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The structure of engineering curricula currently in place at most colleges and

universities has existed since the early 1950's, and reflects an historical emphasis on a solid

foundation in math, science, and engineering science. However, there is often not a close

match between elements of the traditional engineering education, and the skill sets that

graduates need to possess for success in the industrial environment. Considerable progress

has been made to restructure engineering courses and curricula. What is lacking, however,

are tools and methodologies that incorporate the many dimensions of college courses, and

how they are structured to form a curriculum.

If curriculum changes are to be made, the first objective must be to determine what

knowledge and skills engineering graduates need to possess. To accomplish this, a set of

engineering competencies was developed from existing literature, and used in the

development of a comprehensive mail survey of alumni, employers, students and faculty.

Respondents proposed some changes to the topics in the curriculum and recommended

that work to improve the curriculum be focused on communication, problem solving, and

people skills.
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The process of designing a curriculum is similar to engineering design, with

requirements that must be met, and objectives that must be optimized. From this similarity

came the idea for developing a linear, additive, multi-objective model that identifies the

objectives that must be considered when designing a curriculum, and contains the

mathematical relationships necessary to quantify the value of a specific alternative. The

model incorporates the three primary objectives of engineering topics, skills, and

curriculum design principles and uses data from the survey. It was used to design new

courses, to evaluate various curricula alternatives, and to conduct sensitivity analysis to

better understand their differences.

Using the multi-objective model to identify the highest scoring curriculum from a

catalog of courses is difficult because of the many factors being considered. To assist this

process, the multi-objective model and the curriculum requirements were incorporated in a

linear program to select the "optimum curriculum. The application of this tool was also

beneficial in identifying the active constraints that limit curriculum development and

content.
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AN INTEGRATED APPROACH TO ENGINEERING CURRICULA
IMPROVEMENT WITH MULTI-OBJECTiVE DECISION MODELING AND

LINEAR PROGRAMMING

CHAPTER 1.

INTRODUCTION

The structure of engineering curricula currently in place at most colleges and

universities has existed since the early 1950's, and reflects an emphasis on a solid

foundation in math, science, and engineering science as expressed in the Grinter Report of

1955 (Harris, 1994). Additionally, curricula development in engineering has been defined

by faculty interests in conjunction with the knowledge gained from conducting research

funded by government agencies and corporations. The requirements for accreditation by

the Accreditation Board for Engineering and Technology (ABET) have reinforced this

traditional structure of the engineering curricula.

Judged on the basis of technological advancement in the United States, this approach

to engineering education has worked very well. One need only tour the Smithsonian Air

and Space Museum to appreciate what has been accomplished with the high intensity

focus (with money, people, and recognition) on technology development (Harris, 1994).

One consequence of this development has been an engineering culture where engineers

are characterized as being vertical (in-depth) thinkers who work individually, and who

reduce problems to small, manageable, and predictable pieces in order to apply their

knowledge of science and technology (Bordogna et al., 1993). The result has been the



2

evolution of a self-selection process where the only students that selected engineering

were those who fit the culture.

However, there are reasons why traditional engineering curricula must change. The

majority of graduates from undergraduate programs are employed in the industrial sector

where there is often not a close match between elements of their engineering education,

and the skill set required for success in an industrial environment. Job requirements have

changed considerably due to rapidly changing technology, increased international

competition, and the growing use of quality management principles and tools. Society has

also become more racially and culturally diverse, and women and minorities are expected

to be well represented in the engineering profession.

At the same time, the size of engineering curricula is being pulled in opposite

directions. Some groups are pushing to enlarge the curricula with the addition of general

education courses to make the engineer more "well rounded" and engineering courses to

address the ever increasing breadth and depth of technology. However, students are

already hard pressed to complete the engineering program in four years, and the ever

increasing cost of college makes the financing of additional terms quite difficult.

Many in academia understand the existence and characteristics of the forces and

direction for change in engineering education. Bordogna et al., (1993) believe that

engineers should also be characterized as lateral thinkers who work in teams, and are good

at designing solutions to satisfy many, often competing, objectives. Industry

representatives and members of academia have similar lists of desirable skills that

engineering graduates should possess. A composite list illustrative of this skill set is shown



in Table 1-i (Koska and Romano, 1988), (Black, 1994), (Dertouzos et al., 1989),

(McMasters and Ford, 1990), and (Tooker et al., 1992).

Table 1-1. Composite list of Desirable Skills of Engineering Graduates

The extent of the changes that engineering colleges must make in response to these

changing requirements is similar to the transformation that many domestic corporations

have undergone in the last ten years. These changes will impact entire engineering

3

Written and verbal communication.

Understand business strategy.

Appreciation for world cultures, language, political and social systems.

Able to integrate across technical and non-technical disciplines.

Lifelong learning.

Understanding of quality management.

Intuitive sense, able to go beyond models.

Experience solving open ended, real-world problems with trade-offs, constraints,

and ambiguity.

Working in teams and individually.

All aspects of engineering design (tools, process, creativity, technology, customer

requirements, system implications).

Sense of what engineers do and why.
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departments with the requirement of new courses, the teaching of more complex skills to a

more diverse student population, changes to teaching pedagogy, expanded faculty

responsibilities, and more qualitative assessment of student performance. Most engineering

faculty are not prepared for these changes.

On the positive side, improvements are currently being made. One strategy is to

develop alternatives for restructuring the engineering curriculum. The National Science

Foundation (NSF) has established six engineering coalitions each of which are composed

of six to eight engineering schools. Funding for each coalition is approximately $15M over

five years. Although each coalition has specific objectives, they share the following

common themes (Meade, 1991) and (Meade, 1993).

Increase the retention rate of US students.

Increase the number of engineering graduates, especially among women and

minorities.

Eliminate repeating high school math and science courses in the core

engineering curriculum.

Integrate design and open ended problems into the first two years.

Develop innovative ways to teach engineering.

Cooperative work in teams.

Provide a perspective on engineering in society.

Develop learning modules using video and/or software for use by other

institutions.
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ABET has responded by significantly changing the approach to accreditation by

providing a way for engineering schools to maintain accreditation while making the

curricula changes such as those sought by NSF. With the new Engineering Criteria 2000,

ABET will focus on processes and outcomes while placing less emphasis on credit hour

content in specific categories.

Other, more traditional, approaches to curricula revision are being taken. Examples of

typical approaches are course revisions to incorporate hands-on design (Catalano and

Tonso, 1996), project based curricula (Luxhoj and Hansen, 1996), the use of total quality

principles in curriculum redesign (Shelnutt and Buch, 1996), the use of outcomes

assessment (Shaeiwitz, 1996), and the incorporation of writing instruction (Schulz and

Ludlow, 1996). These approaches typically focus on a specific course or objective.

What is lacking are tools and methodologies that incorporate the many dimensions of

college courses, and how they are structured to form a curriculum. This is surprising since

there is a tremendous amount of literature on curriculum theory, and academic

departments have been developing curricula for many years. Addressing the shortage of

tools and methods for making the significant, systematic, and incremental improvements

that must be made to engineering curricula is the objective for this research. The curricula

in the Industrial and Manufacturing Engineering (IME) department at Oregon State

University (OSU) was used because of the availability of employers, alumni, and faculty

willing to participate in the project.

if curriculum changes are to be made, the first objective must be to determine what

knowledge and skills engineering graduates need to possess. To accomplish this, a set of
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engineering competencies was developed from existing literature, and used in the

development of a comprehensive mail survey of alumni, employers, students and faculty.

A second objective of the survey was to find out what the IME department was doing

right, and to obtain ideas on where improvement efforts should be targeted.

The process of designing a curriculum is similar to engineering design, with

requirements that must be met, and objectives that must be optimized. From this similarity

came the idea for developing a linear, additive, multi-objective model that identifies the

objectives that must be considered when designing a curriculum, and contains the

mathematical relationships necessary to quantify the value of a specific alternative.

Incorporating data from the survey, the model was used in the design of new courses, in

the evaluation of various curricula alternatives, and to conduct sensitivity analysis to better

understand their differences.

Using the multi-objective model to identify the highest scoring curriculum from a

catalog of courses is difficult because of the many factors being considered. To assist this

process, the multi-objective model and the curriculum requirements were incorporated in a

linear program to select the "optimum" curriculum. The application of this tool was also

beneficial in identifying the active constraints that limit curriculum content.

It is presumptuous to believe that all the complexities of a four year engineering

curriculum can be reduced to a mathematical model of practical size. Thus, it is important

to identify the simplifying assumptions that have been made in the model's development.

Most importantly, some of the factors that are recognized to contribute to student learning

have not been included. This includes the instructors, the pedagogy used in a course, the
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facilities, and the attitudes and capabilities of the students. In addition, the model is

directed at the attributes of a college graduate that contribute to successful professional

employment. Clearly, there is more to a college education than preparation for a career.

The research was conducted to develop and demonstrate a new framework for the

understanding and development of engineering curricula. To facilitate the process, test

data have been created for the critical parameters of every course in the "catalog". A

methodology for obtaining this information is not part of the research. The research is

based on the traditional curriculum pattern of courses organized in a logical, hierarchical

sequence. Additional research is needed to determine if other curriculum structures such

as problem based and competency based fit into the model.

A guiding philosophy for the research has been the approaches used successfully by

industry over the last ten years. Heim and Compton (1992) identified ten principles to

describe the characteristics of a competitive manufacturing system. One of the principles is

that manufacturing is treated as a complex system with many elements and complex

interrelationships, and that models are developed to describe and predict performance. An

engineering curriculum is a complex system, and this research has resulted in a model

incorporating all of the courses in a four year undergraduate engineering program. A well

researched and data supported set of educational outcomes, and a model to describe the

extent that the curriculum meets those and other objectives provides new insight into the

various components of a curriculum and how they fit together.



CHAPTER 2.

PRIOR RESEARCH

To better understand the new demands that have been placed on engineering

education, it is necessaiy to review some of the changes that have occurred in various

organizations in the US. What follows is a discussion of a new organizational paradigm,

and a summaiy of key results from surveys and studies that have been conducted to better

understand how educational objectives must change in response.

Creating new engineering curricula to meet a new set of objectives must be done while

maintaining an understanding of existing educational theories and processes. The last

section in this chapter contains a review of the curriculum development literature, and

focuses on what is described as a rational approach to curriculum development. One

observation that emerges from a review of the educational literature is that very little is

known about the development of professional curricula that integrates both the vertical

and lateral thinking as defined by Bordogna et al. (1993).

Major Chan2es in Manufacturing

Manufacturing industries in the US were among the first to be seriously impacted by

the forces for change. The problems with the manufacturing paradigm that had worked so

well after World War II were not obvious to everyone. New approaches took years to

evolve, and the process was supported by much research conducted during the 1980's to

8



explore what was wrong, why it was wrong, and to define a new operational paradigm.

The following description of the old paradigm, and the forces causing a change are a

compilation from four frequently quoted references (Dertouzos et al., 1989), (Gunn,

1987), (Hayes and Wheelwright, 1984), and (Skinner, 1985). Following this is a

discussion of the new paradigm and the extent that its application has expanded beyond

manufacturing.

Old Paradigm

Until the early 1980's, manufacturing in the United States had the following

characteristics:

A short-term focus on manufacturing, concentrating on meeting cost targets

and monthly production shipments. Management and engineering focused on

efficiency improvements through the application of traditional industrial

engineering techniques. High hurdle rates (minimum acceptable rate of return)

were established for investments in processes and equipment with labor cost

savings the primary objective. Other performance measures such as product

quality, timeliness, and customer satisfaction were often assigned much lower

priorities.

Companies worked with many vendors who were given the specifications and

final drawings for new parts. Price and availability were the primary

considerations.

9
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Corporate management viewed manufacturing as a mature technology, and

focused their efforts on marketing and finance. Production supervision was not

considered the route to corporate advancement, and manufacturing personnel

were often viewed as second class citizens within the organization.

One result of the focus on marketing was the development of many, slightly

different, new products which manufacturing had to produce. This put

enormous strains on mass production systems that were designed for large

production runs of nearly identical products.

The personnel model was "management tells and labor does". Relations

between labor and management were frequently strained.

The organizational model was hierarchical, with each department given

specific, non-overlapping responsibilities. The quality department was

responsible for quality; production was responsible for shipments. Products

were developed by design engineers and then given to production to determine

how they should be manufactured.

Forces Causing the Change

A multitude of factors that existing manufacturing systems were not able to handle

came together at a time when both customer expectations and competition were rapidly

changing. These factors included:
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Consumers demanded higher quality products with more capabilities at lower

cost.

Many, new international manufacturing competitors entered the domestic

market. US manufacturers were particularly vulnerable because they often did

not have an international focus.

International competitors were able to develop new approaches to

manufacturing characterized by the system developed at Toyota (Monden,

1983). This included new procedures such as just-in-time production and short

setup times, and a new management approach that promoted employee

involvement and diffused quality responsibility throughout the organization.

The result was a manufacturing organization that was able to produce higher

quality products at a lower unit cost.

There were major advances in manufacturing technology including robotics,

computer numerically controlled (CNC) machines, computers and electronic

information systems. Each of these technologies offered the possibility for

significant advances in cost reduction, quality improvement, and production

flexibility, but required considerable financial, resource, and organizational

commitment, and more emphasis on a technologically current workforce.

Employees also contributed to the change. Many were no longer willing to

work in dirty, unsafe factories where they had little say in its operation. This

became more of an issue as companies hired employees with more skills to

work with advanced technology equipment.



Emerging New Paradigm

The initial response by management at many US companies was to adopt specific,

"flavor of the month", programs. For example, quality circles were established to promote

employee participation, but many groups went in directions that were not consistent with

management's priorities. Investments were made in automated equipment, but the

expected results frequently did not materialize (Port, 1988). One reason for these poor

results was that investments were often justified on the basis of reducing direct labor

costs, and not on possible improvements in areas such as quality, cycle time, and

flexibility. What was needed was a new set of operating principles sufficiently different

from the traditional management functions of planning, organizing, leading, and

controlling.

What emerged was a more complex manufacturing operation that more fully

integrated the strategic operational goals of the corporation (Skinner, 1985). The basic

principles of the emerging new paradigm were difficult to identify and slow to be

implemented, partially because of the participation ofmany authors and consultants, each

with their own ideas, perspective, and language.

One way to deal with the cacophony of opinions and advise is to use a taxonomy to

classify the various terms and ideas. Heim and Compton (1992) have developed a set of

ten principles (also called foundations) to describe the new paradigm. A brief description

of each of the principles is shown in Table 2-1.

Heim and Compton's classification system can be used to compile the key points made

by many authors in the field. These include Detouzos et al. (1989), Drucker (1990),

12



Table 2-1. Ten Principles of World Class Manufacturing Systems

13

The operational goal is to be world class and to assess performance by
benchmarking best practices.

The focus is on satisfying the needs and wants of internal and external customers.

The employees in all departments work together to achieve the common goals.
Organizational barriers to communication and cooperation are eliminated.

Employees axe involved and empowered in achieving the goals and objectives of
the corporation.

Suppliers and vendors are coequals within the manufacturing process.

Management is responsible for establishing the goals, and developing and
executing the strategies to achieve them.

An appropriate set of quantitative financial and non-financial metrics are used to
measure the performance of the organization.

Manufacturing is treated as a complex system with many elements and complex
interrelationships. Models are developed to describe and predict performance.

Investments are made to ensure continuous improvement in organizational
performance.

Technology is used as a strategic tool for achieving organizational goals.
Management recognizes the importance and complexity of the process, and the
need to make the investment in conjunction with the application of the other nine
principles. The term technology is used to include 1) technical technology (e.g.,
CAD/CAM, integrated manufacturing, simulation, robotics), 2) operations
management (e.g., just-in-time, total quality management), and 3) processes
(e.g., consecutive engineering, quality function deployment).
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Gunn (1987), Hayes and Wheelwright (1984), and Skinner (1985). Many of the principles

of quality management as identified by Godfrey (1993) and Shea (1993), and incorporated

in the Malcolm Baidrige National Quality Award (1995) criteria also fit nicely in the ten

principles. The Baldrige Award is important since the award categories include service

companies and small businesses in addition to manufacturing. Thus, while the changes

described above started in manufacturing companies, they are now effective in a broad

spectrum of organizations including those that hire industrial, as well as, manufacturing

engineers.

Industrial and Manufacturing Engineers and the New Paradigm

What are the implications of the new paradigm to IME graduates? What knowledge

and skills must engineers possess to be successful in the current and future organizational

structure? Numerous surveys have been conducted in an attempt to answer these

questions. This section describes the results from some of these surveys and their

implications to engineering education.

The Society of Manufacturing Engineers (SME) commissioned an extensive work to

establish a vision of manufacturing in the 21st century (Koska and Romano, 1988).

Included in the report are the results from surveys of 7,500 manufacturing practitioners

and 200 Chief Executive Officers, and a three round Delphi study conducted with 75 US

and international participants.

This work resulted in the identification of three roles for the manufacturing engineer,

each distinguished by a different emphasis on the two dimensions of technical depth and
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breadth that are outlined in Table 2-2. The role of integrator, one who is skilled in both

dimensions, is proposed as being the most valued role within a manufacturing

organization.

Technical Specialist with focused, in-depth technical skills.

Manufacturing Strategist with the ability to define strategic relationships

between organization and technology.

Operations Integrator with the ability to bring together people and technology

to improve manufacturing performance.

At first glance, the desired qualities of an engineer appear to have not changed that

much. Table 2-3 contains a similar list of desired qualities that was generated from a study

commissioned in 1968 by the American Society of Tool and Manufacturing Engineers

(Little, 1968). It is likely that the differences are in the details. Using "skilled

communicator" as an example to understand different circumstances, an engineer in the

1960's had to be able to communicate with management and other engineers, many of

whom were white and male. Now, the engineer is expected to work on cross-functional

teams that are composed of people with widely varying backgrounds and perspectives.

