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Woolsey’s humorous and practical writings leave littde wonder as to his venerable
status in the field.
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This collection contains 33 articles published from 1972 to 2003, covering
a broad spectrum of subject matter relevant not only to OR/MS professionals,
but also educators, managers and corporate administration. To accompany
his writings on operations research, chapters also cover topics from
communication in the corporate world to handling labor disputes, getting
promoted and getting fired. Through creative storytelling and down-to-earth
advice, Woolsey provides readers with the knowledge and philosophical
mindset to conquer operations and management situations in all settings.
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by William B. Rouse

As Professor Francois Sainfort indicates in this issue, healthcare is the largest
industry in the U.S. in terms of percentage of GDP (14 percent) —and it’s grow-
ing by double-digit percentages every year. Consider these projections. If GDP
grows by a reasonable 3 percent per year while healthcare costs grow by 10per-
cent per year, within 20 years healthcare will account for 50 percent of GDP. At
20 percent growth per year — which has occurred in many recent years —
healthcare costs will exceed 100 percent of the GDP in less than 10 years!

Healthcare is a very large, complex, and inefficient industry. The compli-
cations of the underlying issues are enormous. Fragmentation and compet-
ing interests are laced throughout the system. There are no ultimate decision
makers other than arduous political processes. Yet, given the above projec-
tions, we have no choice but find ways to manage the complexity and gain sig-
nificant efficiencies.

Professor Sainfort argues that this provides tremendous opportunities for
industrial and systems engineering. This perspective is certainly supported by
Bill George, interviewed in this issue. Bill is one of our many alumni CEOs
who has achieved great success. He is now sharing his experiences and insights
with aspiring executives at Harvard Business School.

In this interview, Bill outlines his ideas on transformational leadership. His
most notable success was as CEO of Medtronic, a high-tech leader in the
healthcare industry. Bill also discusses healthcare as an overall system, includ-
ing issues of competition, measurement, and incentives. He provides a strong
dose of articulate, clear thinking.

Several articles in this issue describe the Health Systems Program in ISyE.
This program was founded in 1958 and has approximately 600 alumni. In
more than 40 years of evolution, the program has grown to have three
major themes:

+ Biological and Biomedical Operations Research

+ Healthcare Delivery Operations Research and Management

+ Knowledge Management and Information Technology

These areas dovetail nicely with the College of Engineering’s major initia-
tives in Bioinformatics, Quantitative Medicine, and Computational Biology;
as well as Nanomedicine.

This issue of Engineering Enterprise describes the research of many ISyE
faculty members in areas ranging from cancer treatment to visual impair-
ments to dental services. The scope of these efforts ranges from individual
patients, to delivery processes, to overall system models. It is very clear that the
breadth of ISyE competencies is well aligned with problems and opportuni-
ties in healthcare.

Nevertheless, healthcare is a big challenge with enormous consequences
for everyone. We will need lots of ingenuity and initiative to succeed with this
challenge. Fortunately, Georgia Tech engineers are well endowed with these
attributes. Frankly, they will need all the talent they and others can muster to
gain success in this undertaking. €

William B. Rouse is the H. Milton and Carolyn J. Stewart Chair and Professor of
the School of Industrial and Systems Engineering at the Georgia Institute of
Technology.
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Four Logistics Leaders Chosen for
EMIL International Scholarships

By Terri Herod, EMIL Managing Director

Georgia Institute of Technology’s Exec-
utive Masters in International Logistics
(EMIL) program has awarded $20,000
scholarships to four top professionals in
international logistics. This year’s win-
ners are: Alec Ang, Singapore, Supply
Chain Logistics Director, Asia Pacific,
DHL International; Heidi Cerrud,
Panama, Procurement Officer-Regional
Logistics Unit International Federation
of Red Cross and Red Crescent Societies;
Bublu Sarbani Thakur-Weigold, Ger-
many, Supply Chain Management
Consultant, Innovation Diffusion,
Hewlett-Packard; and Gabriella Toro,
Venezuela, Lean Manufacturing Coordi-
nator, Dana Venezuela.

The scholarship winners were
selected based on their demonstrated
career success, a clear potential for lead-
ership, and a desire to participate in and
make a contribution to EMILs intense
18-month educational experience.
Each applicant is required to reside and
work in either Asia Pacific, Latin
America, or Europe; and to have been
admitted to the EMIL program as a
degree-seeking student.

