CHAPTER 1
INDUSTRIAL ENGINEERING AS A
PROFESSION

TUNING IN:

Engineering is:

Problem Symptom or
' Expression of Need

\

Problem Definition,
Including Statement
of Desired Outcome

Analysis
i 3 (Perhaps Including
S Experimentation)

Synthesis of
Alternative
Solutions

r

Decision (Selection
of One Alternative)

Solution, System,
or Method

. Basic engineering process.

(1) Associated with a profession is a significant body of special knowledge.

(2) Preparation for a profession includes an internship-like training period follow-
ing the formal education.

(3) The standards of a profession, including a code of ethics, are maintained at a
high level through a self-policing system of controls over those practicing the
profession.

(4) Each member of a profession recognizes his responsibilities to society over
and above responsibilities to his client or to other members of the profession.

Industrial Engineering is

“Concerned with the design, improvement, installation of integrated systems of

men, materials, equipment and energy. It draws upon specialised knowledge and skill in

mathematical, physical and social sciences together with principles & methods of engineering

analysis & design to specify, predict evaluate the results to be obtained” (Zadin, Industrial
Engineering Handbook, 2001)
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Enriching Customers with Total Solution-Products

FROM

Product

Product lines
Point solutions
Supplying product

Knowledge-Driven Enterprise

FROM

Product is an aim

Sale is one-time event
Information confidential

Adaptive Organization

FROM
Departments
Command & control
Managing

Hard tooling

Passive equipment

Cooperating to Enhance Competitiveness— Virtual

The four principal dimensions of the modern manufacturing enterprise.
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Supply a component
One company at a time
Price = cost + margin
Arm’s length

Today

Point Soldtion,s .
Customer Order (Off the SH)
Successive Hardware
Prototypes

- Stand-Alone M&S
: b. M&S Augments Design Proces

" Models Costly & Time-
" Consuming to Create, Difficult

“ to Share .

. Models Not Available or - -
Affordable

M&S Tools Proprietary or Closed

Discrete Event-Based
Simulation of Manufacturing
Processes

Hard Tooling
Fixed Capacity Difficult to Adapt
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Product + Service + Information
Fragmented niche products

Total integrated package solutions
Integrating with customer's processes

TO

Product is a platform

Sale is over lifetime

Information shared and confidential

TO

Teams
Empowerment
Leading
Soft(ware) tooling
Smart equipment

Organization

TO

Supply a subsystem

Customer & suppliers work together
Margin = price — cost

Common destiny with stakeholders
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Tomorrow
Totally Integrated Package Solutions
Customer Specifies Product Requirements

Iterative Software Prototypes Yield First Production Unit

Integrated M&S on Design Critical Path to Support All
Business Decisions 3

M&S is Primary Mechanism to Refine Product/Process
Design

Libraries of Usable Models Easily Accessible

Availability of Models Driven by New Business Model

Interoperable, Networked M&S Tools

3-D M&S Incorporating Time, Dimensional Variation, e b
& Physical Properties o

Hard & Soft Tooling

M&S Tools Enable Management of Variable Capacity
‘eaul

Hybrid & Virtual Prototyping Simulators Provide
Embedded Manufacturing Education & Training

M&S Libraries & Tools Enable Collaborati
Intellectual Property . .

—. -~ Transition for modeling and simulation. (From Next-Generation Man
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he 215t century is just a few years away. Strategic
T 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 2lst century through
‘ their roles as change initiators and facilitators. Improvements
| are needed in [E undergraduate education if that role is to be
! successfully carried out.
‘ Undergraduate educa-
tion is the foundation for pro-
fessional practice. Undergradu-
ate programs are the basis for
entryintograduateschoolsand
other professional fields. To
facilitate this transition, urgent
improvements are needed in
education strategies. Several
educators have recognized that
{ the way engineering is prac-
\ ticed has changed dramatically
‘ over the years and an upgrade
‘ is needed in engineering edu-
‘ cation. Educators, employers
\ and practitioners are calling
\ for a better integration of sci-
‘ ence with the concepts of de-
‘ sign and practice throughout
the engineering curriculum.
| Such an integration should be
| akey component of any educa-
‘ tion 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 manage-
ment for Academia,” “just-intime education,” and “continuous
education 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 imple-
mentation models that can be used by other disciplines. Many
educators and administrators are searching for ways to trans-
form 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
ShQIl!d be pursued at national, state, local and institution levels.
Existing models of total quality management (TQM) and
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EDUCATION

\ INDUSTRIAL ENGINEERING
EDUCATION FOR THE
21ST CENTURY

“
By Adedeji B. Badiru and Herschel J. Baxi of the University of Oklohoma ]

Educators, employers and
practitioners are calling for a
better infegration of science
with the concepfs of design
and practice throughout the

engineering curriculum.

cont_inuous process improvement (CP) can
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of research while

determines the crux of
teaching, Integration of
teaching and research j
r_cquired for effective profes
§nonal practice. The need 1o
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: h
¢ 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 coursesin the
attempt to achieve retention goals; and
* Decreasing relevance of undergraduate courses to reak
world practice.

Curriculum integration
Curriculum integration (interdisciplinary approach) 5}§°“ld be
used to address the problems cited above. Curriculum integ




tion 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 a2 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 enities 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 (o 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 funda-
menal philosophy of IE itself. That philosophy is a
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 profes-
sion. 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? and

* What contribution does the profession make to an organi-

zation?”

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 commu-
nity 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 leaming interaction that faculty and
students must share for students to graduate with professional
loyalty, technical competence and capability of integrating
theoretical concepts and industrial practice effectively.

In the auempt to prepare students for graduate level
education, the academic curriculum often has a strong math-
ematical orientation. Though a required approach, it develops a
very structured approach to problem solving among students.
Consequently, students expect all problems to have welldefined
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,
atempts to improve curriculum is often tlted 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 handson 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; and
* 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 classroom to the boardroom.
* Universities face a variety of reatworld 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.
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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 employ-
ers to determine the relative performance of graduates. The
feedback model presented in Figure 1 can be used for that

purpose. v W
The primary responsibility of a curriculum improvement » ok Higher Educason, J::::'ry%e 'I:‘
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FIGURE 1

team is to ensure proper forward and backward flow of informa-
tion 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 21st century. Efforts to
improve IE education now will eventually lead to the develop-
ment 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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CONVERSATION: Why have you chosen this profession?
WRITING : “Choose an industry and explain how
you would contribute to the improvement of that industry as
an industrial engineer.”