Fentiman et al. (1993) reported the results from a survey of recent engineering

graduates who were asked to determine the importance of and their preparation in the

core engineering subjects. Deficiencies were noted in statistics, engineering economics,

electronics, and materials. In addition, the respondents placed heavy emphasis on the

importance of good communication and problem solving skills.



Table 2-2. Skills Included in the SME Categories of Technical Depth and Breadth
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Technical Depth Skills

Technology (e.g., artificial intelligence, flexible manufacturing, robotics)

Traditional industrial engineering and operations management

Computers

Breadth Skills

Working in teams

Communication (in a group, clear, present ideas so others can understand)

Listening

Writing

Understand foreign language and cultures

Ability to motivate others

Understand the impact that technology has on the quality of work life.



Table 2-3. Desired Qualities of an Engineer From 1968 Survey
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Able to deal with a rapid rate of technological change

Promote the reduction of barriers between organizational groups

Understand and optimize the manufacturing system

Able to work in interdisciplinary mode

Conversant in technical and non-technical areas

College educated

Skillfiil communicator

Prepared for continuous learning

Skilled in the use of computers

Evans et al. (1993) reported the results of a survey of students, alumni, faculty, and

industry representatives to determine the importance often attributes ranging from the

ability to identif' a problem to an appreciation and understanding of world affairs and

cultures. The attributes are similar to those presented by Bordogna et al. (1993). Industry

representatives and alumni rated communication, professionalism, and open mindedness

above depth and breadth of technical skills.

Nichols (1980) conducted a survey of 158 manufacturing managers in Oregon to

determine the level of competency in 56, mostly technical, categories that were deemed

appropriate for manufacturing engineers. The categories were similar to those in a college

catalog (e.g., electronics, production planning, physics, calculus, sociology). The



18

usefulness of the survey results is limited because there is little difference in the ratings for

many of the categories.

Although not focused on industrial or manufacturing engineers, four large companies

with operations in Oregon conducted an extensive needs analysis for software engineers

(Oregon Economic Development, 1994) by studying "expert and successful engineers"

within their companies. Table 2-4 contains a list of seventeen behavioral competencies that

were developed and organized in five categories. The information is general enough that it

can be applied to most engineering fields.

These studies and surveys clearly show that the technical workplace has changed, and

this change has implications to both employees and employers. Carnevalle et al. (1990)

conducted an extensive study that identified sixteen skills that employers feel their

employees need to possess. Although some of the terms are different (reflecting the

broader nature of the study), the list is very similar to the one developed for software

engineers. A common theme presented by all of this work is that successful engineers must

possess much more than just technical knowledge. To be effective, they must be prepared

to understand and work within a complex system, and acquiring those skills must be part

of their undergraduate professional education process.

Curriculum Develonment

The literature on curriculum theory and organization is extensive and complex, but

much less has been written on the processes used for curriculum development. This is
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Concern for the Process

Information Gathering before making decisions.

Efficient in solving problems and completing tasks

Systematic Thinking, well-ordered approach to solving problems

DisciplinefRigor in ensuring that technical work is done correctly

Concern for the Team

. Collaboration with others to achieve a common purpose

Team Building to create an environment that sustains motivated groups

Technical Leadership in area of expertise

Concern for Ideas

. Communication Skills to explain complex ideas or processes

Influence/Persuasion through establishing technical credibility

Concern for the Company

Risk Management by taking action to deal with possible future events

Results Orientation to achieve success on organizational goals

User Orientation in understanding a customer's environment

Concern for the Solution

Persistence in the face of obstacles and challenges

Creativity in finding new strategies or ways to frame a problem

Learning By Doing and having a strategy to learn

Pattern Matching to make informed choices or decisions in new situations

Initiative when independent action is required



20

especially evident for professional programs. The objective of this section is to review the

curriculum development material that does exist.

Curriculum Development Processes

Taylor and Cohn (1979), Tanner and Tanner (1980), and Walker and Soltis (1992)

have identified the Tyler Rationale as the dominant curriculum development process. The

steps defined by Tyler (1949) have been discussed, debated, applied, modified, and

adapted by curriculum planners since then. As presented in Walker and Soltis (1992), the

Tyler Rationale consists of the following four questions to be answered when defining a

curriculum. While the questions are to be answered sequentially, the process is one of

continuous evolution since the results of evaluation lead directly back to a reassessment of

purposes.

What educational purposes should the school seek to attain?

What educational experiences can be provided that are likely to attain these

purposes?

How can these educational experiences be effectively organized?

How can we determine whether these purposes are being attained?

Other curriculum development processes have been identified. Although some are

quite different, many are variants on the rational planning approach of Tyler. However,

Walker and Soltis, (1992) support the importance of "rationalizing the curriculum" with

valid, appropriate lines of reasoning. While this approach does not guarantee success, the
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authors believe that it does make it possible to explain the content and intent of the

curriculum.

Taylor and Colin (1979) state that little work has been done to develop models for the

processes actually followed. An exception is the model proposed by Walker (1971) in

which he found that curriculum planners often follow a five step process, with a minimum

of attention paid to the development of a set of educational purposes.

Identification of beliefs and assumptions held by the participants.

Data collection

Deliberation

Understand existing policies and programs

Design the curriculum.

Theories and Ideas Around Tyler's Four Questions

The purpose of this section is to identify some of the educational material that fits into

Tyler's four question model. Some of the concepts discussed in this and the following

section were used to develop the set of desired educational outcomes that are described in

the next chapter.

Defining Educational Purpose

The general aims for education have been debated for centuries. Walker and Soltis,

(1992) summarized the aims as achieving a balance between knowledge for career, the
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well being of society, and the student's knowledge of self Mager (1984) and others

believe that the educational purposes should be stated as a set of behavior based

objectives. There is disagreement, since some behaviors are quite difficult to adequately

identify and measure.

The taxonomies defined by Bloom (1956) for the cognitive domain, and Krathwohl et

al. (1964) for the affective domain are the most frequently applied categories for the

creation of instructional objectives. However, the development of a set of objectives is

complicated by the difficulty in obtaining consensus. Walker and Soltis (1992) repeatedly

emphasize this point.

Educational Experiences

Fisher and Levene (1989) offer the following summary of the curriculum patterns that

have been used:

Academic Disciplines: Courses are arranged by discipline with the belief that

mastery of the fundamentals is a prerequisite for application. Most engineering

programs follow this pattern.

Broad-Field: Courses are designed around the identification and development

of processes that are common to multiple disciplines.

Problem Oriented: Students are given problems that simulate real-world

situations that require the application of knowledge from many disciplines.
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Competency Based: Students work to achieve a specified set of competencies.

. Student Centered: Learning experiences are adapted to each student.

Organizing the Experiences

Tyler proposed that the learning experience be organized around the principles of

repetition, increasing complexity, and integration. Fisher and Levene (1989) believe that

these principles are applicable to professional curricula. Whitehead (1929) proposed that

excitement for the subject should be created before students learn the details and

generalize the concepts. This approach is incorporated in many of the proposed changes to

engineering curricula that have been made by the NSF sponsored coalitions.

Assessment

There exists a large body of knowledge about the assessment of educational programs

(for example Worthen and Sanders (1987), Bloom et al. (1981), and Cole et al. (1984)).

Although the material has not been included because this aspect of curriculum

development is not part of the research, assessment for the purpose of measuring learning

has value, but its limitations must be understood. Some engineering programs use the

Fundamentals of Engineering exam as a way to assess a student's knowledge of

fundamental engineering principles. It is much harder to assess a student's ability to

communicate and work in teams, and it is even harder to assess their attitudes to

determine, for example, if they behave in an ethical manner.



Applications of Tyler's Rationale to Curriculum Development

The development of curricula for vocational and technical education has generally

followed Tyler's Rationale. Finch and Crunkilton (1989) describe the details for their

curriculum development process:

Planning the Curriculum: Determine decision process, area for program

development.

Establishing Curriculum Content: Determine content, develop learning

objectives.

Implementing the Curriculum: Develop materials, use, and evaluate

Various tools have been developed to assist the curriculum planner in each of the steps

in the process. Task analysis, where the tasks performed by workers employed in a

particular job are analyzed, can be used to determine curriculum content. Another

technique is DACUM (Developing A CurriculUM), where a group of experts in the field

gets together to define a detailed list of the skills required for the profession (Finch and

Crunkilton, 1989). Waks (1995) went so far as to use facet theory in a systematic process

for determining the content of a curriculum.

A similar process is followed in the development of training programs. Gordon (1994)

describes a three step process:

Front End Analysis: Needs assessment, writing functional objectives.

Design and Development: Design and test course content and material.

System Evaluation: Assess results, analyze data and improve instruction.

24
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Despite the extensive work that has been done at the vocational level, little has been

done to define and document approaches to the development of professional curricula.

Fisher and Levene (1989) adapted existing curriculum development theory and methods to

describe ways to develop a medical school curriculum. Their approach closely follows

Tyler's Rationale, and includes discussion of the issues of defining objectives, learning

theory, and dealing with the problems of organizational change. To their surprise, they

were able to find little material on the design of post-secondaiy curricula. However, the

similarities of the issues associated with medical school curricula suggests that there is

much in common with engineering curricula development.

Conclusions From Prior Research

Changes in the workplace have been a driving force for change in engineering

curricula. While the expectation that successful engineers must communicate and work

with people is not new, there is a significant increase in the perceived importance of

possessing these skills. The issue is how to incorporate the development of these and other

skills into engineering curricula that have historically focused on technical knowledge.

Currently, students are generally sent to other academic departments to learn these

non-technical skills. There is general agreement that this approach is not sufficient, and

that teaching of these skills must also be integrated into the technical courses.

Unfortunately, there exists little theory, processes, tools, and examples for integrating

technical knowledge education with objectives that have traditionally been associated with

education in the liberal arts. This is the limitation of the various approaches to designing



technical and vocational education and training. However, as Fisher and Levene (1989)

have demonstrated, new approaches that are based on existing curriculum theory can be

effective.
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CHAPTER 3.

A DATA SUPPORTED SET OF ENGINEERING
PREPARATION OUTCOMES

The IME department at OSU publishes a brochure for prospective undergraduate

students. One side of the brochure contains a brief description of industrial and

manufacturing engineering, a list of the major technical areas, and examples of the career

opportunities available to graduates. The other side contains an outline of the course work

that is required to satisfy department, college, and university requirements, and

descriptions of the laboratory facilities, faculty, and student organizations in the

department. It is a good brochure. Unfortunately, the description of the technical areas in

industrial and manufacturing engineering is the only clear link established between the

curriculum and the knowledge and skills required for a successful engineering career.

Clearly, technical knowledge is only one of the many attributes that engineering

graduates must possess. According to Tyler (1949), obtaining a clear understanding of the

desired educational outcomes is the first step in curriculum design. A set of desired

outcomes also gives students and faculty a framework for understanding how specific

courses and assignments meet the long-term goal of an engineering career. This chapter

describes the work to develop a comprehensive set of preparation outcomes required for

graduates to gain entry into the engineering profession, and the collection of quantitative

data on how the many outcomes should be prioritized within the curriculum.
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The first step in the process was the development of a set of desired outcomes based

on a review of the existing literature. The set of outcomes and the taxonomy used to

organize the material in the literature are described in the first section of this chapter. The

educational outcomes were then used to develop a comprehensive mail questionnaire that

was distributed to IMIE alumni, advisory board members, faculty, and students. The

questions included in the questionnaire, and details of its design and distribution are

described in the second section. The final section contains an analysis of the responses

from the survey participants. Of particular importance were the respondents' views of the

IME curriculum, and where improvement efforts should be targeted.

Engineering Preparation Outcomes From Existing Data

As presented in Chapter 2, a large body of literature is available on the capabilities that

are expected of new and experienced engineers in today's job environment. Classi1ring the

material to obtain a concise list of the expected capabilities of IMIE graduates is a difficult

task. The situation is further complicated by the existence of many systems for creating

and classif'ing desired educational outcomes.

Thus, the first step in the development of a set of desired outcomes from the existing

literature was to select a classification system. The system, and the process used to make

the selection are described below. Following that, is a description of the desired outcomes

for industrial and manufacturing engineering education that was developed by analyzing

relevant articles, books, and reports.



Classification System

There are many classification systems for defining educational outcomes. Sources

include education and industrial studies. Many of those from education are based on the

psychology of learning while industry systems are typically based on job requirements. As

a first step in this phase of the research, a set of objectives for the selection of a

classification system was developed for use in evaluating the existing systems. This

process and the results attained are described in this section.

Objectives

The first objective was that the classification system be directly applicable for research

on engineering curricula. Thus, the educational outcomes need to focus on the broad

objectives of the undergraduate engineering program, and not on detailed learning

objectives for a specific course or topical area.

The second objective was that the system be expandable within existing categories.

Having preexisting categories makes it easier to identifj shortcomings in a set of

outcomes.

The final objective was that the system be adaptable to engineering disciplines other

than IME by distinguishing between the requirements for engineering in general and those

specific to a discipline.
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Selected System - Description

The classification system selected was Professional Preparations Outcomes (PPO) by

Stark et al. (1986a). The two general sections of the system, and a description of specific

categories in each section are shown in Figure 3-1.

The PPO system was developed to assist in understanding the similarities and

differences of entry requirements for various professions. The categories are generic

without discipline specific wording. An example cited by the author was the use of

"integration of theory and practice" (Stark et al., 1986b). Another objective was keeping

the categories "reasonable exhaustive, mutually exclusive, and independent".

The criteria used in defining professional programs included 1) degree programs in

four year colleges and universities, 2) graduate or undergraduate, and 3) programs that

provide entry to broadly defined professional fields (Stark et al., 1986b). Stark et al.

(1986a) specifically identified the entry level, or "preservice", requirements as the intent of

the study.

The categories were initially developed following a literature study of professional

education and a review of existing professional preparation programs. Twelve professional

fields, including law, medicine, business administration, and engineering, were selected for

study. Professional journals that focused on education were selected for each field.

Publications from 1979 to 1984 were reviewed, and their topics were mapped onto the

categories. Stark et al. (1986a) reported a 90% consistency between four reviewers.
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Figure 3-1. Professional Preparations Outcomes
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PROF1SSIONAL COMPETENCIES

Conceptual Competence
The generally accepted foundational knowledge of the profession (e.g., engineering); the
competencies that are integral to the profession. This includes the technical, liberal arts,
cognitive skills, and attitudes that students need for subsequent education and practice.

Technical Competence
Defined as the ability to perform fundamental skills required of the profession. The
category is described as the vocational component of the curriculum. It includes specific
psychomotor, interpersonal, and cognitive skills along with the technical knowledge
unique to the discipline within the profession.

Contextual Competence
The ability to examine an issue from a variety of vantage points; to be able to see a
situation from someone else's viewpoint. An understanding of the broad social,
economic, and cultural setting in which the professional will practice, and how those
forces can affect the practice of the profession.

Interpersonal Communication Competence
The ability to communicate, both orally and in writing, with others.

Inte2rative Competence
The ability to integrate Conceptual, Technical, Contextual, and Communication
competencies to make professional judgments of the strategies and tactics to be used.

Adaptive Competence
The ability to sense and adapt to changing situations including technology,
organizational, and society.



Figure 3-1. Professional Preparations Outcomes (continued)
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PROFESSIONAL ATTITUDES

Career Marketability
Students are prepared to obtain necessary professional licensing. They understand and
possess the skills that employers desire, and know the procedures to obtain employment.

Professional Identity
Students understand and identif,r with the norms and values of the profession. They have
been socialized into the profession.

Professional Ethics
Students understand the code of ethics for the profession. They understand the
distinction between legal and ethical behavior, and can act in an ethical manner.

Scholarly Concern for Improvement
Students support the generation and dissemination of research that is necessary to
expand the profession's knowledge base.

Motivation for Continuous Learning
Graduates recognize the necessity for continuous learning, and are motivated to continue
their professional development.



Meeting the Objectives

Based on the classification systems identified from the literature review, PPO is the

only system created from a study of the educational literature in a broad range of

professional programs including engineering. This high level approach to summarizing the

desired outcomes is consistent with the curriculum development research being conducted.

Another advantage of the PPO system is that it contains categories such as

psychomotor skills that, upon first review, do not apply directly to engineering. Finally,

most discipline specific outcomes can be placed in the Technical Competence category,

which leaves the other categories for outcomes that apply to all engineering disciplines.

Classification Systems That Were Not Selected

Selecting a classification system from which to construct a set of desired educational

outcomes for the IME department required a detailed analysis of several systems. The

purpose of this section is to provide a brief description of the ones that were evaluated,

but not selected.

Bloom's Taxonomy

The taxonomies in the cognitive (Bloom, 1956) and affective (Krathwohl et al., 1964)

domains were developed to provide a mechanism to aid in the development of

instructional objectives. Applied to a desired topical area, Bloom's taxonomy provides a

mechanism to classif,r knowledge and skill in terms of increasing complexity (Bloom et al.,
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1981). The categories are helpful when used to develop a goal that defines the depth of

understanding of a topic that a student should obtain. Two limitations led to the rejection

of Bloom's taxonomy.

First, a set of objectives developed with this taxonomy can become extremely complex

when applied to an entire curriculum. The set of objectives for a medical curriculum is 800

pages in length (Mast, 1980). Educational objectives of such length and detail do not

facilitate the process of curriculum development because of the difficulty in seeing the big

picture, the inflexibility inherent in the detail, and the time required to develop the

objectives. Secondly, Bloom's taxonomy becomes more difficult to apply when cognitive

skills such as problem solving and creativity are essential elements for consideration and

evaluation.