Alec Ang

Alec Ang has worked for 10 years
as a senior manager at DHL in the
Asian logistics market, progressing from
planning analyst to GCS supply chain
logistics director. He holds bachelor’s
and master’s degrees in Business Ad-
ministration. In addition to obtain-
ing global experience through EMIL,
Ang said he is looking forward to build-
ing “a strong network of logistics and
supply chain professionals comprised
of fellow students, faculty, and
guest speakers.”

Heidi Cerrud

As a Panamanian, Cerrud offers the
unique perspective of a logistics profes-
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sional who works in a country that is a
key route for logistics transportation.
Her work with the International Feder-
ation of Red Cross and Red Crescent
Societies, the world’s largest humani-
tarian organization, gives her a special
interest in developing supply chain
efficiencies and cost reduction with
logistics plans for emergencies.
“Through the EMIL Program, I expect
to grow as a logistician, better enabling
me to support Red Cross/Red Crescent
relief operations to disaster victims,”
said Cerrud.

Bublu Sarbani Thakur-Weigold

Born in India, educated in a French
high school in Canada and then at
MIT, Sarbani has spent the last 15 years
living and working in Germany; so her
perspective is truly an international
one. Almost 10 years of experience in
SAP consulting, first with Andersen
Consulting and then with Hewlett-
Packard, have given her a rich overview
of European companies. She also
brings a strong intellectual and practi-
cal grasp of how HP refines its global
supply chain. “The EMIL program is an
ideal opportunity to validate and
refresh my present Supply Chain
knowledge,” she commented, “and gain
a glimpse into international operations
that go beyond HP, the electronics
industry, and Europe.”

Gabriela Toro

With seven years of logistics experi-
ence in the Latin American automotive
industry, Toro brings a solid profes-
sional background to the EMIL
program. She holds a bachelor’s degree
from the Technological University for
the Center of the Country, a teach-and-
learn system in which teams of students
participate in field projects. Through-
out her career, she has continued to

expand her global knowledge of
logistics, including completing an inter-
national lean manufacturing training
program. “I see EMIL as an oppor-
tunity to advance myself in what
I really love,” said Toro, “achieving
breakthroughs by changing traditional
logistic systems and positioning
ourselves for a better tomorrow.”

“These EMIL Scholarship winners
have each demonstrated exceptional
dedication and industry expertise over
the course of their careers,” said John
Vande Vate, EMIL Executive Director.
“It’s this continued cross-pollination
of professional expertise and interna-
tional perspectives that makes EMIL
the most unique logistics master’s pro-
gram in the world.”

EMIL is an 18-month master’s
degree program that allows participants
to remain on the job while they
learn practical techniques for decreas-
ing logistics costs and improving
supply chain efficiencies. The courses
are structured around faculty lectures,
industry speakers, case studies, group
projects, and company presentations.
In addition, international residences
give EMIL participants the oppor-
tunity to meet with government
officials and other key players world-
wide to discuss customs issues, taxes,
and trade agreements that impact the
supply chain.

EMIL participants represent a
professional elite in logistics. A full 50
percent of them have an MBA; 15 per-
cent are vice presidents, 45 percent are
at the director level, and most have 10
to 15 years of on-the-job experience.
“They are truly the logistics leaders of
the future,” remarked Vande Vate. “The
real-world experience they gain in
EMIL will shape the direction
of international logistics for years
to come” €
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The Logistics Institute -

An Update

The Logistics Institute is pleased
to update the Engineering Enterprise
readership on four topics, the first of
which is Georgia Tech’s new Global
Learning & Conference Center — Warm
Hospitality, Cool Technology — and
how TLI is benefiting from having
world-class conference facilities com-
parable to its world-class educational
resources. Since the GLCC opened last
August, TLI has hosted two major
conferences, two Supply Chain Execu-
tive Forum meetings, and 13 short
courses. Participants gave the hotel,
meeting rooms, and A/V systems
rave reviews.

TLIis also leveraging GLCC’s state-
of-the-art technology capabilities to
introduce distance learning into its pro-
fessional education program. An
Internet-based seminar, Fridays with
Frazelle, was introduced in September
2003 and is receiving favorable reviews
from participants around the world. In
this two-hour monthly “webinar,” Dr. Ed
Frazelle lectures via an interactive audio
link while participants view his slides
and lecture notes on their Internet-
enabled computers. On May 13, TLI
transmitted its first broadcast of a short
course from the GLCC classroom to
Internet viewers using streaming video
technologies. TLI is also offering com-
puter enabled “e-courses” on several
logistics topics via DVD and websites
for students who wish to study at their
own convenience.

