THE FOUR PILLARS OF MANUFACTURING ENGINEERING
Robert Mott1, Hugh Jack2, Venkitaswamy Raju3, Mark Stratton4
Abstract � Manufacturing is critical to the economy of any
country and it is essential that any program whose
graduates obtain professional positions in the
manufacturing functions of product-producing industries
should prepare them with adequate awareness, skills, and
knowledge of the manufacturing engineering field. The
Manufacturing Education & Research Community of the
U.S. based Society of Manufacturing Engineers (SME)
developed the Four Pillars of Manufacturing Engineering,
created from the ABET accreditation criteria for
manufacturing programs. The Four Pillars are: 1 –
Materials and Manufacturing Processes, 2 – Product,
Tooling, and Assembly Engineering, 3 – Manufacturing
Systems and Operations, and 4 – Manufacturing
Competitiveness. Detail reflects the body of knowledge for
certified manufacturing engineers and technologists as
defined by SME. Efforts are underway to use this concept to
enhance manufacturing-named curricula along with
curricula of related fields such as mechanical, electrical and
computer, industrial, materials, and others. Plans include
the development of curricular materials for curriculum
enhancement.
Index Terms � Industry needs, manufacturing education,
manufacturing engineering, manufacturing technology,
Society of Manufacturing Engineers

NEED FOR MANUFACTURING KNOWLEDGE
Manufacturing is critical to the economy of any country and
it is essential that any program whose graduates obtain
professional positions in the manufacturing functions of
product-producing industries should prepare them with
adequate awareness, skills, and knowledge of the
manufacturing engineering field. It is recognized that
industries employ within their manufacturing-related
functions graduates from many engineering and technology
disciplines: manufacturing, mechanical, electrical,
electronics, computer, industrial, industrial technology,
materials, and many others. Furthermore, graduates from
non-engineering disciplines such as business administration,
production supervision, and management information
systems are also employed.
Of the disciplines listed, only manufacturing
engineering covers the full breadth of topics included in the
field with adequate depth as defined by the accreditation
1

criteria of the U.S.-based ABET Inc and the certification
criteria for manufacturing engineers and technologists
defined by the Society of Manufacturing Engineers (SME).
Other disciplines are required to meet different
accreditation criteria and program objectives and typically
do not have sufficient time and space in their curricula to
cover the full breadth of manufacturing topics. As a result,
when entering an industry position in manufacturing, there is
often the need to gain additional education and training to
bring them to full comprehension of the principles and
practices of the field. Industry training programs often
provide this instruction after the employee is on the job, at
significant cost and with the attendant delay in the full
participation of the employee in the position’s professional
responsibilities. The need is different for each discipline so
the nature of the instruction must be tailored to the
individual. This situation would be improved if the academic
preparation of graduates from non-manufacturing named
programs included more manufacturing content.
Educators in manufacturing engineering and technology
programs also see a need to have guidance on curriculum
design and are continually faced with explaining the nature
of the program to prospective students and their families,
secondary school teachers and counselors, university
colleagues in other disciplines, administrators, employers of
their graduates, media personnel, and the general public.
To partially meet this wide range of needs, members of
the Manufacturing Education & Research Community of the
Society of Manufacturing Engineers developed a concept
called The Four Pillars of Manufacturing Engineering as a
tool for communicating the full array of content in the
manufacturing engineering field. This paper describes the
Four Pillars concept and presents plans for its use in
promoting dialog among academicians from the several
disciplines from which graduates often enter the
manufacturing-related positions in industry.

THE FOUR PILLARS OF MANUFACTURING
ENGINEERING
The concept of The Four Pillars of Manufacturing
Engineering was developed from the requirements for
accreditation of manuafacturing engineering and similarly
named programs as promulgated by ABET Inc, the primary
accrediting body for engineering and engineering technology
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programs in the United States and several other countries.
The philosophical underpinning is that Manufacturing
requires that a modification of the shape, form, or properties
of a material takes place in a way that adds value [1]. The
Four Pillars are:
� Materials and manufacturing processes
� Product, tooling, and assembly engineering
� Manufacturing systems and operations
� Manufacturing competitiveness.
Additional detail used to define the programmatic
content of such programs is provided by the Body of
Knowledge document developed by the Society of
Manufacturing Engineers for its certification criteria for
manufacturing engineers and technologists [2].
To help communicate the Four Pillars concept and the
attendant details to a wide range of people and
organizations, a graphic representation was developed using
the metaphor of a building whose roof structure is supported
on four pillars that rest on a foundation (Figure 1).
The foundation shows the educational fundamentals on
which the manufacturing engineering field is based,
including mathematics and science, communications, and
the many aspects of personal effectiveness.
The four pillars are capped with the titles shown above
for the four major competencies expected of manufacturing
engineers and technologists. Within the four pillars, ten
major subject areas are arrayed to give more detail to the
content included in baccalaureate degree programs:
Engineering Sciences, Materials, Manufacturing Processes,
Product Design, Process Design, Equipment/Tool Design,
Production System Design, Automated Systems and Control,
Quality and Continuous Improvement, and Manufacturing
Management. The roof structure emphasizes that laboratory
experiences, quality, continuous improvement, and problem
analysis pervade the manufacturing engineering field.
Below the building itself are a series of lists for the
detailed subjects that make up the content of the programs.