Instructional Objectives

Several formats have been developed for writing instructional objectives to identify

desired behavioral outcomes. Mager (1984) defines the components as 1) performance

(what the learner is to be able to do), 2) conditions (under which the performance is to

occur), and 3) criterion (acceptable level of performance). Gronlund (1991) discusses the

application of this methodology to cognitive skills in terms that are more applicable.

Instructional objectives are helpful in defining exactly what a student should learn from a

lesson, a course, or even a curriculum. However, instructional objectives are not as helpful

in classi'ing educational objectives.



Gagne's Conditions of Learning

Gagne' (1985) has developed a taxonomy based on learning theoiy. He defines five

categories (intellectual, verbal facts, cognitive strategy, motor skills, and attitudes), each

best learned through a different instructional strategy. Again, the main intent is the design

of instruction and not curriculum development.

Developmental Instruction

Culver and Fitch (1988) proposed that Perry's (1970) theories on the intellectual

growth of students in college be applied to the development of instructional objectives. In

the system developed by Culver and Fitch, objectives are categorized by knowledge (e.g.,

discipline topics), skills (e.g., communication, problem solving), and attitudes (e.g.,

ethics). The advantage of the approaches taken by Gagne, and Culver and Fitch is the

relationship between an educational objective, and how it is taught and learned.

Vocational Curriculum Development

The principal focus of vocational curriculum development is the knowledge required

to perform a specific task or set ofjobs. Vocational methods are weak in describing the

skills and attitudes components of a curriculum.
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List of Educational Objectives

Creating a list of educational objectives is a common approach used in education (e.g.,

Arizona State (1991)), and industry (e.g, Camevale (1990), Imperial Oil (1993), Oregon

Economic Department (1994)). Although lists can be helpful, most lack the hierarchical

approach of the Professional Preparations Outcome system.

Liberal Arts Objectives

The faculty at Rutgers (State of New Jersey, 1987) developed a set of behavior based

objectives titled the "Qualities of the Liberally Educated Person". This work defines four

clusters: 1) Higher-order thinking skills, 2) Awareness of environment, 3) Awareness of

oneself and 4) Awareness of the social and cultural environment. This, and other objective

schemes (e.g., Alverno College Faculty (1981)) for the liberal arts are resources for the

"liberal arts" skills for professional education, but are inadequate for describing the

technical aspects of the professional curriculum.

Preparation Outcomes for Industrial and Manufacturing Engineering

The PPO system was used to develop a set of desired outcomes for industrial and

manufacturing engineering based on a review of relevant literature. The objective of this

work was to better understand and summarize the material on educational goals. The

resulting outcomes were developed specifically for the design of a curriculum survey.
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The key points from twenty-nine articles, reports, and books (see reference list in

Table 3-1) were written on cards that were then placed in the applicable PPO category.

The Affinity Diagram process (GOAL/QPC, 1994) was used to form subgroups of similar

topics, and a label and description was developed for each subgroup. The resulting set of

preparation outcomes for IME is shown in Appendix A.

Table 3-1. Reference List for Competencies for Industrial and Manufacturing
Engineering

American Society for Engineering

Education (1986)

American Society for Engineering

Education (1987)

Arizona State University (1991)

Arthuretal.(1990)

Bames(1994)

Black(1994)

Bordogna et al. (1993)

Boyett and Conn (1991)

Crawley et al. (1994)

10 Eder(1992)

Emst(1989)

Evans et al. (1990)

Fentiman(1993)

Koska and Romano (1988)

McMasters and Ford (1990)

Milne(1992)

National Research Council (1985)

National Research Council (1986)

Oregon Economic Department

(1994)

Page et al. (1992)

Philpott and Corbett (1992)

Priest and Bodensteiner (1992)

Smith(1992)

Todd et al. (1992)

Tooker et al. (1992)

Tribus(1990)

Vinceti and Sladovich (1991)

Wells (1994)

Wells and Omurtag (1994)
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The PPO system has two categories: Professional Competencies and Professional

Attitudes. Most engineering education literature is focused on the first category. The

Conceptual Competence subcategory contains the foundational knowledge required of all

engineering graduates, although the importance may vary by discipline. Requirements for

professional practice within the specific discipline of industrial and manufacturing

engineering are included within the Technical Competence subgroup.

The objective of the exercise, which was to aid the development of the curriculum

survey for industrial and manufacturing engineering, is satisfied by the resulting outcome

set. It is clear that there is high degree of commonality in much of the literature concerning

engineering education, and it is helpful to realize that similar issues and objectives exist for

other programs for professionals. The set of outcomes may also be useful for developing a

system for meeting the accreditation requirements specified in ABET's Criteria 2000.

Curriculum Survey

The current IME engineering curriculum is a complex system requiring 192 quarter

credit hours, and involving a minimum of sixty courses in at least twenty academic

departments. To be successful, curriculum research on such a system must be focused on a

clear set of objectives. The specific research objectives, and the rationale for selecting a

data collection methodology are discussed below. This is followed by a description of the

survey questionnaire used to collect input from industrial and manufacturing engineering

alunmi, employers, faculty, and students.



Survey Objectives

The primary objectives of the curriculum survey were to obtain quantitative data on 1)

the importance of specific industrial and manufacturing engineering topics, and 2) the

proper curricula balance between the topics and other educational competencies.

Additional, more qualitative, objectives were to 3) determine the strengths and

weaknesses of the current IME academic program, and 4) obtain ideas on where

incremental improvement efforts should be targeted.

Use of a Mail Questionnaire

An analysis of the methods available indicated that a mall questionnaire would have the

highest probability of obtaining both the quantity and quality of applicable data. The

following is a review of the available data collection options.

Telephone interviews do not work well for obtaining rank order responses or

weightings because the respondent is required to remember previous questions or

responses. Rank order questions were expected to be a critical part of the survey.

Although face-to-face interviews were used in the initial survey design and testing, this

technique was not employed for major data collection because of the expense and logistics

involved with hiring and training people to conduct the interviews. Maintaining

consistency between interviewers was also a critical issue. The alternative to having one

person conduct all of the interviews with a restricted sample size, was to train and

continually correlate an interview team.
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Focus groups work well to obtain qualitative data, and to obtain the insight into issues

that can come from group interaction. However, mail surveys are superior tools for

obtaining quantitative data necessary for this type of research. Geographic diversity was

an additional factor against the use of focus groups since approximately half of the IME

alumni live out of the state of Oregon. Limiting the sample to alumni living in the local

area would have introduced bias due to the narrow population of regional industry in the

areas of high technology and light manufacturing.

Properly conducting a mail survey requires planning and a high degree of preparation.

Obtaining a high response rate and a low number of unanswered questions is contingent

on many factors. Diliman's Total Design Method (1977) for mail surveys was the prime

source of information used in the design, pretesting, and distribution of the questionnaire.

Dillman's approach focuses on the prospective respondent. It is founded on the

principles that 1) the respondent must feel a sense of satisfaction from participating, 2) the

questionnaire must be easy to complete and return, and 3) a sense of trust that his/her

work is valued has been created. This methodology requires a well designed questionnaire

and multi-step survey process.

Curriculum Questionnaire

Development of the written questionnaire for collecting data started in the fall of 1994.

Input and ideas for the design were collected from OSU faculty, students, and IME

advisory board members. The set of engineering preparation outcomes developed from
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the education literature and earlier curricula studies provided an important source of ideas.

The end result was a set of questions in the following areas:

Topical areas to include in the curricula.

Relative importance and the performance of IME graduates to ten desired

attributes, and which of the ten should be targeted for improvement.

Helpfulness of 23 college learning experiences.

Proposed curriculum changes.

Background information on the respondent.

The following sections contain details about the process used in the questionnaire

development. Also included are descriptions of each question, the reasons for inclusion,

and background material used in its development. The rating scale, layout, and placement

in the questionnaire are described to provide insight into the design process.

Topical Areas (Questions S and 6)

Figure 3-2 contains the nineteen broad and separate topical areas in industrial and

manufacturing engineering selected following a review of college catalogs and the

Proceedings of the Curricula 2000 Workshop (Arthur et al., 1990) on manufacturing

engineering education. Each topical area was designed to require six to nine quarter credit

hours for a student to reach the level of competency required for an undergraduate degree.

A two to three line description of each topical area was provided.

Topics were organized in groups of three (e.g., Computer Programming, Artificial

Intelligence, and Computer Simulation), and the groups were placed in random order. In



Planning and control of manufacturing operations including forecasting, scheduling,
inventory control, and just-in-time systems.

Materials, processes, and tooling in manufacturing. Materials include metals, plastics,
composites, ceramics, and electronic components. Processes include casting, forming,
machining, joining, and assembly.

Job and facility design. Includes work organization, line balancing, and time studies.
Design of facilities and material handling systems.

Human factors principles used in the design of equipment and work stations to improve
system performance and safety.

Environmental engineering issues in manufacturing including minimizing waste,
management of hazardous substances, and pollution control.

Industrial safety. Methods to control physical and chemical hazards in the workplace.
Regulatory requirements. Safety management.

Computer programming concepts and the use of a programming language such as C,
FORTRAN, or QBASIC.

Artificial intelligence and expert systems with applications to manufacturing
operations such as to assist in the diagnosis and repair of failed equipment.

Computer simulation for the design and optimization of manufacturing systems.
Applications include facility design and production scheduling.

Figure 3-2. Nineteen Industrial and Manufacturing Topical Areas
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Quality management of manufacturing systems. Ways to manage and improve
complex manufacturing systems. The application of Total Quality Management
principles.

Business operations. Includes finance, management, marketing, accounting, business
strategy, and economics.

Economic analysis of products, processes, and equipment. Generation of cost estimates,
and the application of engineering economic principles.

Statistical theory and applications for design, control, and improvement of
manufacturing processes. Statistical process control, design of experiments.

Information systems in manufacturing. Designing the flow of information so that
accurate and useflul data are available when and where it is needed. Includes database
management and automated data collection.

Operations research including linear programming and queuing theory. Applications to
transportation, inventory control, and machine scheduling.

Engineering design process from conception through mature production. Project
management, concurrent engineering, design for manufacturability.

Computer applications from spreadsheets to computer aided design.

Robotic systems in manufacturing operations. Includes the principles of mechanics and
control, equipment selection, and applications.

Computer Integrated Manufacturing. The application of computer hardware and
software to control discrete and continuous manufacturing systems. Includes sensors,
actuators, and computer vision systems.

Figure 3-2. Nineteen Industrial and Manufacturing Topical Areas (continued)
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Figure 3-3. Response Scale for Topica' Areas
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addition, the respondent was given the opportunity to add and rate two additional topical

areas. The last question provided the respondent the opportunity to discuss their

responses.

Figure 3-3 shows the response scale developed to provide relative weights for topical

areas. Topical areas rated either a 4 or 5 represent what the respondent believes students

should be required to take. The most important required topics are also emphasized by

integrating their concepts into other courses. The limit on the number of selections in the

top two categories (4 and 5) was used to reflect time constraints in the curricula. An

alternate approach was to ask the respondent to sequentially rank the topical areas. This

was not done because it was deemed harder for the respondent to answer.

1 = Not Worthwhile Elective

2= Helpful Elective

3 = Recommended Elective

4= Required (Five maximum)

5 = Required and Emphasized (Three maximum)



Desired Attributes (Questions 7 - 10)

As demonstrated with the set of engineering outcomes in Appendix A, knowledge of

the technical areas is just one of the many attributes that a college graduate should

possess. This observation was the motivation for using the preparation outcomes as a

basis for creating a set of desired attributes for college graduates. Practical considerations

limited the number of attributes to ten. The scope of each attribute was expanded by the

accompanying description. The ten attributes, and their correspondence with the

educational outcomes for engineers (Appendix A) are described in Figure 3-4. Questions

were included to determine

The relative importance of the ten attributes

The performance of engineering graduates to the ten attributes

Where OSU's IME department should target curricula improvement efforts.

For the first question, the end points on a five point scale were labeled "Least

Important" and "Most Important", and the respondent was requested to use the entire

scale. This approach eliminated the need to create three, distinguishable definitions for the

middle points on the scale. Assuming that many respondents would rate two to three

attributes as "Most Important", the respondent was then asked to identify the attribute

they considered to be the most important. A similar approach, with 1 = POOR to 5 =

EXCELLENT, was used for identifying the performance of engineering graduates. This

was done for space and alignment considerations.

By design, the list often attributes fits on one page. The attribute on topical areas was

placed first, as a lead-in from the previous page. The remaining attributes were arranged
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Figure 3-4. Correlation Between the Ten Attributes and IME Preparation
Outcomes
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Knowledge of the engineering topics that you identified in question five on the
previous two pages (e.g. statistics, facility design, and computer integrated
manufacturing).

Conceptual Competence - Technical Foundations
Technical Competence - Cognitive Skills

Continuously improving personal and organizational performance. Always gaining new
skills. Able to detect and adapt to changing conditions.

Adaptive Competence
Motivation for Continuous Learning

Communication skills, both verbal and written. Ability to discuss complex issues in
terms that customers, management, and colleagues can understand.

Interpersonal Communication Competence
- Oral Communication
- Written Communication

Manufacturing and business operations. Awareness of what it takes for a business to
be successful. An understanding of the many economic, social, and cultural issues which
influence business decisions.

Conceptual Competence - Technical Foundations - Business and Economics
Contextual Competence

- Examination of an Issue From a Variety of Vantage Points
- Social Diversity

Design skill. Ability to develop and implement solutions for a broad array of issues
involving many disciplines and conflicting objectives.

Conceptual Competence - Cognitive Foundations
Integrative Competence
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High ethical standard to job and personal life. Understands standards of the
profession, and implications of actions to company, employees, and society.

Conceptual Competence - Cognitive Foundations - Thinking Like an Engineer
Contextual Competence - Social Diversity
Professional Identity
Professional Ethics

People skills. The ability to work effectively with customers, management, and
colleagues. Works well in a team structure.

Technical Competence - Interpersonal Skills
Interpersonal Communication Competence

- Interpersonal Skills
- Working in Teams

Knowledge of engineering fundamentals. Includes calculus, chemistry, physics, and
engineering sciences (e.g. statics, dynamics, thennodynamics).

Conceptual Competence - Technical Foundations

Problem solving skills. The ability to identif\j and fix critical problems using sound
engineering principles and following good engineering methods.

Conceptual Competence - Cognitive Foundations

Commitment to achieve objectives which requires high expectations, a positive
attitude, and an open mind to new ideas and ways of doing things.

Conceptual Competence - Foundational Attitudes

Figure 3-4. Correlation Between the Ten Attributes and IME Preparation
Outcomes (continued)
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in random order. The third question on where to target improvement was placed after the

respondent had thought through the two dimensions of importance and performance. This

question was included because curriculum improvement efforts can be most successful

when the efforts are targeted.

College Learning Experiences (Questions 11 - 13)

To learn more about where to focus improvement efforts, respondents were asked to

rate the helpfulness of 26 college learning experiences. The respondent was given the

oppoitmityto add and rate two additional learning experiences. Another reason for

including these experiences was an effort to measure the consistency of the respondent's

answers. For example, a respondent who rated the attribute in question 7c,

"Communication Skills" high would be expected to rate the experience in question number

11k, "In-class presentations" high.

The five point response scale (Figure 3-5) reflects the theme of "helpfulness". In the

questionnaire, the learning experiences were placed after the topical areas and the ten

attributes. This was done because the respondent would be better prepared to deal with

college experiences after working through the main parts of the educational process.

Proposed Engineering Curricula Changes (Questions 2-4)

Three additional engineering curricula issues were included in the questionnaire. The

first one dealt with where to cut twelve quarter credit hours from the curricula to increase
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1 = Not Helpful

2= Somewhat Helpful

3 = Helpful

4= Veiy Helpful

5 = Extremely Helpful

Figure 3-5. Response Scale for Measuring the Helpfulness of College Learning
Experiences.

the likelihood of students graduating in twelve quarters. The respondent was asked to

allocate the credit hours between the general educational categories of Engineering

Science, Liberal Arts, ]ME, Math, and Science. The categories were placed in a random

order.

The next question dealt with the idea of including a foreign language requirement in

the curricula at the expense of existing courses. The principal reason for this question was

the increasing international nature of business. Another reason was the upcoming addition

of a foreign language requirement for admission to OSU. The respondents who believed

that the requirement should be added were asked where to cut the necessary eighteen

quarter credit hours from the same five categories used in the previous question.

The third issue concerned the ongoing discussion about the structure of the

engineering curricula. Increasing technology has resulted in a push to expand the existing

curricula beyond twelve quarters over four years. Various options have been proposed,



Figure 3-6. Alternate Engineering Curricula Structures
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and some have, at times, been implemented (National Research Council, 1986). A

successful approach at OSU has been the Multiple Engineering Cooperative Program

(MECOP), a five year, twelve quarter undergraduate degree with two, six months

internships. In the questionnaire, the respondent was asked to rate, using a five point scale,

their support or opposition to the six curricula structures shown in Figure 3-6.

A four year, 12 quarter undergraduate degree in a specific engineering discipline.

A five year, 12 quarter undergraduate degree in a specific engineering discipline with
two, six months work internships.

A five year, 15 quarter undergraduate degree in a specific engineering discipline.

A five year, 15 quarter, double degree program. The first three years are liberal arts,
math, and science courses, followed by two years of engineering courses. The
student graduates with a Bachelor of Arts, and a Bachelor of Science degree in a
specific engineering discipline.

A four year, 12 quarter undergraduate general engineering degree followed by a 3
quarter Master of Science degree in a specific discipline.

A four year, 12 quarter undergraduate general engineering degree followed by a one
to two year professional degree in a specific discipline. This is similar to educational
programs in other professions such as medicine and law.