Under the leadership of Dr. John
Langley, the Supply Chain Executive
Forum continues to grow and
have impact on the industry. Its
most recent April meeting focused
on the unique challenges of retail
logistics with keynote speaker Dr.
Marshall Fisher from the Wharton
School of Business at the University
of Pennsylvania.

www.isye.gatech.edu

We are delighted to welcome BMW
North America as our newest Leaders in
Logistics member company. Under
the leadership of Jeff Stephens, a
Georgia Tech ISyE alumnus, BMW has
established a very active partnership
with TLI: recruiting ISyE graduates,
sending BMW logisticians to TLI pro-
fessional education programs, and
hosting plant tours for TLI groups. Dr.
John Vande Vate and his graduate stu-
dents have just initiated a new research
project focusing on BMW’s global
inventory management systems.

During the past two years, TLI’s eco-
nomic development activities have been
rapidly expanding. As many of you are
aware, TLI Asia Pacific is a five-year-old
partnership among Georgia Tech, the
National University of Singapore, and
Singapore’s public and private sectors,
with governmental leadership provided
by the Singapore Economic Develop-
ment Board. The mission of this part-
nership is to educate future logistics
professionals in the Asia Pacific region
while also discovering or creating
new knowledge — through surveys, case
studies, and analytical analysis and
research — that is relevant to the eco-
nomic development of Singapore. The
dual master’s degree in logistics, where
students take courses at both Georgia
Tech and NUS, is now well established
within this highly successful partner-
ship. We anticipate the next five-
year plan for TLI Asia Pacific to be
announced soon.

In addition, TLI has become actively
engaged in economic development for
Georgia and the nation. This includes
both research and education, by provid-
ing leadership for the Maritime Logis-
tics Innovation Center in Savannah and
by partnering with the Metro Atlanta
Chamber of Commerce to conduct
research relevant to the needs of the

During the past two years,
TLI's economic
development activities have

been rapidly expanding.

large and growing logistics community
in metro Atlanta, which includes the air
cargo part of Atlanta’s international air-
port. Initial research attention will be
focused on the security and efficiency of
the transportation system with special
attention to international trade, seaport
and airport security, and their econ-
omic interrelationships and impacts.
Specific topics will include seaport and
airport container and cargo security, as
well as the transportation and new
forms of information technology that
can enable a secure and efficient trans-
portation system (e.g., RFID). We
envision that the scope of this activity
will eventually broaden to include other
issues important to Georgia and the
nation, such as the state of the physical
infrastructure, the use of information
technology to improve infrastructure
and vehicle management and opera-
tions, environmental impact, safety, and
congestion mitigation.

We always enjoy hearing from the
Engineering Enterprise readership.
Please let us know if we can provide
you further information on any of the
above topics or any other topics that
you might find of interest when you go
to our website, www.tli.gatech.edu. €
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in the NEWS

ALumni NEws

Northern Light Group, LLC, has
been named to the list of KMWorld’s
100 Companies That Matter in
Knowledge Management. The com-

pany’s chief executive is David
Seuss, BIE 1972. Northern Light,
based in Cambridge, Massachusetts,
uses search, classification, and con-
tent integration technology and
services to facilitate the creation of

user-friendly search solutions of
diverse content and enormous scale.

Major General Ronald Johnson,
MSOR 1985, is currently deployed in
Iraq where he serves as the U.S. Deputy
Director of the Program Management
Office, Coalition Provision Authority
(CPA), responsible for the manage-
ment of the $18.4 billion reconstruc-
tion of the country. He also serves as
commanding general of the Gulf
Region Division of USACE.

