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Industrial Engineering Education for the

21st Century
21 M T W TiRsE

T he 21st century is just a few years away. Strategic planners all over the world are using the
year 2000 as the focal point for future business activities. Are we all ready for that time? Is
industrial engineering education ready for that time? As the industrial world prepares to meet the
technological challenges of the 21st century, there is a need to focus on the people who will take it
there. People will be the most important component of the “man-machine-material” systems
competing in the next century. IEs should play a crucial role in preparing organizations for the
21st century through their roles as change initiators and facilitators. Improvements are needed in IE
undergraduate education if that role is to be successfully carried out.

Undergraduate education is the foundation for professional practice. Undergraduate programs are
the basis for entry into graduate schools and other professional fields. To facilitate this transition,
urgent improvements are needed in education strategies. Several educators have recognized that the
way engineering is practiced has changed dramatically over the years and an upgrade is needed in
engineering education. Educators, employers and practitioners are calling for a better integration
of science with the concepts of design and practice throughout the engineering curriculum. Such an

integration should be a key component of any education reform in preparation for the 21st century.

Hurried attempts to improve education are being made in many areas. We now have terms like

” & ]

“total quality management for Academia,” “just-in-time education,” and “continuous education
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improvement. ” Unfortunately, many of these represent mere rhetorics that are not backed by
practical implementation models. IE should take the lead in reforming its own curriculum so that it
can help to develop practical implementation models that can be used by other disciplines. Many
educators and administrators are searching for ways to transform improvement rhetorics and slogans

into action. Models developed by IEs can provide the answers.

Quality in IE education

Incorporating quality concepts into education is a goal that should be pursued at national, state,
local and institution levels. Existing models of total quality management (TQM) and continuous
process improvement ( CPI) can be adopted for curriculum improvement. However, because of
the unique nature of academia, re-definition of TQM will be necessary so that the approach will be
compatible with the academic process. For example, in industry, the idea of zero defects makes
sense. But in academia, we cannot proclaim zero defects in our graduates since their success on
the job cannot be guaranteed. Nonetheless, the basic concepts of improving product quality are
applicable to improving any education process. Clynes, while reflecting on discussions he
participated in at a National Research Council colloquium on engineering education, said
“Teaching quality, like a company’s customer service, can never be too good and always needs
attention for improvement. ” This is true. A careful review of IE curriculum will reveal areas for
improvement. This will help avoid stale curricula that may not meet the current needs of the

society.

Theory and practice

Teaching determines the crux of research while research determines the crux of teaching.
Integration of teaching and research is required for effective professional practice. The need to
incorporate some aspect of practice into engineering education has been addressed widely in the
literature. Pritsker recommends that professors must combine research interests with teaching
responsibilities. The declining state of university education was described by Samuelson with
respect to waste, lax academic standards and mediocre teaching and scholarship. These specific
problems have been cited in the literature .

* Increasing undergraduate attrition despite falling academic standards at many schools.
Decreasing teaching loads in favor of increasing dedication to research;

* Migration of full professors from undergraduate teaching in favor of graduate teaching and
research;

* Watered down contents of undergraduate courses in the attempt to achieve retention goals;

* Decreasing relevance of undergraduate courses to real-world practice.

Curriculum integration
Curriculum integration (interdisciplinary approach) should be used to address the problems cited
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above. Curriculum integration should be a priority in reforming education programs. Students
must understand the way the world around them works and be capable of becoming responsible
contributors to the society. Interdisciplinary education offers a more holistic approach to achieving
this goal. Interdisciplinary course and curriculum improvement should link separate but related
subjects to provide students with comprehensive skills so they can adapt to the changing world.
One form of interdisciplinary integration involves projects in which students from more than one
academic department participate in joint industrial projects. This facilitates sharing of views from

different angles.

Role of the IE

Enhanced IE education will prepare students to lead efforts to integrate entities in manufacturing
and service organizations of the 21st century. The IE profession, as a whole, faces an important
challenge in educating future IEs for this leadership role. The current IE curriculum provides good
exposure to its many unique facets. Individual courses at both undergraduate and graduate levels in
many institutions are comprehensive. Yet there are some fundamental deficiencies as discussed

below.

The academic curriculum rarely emphasizes the fundamental philosophy of IE itself. That
philosophy is a holistic approach to design, development and implementation of integrated systems
of men, machines and materials. Students go through courses in operations research,
manufacturing, human factors and so on without understanding the interrelationships between these
areas and the synergistic impact this integrated approach has on man-machine systems.

IE is quickly losing its identity as a value-adding profession. The basic cause of this problem is
that many IEs graduate without resolving the question of identity related to the following
questions ;

® What separates an IE from other engineers?

* What contribution does the profession make to an organization?

The root of this identity problem lies in the structured and isolated approach of various IE courses.
This results in specialization that is too narrow. For example, graduates today tend to associate
more with focused professional societies rather than the general IE. This is a disturbing drift that
may destroy the identity of IE as we now know it.