Background Information (Questions 1, 14-23)

Background information from the respondent was collected in order to learn more

about the respondent and what position he/she currently held. The first question, placed

there because it was easy to answer (Diliman 1977), focused on the respondent's

relationship to the IME department. Other questions concerned the respondent's

education, current status, and current professional work.

As discussed earlier, many organizations have adopted the quality management

principles of teamwork, continuous improvement, customer satisfaction, and a focus on

process. When designing the survey, it was hypothesized that organizations that had

embraced these principles would place more emphasis on communication and teamwork

skills. For this reason, the respondent was asked to rate the extent that these principles had

been adopted in his/her organization.

Questionnaire Layout and Sequence of Questions

The front page was used to explain the purpose of the survey. The College of

Engineering logo was included to improve the appearance of the questionnaire. The back

page was used for written comments, and for the respondent to indicate if they wished to

receive a summary of the results. In the body of the questionnaire, easy questions were

placed first, followed by the key questions of the survey and background information.

Each new section was introduced with one to two sentences in a bold font. Each

question contained background information to describe the purpose of the question, and
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the appropriate instructions. The five point rating scale was explained before the individual

questions. Descriptions for the lowest and highest rated points on the scale were printed

above the respective numbers, and vertical and horizontal alignment was maintained

throughout the questionnaire. Except for the question on topical areas, all parts of each

question were contained on one page. Spaces were placed between question groups.

Instructions to go to the next page or turn the page were located at the bottom of each

page. As specified by Dillman (1977), attention was paid to every detail of the layout.

Pretesting

The questionnaire was pretested by members of the IME Advisory Board, ]ME

faculty, and students. Changes were made throughout the questionnaire as a result of the

comments. One significant change was to extend the focus of the questionnaire to include

both industrial and manufacturing engineering. The result was an error free questionnaire

that was readable and understandable by all of the respondents.

Questionnaire

A copy of the final version of the questionnaire is included in Appendix B. The

respondent was requested to make at least 117 responses, with many opportunities

provided for comments. The form took an average of 30 minutes to complete. The twelve

page questionnaire was printed on 11" X 17" white paper and folded and stapled to form a



booklet. The only critical feedback received about the questionnaire was from a few

respondents who felt that it was too long.

Survey

The questionnaire is only part of a well executed mail survey. Study groups and

sample sizes must be selected to best obtain the desired data within resource constraints.

Dillman stated that the survey methodology is a significant factor in obtaining a high

response rate that, if obtained, means a large quantity of data to process. All of this is

discussed in the following section.

Survey Groups and Sample Sizes

The questionnaire was sent to all members of the MECOP and IME advisoty boards

(representing employers), students in their senior year, and the IME faculty. It was also

sent to a sample of IME alumni and 51 industrial engineering department heads in the

United States. This effort began in Januaiy 1995 and was completed by June 1995. The

population and sample sizes for the alumni are shown in Table 3-2.

Table 3-2. Survey Groups and Sampling for Alumni
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Alumni Group
Population

Size
Sample

Size

Alumni 1970-1984 284 75

Alumni 1985 - 1989 205 75
Alunmi 1990 - 1994 184 75
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The alumni were arranged into three groups for the purpose of selecting the sample.

Alumni in the 1985 - 1989 and 1990 - 1994 groups were selected randomly. Alumni in the

1970 - 1984 group and the industrial engineering department heads were hand selected

based on personal knowledge of Dr. Tom West, Associate Dean of OSU's College of

Engineering.

It was estimated that it would not be possible to draw statistically significant

conclusions about any response differences between the alumni groups. This was based on

the results in a similar study by Nichols (1980). With a five point scale, he reported a

typical standard deviation of one scale point for each question. Based on that and a 60%

return rate, the expected three sigma estimate of the population mean for one question is

± .45, a rather large number.

Survey Methodology

Dillman's (1977) survey methodology was followed because of the 60% - 75%

response rate that he obtained with questionnaires of similar size. A complete mailing

packet, sent in a #10 envelope, included the questionnaire, a personally addressed and

signed cover letter on IME letterhead, and a #9 business reply envelope. Everyone in the

survey was assigned a unique three digit identification number that was placed on the front

page of the questionnaire. One deviation from Dillman's method was the use of the larger

envelopes so that the questionnaire was only folded once. This gave a more professional

appearance than a standard business envelope.
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Two weeks after the initial mailing, a postcard was sent to everyone to encourage non-

respondents to complete and return the questionnaire. Three weeks after that, a complete

packet with a different cover letter was sent to all of the non-respondents. A third mailing

was sent four weeks after the second. The wording on the postcard and each of the three

cover letters that was sent to the alumni is shown in Appendix C.

Survey Returns

A total of 252 questionnaires were returned for an impressive 66% response rate. It

was encouraging to have such a high level of participation. A summary of the returns is

shown in Table 3-3.

Table 3-3. Survey Returns

Survey Group
Number

Deliverable
Number of

Returns
Percent of
Returns

Alumni 1970-1984 72 48 67
Alumni 1985- 1989 74 46 62
Alumni 1990 - 1994 68 43 63

MECOP Board 36 27 75
JMEAdvisoryBoard 13 13 100
Seniors 55 35 64
Department Faculty 11 11 100

IE Dept. Heads - US 51 29 57

Total 380 252 66
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A spreadsheet file was used to record the name and identification number for everyone

in the survey, and to track the date of all mailings and the receipt of the completed

questionnaire. The numerical responses were recorded in a spreadsheet file. No entry was

made when the respondent elected to not provide a response. Written comments were

recorded in a word processor. For sorting, each comment was labeled with the

respondent's identification number, and the question number and letter.

Alumni Respondents

Of the alumni respondents, 62% were Industrial Engineering and 38% were

Manufacturing Engineering graduates. In addition, 91% were working full or part-time,

28% had obtained a Masters degree (primarily an MBA), and 9% were continuing their

education on a full or part-time basis.

Four out of five alumni respondents were working for private companies. The

remainder worked for public organizations (11%), were self-employed (7%), or were a

member of the armed forces (2%). Table 3-4 shows a distribution of the number of

employees in the organization. By and large, 1MB alumni respondents were likely to work

in large organizations. As shown in Table 3-5, alunmi have accepted a wide variety of

assignments with almost 30% in management positions.

As shown in Table 3-6, the majority of alumni work for manufacturing operations.

Finally, the manufacturing processes being used at the facility where the alumni work are

listed in Table 3-7.



Table 3-4. Number of Employees at Alumni's Work Location and Worldwide

Table 3-5. Current Work Assignment for Alumni by Percent
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Number of
Employees

Location:
% of Alumni

Worldwide:
% of Alumni

1-5 3.8 2.3
6 - 50 15.3 8.3
51-250 15.3 6.8
251 - 1000 31.3 14.4

1001-5000 23.7 14.4

>5000 10.6 53.8

Work Assignment
Percent of

Alumni

Process Design 13.8
Manufacturing Management 11.5
General Management 10.0
Business or System Integration 8.4
Equipment, Facility Design or Mgmt. 8.4
Managing Professional Staff 7.7
Software Development 6.2
Marketing 4.6
Quality Assurance 4.6
Product Design 3.9
Purchasing, Vendor Interface 3.9
Assembly and Test 3.1
Education and Training 3.1
Project Management 3.1

Financial Analysis 2.3
Sales 2.3
Shop Floor Control 1.5

CNC Machine Programming 0.8
Scheduling, Inventory Control 0.8
Research and Development 0.0



Table 3-6. Primary Function at Work Location for Alumni

Table 3-7. Percent of Alumni Respondents with Manufacturing Process Used at
Current Work Location
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Primary Function
Percent of
Alumni

Manufacturing 56.7
Consulting 12.7
Distribution 6.0
Product Design 6.0
Service Industry 6.0
Software, Information Technology 3.0
Maintenance, Safety 3.0
Sales 2.2
Corporate Planning, Management 2.2
Marketing 1.5
Research and Development 0.7
Academic 0.0
Regulatory 0.0

Manufacturing Process

Percent of
Alumni

with Process

Metal Machining, Casting, Forming, Welding 41.6
Electronics Assembly 29.9
Chemicals 23.4
Silicon Wafer, IC Processing, Testing, Assembly 18.3
Plastics 13.9
Assembly 8.8
Food Processing 7.3
Ceramics 5.8
Printing 2.2
Wood Products, Pulp and Paper 2.2



Analysis of Survey Data

Analysis of the survey data presented a classic "forest from the trees" problem. With

eight survey groups, 30,000 data points, and 60 pages of comments, it was important

during the analysis to concentrate on finding the general patterns, and to only cautiously

explore distinctions between survey groups and possible correlations between responses.

Consequently, summary statistics (mean and standard deviation) were used to describe

most of the results.

In the presentation of the results, the responses from all of the alunmi have been

combined with those from both advisory boards. The same thing was done with the

responses from the OSU faculty and IE department heads. Most of the responses were

similar for the groups that have been combined. Interesting differences are discussed in

each section.

Data Analysis Tools

The SPSS/PC+ statistical analysis software was used to calculate summary statistics

and conduct statistical analysis. SPSSIPC+ was selected because it contains sophisticated

statistical analysis tests that are relatively easy to use. The primary disadvantage of

SPSSIPC+ is its fixed output format. This was the motivation for the development of a

QuickBASIC program (MEANS .BAS) to calculate summary statistics. For each survey

group, the program determines the percentage of responses for each point on the rating

scale in addition to the mean and standard deviation. The flowchart of the program is

shown in Figure 3-7, and an example of the printout is shown in Figure 3-8. Options were
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Figure 3-7. flowchart for Calculating Summary Statistics From Survey Data
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incorporated in the program to combine survey groups, and to select groups based on

responses to specific questions.
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Summary statistics

Variable: Plan5a
Label: Plan and control

Group Name
# #Non

I I I i I I

ResplRespl%11%21%31%41%5IMeanIstdD
+ +----+-----+----+----+----+ +

+----+----+----+----+----+

Figure 3-8. Example Printout From QuickBASIC Analysis Program

To utilize both SPSSLPC+ and the QuickBASIC program, the spreadsheet containing

the survey data was translated to an SPSSIPC+ system file. The primary functions of the

translation program were to

Assign labels to survey questions

Assign labels to values for each survey question

Recode all invalid data to -.1

Calculate percent values for survey questions 2 and 3

Convert responses to questions 8 and 10 from letters to numbers

Output SPSS system and spreadsheet files

Alumni 1975-84 48 0 0 2 23 38 38 4.10 0.83
Alumni 1985-89 45 1 0 2 24 47 27 3.98 0.78
Alumni 1990-94 42 1 0 2 29 31 38 4.05 0.88
MECOP Board 26 1 0 12 23 46 19 3.73 0.92
IME Board 13 o 0 0 23 62 15 3.92 0.64
Students 35 o 0 0 29 29 43 4.14 0.85
OSU IME Faculty 11 o 0 0 18 64 18 4.00 0.63
IE Faculty 29 0 0 0 17 48 34 4.17 0.71

Total 249 3 0 2 24 41 32 4.03 0.81



The new spreadsheet file was converted to an ASCII file which was read by the

QuickBASIC program.

IME Topics (Questions 5 and 6)

A bar chart of the survey mean rating for the nineteen IME topics is shown in Figure

3-9. Topics are sorted by the rating for the combined alumni and advisory boards.

Compared to the faculty, the alumni and advisory board members placed a higher

emphasis on quality management, business, and information systems, and less on technical

topics such as operations research and computer simulation.

To better understand the responses, the technical component of the existing IME

curricula was organized into categories similar to the ones used in the questionnaire. The

existing curricula compared to the ranking of the responses from the faculty and the

alumni plus the advisory boards is shown in Table 3-8. Topics are listed alphabetically in

each category. Not surprisingly, there is a good match between faculty opinions and the

existing curricula.

Differences existed within the combined survey groups. The most significant were

between the advisory boards. As shown in Table 3-9, the IME Advisory Board members

favored more business oriented topics while the MECOP Board members favored topics

more related to manufacturing. All of the differences are statistically significant to an alpha

= 0.05. In general, the opinions of the IME alumni were between the two boards. For the

alumni respondents, manufacturing engineering graduates rated materials higher
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Table 3-8. Ranking of Topical Areas Compared to the Existing DIE Curricula
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Existing Curriculum Survey Ranking

Category IME Topic Faculty
Alumni +

Advisory Bds.

Required and
Emphasized

Engineering Economics 2 1

Job and Facility Design 4 9

Planning and Control 3 5

Statistics 1 3

Required
(two or more
courses)

Design Process 6 4
Materials and Processes 8 7
Operations Research 9 14

Required
(one course)

Business 15 6

Computer Applications 12 10

Comp. Integrated Mfg. 14 12

Computer Programming 11 15

Computer Simulation 5 11

Information Systems 13 8

Elective Artificial Intelligence 19 19

Environmental Engrg. 16 16

Human Factors 7 13

Industrial Safety 17 17

Quality Management 10 2
Robotics 18 18



than IE graduates. Finally, IE Department Heads gave considerably higher ratings to

human factors and computer simulation as compared to IME faculty.

Table 3-9. Rating Differences Between IME and MECOP Board Members

Mean Ratin

The differences of opinion between respondents within the same survey group are

reflected by an average standard deviation of 0.9 scale points. For example, 20% of the

alumni and advisory board members did not select Engineering Economics, the topic

highest rated, as one of their required topics. It appears that alumni have utilized different

segments of their undergraduate course work and, as a result, have different perspectives

on the importance of specific topics.

The correlation coefficients between responses to each topic and all other topics were

calculated to test for the existence of an identifiable subgroup of respondents favoring a

set of topics. The largest correlation coefficients were between low rated topics such as

safety and environmental engineering, indicating that respondents were likely to rate both
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Favored
By IME Topic IME

I
MECOP

Absolute Relative
L in %

IME
Advisory
Board

Business 3.92 3.38 0.54 14.8

Engineering Economics 4.31 3.69 0.62 15.5

Information Systems 4.00 3.16 0.84 23.5
Quality Management 4.46 3.77 0.69 16.8

MECOP
Board

Job and Facility Design 3.36 3.92 0.56 15.4

Materials and Processes 3.67 4.30 0.63 15.8

Industrial Safety 2.42 3.04 0.62 22.7
Statistics 3.69 4.24 0.55 13.8
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topics low. Otherwise, most correlation coefficients were between ±0.15 indicating a very

weak correlation. Tests were run with the topics having larger correlation coefficients, but

no significant subgroups were identified.

Written comments made by the alumni were valuable in gaining a better understanding

of the responses. The key points, shown below, reflect the need to balance the technical

component of the curriculum with exposure to the "real world" in which engineering

decisions are made. This is consistent with the role of Operations Integrator identified in

the SME study reported by Koska and Ramano (1988).

Theoretical material should be de-emphasized in the undergraduate curricula

with technical specialization deferred to the Masters degree, or to training

directed by work assignments.

Students need to understand the bigger picture, the system in which their

decisions will be implemented.

Engineers are likely to face environmental and safety issues, and students

should be introduced to the topics within existing courses.

Desired Attributes (Questions 7-10)

The ratings for the importance often attributes sorted by the results from the alumni

and advisory boards are shown in Figure 3-10. Communication, problem solving, and

people skills were the three highest rated attributes by the alumni plus advisory board and

student groups, and were in the top five rated attributes by faculty. As measured by the

standard deviation, respondents were more in agreement about the importance of these
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three attributes. For all groups, the average standard deviation for communication,

problem solving, and people skills was 0.66 compared to an average of 0.99 for the

remaining seven attributes.

There were differences between the groups. Students and faculty rated knowledge of

IME topics higher than alumni and advisory boards. Likewise, faculty rated knowledge of

engineering fundamentals higher, although all groups gave that attribute a relatively low

rating. Finally, faculty placed more importance on ethical behavior than the other groups.

Following the list often attributes, respondents were asked to identify the attribute

they considered to be the most important. The percentage of alumni and advisory board

respondents selecting each attribute is shown along the top of Figure 3-10. Responses

were generally consistent with the ratings for the attributes. Of the differences, the

faculty's response to the knowledge of 1MB topics was the most noticeable. Although this

was the faculty's second highest rated attribute, only 9% identified it as the most

important.

Next, respondents were asked to rate the performance of engineering graduates to the

same ten attributes. The ratings provided by the three groups are shown in Figure 3-11.

There was good agreement among the groups although it is interesting to note that, except

for IME topics, the average rating by faculty was 0.30 points lower than the other groups.

Finally, respondents were asked to select one attribute to be targeted for improvement.

A bar graph showing the percentage of respondents selecting each attribute is shown in

Figure 3-12. Attributes are arranged in the same order as Figure 3-10. Some interesting

differences are observable.
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19% of the students and none of the faculty selected knowledge of IME topics.

17% of the alumni plus advisory board members compared to only 4% of the

students selected people skills. This may reflect recent increases in the use of

student teams in 1ME courses.

32% of the faculty targeted problem solving for improvement compared to

16% for design skill. Although the two are linked, the faculty's responses differ

from recent efforts to incorporate more design experience in the engineering

curricula.

Table 3-10 provides a different perspective on the responses from the alumni and

advisory board respondents. The attributes are ranked in order of importance as measured

by the average rating. The respondents targeted their three highest rated attributes of

communication, problem solving, and people skills for improvement.

Table 3-10. Results for Alumni and Advisory Boards to the Ten Attributes of
Graduates

Attribute Ranked in
Order of Importance

Performance
Rank

Focus
Improvement

Rank
I Communication Skills 9 1

2 Problem Solving Skills 2 3

3 People Skill 6 2
4 Continuous Improvement 7 6
5 Commitment to Objective 4 7
6 High Ethical Standard 5 9
7 IMETopics 1 5
8 Business Operations 10 4
9 Design Skills 8 8

10 Engineering Fundamentals 3 10



72

More than a third of the respondents took advantage of the opportunity to explain

their responses. The comments shown in Figure 3-13 highlight the main points concerning

each attribute. A more general theme was that curricula improvements should not begin

with a focus on changing student attitudes (commitment, continuous improvement, and

ethics).