Recently, General Johnson along
with the Iraqi Minister of Electricity,
Ahyam al Sammarae; and Scott Redd,
deputy director for the CPA, ceremoni-

ously started the first of eight 23-
megawatt gas turbine generators at the
Baiji Thermal Power Station, 220 kilo-
meters north of Baghdad. In his
remarks to those attending, Johnson
paid honor to “all of the Iraqi engi-
neers, all of the men and women who
work with us to bring progress and
improvement to the people of Iraq.”
The Restore Iraqi Electricity Direc-
torate, as part of the Gulf Region Divi-
sion, continues to work with local Iraqi
power plant managers on projects such
as Baiji Mobile as an asset of Combined

ISYE STUDENTS HELP DESIGN NEW JAKE'S LOCATION

When Georgja Tech students visit the new Jake’s ice cream shop
on 10th Street, they should feel right at home. That’s because
not only was the shop designed with the students in mind, it was
partially designed by ISyE students.

Jake’s, with five locations in Metro Atlanta, is known for its
comfy spaces with overstuffed sofas, working fireplaces, and
soft lighting. In addition to award-winning ice cream, Jake’s
serves soups, salads, and sandwiches. The stores encourage
patrons to linger and converse, relax, or study.

To provide some background, there really is a Jake - Jake
Rothschild - and one evening last winter he met ISyE assistant
professor Julie Swann, who frequents Jake’s. He told her about
the new Georgia Tech location, and before long Swann was
mulling over a project for her Manufacturing Systems students.
Rothschild agreed immediately and by April the 110 students in
Swann’s and Professor Jane Ammons’ classes, organized in
teams of four or five, were developing designs for the interior of
the new location.

“They started off with a blueprint and some discussions
with employees, the general manager, and the manager of
operations,” says Swann. “Jake’s folks had some ideas on what
they wanted, but students had to make the decisions about
where the equipment should be located and where they could
propose new equipment. They all tried to think about the cus-
tomer flow of the facility.” Students had two weeks to provide
several alternative blueprints and layouts, along with justified
recommendations.

“One of the big things that is different about real projects is
having to deal with the client’s interests,” Swann added. “In class
you're given data - they had to figure out what they needed,
search for it, and figure out what the most important objectives
and constraints were. Students got frustrated with that some-
times, but | think that’s part of the real learning experience. Fig-
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uring out how to apply these mathematical techniques in class
to the fuzzy, real world project also takes some development on
their part.”

Rothschild is very happy with the results of his design project.
“I'd do it again in a heartbeat,” he says. “The students and fac-
ulty were so easy to work with. The deadline sensitivity was
amazing, and their commitment to detail was great.”

Georgia Tech students actually helped put Jake’s in business,
he says. “They were our early customers at the [original] High-
land Avenue store. They were coming in droves, probably within
three or four months of our opening, so we've always had an
incredible affinity for the kids that go to school there. When we
found the location right across the street from campus, it
seemed like a natural fit.”

“Jake’s has always been community minded,” he adds, “and
this was a wonderful head start in getting into the Georgia Tech
community. We're honored we were allowed to work as closely
as we did for such a nominal fee [ice cream] and in a short
period of time. It all worked out just perfectly.”

Three student teams were chosen as winners. These teams
include, in no particular order, 1) Dean Cannon, Greg Hunt, and
Ben Maloch; 2) George Hasegawa, Michael Johnston, Kunal
Khosla, and Sowmya Sundareswaran; and 3) Miquel Diaz, Phillip
Gillespie, Dan Hutchison, and Julia Mariano Pereira.

The Jake’s project was different from the traditional senior
design projects because it was short and had a quick deliverable.
Swann says she and other faculty members are always interested
in offering their classes these types of experiences. Alumni or
friends should contact Paul Griffin, associate chair for Undergrad-
uate Studies, if they believe they have a workable project.

Every student participating received a scoop of Jake’s ice
cream, and members of the three winning teams took home a
pint. Most importantly, they’ll have the satisfaction of knowing
they had a hand in designing what is sure to become a Georgja
Tech student hangout.

www.isye.gatech.edu



Joint Task Force-7 and the CPA to posi-
tion Iraqi people for success in rebuild-
ing their electrical grid.

The power site at Baiji originally
consisted of six thermal transfer
engines. Only five are currently opera-
tional. Prior to the Gulf War, the
Saddam Hussein regime attempted to
install two 159 MW gas turbine gener-
ating sets under the Food for Oil
Program. Neither unit was fully com-
missioned and placed on line.

The Baiji Mobile project consists of
installing eight 23-MW dual fuel —
diesel and gas — turbine generators at
the thermal transfer plant. The initial
fuel for these generators will be diesel
for at least 30 days before switching
over to gas. Once connected to the
national grid, all eight will supplement
the grid’s power supply at the 132 Kilo-
volt or 400 Kilovolt line, adding 184
MW, or an extra half hour of electricity
for every home, every shop, every
factory in Iraq.

