

Martin Kenney is professor of human and community devel-
opment at the University of California-Davis and a senior
project director with the Berkeley Roundtable on the
International Economy. His research interests include tech-
nology and regional development, Japanese foreign direct
investment and labor relations, maquiladoras, and biotechnol-
ogy and society. His most recent book is Understanding
Silicon Valley: Anatomy of an Entrepreneurial Region.
Kenney serves on the board of directors of the Euro-Asian
Journal of Management, the Hitotsubashi Business Review,
and the Region y Sociedad: Revista de El Colegio de Sonora.
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Robert P. King

Robert P. King is the E. Fred Koller Professor of
Agricultural Management Information Systems in the
Department of Applied Economics at the University of
Minnesota. His research focuses on management issues facing
food retailers, farmer cooperatives, and farmers and on the
influence of new information technologies on the food sys-
tem. He is a member of the Executive Board of the
American Agricultural Economics Association and serves on
the Steering Committee of the University of Minnesota
Retail Food Industry Center.

Thomas Kochan

Thomas Kochan is the George M. Bunker Professor of
Management at MIT’s Sloan School of Management, where
he also serves as co-director of the Institute for Work and
Employment Research. Arguing that the U.S. employment
relations system is at an historic crossroads as it did in the
1930s, Kochan's research explores options for a new public
policy for employment relations, and describes changes that
business and labor must make in order to achieve “mutual
gains” employment relationships. He is the author or editor
of numerous books, including After Lean Production, The
Mutual Gains Enterprise, and The Transformation of
American Industrial Relations.

Richard K. Lester

Richard K. Lester is professor of nuclear engineering at MIT
and director of the MIT Industrial Performance Center.
Lester’s research focuses on technology management and pol-
icy, productivity, and industrial competition. His recent book,
The Productive Edge: A New Strategy for Economic Growth, exam-
ines the origins and sustainability of America’s industrial
revival. He is also co-author of Made in America: Regaining the
Productive Edge and Made By Hong Kong, and, with John M.
Deutch, has just completed a new book, Making Technology
Work: Case Studies in Energy and the Environment.

John Paul MacDuffie

John Paul MacDuffie is associate professor of management at
the Wharton School, University of Pennsylvania. For many
years, MacDuffie has been a core member of the
International Motor Vehicle Program (IMVP) research team,
and his research on the comparative performance of manu-
facturing plants worldwide was featured in the best-selling
IMVP book, The Machine That Changed the World. He was
recently named co-director of the IMVP. His current research
examines the applicability of a “build-to-order” business



model to the auto industry as a possible “post-lean” produc-
tion paradigm.

John McMahon

John McMahon is senior vice president human resources at
Terra Lycos, where he is responsible for implementing human
resources strategies consistent with the company’s business
and competitive strategies. Prior to the merger of Terra and
Lycos in October 2000, McMahon served as chief human
resource officer at Lycos. He has served in senior human
resource positions at Wang Global, Stream International,
Stride Rite and ITT.

Koichi Nishimura

Dr. Koichi Nishimura is the chairman of the board, president
and chief executive officer of Solectron Corporation where
he oversees corporate, strategic and emerging business units
worldwide. He has helped transform Solectron from a region-
al entity into the world’s largest and most profitable electron-
ics manufacturing services company. Under Nishimura's lead-
ership, Solectron won the prestigious Malcolm Baldrige
National Quality Award in 1997 and 1991, the first company
ever to win the Baldrige Award for Manufacturing twice.

Michael E. Porter

Michael E. Porter is the Bishop William Lawrence University
Professor at Harvard University, based at Harvard Business
School. Professor Porter is a leading authority on competitive
strategy and international competitiveness. He is the author
of 16 books, including Competitive Strategy, Competitive
Advantage, and The Competitive Advantage of Nations. His most
recent book, Can Japan Compete, was selected as one of the
top three non-fiction books of 2000 by the Economist.
Porter is the founder, chairman, and CEO of the Initiative
for a Competitive Inner City, a non-profit, private-sector ini-
tiative formed to catalyze inner-city business development
across the country.

Timothy J. Sturgeon

Timothy J. Sturgeon is a research associate and executive
director of the Industrial Performance Center’s Globalization
Study at the Massachusetts Institute of Technology. Prior to
this, he served as Globalization research director for the
International Motor Vehicle Program at MIT, and project
director for the MIT/Carnegie Mellon Project on
Globalization and Jobs in the Automotive Industry. Sturgeon
has contributed articles to a variety of edited volumes, schol-
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arly journals, and trade magazines. His field research has
taken him to Hong Kong, China, Taiwan, Singapore,
Malaysia, Vietnam, Germany, ltaly, the Czech Republic,
Mexico, as well as throughout the United States.

David Weil

David Weil is a visiting fellow at Harvard’s Kennedy School
of Government, associate professor of economics at Boston
University’s School of Management, and a principal investiga-
tor at the Harvard Center for Textile and Apparel Research.
His research spans the areas of labor market policy, industrial
and labor relations, regulatory policy and the effect of infor-
mation technology on restructuring of the retail sector and its
supply chains. Weil is the author of numerous journal articles
and books, and co-author of A Stitch in Time: Lean Retailing
and the Transformation of Manufacturing.

Mia Wenjen

Mia Wenjen founded Aquent with Steve Kapner and John
Chuang while an undergraduate at Harvard. Her work at
Aquent, the world’s largest talent agency for creative and web
professionals, has included opening and managing field
offices across the country, piloting an online staffing agency
for accountants, and launching Aquent’s Partner Program, a
revolutionary approach to building loyalty among a contin-
gent freelance workforce. She is the publisher of 1099
Magazine, Field Guide to the Boss-Free World, the web ver-
sion of which (1099.com) was recently nominated for a
British Academy Award. Other entrepreneurial experiences
include designing and manufacturing women’s golf apparel
(Mizanne GolfWear), and co-authoring and illustrating a
piano teachingmethod for small children (Musical Journeys).

Chelsea C. White 111

Chelsea C. White is professor of industrial and operations
engineering and of electrical engineering and computer sci-
ence at the University of Michigan. He is currently director
of the Intelligent Transportation Systems (ITS) Research
Center and co-director of the University of Michigan
Trucking Industry Program. He has published primarily in
the areas of finite stochastic controls systems, with current
application to transportation and commercial fleet manage-
ment. He is a member of the ITS World Congress Board of
Directors and editor-in-chief of the ITS Journal. He is a
Fellow of the IEEE, and past president of the IEEE
Systems, Man and Cybernetics Society.
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