Correlation Between Attribute Importance and Use of TQM

The mean rating for the four TQM principles in the respondent's organization are

shown in Figure 3-14. The obvious conclusion is that TQM principles are used more in

industry than academia.

To more accurately measure the use of TQM principles, responses to the four

questions were added together to create a surnmated rating scale. Assuming that the four

questions measure the same concept, that is, use of TQM, the result of this approach is to

reinforce agreement (covariance) while averaging out random response noise. Cronbach's

alpha coefficient is a measure of the effectiveness of a summated rating scale at measuring

the true value. Higher values of alpha indicate higher correlation between the questions,

thus a better rating scale. The calculated alpha for the TQM rating scale was 0.73 which

compares favorably to the requirement of 0.70 or better specified by Spector (1992).

To determine if a correlation existed between the rating of the ten attributes and the

use of TQM, alumni and advisory board respondents were grouped based on their

combined responses to the four TQM questions. Three approximately equal sized groups



Figure 3-13. Highlights of Comments Concerning the Ten Attributes of College
Graduates

73

Knowledge of Engineering Topics
If an engineer does not understand his/her professional skills, he/she is just
another business person.

Continuously Improving
The primary goal of education.
The ability and desire to continuously improve performance drives improvement
in the other attributes.

Communication Skills
Ideas not well communicated will be lost.
In order to make change happen, you must be able to get your point across in
terms that your listener can understand.
Communication will take an engineer farther than any technical skills.
Communication skills can be targeted in existing courses.

Manufacturing and Business Operations
It is necessary to appreciate the non-technical influences that affect decisions.
Decisions must be made within the context of the objectives of the organization.

Design Skills
IF s are expected to solve complex problems in people/technology systems.

High Ethical Standards
Complex decisions must be based on what is right.
Ethics should be addressed in the classroom, but not with the objective of
changing student's attitudes and values.
People have already developed their ethical standards by the time they get to
college.



People Skills
IME is a team oriented profession.
The most successfiul engineers I work with are not necessarily the best technical
engineers, rather they know how to use resources (experts and team members)
available to them to complete complex projects on time.
I have seen several engineers with good ideas be laid off because they could not
work with other people.

Knowledge of Engineering Fundamentals
Enables mastery of new, technical material.
Facilitates communication between engineers.

Problem Solving Skills
An engineer's job is to solve problems in all aspects of a business.
Requires a methodical and organized approach to problem solving.
Classes and problems are structured to eliminate the complexity of the solutions.
There needs to be more time spent consolidating the knowledge gained in prior
classes.

Problem solving skills are the most practical and applicable tool an engineer can
have.

Commitment to Achieve Objectives
Truly successfiil engineers are committed to achieving an organization's
objectives.
Results orientation is the over-riding success criteria.
Teaching skills is much easier than behaviors. The military does a good job of
changing behaviors.., are you ready for this. Then, as I remember, the amount of
work it took to get through 1E27X was like boot camp.

Figure 3-13. Highlights of Comments Concerning the Ten Attributes of College
Graduates (continued)
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Figure 3-14. Mean Rating of the Use of TQM Principles at Respondent's
Organization

were formed 1)18 to 20, 2)15 to 17, and 3)14 or less. A bar graph of the ten attributes

with the respondents grouped by the TQM rating is shown in Figure 3-15. Contrary to

expectation, there is no obvious correlation.

College Learning Experiences (Questions 11-13)

The ratings for the 21 college learning experiences were very similar for all of the

survey groups. The combined ratings are shown in Table 3-11 sorted by the mean rating.

In addition, 26 respondents identified various types of extra-curricular activities including

Satisfying Employee Continuous Processes
Customers Involvement Improvement Followed

TQM Principle
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Table 3-11. Survey Ratings for College Learning Experiences Sorted by the Mean
Response From All Groups
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College Experience Ranked in
Order of Importance

Mean
Rating

% Rated
4 or 5

1 Work experience (12a) 4.73 95
2 In-class presentations (ilk) 4.39 90
3 IME courses (lid) 4.26 85
4 Courses requiring writing (lIp) 4.22 85
5 Working in teams (1 in) 4.20 82
6 Teaching problem solving (lit) 4.19 84
7 Designing something (iii) 4.18 85
8 Field studies (lii) 4.07 75
9 Field trips to industiy (12b) 4.06 78

10 Complex design project (1 lo) 4.02 73
11 Obtaining employment (12e) 3.94 72
12 Using material from earlier courses (1 im) 3.89 70
13 Laboratory experience (11 r) 3.88 74
14 Industry speakers (llq) 3.83 65
15 Technical electives (hf) 3.77 66
16 Business courses (lie) 3.70 59
17 Meetings with professionals (12c) 3.63 55
18 Individual research projects (1 lj) 3.57 54
19 Engineering science courses (11 c) 3.47 46
20 Dealing with an ethical dilemma (1 is) 3.37 44
21 Student professional organizations (12a) 3.28 41
22 Engineering Profession (1 lu) 3.25 39
23 Science courses (11 b) 3.18 35
24 Math courses (11 a) 3.13 38
25 Liberal arts courses (1 lh) 2.47 16
26 Free electives (1 ig) 2.47 ii
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student government and fraternities/sororities as being helpful. Of the few differences

between the survey groups, the most interesting was a faculty rating for outside speakers

0.60 points lower than the other groups.

It is instructive to note that four of the highest rated experiences involve

communication, problem solving, and people skills. On the other end, it was surprising to

find science, math, general electives, and liberal arts courses at the bottom. Courses in

these categories comprise 40% of the undergraduate engineering curricula at Oregon State

University and at most programs accredited by the Accreditation Board for Engineering

and Technology (ABET).

The last column of Table 3-11 shows the percentage of the respondents that rated the

experience either a 4 (Very Helpful) or 5 (Extremely Helpful). More than 80% of the

respondents rated the top seven experiences as very or extremely helpful. Clearly, these

should be included in a student's college learning experiences.

This does not mean that the lower rated experiences should be excluded. The actual

rates of participation in student professional organizations are consistent with the

percentage of respondents (4 1%) who found that experience very helpful. Students need

access to a variety of learning activities outside of the classroom. The situation is

analogous to using a combination of learning activities in the classroom in response to

different student learning styles (Harb et al., 1995).

Finally, the learning experiences were not used extensively to more accurately measure

the respondent's opinions. The plan was to use summated rating scales as part of
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the process to identify a pattern of preferences for IMIE topics. In-depth analysis was not

conducted because no significant pattern was detected.

Proposed Engineering Curricula Changes (Questions 2-4)

The responses to the question of where to cut 12 quarter credit hours from the

curricula to increase the likelihood of students graduating in twelve quarters were similar

between all groups. A pie chart showing the percentage of hours to be cut from five

general areas is shown in Figure 3-16. The respondents cut liberal arts the most (37.8%)

and IME courses the least (9.3%). Based on written comments, this was the most

controversial question with many of the alumni disagreeing with the idea entirely.

Few of the respondents (13%) supported the idea of including a foreign language

requirement in the curricula at the expense of existing courses. The typical comment was

that obtaining language skills should be left to the student to be taken as additional work.

The respondents who supported the language requirement were asked to cut eighteen

credit hours from the same five categories. The average percentage cut is shown in Figure

3-17. The proportions are similar to those in the previous question.

The third issue was the structure of engineering education. A bar chart of the

combined responses is shown in Figure 3-18. A five year, twelve quarter undergraduate

degree with two, six month interuships was the highest rated option by all groups. This

option was somewhat or strongly supported by 84% of all of the respondents. A four year,

twelve quarter degree was next. Finally, there was no clear preference for any of the



Figure 3-16. Percentage of Twelve Credit Hours to Be Cut From Five Categories to
Reduce Graduation Requirement
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Figure 3-17. Percentage of Eighteen Credit Hours to Be Cut From Five Categories
to Add a Foreign Language Requirement
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Figure 3-18. Mean Rating for Six Alternatives for the Structure of Engineering
Education

remaining four options (five year - fifteen quarters, five year double degree, four year +

Masters, and four year + professional degree) all of which were rated lower.

Summary of Survey Results

"At its core, to me TIE is the discipline of solving complex problems in

people/technology systems." This insightful comment was made by a 1981 IE graduate.

The common theme of this and similar comments by respondents was that 1ME graduates
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must be proficient in the ten attributes to solve complex problems, and thus be an effective

contributor in an organization. Therefore, the educational goal of the 1MB department

must be to ensure that graduates achieve the level of proficiency in all of the attributes that

are necessary to gain entry into the profession. With the educational goals of the IME

department clearly stated, the following is a summary of what the department is doing well

to achieve the goal, and where improvement efforts should be targeted.

What Is Being Done Right?

With a few exceptions, the right topics are included in the curriculum. A 1988

graduate stated "So, I feel that the curriculum at OSU was exactly what employers of IE's

were looking for".

A consistent theme was the value of work internships as part of the curriculum. A five

year degree program with two, six month internships was the highest rated degree option,

and work experience was the highest rated college experience. The following comment

from a 1993 graduate was typical: "The MECOP program was a highly beneficial

educational experience".

Finally, many of the alumni and students felt very positive toward the department,

faculty, and the educational experience. A 1980 graduate stated "Yes, it's a great

program". A student commented that "ff1 had it to do all over again, I would still come to

OSU". This attitude was reflected in the high response rate to a long questionnaire.



Where Should JME Target Its Efforts?

The primary focus should be to increase the emphasis on communication, problem

solving, and people skills. Respondents felt that there is sufficient emphasis on engineering

topics.

As expected, some changes are required in the topics that are included in the curricula.

These must be made while continuing to satisiy university and accreditation requirements.

Some of the alumni felt that fundamental concepts should be emphasized more than

technical depth in the undergraduate curriculum.

Work experiences, practical examples, and hands-on labs are highly valued and need

additional emphasis. The "Faculty need to be more practical" was one student's opinion. A

1992 graduate felt that "improvements can be made in relating classroom work to real

world requirements".

Finally, the poor view of respondents toward the math and science components of the

first two years suggests that there is need for additional work toward improving the

integration of these topics in the curriculum.

Conclusion

The preparation outcomes provide an organized set of knowledge, skills, and attitudes

that engineering graduates must possess to gain entry into the engineering profession. The

outcomes contain many of the ideas found in the engineering educational literature, and
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provide a good starting point for further refinement to reflect the priorities ofa particular

department and faculty.

The results from the survey overlay the preparation outcomes to indicate the priorities

of specific outcomes. It is clear from the responses that there is a broad range of opinion

among the respondents. As a result, faculty participating in curriculum development need

the flexibility to consider other factors such as the research being conducted in the

department.

Equally important for the ilviE department is the identification of where curriculum

improvement efforts should be placed. Targeting those efforts is a key part of continuous,

incremental process improvement, with the understanding that future improvement efforts

will be placed on other issues.

Finally, it is important to recognize that improvements are seldom limited to the

specific issues being targeted. It is reasonable to assume that the ten attributes of college

graduates are not completely independent of each other, As an example, increased

interaction with other students leading to improvements in teamwork and communication

skills may influence students' attitudes toward social and ethical responsibilities, and

commitment to achieve objectives.



CHAPTER 4.

A MATIthMATICAL DECISION MODEL FOR THE EVALUATION ANTI)
DESIGN OF ENGINEERING CURRICULA

The process of designing a curriculum is similar to engineering design with

requirements that must be met, and objectives that must be optimized. From this came the

idea for developing a linear, additive, multi-objective model that identifies the objectives

that must be considered when designing a curriculum, and contains the mathematical

relationships necessary to quantify the value of a specific curriculum.

This chapter presents the details of a curriculum evaluation model and its

incorporation into a computer program. Using results from the curriculum survey, the

model was used to evaluate OSU's 1995/96 Industrial Engineering curriculum. The results

of the analysis were used as a basis for the design of new courses, and to create alternate

curricula using the new and existing courses. Sensitivity analysis was then conducted to

better understand the differences between the alternatives. Application of the model was

facilitated by the use of test data for the curriculum parameters for a set of courses

contained in a catalog.

Linear Additive Multi-Objective Curriculum Model
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There are many examples of linear additive, multi-objective models to facilitate

decision making among alternatives. West (1977) examined methods to develop a decision
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model for utility siting Mills (1987) extended the process to general site selection. Saaty

(1982) described applications to conflict resolution, public policy issues, and economic

policy decisions.

The development of a multi-objective model involves the identification of the relevant

decision objectives, a method to quantify each objective, a system to scale the value for

each factor to a common range, and the assignment of weights to each factor in order to

calculate a composite score. Different applications require a different emphasis on each of

these steps. For example, Saaty' s (1982) Analytical Hierarchy Process (AHP) is a

methodology for identifying the relevant decision factors by organizing them in a

hierarchy. For the curriculum model, the emphasis was on identifying the relevant

objectives, and developing a method to obtain a quantitative score.

Objectives of the Multi-Objective Model

A hierarchical view of the curriculum model is pictured in Figure 4-1. The results from

the curriculum survey form the basis for two of the attributes at Level 2. The third

attribute is based on curriculum organization principles. Six objectives were derived from

the three attributes.

Clearly, an engineering curriculum must be designed to provide students with a basic

understanding of the topics in the discipline. In the questionnaire, respondents were asked

to rate the importance of nineteen industrial and manufacturing engineering topical areas.

The extent to which the emphasis placed on each of the topics in a curriculum matches its

importance as defined by the respondents is one component of the model.
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An unfortunate consequence of focusing on the topical content of a curriculum is a

tendency to minimize other curricula objectives. Of the ten desired attributes used in the

survey, the three highest rated attributes, communication, problem solving, and people

skills, were incorporated into the model. These are skills that are gradually developed over

a period of time by practice rather than the addition of another course to the curriculum.

Two objectives of the model relate to the organization of the curriculum. Tyler (1949)

has proposed that a curriculum should be integrated both vertically and horizontally.

Vertical integration comes from the repetition of material previously learned, and the

application of that material to increasingly complex situations. This is necessary to

reinforce concepts and to achieve a higher level of understanding of the material.

Horizontal integration refers to the use of material in different topical areas so that

students can better understand the interrelationships that exist. A second component of

curriculum organization is time. New knowledge and skills are soon forgotten if not used,

so the time between learning and its application must be kept to a minimum.

Curriculum Model

A linear, additive multi-objective model contains three parts; 1) a method to capture

the objectives into a mathematical model, 2) scaling of the values from the model to a

uniform range, and 3) assigning a weight to each of the objectives. Each of these parts is

described below. Curriculum integration is the first objective to be discussed because it is

incorporated into the model for the topics objective.



Curriculum Integration

To simplify the model, both vertical and horizontal integration were viewed as equally

desirable. Likewise, only the integration of engineering related material has been included.

The fundamental unit of measure is the fraction of time that material from one course is

used in another course. Examples include the use of engineering statistics in a statistical

process control course (vertical integration), and in a human factors course to analyze

response time data (horizontal integration). Additional studies in statistics are included

only if they draw on knowledge from earlier statistics courses.

An example of a From\To integration matrix for the courses in a curriculum is shown

in Figure 4-2. The quarter credit hours for each of the courses is shown in parentheses. In

this example, Engineering Statistics (a prerequisite course) is used approximately 40% of

the time in the Statistical Process Control course, and 10% of the time in the Human

Factors course.

Figure 4-2. Curriculum From\To Integration Matrix
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From(i)\To(j)
Engineering

Statistics

Statistical
Process
Control

Human
Factors

Engineering Statistics (3) * .40 .10
Statistical Process Control (4) .00 * .00
Human Factors (3) .00 .00 *



91

The integration score is obtained by summing the integration for each course,

integ(i, j), weighted by the credit hours, ch(j), of the To course. Figure 4-3 shows the

weighting firnction, w(i), that has been included in order to place more value on the

integration of topics rated higher in their importance to IME graduates. College topics

such as math that were not part of the list of IME topics were assigned a weight of one as

were topics with a mean rating less than 2.5. The formula used to determine the

integration score is shown below.

Integration Score = w(i) * (integ(i, j) * ch(j))

IME Topics

The survey data on the importance of each of the IME topics was used to develop a

credit hour goal for each topic. The reasoning was that there is an optimal number (goal)

of credit hours to be allocated to a specific topic that should be directly related to the

mean score of the topic in the survey. Applying this relationship, the topics in the

questionnaire were selected to represent approximately equal (six to nine quarter credit

hours) of classroom instruction for a student to obtain the required level of knowledge.

The function shown in Figure 4-4 was used to establish a credit hour goal from the

mean survey rating. The function was designed to establish a goal of nine quarter credit

hours for a mean rating of four, which is approximately the highest rating given a topic.

Topics clearly rated as electives, which corresponds to a mean rating below 2.5, were

assigned a goal of zero credit hours.
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Figure 4-4. Function for Credit Hour Goal for Each IME Topic
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g(i) = 0 if 0 Rating 2.5

g(i) = 6 * (Rating - 2.5) if 2.5 Rating < 5.0



Communication Score
=

(c(i) * ch(i))
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The model for the ilvilE Topics (shown below) contains two parts, one for too little

coverage and one for too much. The rationale is that it is best to be at the goal and not be

above or below. The lower the deviation from the goal results in a better score. In meeting

the goal, g(i), for a specific topic, the horizontal integration of that topic into a course in a

different topical area was viewed as a bonus, that is, additional coverage at little or no

cost. The term t(i) represents the sum of the credit hours in the curriculum for topic i, and

tl(i) represents the equivalent number of credit hours that topic i is used in courses in other

topical areas (horizontal integration). The two parts of the model (for too little and too

much) are summed for all of the topical areas (numTopics).

numTopics 0 if t(i) + tl(i) > g(i)
IME Topics Score =

g(i) - (t(i) + tl(i)) if t(i) + tl(i) g(i)

numTopics 0 if t(i) <g(i)
+

i=1 t(i) - g(i) if t(i) g(i)

Communication

To simplify the model, written and verbal communication were valued equally. The

rating, c(i), assigned to each course is based on an estimate of the fraction of the course

grade that depends on communication. The communication score calculation is shown

below, where ch(i) is the number of credit hours of course i, and N is the number of

courses in the curriculum.