Portions of this update have been reprint-
ed directly from the GRD Update, a publica-
tion of the Gulf Region Division, Iraq.
(Edition IV, 8 March 2004).

FACULTY AND STAFF NEWS

ISyE IT staff have been awarded the
APC Real-time InfraStruXure Award
from APC InfraStruXure. Staff mem-
bers used the company’s technology
to build a state-of-the-art computer
server room, along with one of the
largest and fastest supercomputing
clusters in the Southeast. According to
Systems Development Engineer Ben-
nett Gaston, “Our computer network is
one of the most advanced on campus,
and we continue to provide our stu-
dents the ability to work with one of
the most diverse sets of analytical opti-
mization/modeling software packages
anywhere in the world.” Staff mem-
bers received a plaque at a special
awards dinner.

Professor Jane Ammons has been
named Associate Dean for Faculty
Affairs within the College of Engineer-
ing. She will retain her appointment
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with ISyE and split her duties evenly
between the two positions.

Doug Bodner has been promoted
to senior research engineer.

Russ and Sammie Chandler Chair
and Professor William Cook was men-
tioned in an article in the Wall Street
Journal in April. Cook is known for his
groundbreaking work on the well-
known traveling salesman problem.

Brandi Vidakovic and Sigrun
Andadéttir have been appointed full
professors in ISyE upon recommenda-
tion by President Wayne Clough.

ISyE faculty and staffed teamed up
for the third year to participate in the
Susan Komen Race for the Cure, held
in May. Proceeds from the 5K race/walk
go to the breast cancer research pro-
grams of the Susan B. Komen Founda-
tion. ISyE participants included Jane
Ammons, Carmella Bell, Doug Bod-
ner, Marcia Chandler, Trudy Cron,
Sheila Devezin, Patti Parker, Lorraine
Shaw, and Yvonne Smith.

Ming Yuan joins Statistics Faculty

Ming Yuan will join ISyE as an assis-
tant professor in industrial and systems
engineering in January, 2005. School
Chair Bill Rouse announced that Yuan
will further enhance the School’s grow-
ing strength in statistics. “I am very
excited to join Georgia Tech,” Yuan said
from Wisconsin.

Yuan recently received his Ph.D. in
statistics from the University of Wis-
consin in Madison. He also holds an
M.S. in computer science from the Uni-
versity of Wisconsin; an M.S. in proba-
bility and statistics from the University
of Science & Technology of China; and
a B.S. in electrical engineering and
information science, also at the Univer-
sity of Science & Technology of China.

Yuan’s research interests include
nonparametric statistical methods,
Bayesian statistics, data mining, bioin-
formatics, survival analysis, and finan-
cial statistics. He has worked as both a
research assistant and a teaching assis-
tant while pursuing his Ph.D. Yuan is a
student member of the American Sta-
tistical Association, the Institute of
Mathematical Statistics, the Interna-

tional Biometrics Society, and the Soci-
ety of Industrial and Applied Mathe-
matics.

STUDENT NEWS

Roberto Castro, BIE 2007, had a
great freshman year, finishing with a
4.0 both semesters while playing on
Tech’s golf team. Castro earned hon-
orable mention from the Golf
Coaches Association of America,
which recently announced its PING
All-America teams. Castro, from
Alpharetta, Georgia, was also named
All-Atlantic Coast Conference and
ACC Rookie of the Year.

Stacey Lee, BIE 2003, represented
Michigan in the 2004 Miss USA
pageant in April. Lee, who also earned a
bachelor’s in math from Clark Atlanta
University through Tech’s dual-degree
program, now works as a corporate
auditor for General Motors in Detroit.

continued on page 21

Subscribe to ORMS Today,
your source for
Operations Research and the
Management Sciences.