There is a big difference between academic and industrial approaches to performance evaluation.
The academic community evaluates its members by the number of publications and research
grants. By contrast, industry measures performance in terms of real contributions to organizational
goals. This has had a detrimental effect on the learning interaction that faculty and students must
share for students to graduate with professional loyalty, technical competence and capability of
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integrating theoretical concepts and industrial practice effectively.

In the attempt to prepare students for graduate level education, the academic curriculum often has
a strong mathematical orientation. Though a required approach, it develops a very structured
approach to problem solving among students. Consequently, students expect all problems to have
well-defined inputs, processing modules and outputs. Thus, when faced with complex, ill-
defined, and unstructured problems that are common in the real world, many new graduates
perform poorly. Chisman points out that the bulk of teaching should be done for undergraduate
students since over 85 percent of them go into industry, not on to graduate school. Unfortunately,
attempts to improve curriculum is often tilted in favor of research-oriented education, thereby
depriving the majority of the students of the skills they need to survive in the business world.

Many young graduates mistakenly perceive their expected roles as being part of the management
personnel, having little or no direct association with shop-floor activities. Such views impede
hands-on experience and prevent the identification of root causes of industrial problems.
Consequently, this leads to the development of solutions that are short-term, unrealistic, and/or
inadequate. The growing reliance of simulation models that cannot be practically validated in real-

world settings is one obvious symptom of this problem.

Like many other engineering curricula, IE is growing within an isolated shell. Students do not
realize the importance of developing solutions beneficial to a system rather than for individual
components. Many new graduates take a long time to become productive in developing solutions

that require multidisciplinary approaches.

Ethics in education
Professional morality and responsibility should be introduced early to IE students. Lessons on
ethics should be incorporated into curriculum improvement approaches. IE graduates should be
familiar with engineering code of ethics so that they can uphold and advance the integrity, honor
and dignity of their professions by :

* using their knowledge and skill for the enhancement of human welfare ;

* being honest, loyal, and impartial in serving the public, their employers and clients;

* striving to increase the competence and prestige of their professions;

* supporting the professional and technical societies of their disciplines.

Some points to consider when developing curriculum improvement approaches are ;
® Education should not just be a matter of taking courses, getting grades and moving on.
Lifelong lessons should be a basic component of every education process. These lessons
can only be achieved through a systems view of education. The politics of practice should
be explained to students so that they are not shocked and frustrated when they go from the
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classroom to the boardroom.

e Universities face a variety of real-world multi-disciplinary problems that are often similar to
industrial operations problems. These problems could be used as test cases for solution
approaches. IE students could form consulting teams and develop effective solutions to such
problems.

® Schools should increase their interaction with local industries when such industries are
available. This will facilitate more realistic and relevant joint projects for students and
industry professionals.

® The versatility of IEs in interacting with other groups in the industrial environment can be
further enhanced by encouraging students to take more cross-disciplinary courses in
disciplines such as mechanical engineering, computer science, business, etc.

* Students must keep in mind that the computer is just a tool and not the solution approach.
For example, a word processor is a clerical tool that cannot compose a report by itself
without the creative writing ability of the user. Likewise, a spreadsheet is an analytical tool
that cannot perform accurate calculations without accurate inputs.

Curriculum assessment

Performance measures and benchmarks are needed for assessing the effectiveness of IE education.
The effectiveness of curriculum can be measured in terms of the outgoing quality of students. This
can be tracked by conducting surveys of employers to determine the relative performance of

graduates.

The primary responsibility of a curriculum improvement team is to ensure proper forward and
backward flow of information and knowledge between the academic institution and industry. The
percentage of students passing the engineer-in-training ( EIT) exam can also be used as a
performance measure. The percentage of students going on to graduate programs and staying on to
graduate will also be a valuable measure of performance. Entrance questionnaires and exit
questionnaires can also be used to judge students’ perception of the improved curriculum.

Conclusions

Significant changes are occurring in the world. These changes can come in terms of technological ,
economic, social and political developments. To adapt to these changes and still be productive
contributors to the society, IE students must be prepared to be more versatile than their
predecessors. This preparation requires significant changes in the contents and delivery of IE
education. Educators and administrators institute plans immediately for reforming IE education in
preparation for the landmark expectations of the 21 st century. Efforts to improve IE education now
will eventually lead to the development of leadership roles that other disciplines can emulate. This
is a worthwhile service to the whole society that IE educators and professionals should not

overlook.
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Real IE Value
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ndustrial engineers are great at solving problems. Ironically enough, there is still one age-old
I problem they are unable to solve — identity. And the problem is not getting any easier to
solve. In fact, “identity” is just one of several challenges currently facing the IE profession.

Today’s competitive global economy and tighter corporate budgets are forcing IEs to deal with
issues that were barely mentioned a decade ago. Companies are flattening corporate structures; IE
departments are being eliminated or renamed; and universities and colleges are under even greater
pressure to provide industry with graduates who are better trained to handle a much wider variety

of job responsibilities.

On the other hand, today’s IE has at his or her disposal more technology and tools than the IE of
30 years ago could have ever imagined. New technologies have improved accuracy and speed and

generally have increased the IEs’ ability to cover a more diverse set of interests.