Problem Solving

The taxonomy of problem solving developed by Plants et al. (1980) was used to

incorporate this skill into the model. The five levels to the taxonomy are as follows:

Routines: Operations or algorithms that can be done without making any

decisions.

Diagnosis: Requires selection of the correct routine or the correct way to use a

routine.

Strategy: The choice of routines and the order that they are applied.

Interpretation: Requires the reduction of a real-world problem to ones that can

be solved.

Generation: The development of problem solving routines that are new to the

problem solver.

The taxonomy was used as a basis to develop a one low to five high scale in order to

assign a problem solving score, ps(i), to each course (i). Introductory courses to a new

topic tend to focus on the first two to three levels of the taxonomy so that the student can

obtain an understanding of the material. Courses with a significant design component

would likely require the student to solve problems in the top three levels. For the model,

courses requiring the students to solve higher level problems are valued higher.

Problem Solving Score = (ps(i) * ch(i))
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People Skills

A zero to one rating scale for people skills, p(i), is based on the fraction of course time

that students are working with other people, either in or out of class. The formula is

People Skill Score (p(i) * ch(i))

Time Between a Course and its Prerequisite

The time between course i and its prerequisite(s), j, was used to determine a score,

tb(i, j) for this objective. Shorter time is valued higher. For practical purposes, a time

spacing of one year or less was determined to be the minimum possible time between

courses.

Time Between Score =
N numPreq if tb(i,j)

tb(i,j)-1 if tb(i,j) >1

Scaling

For a given curriculum, the score of each factor in the multi-objective model must first

be scaled to a common range. This requires knowledge of what represents a "best" and

"worst" score for each factor, with the best score assigned a value often, and the lowest a

value of zero. Linear scaling is applied to assign an actual rating within these limits. The

application of this process to each of the six objectives in the curriculum model is

explained in Appendix D and the values are shown in Table 4-1. The values are based on
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The scaling values can have a significant impact on the composite score. When

comparing two curricula, small differences in scores for the individual objectives are

magnified if the range between the "best" and "worst" case values is quite small. The

result could lead to a false sense of the gain resulting from a curriculum revision.

Objective Weight

A paired comparison approach (Saaty, 1982) was used to develop weights at each

level of the hierarchy. As demonstrated in Figure 4-5, each objective was compared to

every other objective in terms of importance. The results were analyzed using the method

described by Saaty (1982) to produce a normalized weigh for each objective. The attribute

weights were normalized to a sum of 100. Because the scores for the objectives were
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the author's judgment of what is attainable, and the desire that the existing IE curriculum

have a composite score close to 500, which is near the middle of the scale.

Table 4-1. Best and Worst Case Scaling Values for Each Objective

Objective Best Worst
Curriculum Integration 80 20
IME Topics 0 72
Communication 30 5

Problem Solving 500 275
People Skills 30 5

Time Between 0 10
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Curriculum Objectives

Preference for One Attribute Over the Other

Preference for One Objective Over the Other

Preference for One Objective Over the Other

Figure 4-5. Paired Comparison Matrices
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scaled to a maximum often, the largest possible composite score for a curriculum was

1000.

The results of the author's judgment of the relative importance of the objectives are

shown in Table 4-2. The Skills attribute was weighed higher than Topics to reflect the

priority identified by the employers and alumni in the survey. Curriculum Principles were

judged of equal importance as Skills to reflect the large impact that curriculum design can

have on student learning. Communication, Problem Solving, and People Skills were

weighed equally to reflect the survey results.

Table 4-2. Curriculum Model Weights

Level Obj ective Weight

Level 1: Attributes Topics 25.0
Skills 37.5
Curriculum Principles 37.5

Level 2: Topics Objective IME Topics 1.000

Level 2 Skills Objectives Communication .334
Problem Solving .333

People Skills .333

Level 2: Curriculum Curriculum Integration .667
Principles Objectives Time Between .333

Net Weight for IME Topics 25.0
Each Objective Communication 12.5

Problem Solving 12.5
People Skills 12.5
Curriculum Integration 25.0
Time Between 12.5



Curriculum Model Software

In order to facilitate the evaluation of alternative curricula designs, the multi-objective

model was incorporated into a computer program written in QuickBASIC. The program

and supporting data files are described next. The first application of the program was an

analysis of the existing IE curriculum to identify the best set of technical electives.

Software Implementation

The 1250 line QuickBASIC program for the curriculum model uses seven files that

contain the necessary course, curriculum, model, requirements, and survey data. The

options available in the program are identified in this section, and are described later in the

chapter within the context of their application.

QuickBASIC Program (file: MODEL.BAS)

The program has the capability to 1) analyze a cuniculum, 2) provide information to

help in the design of alternative curricula, and 3) conduct sensitivity analysis. A top view

flowchart of the program is shown in Figure 4-6. The program first reads all of the data

files except the curricula, and then provides the user with the following options:

A Full analysis of a curriculum

B Detailed topic analysis of a curriculum

C Monte Carlo simulation of the composite score based on variation in the

survey mean
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Figure 4-6. Top View Flowchart of the Curriculum Model Program
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1) Sensitivity analysis of the weights for the Topics, Skills, and Curriculum

attributes

E Sensitivity analysis of the weights for the three Skills objectives

F Sensitivity analysis of the weights for the two Curriculum objectives

The program was written in QuickBASIC instead of QBASIC because of the memoiy

required for the large arrays used to store course data. In its current configuration, the

program can support up to 125 courses. Structured programming concepts were followed

throughout.

Catalog J'7th Test Data (files: CATALOG.DAT, ASCII version ofCATALOG.WTB1)

The program uses course data that are incorporated in a spreadsheet ifie that models

catalog information. The definition for each column in the spreadsheet is shown in Figure

4-7. Containing 85 existing and new courses, this "catalog" has the information that is

needed to determine if all of the university, college, department, ABET, and sequence

requirements are satisfied. The information was obtained from the 1995/96 OSU catalog,

and the IME department's documentation for the 1996 ABET accreditation visit. The

recommended timing of the courses in the curriculum was used for calculating the time

between a course and its prerequisite course(s). Some prerequisites were modified if the

student was likely to take an intervening course that used the same material. For example,

engineering statistics, a second year course, is listed as a prerequisite to the fourth year

human factors course. The prerequisite was changed to the third year statistical process

control course because lIE students are expected to take this statistics based course.
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Column # Definition

1 Course number
2 Course description

3 - 5 Prerequisite course number
6 Co-requisite course number
7 Other part of a course pair (same course, different topic)
8 Course to not take (select only one version of a course)
9 Number of credit hours

10 Recommended year for enrollment
11 Baccalaureate core category
12 #1 ABET category
13 #1 ABET credit hours
14 #2 ABET category
15 #2 ABET credit hours
16 IE Restricted elective credit hours
17 Restricted elective credit hours
18 Topic category
19 Communication rating
20 People skill rating
21 Problem solving rating
22 Continuous improvement rating
23 Ethics rating
24 Commitment rating

25 - end To course of From/To matrix

Figure 4-7. Catalog File Column Definition

Test data based on course documentation and the author's personal opinion were

developed for the curriculum parameters for the courses in the catalog. This includes the

IME topical area, the communication, problem solving, and people skill rating for each

course, and the From\To integration matrix. A course covering two topics was split into

two parts, for example 1E351A and 1E351B, with the credit hours allocated accordingly.

Appendix E contains the spreadsheet tables that were used as a tool to aid in estimating



the values for the three Skills objectives. A similar approach was used for estimating

values in the integration matrix.

Additional Data Files

The six additional data files listed below contain the remainder of the information

required to run the multi-objective program. The curriculum file contains a list of the

courses that have been selected from the catalog. It is the only file that is unique to a

curriculum.

ATTRIB.DAT: Description of the ten attributes of college graduates.

CURRx.DAT: List of courses for curriculum number x.

MUSTS 1.DAT: Limits for 23 curriculum requirements that must be met.

PAR I .DAT: Best and worst case parameters, and weight for each objective.

PAR2.DAT: Weights for the Topics, Skills, and Curriculum Principles

attributes.

TOPICS.DAT: Alumni and employer survey mean for the nineteen IME topics.

Existing JE Curriculum With the Best Technical Electives

The curriculum model program was used to evaluate the existing IE curriculum. At

issue was what to do with the fourteen hours of restricted electives and six hours of

engineering science electives. To facilitate the analysis, it was assumed that the objective

was to optimize the entire curriculum to the results from the survey. In practice, individual
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students select electives to achieve their own goals. Using the survey results provides the

evaluation of a curriculum to one goal set.

Generic courses were used for biological science, the six hours of free electives, and

the 24 hours of Perspectives and Synthesis. The minimum number of free elective hours

was reduced from six to five to allow for more flexibility in the selection of technical

elective courses while keeping the total hours at 192.

The selected curriculum must meet all requirements, and have the highest composite

score. The information to analyze one curriculum is provided with menu option A which

executes the steps shown in the flowchart in Figure 4-8. The output from this option is

illustrated in Figure 4-9 which shows the analysis of the best, manually generated, IE

curriculum shown in Figure 4-10.

The first section of the output contains a listing of the requirements that a curriculum

must meet, the actual value for the curriculum, the minimum or maximum limit, and

whether the requirement is met. The second section contains the results of the multi.-

objective evaluation. The score, scaled rating, weight, and scaled and weighted score are

shown for the six objectives. The composite score for the curriculum was 509 out of a

possible 1000.

The IME Topics score was the principal guide used in the selection of the technical

electives. The output of menu option B, shown in Figure 4-11, was used to identiir the

topics that were over or under the goal. The option provides a detailed printout of the t(i),

11(i), and g(i) values for each topic. For the curriculum, the credit hours for many topics
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Begin

V

Select
Curriculum

Copy Selected Catalog Courses into the
Curriculum Array

For Each Must, Determine if the
Requirement is Met

Calculate the Score for Each of the Six
Objectives

Calculate the Weighted Rating for Each of
the Six Objectives

Print Musts and Curriculum Model
Results

Figure 4-8. Flowchart for Menu Option A, Full Analysis

1'

End
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Summary of curriculum corrçared to requirements
Curriculum = CURR1.DAT 1995/96 IE curriculum, best electives

Requirements = MUSTS1.DAT Must requirements for curriculum

Parameters = PAR1.DAT Parameter set for objectives
Parameters = PAR2.DAT Top level categories and weights

Requirement Actual Limit Met?

+ + + + +

192.0 192.0 Yes

14.0 6.0 Yes

14.0 14.0 Yes

5.0 5.0 Yes

3.0 3.0 Yes

3.0 3.0 Yes

3.0 3.0 Yes

23.0 3.0 Yes

3.0 3.0 Yes

18.0 4.0 Yes

4.0 4.0 Yes

18.0 15.0 Yes

6.0 6.0 Yes

77.0 60.0 Yes

46.0 24.0 Yes

48.0 48.0 Yes

49.0 48.0 Yes

32.0 24.0 Yes

24.0 24.0 Yes

45.0 48.0 Yes

1.0 1.0 Yes

1.0 1.0 Yes

1.0 1.0 Yes

+ +

Composite

Score Rating Weight Score

+ + +

36.0 5.00 25.0 124.98

54.2 5.71 25.0 142.65

360.0 3.78 12.5 47.22

17.7 5.08 12.5 63.49

13.6 3.46 12.5 43.25

3.0 7.00 12.5 87.49

+ +
Total 509.08

+ +

Total credits
IE restricted electives
Restricted electives
Free electives
BC writing 1
BC writing 2
BC Writing 3
BC Math
BC Fitness
BC Physical science
BC Biological science
BC Perspectives
BC Synthesis
> 300 level
> 300 in major
ABET Math + Science
ABET Engineering Science
ABET Design
ABET Humanities + SS
Maximum hours per year
Pre and co requisites
All paired courses included
Similar courses not include

+

Figure 4-9. Full Analysis Output ofMODEL.BAS for the Existing IE Curriculum

Criterion
+

Topics
Integration
Problem solving
Communication
People skills
Time between courses

+



Technical Courses (74 hours)
Required Courses (60)

Restricted Electives (14)
1E450 3

1E494 3

1E419 3

1E441 3

ENGR415 1

ENGR416 1

Engineering Science (28 hours)
Required Courses (22)

ENGR2O1 3

ENGR211 3

ENGR2 12 3

ENGR2 13 3

ENGR3 11 3

ENGR32 1 3

ENGR33 1 4

Elective Courses (6)
ENGR322 4
ENGR49O 3
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Mathematics (26 hours)
MATH251 4
MATH252 4
MATH253 4
MATH254 4
MATH256 4
MATH34 1 3

1E25 1 3

Basic Sciences (22 hours)
CR201 3

CR202 3

PH2 11 4
PH2 12 4
PH2 13 4
BS1O1 4

Communication Skills (9 hours)
WR12 1 3

WR327 3

COMM111 3

Fitness (3 hours)
HHIP231 3

Free Electives (6 hours)
FE1O1 3

FE1O3 2

Humanities, Social Sciences (24 hours)
Perspectives (18)

Figure 4-10. Course Listing for the Existing lIE Curriculum With the Best Electives

ENGR111 3

ENGR1 12 3

BA215 4
ENGR245 3

1E34 lA/B 4
1E335 3

1E336 3

1E35 lA/B 4
1E352 3

1E362 3

1E363 3

1E365 3
ENGR39O 3

1413 3
1414 3

1421 3

1E422 3

ENGR4 15 3

ENGR4 16 3

PS1O1 3

PS1O2 3

PS1O3 3

PS1O4 3

PS1O5 3

PS1O6 3

Synthesis (6)
SYN1O1 3

SYN1O2 3
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Topics Detail

Curriculum = CURR1.DAT 1995/96 IE curriculum, best electives
Requirements MUSTS1.DAT Must requirements for curriculum
Parameters = PAR1.DAT Parameter set for objectives
Parameters = PAR2.DAT Top level categories and weights

Planning and control
Materials, processes, tooling
Job and facility design
Human factors
Environmental engineering
Industrial safety
Computer programming
Artificial intelligence
Computer simulation
Quality management
Business operations
Economic analysis
Statistics, SPC, DOE
Information systems
Operations research
Engineering design process
Computer applications
Robotic systems
Computer Integrated Mfg.

+

6.00 1.40 8.94 1.54
10.00 0.70 6.72 3.28
9.00 1.30 6.30 2.70
4.00 0.60 3.42 0.58
0.00 0.00 1.98 1.98
0.00 0.00 0.60 0.60
3.00 0.45 3.12 0.00
0.00 0.00 0.00 0.00
6.00 0.01 4.86 1.14
4.00 0.57 9.24 4.66
7.00 0.40 6.84 0.16
6.00 0.90 9.78 2.88
9.00 4.63 9.18 0.00
3.00 0.00 6.60 3.60
9.00 0.00 3.18 5.82
8.00 0.00 9.18 1.18
3.00 1.20 6.06 1.86
0.00 0.00 0.48 0.48
0.00 0.00 3.54 3.54

+ + +
Total Score 36.0

Rating 5.00
+ + + +

Figure 4-11. Detailed Topic Analysis Output of MODEL.BAS for the Existing TE
Curriculum

are at or near the goal. However, Materials and Operations Research are well above the

goal while Quality Management and Computer Integrated Manufacturing are considerably

below. Even with the computer tools, course selection required a trial and error process

because it was difficult to predict changes in the scores for the other objectives.

Topic ti ti Goal Score
+ + + + + +



New Courses

To improve the IE curriculum, the results from the analysis of the existing curriculum

were used to identify opportunities for new and revised courses. This resulted in the ten

courses identified in Figure 4-12, and described in more detail in Appendix F. Courses

were designed primarily to 1) better match the topical areas, 2) improve curriculum

integration, or 3) reduce the time between a course and its prerequisite course(s). A

revision of an existing course is identified by a "-2" following the course number. The next

paragraph contains an example of the reasoning that was used in designing new courses.

A perceived weak point with the existing curriculum was the lack of integration of the

cost accounting course (BA215) into the third year IE courses. Reasoning that the

accounting material could, instead, be integrated into the third year courses resulted in the

revision to three existing courses, 1E336, 1E362, and 1E363. The potential cost of

removing BA215 and using the revised courses was a lower score for some of the IME

Topics. Gains were expected from increased integration and problem solving, and from

use ofthe four credit hours ofBA2l 5 to improve the score for other IME Topics. This

lead to the creation of the Engineering Teams course, 1E300, and the Information Systems

course 1E415.

Alternate Curricula

The multi-objective program was used to evaluate various curricula alternatives to

obtain the highest composite score. Credit hour totals within each major category were

110



111

1ME Topics
1E300 Engineering Teams (I). An introduction to the use of teams to solve

problems.

1E363-2 Production Planning and Control (3). Integration of material from 1E362
and 1E363.

1E415 Information Systems in Manufacturing and Service Operations (3). The
principles of the design, implementation, and operation of the hardware
and software components of an information system.

1E495-2 Industrial Decision Making (3). Decision making strategies. Cost
structure of a manufacturing operation as it applies to decision making.