Visit us on the web:
www.orms-today.com
or call Maria Bennett:
770.431.0867, ext. 219
for more information
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Healthcare

DELIVERY

SYSTEMS

in the United States

INTRODUCTION

U.S. healthcare expenditures are expected to be more than
$1.4 trillion in 2004, representing 14 percent of the Gross
Domestic Product (GDP) and making healthcare the largest
industry in the United States. This figure corresponds to
$41,000 expended per second and more than $4,400 spent per
capita per year. Despite such large spending and the largest
amount per capita in the world, many Americans remain
uninsured and do not have access to healthcare services. Fur-
thermore, the industry employs more than 10 million people
in settings ranging from nursing homes to academic medical
centers. While our country has the most formidable medical
workforce in the world, and develops and uses the most mod-
ern medical technologies, the World Health Organization
(WHO) (2000) recently ranked the overall performance of the
U.S. healthcare systems 37th out of 191 countries worldwide.
While one may argue with the set of criteria employed by

e
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WHO to compare international healthcare systems, as
described in a report yet to be released (forthcoming, 2004) by
the National Academy of Engineering in collaboration with
the Institute of Medicine, it remains true that “the industry has
devoted relatively little technical talent and intellectual effort
to optimizing its operations (particularly at higher levels of
systems — hospitals, regional networks, etc.), or to measuring
its performance in terms of quality and productivity. This
neglect has contributed to the development of a high-cost
delivery system with poor operational processes and perfor-
mance measures that provides highly uneven quality of care
and limited coverage/reach of quality care. It has also con-
tributed to the development of a great cultural divide between
physicians focused on patient relationships and improvements
in individual quality-of-care and healthcare administrators
focused on cost control and the productivity of the business; a
divide that has undermined the performance of both parties.”
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CHARACTERISTICS OF THE HEALTHCARE INDUSTRY

The healthcare industry is a very large, complex, and inefficient
industry. Growing costs are a critical concern. In addition, the
Institute of Medicine (2001) puts forth four key underlying rea-
sons for inadequate quality of care in the U.S. healthcare system
today: (1) the growing complexity of science and technology, (2)
the increase in chronic conditions, (3) a poorly organized deliv-
ery system, and (4) constraints on exploiting the revolution in
information technology. In addition, a growing trend toward
consumerism is building up as a major force in shaping the
future organization of the healthcare industry. The six trends,
detailed further below, are shaping the future of healthcare in
the United States.

Growing costs concerns:

Until the 1980s or 1990s, while healthcare costs escalated in
absolute terms and relative to GDP, most Americans seemed to
think they were getting value for money. That perception has
changed. Americans might be willing to see healthcare costs rise
more or less continuously relative to other expenditures, pro-
vided that genuinely better health — longer lives and better qual-
ity of life — resulted; and provided that costs were shared in ways
viewed as equitable. Today, approximately 90 percent of insured
individuals are enrolled in managed care plans. Ten years ago it
was hoped that managed care would be the answer to both cost
control and quality improvement by creating a competitive set
of intermediaries. The current healthcare system is not meeting
these expectations, however, and costs continue to rise at a dou-
ble digit rate, as shown in Figure 1.

Cost
Growth

Information &

DRG Prospective communication
Payment technologies?
Early Managed Care
HMOs
Trend Line Slope
is ~ 5% to 6%
1973 1982 1993 2001 Tim;

would dispute the scientific and technological leadership of
U.S. companies, research universities, and teaching hospitals in
the areas of human therapeutics; medical instruments, devices,
and equipment; and medical research and training. The indus-
try achieved primacy in these areas by focusing resources on
life and physical sciences, and the engineering of devices,
instruments, and equipment in service to individual patients
(i.e., customized service). With this focus, the industry excelled
in providing the highest quality care at a high cost to those who
can afford it.

The healthcare delivery system, however, has not kept up
with phenomenal advancements in science and technology and
with the proliferation of knowledge, treatments, drugs, and
devices. With current advances in genomics (offering promise
in diagnosis as well as, possibly, treatment), sensor technologies
(offering promise in automated detection, measurement, and
monitoring), nanotechnologies (offering promise in diagnosis,
treatment, and control), and information and communication
technologies (enabling remote delivery, telemedicine, e-health,
and patient empowerment), the complexity of science and
technology in healthcare is only going to increase.

Chronic Conditions:

As noted by the Institute of Medicine (2001), "because of chang-
ing mortality patterns, those age 65 and over constitute an
increasingly large number and proportion of the U.S. popula-
tion," as shown in Figure 2. Individuals age 65 and over consume
35 percent of all healthcare services provided in the U.S., yet con-
stitute only 13 percent of the U.S. population. This percentage is
expected to grow to 25 percent of the population by 2050.