APPLICATIONS TO MANUFACTURING-NAMED
CURRICULA
The Four Pillars of Manufacturing Engineering concept has
obvious application to the design and delivery of
baccalaureate degree programs in manufacturing engineering
and manufacturing engineering technology. Program faculty
members, program coordinators, and department chairs can
refer to the Four Pillars document as they design curricula
and individual courses to ensure that graduates are properly
prepared in breadth and depth of the multiple aspects of the
field. They can explore the interconnections among topics to
ensure a coherent flow of learning experiences for students.
As previously stated, the Four Pillars concept is an aid to
communicating the nature of the program to prospective and
current students, colleagues in other academic disciplines,

administrators, employers, and the various publics with
which they interact. Graduates from manufacturing-named
programs themselves can use the Four Pillars to
communicate to prospective employers the comprehensive
nature of their academic preparation for performing at a high
level within the manufacturing functions of companies
producing a wide array of products.

APPLICATIONS TO NON-MANUFACTURINGNAMED CURRICULA
It is well known that product-producing industries employ
within their manufacturing-related functions graduates from
not only manufacturing-named programs, but also from
many other engineering and technology disciplines,
including mechanical, electrical, electronics, computer,
industrial, industrial technology, materials, and many others.
Graduates from each program bring their own strengths
in design, analysis, product development, systems analysis,
and so forth. However, most of the listed programs have
only a modest amount of instruction in the principles and
practices of manufacturing engineering. Exceptions include
industrial technology and some industrial engineering
programs who integrate the principles of manufacturing with
other strengths in operations management, quality assurance,
sysems analysis, supervision, and production management.
Industry leaders and human resource managers often see
the need for graduates of non-manufacturing named
programs to have additional education and training in the
principles and practices of the manufacuturing engineering
field after being hired into a manufacturing function in the
company. This results in extra expense to the employer and a
delay in the time for the employee to gain the full range of
skills expected in such positions.
Such gaps can be alleviated somewhat by redesigning
curricula to incorporate more manufacturing content in
curricula for the programs named above. A start could be to
use the Four Pillars of Manufacturing Engineering to acqaint
students in all of these programs with a Big Picture look a
the complete scope of the field at least to the awareness
level. Then, applications from selected parts of the
manufacturing field can be integrated within existing courses
in the form of activities, small projects, and exercises.
Examples for the mechanical engineering field include using
manufacturing processes and manufacturing equipment
design in courses such as statics, dynamics, kinematics,
mechanics of materials, and machine design. Principles of
design for manufacturability can be integraed in designrelated courses with emphases on production planning,
quantity production, automation, and quality management.
Electrical engineering students can be shown examples of
how common electronic products are produced and how the
production system is set up and managed. Industrial
engineering and industrial technology curricula can include

the fundamental manufacturing processes, tooling for
production, production systems design, quality and others.
It is recognized that several curricula now include
excellent coverage of the engineering sciences, materials,
product design, quality, continuous improvement, and
certain aspects of control of automated systems. In such
cases, adding overviews of other related topics as listed in
the Four Pillars can supplement what is already being done.
Furthermore, in universities and colleges where
manufacturing engineering and technology exist alongside
other curricula, faculty from other disciplines can help to
enhance the manufacturing program in areas such as product
design, quality management, and other concepts for which
they have a special capability.
The result is that the entire spectrum of people working
on a product development or production team can better
simultaneously include product design, process design, and
production system considerations into
the product
realization process. Products and production systems can
then be designed to be more efficient, manufacturable,
productive, and cost-effective. Such an approach should also
enhance the likelihood that both product design and
manufacturing are completed by the same company.
A related use of the Four Pillars concept is as an aid to
communicating with prospective employers of graduates of
manufacturing engineering and engineering technology
programs, illustrating the benefit to the employer of having a
critical number of such graduates in addition to those
coming into the manufacturing field from other disciplines.
This facilitates the team approach ensuring that all necessary
disciplines are represented among the team members and
that the full spectrum of manufacturing engineering
principles and practices are applied to the product and
process development function.

PLANS FOR DISSEMINATION
Full utilization of the Four Pillars concept in nonmanufacturing-named curricula requires the development of
additional materials that can be used in classrooms,
laboratories, and design projects. Examples were identified
in the preceding section. Development of such materials is
best carried out by interdisciplinary teams of faculty
members and industry professionals. Careful consideration
of the level of knowledge expected from students should be
part of the process and the qualitative hierarchy of
manufacturing knowledge shown in Table 1 can be useful
[3]. Educators may note the similarity with Bloom’s
taxonomy of learning. At the lowest level is simple
recognition of facts. This builds towards the ability to
become decision makers.
Because of time constraints that are common in
curricula, the materials developed will likely present
concepts in a way that students achieve competence mostly
at the awareness and knowledge levels. In manufacturing-

named programs, students are expected to gain knowledge
typically at the Applications level or higher.
TABLE I
MEASURES OF DEPTH OF LEARNING
Judging – Compare multiple bodies of knowledge
Evaluating – Use knowledge to make decisions
Synthesizing – Use knowledge for problem solutions
Applications – Apply knowledge to new situations
Understanding – Describe interactions
Knowledge – List important facts
Awareness – Lowest – Familiarity with basic terms