In addition, the IE now has a greater opportunity to concentrate on any one of a broad variety of
areas that many companies now recognize as individual departments — including simulation,

operations research, ergonomics, material handling and logistics.

The name game

What problems could possibly throw a shadow on such a bright array of opportunities? For
starters, as new opportunities have developed for the IE, new questions have formed about what
types of jobs the industrial engineer is qualified to perform.

At one time, it was easier to define what an IE did. “Industrial engineering was simple in those
days when we dealt with methods, work standards and work simplification,” says Carlos
Cherubin, director of engineering for The Limited Co. “But there has to be some way to get past
the old industrial engineering definition, ”

Even today, in many companies, IEs are still performing the traditional type of work that makes
up what is now considered classical IE. “The big change is that the commercialization of a lot of
these areas have turned them into ° niche thrusts,’” says John Powers, director of the
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management services department at Eastman Kodak Co. While IEs have always been very
adaptable to these “thrusts” as a skill set, he says, they are now competing for the headlines.

Says Jerry Zollenberg, director of IE for United Parcel Service, “If a person loses sight of the
total job and starts looking at the individual pieces, it comes out a little hairy.” For example,
Zollenberg says that he has an operations research (OR) group of 40 to SO individuals who are
working on the cutting edge of computer technology. At one time these people were designated as
IEs. But Zollenberg says that even though they are not called IEs, the job they are doing is
certainly IE-oriented and could be IE, depending on how you set up the organization.

Like it or not, the trend today is specialization, and companies are following suit. Tough
economic times are forcing many companies to redefine corporate structures, with a primary goal
of flattening their organization in an attempt to cut costs and speed the decision-making process. In
the case of the IE department, that trend has moved departmental names from the generic “IE” to
specific functions or areas that are being performed. Former IE departments have been
decentralized or renamed and are now described using such terms as Quality Improvement
Engineering, Management Services or Engineering Services, just to name a few.

“What I see is companies getting away from the IE name and trying to have names that are more
descriptive of the broader set of skills,” says Powers.

For many, including Rebecca Ray, IE manager at Glaxo Inc. , it is a step in the right direction.
Her department will soon carry the title Performance Improvement Engineering. “IE is probably
the only engineering profession that insists on wearing its degree on its departmental door,” she
says. “We have focused too much on maintaining our degree, instead of identifying our function

within our company. ”

Dr. Vinod Sahney, corporate vice president at Henry Ford Health Systems agrees. “One of our
biggest difficulties is we equate industrial engineering with an IE department,” he says, “I have
never seen a mechanical engineering department, but yet they are hired and get a wide-range of
jobs.”

Tony Vieth, IE manager at Boeing Georgia Inc. , believes that the individual persons, depending on
how they are trained, can bring the right skills to the right job and they do not need to be in a
department called industrial engineering. He also thinks IEs have gotten hung up on that over the
years. On the other hand, the decentralized type of environment appears more threatening to others.
“If we assume that decentralization will continue to the point of transferring IE responsibilities to
others, as seen in the Volvo organization, we will see a profound impact upon the profession,
namely unemployment,” predicts Donald Barnes of Bamnes Management Training Services.
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But, a centralized IE department does not guarantee employment for the industrial engineer. Many
large companies have “IE” departments where only a handful of industrial engineers can be
found. An example is Boeing. Boeing has some very large IE departments, but often less than
two or three people within the department have IE degrees. According to Vieth, it is because some

of the functions within the department are so diverse.

Problems associated with renaming IE departments to describe their particular function may have
more to do with appearance than with the actual job being performed. While IEs actually perform
many of the specialized jobs, little credit is given to IE principles used in the approach. In fact, it
often turns out that many of the individual functions and skills used by IEs are viewed by
management as industrial engineering. As a result, individuals who can master one of those skills

are mistakenly referred to by management as “industrial engineers. ”

Yet, those who understand the real value of industrial engineering still realize that the degreed IE
brings to the job a unique way of thinking.

“There are things you can teach non-degreed people that are basic repetitive tasks,” says Vieth.
“But what you can’t teach is how to take what you see, translate it, and recognize there is a

problem, and then come up with a solution to that problem. ”

Erin Wallace, director of IE at Walt Disney World Co. , would not hire anyone who was not a
degreed IE. “I insist on it,” she says. “When you’ve got a group of people who are distinctly
IEs, they carry with them what we like to refer to as distinct competencies. Those distinct
competencies for an IE at Walt Disney World include their ability to do quantitative analysis. You
need an [E degree to be able to do that type of work, ”

Wallace says that when someone hires IE technology-type majors, they do not get some of the
rudimentary problem solving skills acquired from taking engineering courses.

Curriculum

Since there is a favorable consensus about the technical qualifications of degreed IEs, universities
and colleges must be doing all industry believes is necessary to prepare today’s IE students.
Appearances may be deceiving.

In fact, even though ABET accredits many IE and IET programs in the United States, there
remains much variance and flexibility among each of the programs. Evidence of this fact can be
found in a recent Australian study undertaken by the Industrial Engineering/Management ( IE/ M)
group of the School of Mechanical and Manufacturing Engineering Swinburne Institute of
Technology (SIT).
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