Figure 1: Growing Cost Concerns

Complexity of Science and Technology:

The sheer volume of new healthcare science and technologies —
the knowledge, skills, interventions, treatments, drugs, and
devices — is very large today and has advanced much more
rapidly that our ability to use and deliver them in a safe, effec-
tive, and efficient way. Government, as well as private, invest-
ments in pharmaceutical, medical, and biomedical research and
development have increased steadily.

Medicine itself is a high-technology, science-based profes-
sion, constantly enriched by inflows of knowledge from the
biological sciences, new drugs and treatments, and engineered
innovations from the medical equipment industry. Indeed, few
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Figure 2: The Elderly as a Percentage of the Population

As a consequence, there is an increase in both the incidence
and prevalence of chronic conditions. Hoffman et al. (1996)
estimate that patients with chronic conditions make up 80 per-
cent of all hospital bed days, 83 percent of prescription drug
use, and 55 percent of emergency room visits. As opposed to
acute illnesses, effectively treating chronic conditions requires
disease management and control over long periods of time;
collaborative processes between providers and patient; as well
as patient involvement, self-management, and empowerment.

engineering ENTERPRISE [JSummer 2004




Organization of the Delivery System:
The healthcare delivery system in the United States is a highly
complex system that is nonlinear, dynamic, and uncertain. The
system is further complicated by a large number of agents and
multiple stakeholders, each with multiple, sometimes conflict-
ing, goals, aspirations, and objectives. As a result, the entire sys-
tem leads to a lack of accountability; it has frequently misaligned
reward as well as incentive structures, and it suffers from ineffi-
ciencies embedded in multiple layers of processes. The health-
care “product” or “service” is often ill-defined or difficult to
define and evaluate. The processes involved in delivering health-
care services are complex, ill-specified, and difficult to measure,
monitor, and control. Health outcomes are difficult to measure,
manage, and analyze. The system experiences growing cost pres-
sures, faces potential insurance premium increases, and is
extremely fragmented. In a recent article, Porter and Olmsted
Teisberg (2004), eloquently put forth that competition is the
root of the problem with the U.S. healthcare performance. They
pointed that the current healthcare system has:

+ The wrong level of competition

+ The wrong objective

+ The wrong forms of competition

+ The wrong geographic market

+ The wrong strategies and structure

+ The wrong information

+ The wrong incentives for payers

+ The wrong incentives for providers

They propose that a reform should be designed to
address these fundamental issues and allow a well-struc-
tured competitive market to improve the system. In
addition, Wagner et al. (1996) identify five elements
needed to improve patients’ outcomes in an increasing
population afflicted by chronic conditions:

+ Evidence-based, planned care

+ Reorganization of practices to meet the needs of patients

who require more time and/or resources, and closer
follow-up

+ Systematic attention to patients’ need for information

and behavioral change

+ Ready access to necessary clinical knowledge and

expertise

+ Supportive information systems

Regarding this last point, the Institute of Medicine
points to the fact that “healthcare organizations are only
beginning to apply information technology to manage
and improve patient care. A great deal of medical
information is stored on paper. Communication among
clinicians and with patients does not generally make use
of the Internet or other contemporary information tech-
nology. Hospitals and physician groups operate
independently of one another, often providing care
without the benefit of complete information on the
patient’s condition or medical history, services pro-
vided in other settings, or medications prescribed by
other providers.”
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Information Technology:

The revolution in information technology holds great
promise in a number of areas for consumers, patients, clini-
cians, and all organizations involved in the delivery of health-
care services. A recent report by the National Research Council
of The National Academies (2000) identified six major infor-
mation technology applications domains in healthcare: con-
sumer health, clinical care, administrative and financial
transactions, public health, professional education, and
research. While many applications are currently in use (such as
online search for medical information by patients), others, such
as remote and virtual surgery and simulation of surgical pro-
cedures, are in early stages of development (Institute of Medi-
cine, 2001). While the Internet (and intranets) are a driving
force of recent changes in the information technology land-
scape, not all healthcare applications are web-based. Many
applications (administrative billing systems, computerized
physician order entry systems, etc.) remain on legacy systems,
often built around older mainframe systems.