Recruitment of people to participate in the process of
developing instructional materials for the Four Pillars
concept will be sought primarily from the professional
societies with responsibility for developing program criteria
for ABET accreditation. Examples are:
• ASME – American Society of Mechanical Engineers –
Mechanical Engineering and Engineering Technology
Programs
• IEEE – Institute of Electrical and Electronics Engineers
– Electrical and Computer Engineering and Engineering
Technology Programs
• IIE – Institute of Industrial Engineers – Industrial
Engineering and Engineering Technology Programs
• ATMAE – The Association for Technology,
Management and Applied Engineering – Industrial
Technology and Related Programs
• TMS – The Minerals, Metals, and Materials Society –
Materials Engineering Programs
Oversight of the process of developing and
disseminating the materials to support the Four Pillars
concept is by the SME Center for Education and the SME
Manufacturing Education & Research Community. SME is
the professional society responsible for ABET accreditation
of manufacturing-named programs.
Funding is being sought to support travel and staff to
manage the process of recruiting team participants,
developing the materials, and disseminating the results.
Possible sources are the U.S. National Science Foundation,
professional
society
foundations,
industry-based
organizations, and philanthropic individuals.
The management of the process of materials
development could be provided by the NSF-sponsored
National Center for Manufacturing Education (NCME)
located at Dayton, Ohio, USA. Dissemination of the
products could be done in a variety of way, one of which is
to post them on the NCME-operated Manufacturing and
Engineering Technologies Education Clearinghouse
(METEC) (See www.meteconline.org). Other arrangements
will be sought in cooperation with the pertinent professional
societies.
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MATHEMATICS AND SCIENCE
Physics, Chemistry, Bioscience
Algebra, Trigonometry, Analytic Geometry, Calculus, Probability, Statistics
Engineering Sciences
Statics and Dynamics
Mechanics of Materials
Fluid Mechanics
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Problem Analysis & Solving
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Capability Analysis
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Continuous Improvement/Lean
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Automated Systems and Control
Power Systems (Mech/Elec/Fluid)
Control Systems (Mech/Elec/Fluid)
Packaging Systems
Automated Systems (Hard/Flexible)
CNC/PLC/Computer Control
Computer Systems and Networks
Information Technology
Database Systems (MIS, etc.)
Enterprise Wide Systems Integration

Manufacturing Management
Strategic Planning/Global Compet.
Organizational Design & Management
Project Management
Personnel Management
Human Behavior/Leadership
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Education & Training
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Supply Chain & Logistics
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Business/Engrg Ethics/Social Resp.
Standards, Laws, Regulations

FIGURE 1
THE FOUR PILLARS OF MANUFACTURING ENGINEERING – REPRESENTED AS A STRUCTURE

Types of Materials to Be Developed
The appropriate type of material for a given product will be
defined by the team creating that particular product. Existing
resources will be used wherever possible to minimize the
expense and time required to pull together the necessary
information. The following is a list of the anticipated types
of materials to be developed:
1. Descriptions of the Four Pillars: Each of the Four Pillars
is a particular major aspect of the manufacturing
engineering field as shown in yellow in Figure 1. A
description for each will be developed to acquaint a
student or other reader with the general nature of the
concepts included and how they fit into the overall
manufacturing engineering function.
2. Descriptions of the main segments of the body of
knowledge: Within the four pillars there are ten main

3.

4.

segments containing several specific topics that
constitute that segment. Descriptions of these segments
will help students comprehend the overall nature of each
segment and how they fit into the overall manufacturing
engineering function.
Activities that can be used in a classroom, laboratory, or
design project facility to help students become
competent in the application of a specific set of
principles. These activities could be used within a
course or on a just-in-time basis during a design project.
The activities are likely to take the form of hypothetical
situations in which particular competencies are to be
applied.
PowerPoint slides: To aid in the delivery of the
descriptions of various parts of the Four Pillars to
groups of students, PowerPoint slides will be developed.

5.
6.
7.

Internet sources of materials and specific information
pertinent to a given topic will be identified.
Books, reports, industry publications and other printed
forms of information will be identified.
Media that already exist (videos, case studies, scenarios,
photographs, and so forth) that support the concepts
being learned will be identified.

CONCLUSION
The general concept of the Four Pillars of Manufacturing
Engineering and a description of the materials that have been
developed to date are given in this paper. Discussions have
included how the Four Pillars can be used, the reasons for
developing this concept, plans for continuing the
development of supporting materials, and projections for
how these tasks could be implemented. The concept is still a
work in progress and much remains to be done. Feedback
from readers of this paper is welcome and can be addressed
to any of the authors.
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