Integration
ENGRI 12-2 Engineering Orientation II (3). Programming in Maple for use in

ENGR211 and ENGR212.

1E336-2 Industrial Manufacturing Operations and Equipment (3). Analysis of
manufacturing operations. Economic analysis and justification of
equipment and process improvement in a manufacturing operation.

1E362-2 Introduction to Production and Operations (3). An introduction to the
components of a production operation including cost accounting.

1E365-2 Material Handling and Facility Design (3). Facility design including
financial analysis.

1E419-2 Simulation in CIM Planning and Design (3). Analysis and design of
integrated manufacturing systems through the application of discrete and
continuous modeling techniques.

Time Between a Course and Its Prerequisite Course(s)
1E413-2 Computer Simulation Models for Industrial Applications (3). Similar to

the existing 1E413, but does not require the programming course,
ENGR1 12, as a prerequisite.

Figure 4-12. New and Revised Courses Designed to Improve the IE Curriculum
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kept the same, but no distinction was made between required and elective courses. Using a

process similar to what was used to create the Existing I.E curriculum, changes were made

to increase the composite score from 509 to 617. The changes made to create the Revised

JE curriculum are summarized in Figure 4-13, and the multi-objective model values are

shown in Table 4-3. The new curriculum involves removing existing courses, adding new

ones, and using revised courses.

Courses Removed
BA215: Fundamentals of Accounting (4)
1E422: Industrial Systems Optimization (3)

Courses Added
1E300: Engineering Teams (1)
1E415: Information Systems in Manufacturing and Service Operations (3)
1E43 1: Computer-Aided Manufacturing (3)

Revised Courses
ENGR1 12-2: Engineering Orientation II (3)
1E336-2: Industrial Manufacturing Operations and Equipment (3)
1E362-2: Introduction to Production and Operations (3)
1E363-2: Production Planning and Control (3)
1E365-2: Material Handling and Facility Design (3)
1E413-2: Computer Simulation Models for Industrial Applications (3)
1E419-2: Simulation in CIM Planning and Design (3)

Figure 4-13. Changes to the Existing IE Curriculum

The Revised curriculum resulted in significant improvements for the IME Topics,

Integration, and Time Between objectives. Increased Problem Solving parallels the

increased Integration as more focus was put on integrating existing knowledge to solve



Table 4-3. Scores for the Existing IE Curriculum and Two Alternative Curricula
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more complex problems. The increase in People Skills came primarily from the addition of

1E300, a one credit hour course directed at teaching team skills to students in the first

term of their third year. Although not reflected in the People rating, the addition of the

team course should make it easier to incorporate effective team assignments in upper

division IE courses.

An alternative approach to curriculum improvement is to increase the focus on the

three Skills objectives. A composite score of 600 is obtained if, for evely JE and ENGR

course in the Existing lB curriculum, the parameters for communication and people skills

are increased by 50% and the problem solving level is increased by one. This change

compares favorably with the improvement gained with the Revised curriculum. It is

apparent that modifications to the Skills component of existing courses can result in as

much improvement as a major curriculum change.

Multi-Objective
Category Existing Revised

Increased
Skills

IME Topics 125 176 125
Integration 143 161 143
Problem Solving 47 51 89
Communication 63 68 85
People Skills 43 49 70
Time Between Courses 88 112 88

Composite Score 509 617 600



Sensitivity Analysis

Sensitivity analysis was conducted to determine the impact that sampling error of the

topic mean has on the composite score, and the extent that the objective weights can vary

from the original estimates before a preference is changed. Referring to Table 4-3, the

Revised and Increased Skills curricula are as good as or better than the Existing

curriculum in all of the six categories. Consequently, the Existing curriculum was not used

for conducting sensitivity analysis because it would never be preferred over either of the

new curricula.

Monte Carlo Simulation of Survey Mean

The credit hour goal for each topic and the weighting function incorporated in the

integration model are based on the estimate of the population mean rating that was

obtained from the survey. A Monte Carlo simulation routine was written to quantiy the

effect that sample error has on the IME Topics score, the only objective based on the

mean survey rating. A flowchart of the program (menu option C) is shown in Figure 4-14.

After the specified number of iterations, the program calculates the mean and standard

deviation of the composite score.

Either a triangular or a uniform probability distribution can be selected. Both are based

on a plus and minus three standard deviation interval around the sample mean. The two

distributions for population values are illustrated in Figure 4-15. The standard deviation of

the sample mean (cr) was calculated using an average of 167 responses to each topic,
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Figure 4-14. Flowchart for Menu Option C, Monte Carlo Simulation

115

Select Cuiriculum

Input # of Iterations

Select Triangular or Uniform
Probability Distribution

V

Calculate Nominal Credit Hour
Goal for Each Topic, Total Hours

klto#
Iterations

i=l to#
Topics

Select Random

Transform to Appropriate Credit
Hour Goal

i=l to#
Topics

Nonnalize Credit Hour Goal

Calculate Total Weighted Rating

V

Accumulate Statistics

Yes

Yes

Yes

'V

Calculate Ratmg Mean and
Standard Deviation

V

Print Results

V

End

Be

'V



and an average sample standard deviation of one scale point. The triangular probability

distribution was used to approximate a normal distribution, and the uniform distribution

represents a worst case distribution within a confidence interval.

a) Triangular

b) Rectangular

(3 * x

Figure 4-15. Probability Density Functions for Monte Carlo Simulation

After selecting the curriculum and probability distribution, the program executes the

following steps:

1) For each topic, use the survey mean, X, to calculate the nominal credit hour

goal and ±(3*cri).

116

2) For each topic, select a random number uniformly distributed between 0 and 1,
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and transform it to a corresponding survey rating and credit hour goal.

For each topic, normalize the credit hour goal so that the sum of the goals

equals the sum of the nominal goals.

Calculate the composite score from the model. Accumulate the statistical

values.

Repeat steps two through four until reaching the iteration count.

Calculate and print the mean and standard deviation for the composite score.

With the uniform probability distribution run for 500 iterations, the standard deviation

of the composite score averages 1.75 for both curricula. Referring to Table 4-3, a three

standard deviation is equivalent to a ±0.86% variation, a relatively small amount.

Apparently, the sampling error is not a significant factor.

Instead, the variation between populations or individual preferences is likely to have

more effect. To test this hypothesis, the two curricula were evaluated using the survey

results from the faculty. The composite score for the Revised curriculum dropped from

617 to 610, while the Increased Skills curriculum rating rose from 600 to 623. The results

reflects a closer topical alignment of the Increased Skills curriculum with the opinions of

IF faculty.

Sensitivity Analysis of Objective Weights

The weight assigned to each of the objectives in the model reflects their perceived

relative importance. Three menu options in the curriculum program can be used to better
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understand how changes in the weights affect the preference for one curriculum over

others.

One reason for organizing the objectives of the curriculum model into a hierarchy was

to make it easier to conduct sensitivity analysis. This makes it possible to focus on a few,

more significant parts of the model. Otherwise, the sensitivity analysis would include the

weights for the six objectives. A six way sensitivity analysis would be complex, and the

results hard to visualize. Instead, a two dimensional sensitivity equation can be created

with two or three categories at one level in the hierarchy.

Referring to Table 4-2, the weights for the attributes Topics, Skills, and Curriculum

Principles are analyzed with menu option D. This option provides the most insight for the

two curricula available for analysis. Options E and F can be used to analyze the effects of

the weights for the three Skills objectives (Communication, Problem Solving, and People

Skills), and the two objectives for Curriculum Principles (Integration and Time Between).

The sensitivity equations are shown in Figure 4-16. The following is a description of

the process used for the sensitivity analysis for two or more curricula:

Select the curricula to compare

For each curricula, calculate the scaled score for each objective

Establish a value for the sensitivity variables Ri and R2. Use the equations in

Figure 4-16 and determine which curricula has the highest composite score.

Change the values for Ri and R2 within the range ()to 3 and repeat step 3. A

step size of 0.1 was used for the analysis.

The flowchart for the three menu options is shown in Figure 4-17.



Menu Option D: Level 2 Attributes

Composite Score = Topics + (Ri * Skill) + (R2 * Curriculum Principles)

Menu Option E: Skills Objectives

Composite Score =

(Topics * TopicsWt) + (Communication + (Ri * Problem Solving) +

(R2 * People Skills)) * (SkillsWt 1(1 + Ri + R2)) +

(Curriculum Principles * CurrWt)

Menu Option F: Curriculum Principles Objectives

Composite Score =

(Topics * TopicsWt) + (Skills * SkillsWt) +

(((Ri * Integration) + (R2 * Time Between)) * (CurrWt / (RI + R2)))

Figure 4-16. Formulas for Sensitivity Analysis of Weights Using Sensitivity
Variables Ri and R2

Table 4-4 shows the scores for the Revised and Increased Skills curricula organized by

the totals for Topics, Skills, and Time Between. Intuitively, the Increased Skills curriculum

should be preferred when the weight for the Skills attribute is increased relative to the

other categories. This is confirmed by using Menu option D to generate the plot shown in

Figure 4-18. The sensitivity variable Ri is on the vertical scale and R2 the horizontal. The

character "s" represents points where the Revised curriculum is preferred The character

"0" is used for the Increased Skills curriculum. For reference, the point representing the

119
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Figure 4-17. Flowchart for Menu Option D, Top Level Sensitivity Analysis



current attribute weights are marked with "#". In this example, the value of Ri need only

increase from 1.5 to 1.9 for the preference to change. This represents a change in the

weights for Topics, Skills, and Curriculum Principles from 25, 37.5, and 37.5 to 22.7,

43.2, and 34.1 respectively.

Conclusion

Existing curriculum design methodologies typically focus on individual courses or

segments of a curriculum. This is consistent with the classical engineering approach to

problem solving of breaking a problem into small, manageable parts. What has been

needed is the ability to model an entire curriculum with its complex interrelationships and

multiple objectives. The curriculum model discussed in this chapter provides the

curriculum designer with a tool to observe the combined effects of course and curriculum

changes on six curriculum objectives.

To demonstrate its application to curriculum design, the model was used to identify

opportunities for new courses, and to design an improved curriculum. It is important to
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Table 4-4. Scores for the Revised and Increased Skills Curricula Grouped by Top
Level Categories

Level 1 Category Revised
Increased

Skills

Topics 176 125
Skills 168 244
Curriculum Principles 273 231

Composite Score 617 600



Figure 4-18. Top Level Sensitivity Plot for the Revised and Increased Skills
Curricula
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recognize that creativity is no less important in the design process. Although the model

does provide a prediction of the overall impact of proposed changes, it does not create

new courses and curricula.

One of the challenges of using the model in the curriculum design process was the

identification of the set of courses that resulted in the highest composite score. The many

interrelationships were hard to foresee, and the result was the use of a trial and error

process to identiii and evaluate alternative curricula. This problem is addressed in the next

chapter where the work to convert the curriculum model into a linear program is

described.



CHAPTER 5.

OPTIMIZED COURSE SELECTION WITH LINEAR PROGRAMMING

As described in the previous chapter, a QuickBASIC program incorporating the

curriculum model was used to evaluate alternative curricula. A trial and error approach

was employed to identify the curriculum that met all of the requirements and produced the

largest composite score. However, it was hard to foresee all of the tradeoffs that result

from using one course instead of another. Changes involving multiple courses complicated

the process even further.

Linear programming is potentially a more efficient approach to the problem of

identifying the optimum curriculum. In addition, the process of creating and using a linear

program implementation of the curriculum model held the potential for providing insight

into the process of curriculum development.

The first two sections of this chapter describe the conversion of the multi-objective

curriculum model to a linear program, and its implementation in GAMS for solution by the

GAMS/ZOOM mixed integer solver. Next, the resulting LP Optimum curriculum is

compared to the Revised curriculum to evaluate the effectiveness of the trial and error

approach. The changes from the Existing to the LP Optimum curricula are analyzed

followed by some observations about using linear programming for curriculum

development.
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Converting the Multi-Objective Curriculum Model to a Linear Program

The objectives for the development of the linear program were to 1) identifj the

curriculum composed of courses from the "catalog" that 2) produced the largest

composite score while 3) meeting all of the requirements. The conversion of the

curriculum model to a linear program required the development of the necessary variables,

equations, and constraints to achieve the objectives.

The equation for the objective function, shown in Figure 5-1, is the same as that used

to calculate the composite score in the curriculum model. The general formula for

converting the score for each of the six curriculum objectives to the corresponding scaled

and weighted score is shown in Figure 5-2.

Objective Function: Maximize Composite Score =

((S/W IME Topics Score) * TopicsWt) +

((S/W Communication Score + S/W Problem Solving Score + SIW People Skills Score)

* SkillsWt) + ((S/W Integration Score + SIW Time Between Score) * CurrWt)

Figure 5-1. Linear Program Objective Function Using the Scaled and Weighted
(S/W) Scores for the Six Objectives in the Curriculum Model

Figure 5-2. General Form of the Equation to Calculate the Scaled and Weighted
(S/W) Scores for the Six Curriculum Objectives
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S/W Score = ((Objective Score - Worst) / (Best - Worst)) * 10 * Objective Weight
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To identifj course selection, a 0/1 binary variable X(i) was assigned to each course "i"

in the catalog. The binary variable was set to one for selected courses, and zero otherwise.

The formulas for calculating the scores for the three Skills objectives of

Communication, Problem Solving, and People Skills were the easiest to convert. The three

equations for the scores are shown in Figure 5-3. The only change from the equations in

Chapter 4 is the addition of the course selection variable X(i) such that the appropriate

course parameter is included in the summation only when the course is selected.

To minimize the size of the linear program, only those cells in the From\To matrix

with a non-zero entry were assigned to an element in the set "1'. The 0/1 binary variable

XIJQ) was set to one only if the corresponding From and To courses were selected. The

two constraints shown in Figure 5-4 were used to force this requirement. The equation for

the Integration score, shown in Figure 5-5, contains the integration rating, credit hours of

the From course, and the topic based weighting value.

Goal programming was used to calculate the score for the Time Between objective.

Each course - prerequisite pair was assigned an element in the set "n". For each pair, the

non-negative deviation variable DT(n), and the corresponding XLJ(T) variable was used in

the constraint equation shown in Figure 5-6a. The deviation variable is forced by the

objective function to its smallest possible non-negative value (the largest score for the

Time Between objective). The deviation variable is forced to a value of zero when 1) both

courses are selected and the difference in the scheduled time is one year or less, and 2)

when one or both courses have not been selected. Figure 5-6b shows the modified version



Communication

Communication Score = (X(i) * C(i) * Ch(i))

Definition of Terms:

i = set of all courses (I) in the catalog

X(i) = 1 if course i is selected
= 0 otherwise

C(i) = communication rating for course i

Ch(i) = credit hours of course i

Problem Solving

Problem Solving Score
=

X(i) * P(i) * Ch(i)

Definition of Terms:

P(i) = problem solving rating for course i

People Skills

People Skill Score = X(i) * Ps(i) * Ch(i)

Definition of Terms:

Ps(i) = people skill rating for course i

Figure 5-3. LP Equations for the Three Skills Objectives
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X(from) + X(i0) (2 * XIJ(T))

X(i) + X(i) - (2 * XIJ(T))

Definition of Terms:

1 set of all positive entries (L) in the From\To matrix

XIJQ) - 1 if X(from) X(to) = 1

0 otherwise

Figure 5-4. Constraint Equations to Force XIJ(l) to One for Positive Entries in the
From\To Matrix

Integration Score = XEJ(l) * Integ(1) * CrTo(/) * W(l)

Definition of Terms:

IntegQ) = value in From\To matrix for course to course

CrTo(1) credit hours of jto course

WQ) weighting function

Figure 5-5. LP Equation for the Integration Objective
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One Version of the Prerequisite Course

((Time(i) - Time(iJ) * XlJ(4)) - DT(n)

Definition of Terms:

Time(i) = Recommended year for course i

Time(iJ = Recommended year for the prerequisite course

)IJ(l) = 1 if both course and prerequisite are selected
= 0 otherwise

n = set of course - prerequisite pairs

DT(n) = difference in time between course prerequisite pair n

Two Versions of the Prerequisite Course

(((Time(i) - Time(i:i)) * X1J(lcouzc..prercq.i)) +

((Time(L) - Time (lprercq:2)) * XLI (1 -prcreq2))) - DT(n)

Definition of Terms:

)UJ(4preiq:x) = 1 if course and prerequisite version 1 are selected
0 otherwise

XIJ (lcourse..prcreq:2) = 1 if course and prerequisite version 2 are selected
= 0 otherwise

Figure 5-6. Constraint Equation to Determine the Time Deviation (DT(n)) for Each
Course-Prerequisite Pair



Time Between Score
=

DT(n)

Definition of Terms:

n = set of all course - prerequisite pairs (N) in the catalog

Figure 5-7. LP Equation for the Time Deviation Objective

Deviation variables were also used to calculate the IME Topics score. Each IME topic

was assigned to a member of the set "p". Two non-negative deviation variables,

DTopicOver(p) for over the goal and DTopicUndr(p) for under the goal, were used to

determine the score for each topic. The constraint equation shown in Figure 5-8a handled

the situation when the sum of the course credit hours exceeded the goal. The constraint

equation for being under the goal, shown in Figure 5-8b, uses the sum of the course credit

hours plus the sum of the equivalent credit hours of integration into courses with a

different topic. This was accomplished with the corresponding integration variable, XIJ(T),

contingent on the topics for both courses being different. As shown in Figure 5-9, the IME

Topics score is calculated by summing the topic deviation variables.
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of the constraint equation that was used when the catalog contained two versions of the

prerequisite course. (The constraint equation shown in Figure 5-lOb was used to force the

selection of only one version of the prerequisite course.) The formula for the Time

Between score, shown in Figure 5-7, is the sum of the deviation variables.