With respect to consumers/patients and providers, the
Committee on the Quality of Healthcare in America iden-
tified five key areas in which information technology
could contribute to an improved delivery system (Insti-
tute of Medicine, 2001):

+ Access to medical knowledge base

+ Computer-aided decision support systems

+ Collection and sharing of clinical information

+ Reduction in medical errors

+ Enhanced patient and clinician communication

Consumerism:

The Internet and other developments in information and
communication technologies are contributing to greater con-
sumerism with stronger demands from individuals for infor-
mation and convenience. People are more demanding and
they want timely and easy access to medical information, the
latest in technology, and the latest in customer service.
Patients are starting to have access to tools that can lead to
empowerment and shared decision making regarding their
own healthcare.

There are, however, many technical, organizational,
behavioral, and social challenges and barriers to greater
use of information technology. Technological challenges
include the design of optimal, effective, flexible human-
computer interfaces, as well as issues of privacy and
security of information.
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The Healthcare Regulatory Environment:

As Kumar and Chandra (2001) mention, the healthcare indus-
try has “unique” legislative challenges. Among them, two in par-
ticular have implications on the field of healthcare informatics:
1) the Health Insurance Portability and Accountability Act
(HIPAA); and 2) health information and other business data
security. The Health Insurance Portability and Accountability
Act was passed and signed into law in 1996 and is designed to
improve the portability of health insurance coverage in the
group and individual markets, limit healthcare fraud and abuse,
and simplify the administration of health insurance. The act has
serious implications for healthcare providers and information
managers. Of all its mandates, administrative simplification is
perhaps the most critical for healthcare information managers,
who are faced with everything from establishing standardized
financial and clinical electronic data interchange (EDI) code sets
to adopting, assigning, and using unique numerical identifiers
for each healthcare provider, payer, patient, and employer. Both
HIPAA and the increasingly growing role of the Internet con-
tribute to creating an even greater and critical concern for data
security and privacy.

OPPORTUNITIES FOR INDUSTRIAL

AND SYSTEMS ENGINEERING

The characteristics of the healthcare system in the U.S. and the
major forces accentuating the problems provide virtually unlim-
ited opportunities for industrial and systems engineering to
contribute and make significant changes to the system. Health-
care is a notably complex system; but it has evolved, compared
to other industries, with little shaping by the visible hands of
either management or engineering. Indeed, only recently, with
the rise of managed care, which has brought rapid change to the
sector, has healthcare come to be viewed as an “industry.”

Engineering is unique in employing tools and methods suit-
ed to both analysis and design. Most of these methods are quan-
titative; many are based on mathematical models. So are those
of science, economics, and “management science” But engineer-
ing, with architecture and related planning professions, is alone
in focusing on the design of new systems, often systems of great
complexity, to meet socially defined criteria. The next critical
task in healthcare is to re-engineer its systems. It is an objective
to which engineering methods are especially suited: building
foundations for ongoing, cumulative increases in performance
with respect to the quality of care, its accessibility, and its cost.
This will entail developing better metrics; identifying tools, tech-
niques, and methods of proven effectiveness in other settings
that hold promise in healthcare; and developing quantitative
models that will permit the examination and optimization of
system performance (really a system of systems) through which
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healthcare providers convert inputs into outputs. Reengineering
the delivery of healthcare services through innovative develop-
ment, application, and use of proven and novel operations
research and management sciences methods, theories, and tools
coupled with modern and novel information and communica-
tion technology solutions can result in tremendous cost savings
and improved access to healthcare services, as well as improved
quality of life for all citizens.

While a number of excellent studies have been and are
being performed to illustrate the application of operations
research in healthcare delivery, as exemplified by the brand new
Handbook of Operations Research and Healthcare (Brandeau,
Sainfort, Pierskalla, 2004), the field of operations research in
healthcare has been very fragmented and has suffered from a
lack of infrastructure, hindering necessary innovations in this
critical industry — the largest in the United States, touching
virtually all lives in the country.

Engineers do not have good knowledge of healthcare sys-
tems. Public health, population health, and health services
researchers do not have good knowledge of operations research
and systems analysis methods and theories. Information and
decision support technology experts have hardware and soft-
ware capabilities but need the “content” of the necessary appli-
cations to be developed. The School of Industrial and Systems
Engineering at Georgia Tech, through its talented faculty and
students, and through its Health Systems Engineering gradu-
ate program, is uniquely positioned to have a tremendous
impact on healthcare delivery systems in the United States. And
we’ve only just begun.

(For further information on the ISyE Health Systems graduate
program and its expert faculty, see pp. 16-20).
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