Figure 5-8. Constraint Equations to Determine the Topic Deviation for Each IME
Topic (p)

Figure 5-9. LP Equation for the Topic Deviation Objective
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Over the Credit Hour Goal (DTopicOver(p))

(X(i) * Cr(i) if topic for course j = - DTopicOver(p) TGoal(p)
otherwisei=1 '-'

Definition of Terms:

p = set of all IME Topics (P)

DTopicOver (p) = Deviation value for topic p over the credit hour goal

TGoal (p) = Credit hour goal for IME Topic p

Under the Credit Hour Goal (DTOPICUNDR(p))

(YJJ(l) * Integ(1) * CrTo(1) if topic for CrTo = p')

0 otherwise )

I (X(i) * Cr(i) if topic for course i = p

Lo otherwise

Definition of Terms:

DTopicUndr(p) = Deviation value for topic p under the credit hour goal

+

+ DTopicUndr(p) TGoal(p)

IME Topics Score = DTopicOver(p) + DTopicUndr(p)
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What remains is the incorporation of the curriculum requirements listed in the first

section of the printout of Menu Option A, shown in Figure 4-9. The first twenty

requirements translated directly to constraints. Additional constraints were required for

the last three requirements. The constraint equation in Figure 5-1 Oa was used to ensure

that each course prerequisite requirement was met. Figure 5-lOb shows the constraint

equation when the catalog contained two versions of the prerequisite course.

When constructing the catalog, courses that covered two topics were split into two

courses labeled A and B. The constraint equation in Figure 5-lOc was used to ensure the

same selection status for both parts. Finally, the constraint equation in Figure 5-lOd

prevents the selection of both versions of the same course.

Imp'ementation

The commercial version of GAMS (General Algebraic Modeling System) version 2.25

with version 2.2 of the GAMS/ZOOM mixed integer solver was used to solve the linear

program for curriculum course selection. GAMS was selected because it was available on

the university computer network. Despite initial concerns, the GAMS/ZOOM solver

proved capable of solving the curriculum model. The fully implemented mixed integer

program contained 384 binary (0/1) and 118 non-negative variables, and 800 constraints.

The 288 non-zero entries in the From\To integration matrix (3.06% of the cells) were the

largest users of constraints and binary variables.

The GAMS program was divided into segmeis. The main program (LPCURR.TXT)

contains required GAMS statements, and code that would not be affected by a change to



Figure 5-10. LP Constraint Equations to Ensure Catalog Requirements Are Met

any of the curriculum model data files. Most of the GAMS code was generated by a 1500

line QuickBASIC program (GENLP.BAS) that used the same data files described in

Chapter 4. This way, the GAMS code was easily regenerated if the course catalog or any

of the data files were changed.

A flowchart of the GAMS program is shown in Appendix G. The name of the file

containing the GAMS code precedes each segment. The basic structure of each segment

of the program was as follows:
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Prerequisite Course Selected

- X(i) + X(i ?Q

One of the Two Versions of the Prerequisite Course Selected

- X(icourse) + X(ipreeq.i) + X(q.2) ?Q

Both Parts (AIB) of a Courses Are Selected

X(iA) - X(iB) = 0

Preventing Both Versions of the Same Course From Being Selected

X(icourse:i) + X(ie:2) 1
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Declare sets and assign members.

Declare data elements and assign values.

Declare variables and define type.

Declare and define equations.

GAMS complies the program into the format required by the GAMS/ZOOM mixed

integer solver. GAMS/ZOOM uses a three-step process to search for a mixed integer

solution (Marsten and Singhal, 1992). The solution process starts with the formulation and

solution of the relaxed linear program where all 0/1 binary variables are converted to

continuous variables that are constrained to be between zero and one. if the optimum

solution does not satisfy the integer requirements, the Pivot and Complement heuristic

uses the result to search for a mixed integer solution.

if an acceptable solution is not found, GAMS/ZOOM then begins a Branch-and-

Bound search. An integer solution is determined to be "acceptable" when it is within a

user specified tolerance of what the solver has identified as the best possible objective

value. To aid in the search, the user can also specify an Incumbent value that is used to

represent the best known mixed integer solution. The Branch-and-Bound algorithm

eliminates nodes in the search tree whose values are no better than the Incumbent.

The Branch-and-Bound algorithm was the only solution method able to find an

acceptable solution. However, the linear program was too large for the algorithm to

search all nodes. Marsten and Singhal (1992) describe different search strategies for

finding the optimum solution when this situation occurs. The most successful was
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Set a relaxed tolerance limit and use GAMS/ZOOM to find a mixed integer

solution.

Set the Incumbent value just above the best known solution, tighten the

tolerance level, and rerun GAMS/ZOOM.

Repeat Step 2 if a larger solution was obtained.

If GAMS/ZOOM was unable to find a better solution, either relax the

Incumbent value or loosen the tolerance limit, and repeat Step 2.

If repeated application of Steps 2-4 fail to discover a better solution, conclude

that the optimum integer solution (the LP Optimum curriculum) has been

found.

To verif' the correct operation of the linear program, the LP Optimum curriculum was

evaluated with the curriculum model software described in Chapter 4. The optimum

curriculum met all of the requirements, and the composite score was the same as the

optimum value for the objective function.

The LP Optimum Curriculum

The curriculum model scores for the Revised and LP Optimum curricula are shown in

Table 5-1. The linear program changed five courses to increase the rating from 617 to

637. The improved 1MB Topics score was obtained with a small sacrifice in the scores for

the Integration and Skills objectives. The improved Time Between score was obtained

with the removal of a fourth year elective course that required a second year prerequisite

course.



Table 5-1. Scores for the Revised and LP Optimum IE Curricula
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With the improved composite score for the LP Revised curriculum came the concern

that the Existing curriculum may not represent the best selection of elective courses. To

answer the question, constraints were added to the GAMS program to force selection of

the existing required courses, and to prevent selection of new courses. Using the 20 hours

of technical electives, the linear program made two course changes to the Existing

curriculum that increased the composite score from 509 to 523 for the LP Existing

curriculum. This indicates that the trial and error approach was not effective at identifying

the optimum curriculum.

The course listing for the LP Optimum curriculum is shown in Figure 5-11. The course

changes from the LP Existing curriculum are shown in bold. The scores for the two

curricula are compared in Table 5-2. The changes resulting in the 114 point gain in the

composite score are summarized next. Point changes for using a revised course were

estimated by using the curriculum model to conduct a before and after comparison.

Multi-Objective
Cateo Revised

LP
Otimum Chan.e

IME Topics 176 199 +23
Integration 161 151 -10
Problem Solving 51 48 -3
Communication 68 67 -1

People Skills 49 48 -1

Time Between Courses 112 125 +13

Composite Score 617 638 +21



Technical Courses (74 hours)
Required Courses (60)

Restricted Electives (14)
1E450 3

1E494 3

1E419-2 3

1E441 3

ENGR415 1

ENGR416 1

Engineering Science (28 hours)
Required Courses (22)

ENGR2O 1 3
ENGR21 1 3

ENGR2 12 3

ENGR2 13 3

ENGR3 11 3

ENGR32 1 3

ENGR33 1 4

Elective Courses (6)
ENGR332 4
ENGR333 3

Figure 5-11. Course Listing for the LP Optimum Curriculum
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Mathematics (26 hours)
MATH25 1 4
MATH252 4
MATH253 4
MATH254 4
MATH256 4
MATH34 1 3

1E25 1 3

Basic Sciences (22 hours)
CR201 3

CR202 3

PH211 4
PH212 4
PH213 4
BS1O1 4

Communication Skills (9 hours)
WR121 3

WR327 3

COMM111 3

Fitness (3 hours)
HHP231 3

Free Electives (6 hours)
FE1O1 3

FE1O3 2

Humanities, Social Sciences (24 hours)
Perspectives (18)

Note: Course changes from LP Existing
curriculum shown in bold.

ENGR111 3

ENGR112-2 3

BA215 4
ENGR245 3

1E300 1

1E335 3

1E336-2 3

IE351AIB 4
1E352 3

1E362 3

1E363-2 3

1E365-2 3

ENGR39O 3

ENGR49O 3

1E413-2 3

1E414 3

1E495 3

1E415 3
ENGR415 3

ENGR416 3

PS1O1 3

PS1O2 3

PS1O3 3

PS1O4 3

PS1O5 3

PS1O6 3

Synthesis (6)
SYN1O1 3

SYN1O2 3



Table 5-2. Scores for the LP Existing and LP Optimum lIE Curricula
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Replacing [E413 with 1E413-2 increased the composite score by thirty-two

points. Twenty-five points of the gain came from the improved score for the

Time Between objective. (The revised fourth year course does not require a

first year programming course as a prerequisite.)

Twenty-two points were gained by using five other revised courses (shown

with a -2) with an average per course improvement of 4.4 points.

Improvements were primarily for the IME Topics and Integration objectives.

IME Topics score was improved by approximately thirty points by replacing

the two Operations Research courses (1E421/1E422) with other IE courses.

A gain of approximately fifteen points, split between the IME Topics (Quality

Management) and Integration objectives, was obtained by adding 1E300, a one

credit hour course dedicated to teaching team skills and group problem

solving.

Multi-Objective
Category

LP
Existing

LP
Optimum Change

IME Topics 141 199 +58
Integration 131 151 +20
Problem Solving 46 48 +2
Communication 63 67 +4
People Skills 43 48 +5
Time Between Courses 100 125 +25

Composite Score 524 638 +114



Observations About Usin2 Linear Programming for Curriculum Design

For obvious reasons, the multi-objective curriculum model does not include all

possible curriculum objectives. This fact was highlighted with the use of the linear

program for selecting the optimum curriculum. For example, the LP Optimum curriculum

does not contain 1E341, a course that is typically taken during the sophomore year to give

students an introduction to Industrial Engineering and to stimulate interest in the

profession. Neither of these objectives were incorporated in the model. Likewise, no

constraint equations were included to establish a balance between required and elective

courses.

Determining the extent that existing curriculum requirements should be included in the

constraints was also an issue. For example, the college of engineering specifies a set of

courses that all engineering students must take to gain entry into the professional program.

As it happened, the LP Optimum curriculum contains all of these courses, but intermediate

solutions did not. A benefit of creating the linear program model was learning the

importance of understanding and questioning the need for the constraints placed on a

curriculum.

The linear program version of the curriculum model can be used to gain a better

understanding of the implications of adding or removing curriculum constraints. The ease

of adding constraint equations combined with the limitations of the trial and error

approach, makes linear program particularly adaptable to conducting this form of "What-

if' analysis. To be effective, however, a more powerful mixed integer solver than

GAMS/ZOOM would need to be used.
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Conclusion

The development of a mathematical model to quantif,r the objectives and requirements

for an engineering curriculum has created the possibility of applying existing decision tools

such as linear programming to the process of curriculum design. Selecting from a catalog

of existing and new courses, the linear program proved more efficient than a manual, trial

and error approach at finding the highest rated curriculum.

The process was facilitated by the development of a computer program to generate the

linear program code directly from the same course catalog and data files described in

Chapter 4. This simplified the verification of the accuracy of the linear program, and made

it easier to use the multi-objective software to evaluate the alternative curricula.
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CHAPTER 6.

CONCLUSIONS AND RECOMM]NDATIONS

Curriculum design has, in theory, followed Tyler's approach to rational curriculum

development where educational experiences are designed and organized to meet well

researched educational objectives. In practice, faculty have gained an informal

understanding of the educational objectives based on their research, and input from

colleagues and advisory boards. Faculty have then followed a process of discussion and

negotiation to agree on changes to the engineering curricula. The NSF sponsored

coalitions have followed a similar process beginning with broad objectives for

restructuring engineering curricula followed by the design of new courses and instructional

materials to meet the objectives.

Limited resources and organizational priorities are only two of the reasons why

engineering faculty, who develop and teach a structured approach to design and process

improvement, follow such an informal approach to curriculum design. An additional

reason may be the shortage of useful tools and methodologies to assist faculty through

each step in the process. This research was conducted to address this shortage.

The first step in the research was the development of a set of engineering preparation

outcomes that identifies the knowledge, skills, and attitudes that graduates need to possess

to gain entry to the profession. Data obtained by surveying alumni, employers, faculty, and

students were used to identify the relative importance of the many IME topics, to establish
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priorities for the desired attributes of college graduates, and to assess the strengths and

weaknesses of the IME program.

To facilitate the design and evaluation of curricula, a multi-objective decision model

was created to provide a quantitative evaluation of the extent that a curriculum satisfies a

set of conflicting objectives. Applied to the IME curriculum, the decision model was used

in the development and analysis of alternative curricula that more closely matched the

desired outcomes. Sensitivity analysis was used to determine the extent that objective

weights could be changed from the original estimates before preferences are changed.

Finally, the conversion of the multi-objective model to a linear program provided insight

into the many obvious and not so obvious constraints placed on the curriculum.

As shown in Figure 6-1, there is a close relationship between the four steps in Tyler's

curriculum development process and the research steps just described. Although Tyler's

process has been available for many years, the challenge to engineering, and other

academic disciplines, is to change how curriculum development is done. The new ABET

accreditation requirements will provide an impetus to engineering departments to change

how their curriculum is developed.

How This Research Relates to Criterion 2 of the ABET Engineerin2 Criteria 2000

The existing requirements for ABET accreditation are primarily focused on ensuring

that a minimum number of credit hours are devoted to specific engineering topics and

skills. In its place, the new ABET Criteria 2000 (Appendix H) shifts the emphasis to

educational objectives and the assessment of outcomes. Of the eight criteria shown in
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Tyler's Questions Results From This Research

What Educational Purposes? Engineering Preparations Outcomes enhanced with
prioritized IME Topics data from the Curriculum
Survey.

What Educational Experiences? The Curriculum Survey provided data on the
desired curriculum priorities for the attributes, and
what educational experiences should be included.

Organization of Experiences The Multi-Objective Curriculum model
demonstrated a methodology to evaluate the
organization of educational experiences. The
incorporation of the model into a linear program
provided insight into the constraints placed on a
curriculum.

Are Purposes Attained? Respondents were asked to evaluate their
educational experiences, and the extent that
graduates possess the ten attributes.

Figure 6-1. Tyler's Rationale Compared to the Results From This Research

Figure 6-2, Criterion 2, Program Educational Objectives, and Criterion 3, Program

Outcomes and Assessment are most related to this research.

Criterion 3 places considerable weight on the assessment of outcomes of engineering

graduates to a set of eleven attributes that are similar to the ten attributes used for this

research. As identified by Tyler (1949), assessment, done correctly, frequently, and at

different stages in the educational process, can be very effective at determining whether

students are gaining the desired knowledge, skills, and attitudes.
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Students

Program Educational Objectives

Program Outcomes and Assessment

Professional Component

Faculty

Facilities

Institutional Support and Financial Resources

Program Criteria

Figure 6-2. The Eight Criteria in the ABET Engineering Criteria 2000

There are three problems with a heavy reliance on outcomes assessment to direct

curriculum improvement. First, it is difficult to assess student performance level to a set of

desired knowledge, skill, and attitude outcomes. Second, the faculty, students, and

curriculum may all change during the long time delay between education and assessment.

Finally, assessment can only help to identifj opportunities for improvement. Targeting

curriculum improvement to a complex set of desired outcomes can be difficult, and good

design methodologies increase the likelihood of successfully identiI'ing and implementing

the appropriate curriculum changes.

Modeled after the four steps in Tyler's Rationale (1949) for curriculum development,

Criterion 2 identifies four curriculum processes that must be in place to obtain
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accreditation. The similarities between Criterion 2 and Tyler's four steps outlined in Figure

6-3. Making the transition from existing curriculum development processes to that

specified in Criterion 2 is likely to be as challenging as it was for companies to adopt the

ten foundations of manufacturing as identified by Heim and Compton (1992). Some, but

not all, of the lessons learned by organizations that have made the transition will apply to

engineering education. Considering the shortage of formal curriculum development

methods, it is likely that there are few academic departments that have made the transition.

It is within the context of the transformation of engineering curriculum development that

the tools and methodologies developed in this research can be applied.

Tyler's Questions ABET 2000q Criterion 2

Educational Purposes (a) Detailed, published educational objectives that
are consistent with the mission of the institution
and the eleven objectives in Criterion 3.

(b) Process based on the needs of the program's
various constituencies in which the objectives are
determined and periodically evaluated.

What Educational Experiences? (c) A curriculum and process that ensures the
achievement of these objectives.

Organization of Experiences (c) A curriculum and process that ensures the
achievement of these objectives.

Are Purposes Attained? (d) A system of ongoing evaluation that
demonstrates achievement of these objectives and
uses the results to improve the effectiveness of the
program.

Figure 6-3. Tyler's Rationale Compared to Criterion 2 in ABET 2000



Recommended Future Research

The formulation of new methods to support a systematic approach to curriculum

design has created interesting opportunities for future research.

For this research, test data based on personal opinion and observation were used for

the parameters of the courses in the catalog. To be effective, decision models must be

based on accurate data. This requirement could be fulfilled with the development of a well

designed questionnaire to obtain course data from the faculty teaching the courses. A

potentially interesting line of research would be to use the questionnaire to measure

differences between faculty and student perceptions of the ratings of the attributes of a

course.

The software written to evaluate the feasibility and usefulness of the multi-objective

curriculum model lacks the refinements necessary for use in curriculum development. One

enhancement feature would the simplification of the process of creating and using the

catalog that contains all of the courses and corresponding attribute data. For example, the

questionnaire to obtain course data could be incorporated in a computer program. When

completed by the respondent, the results could be transferred directly into the catalog file.

Another enhancement would be a user interface that would guide the curriculum designer

through the steps necessary to customize the curriculum model. This could include a step-

by-step process to establish the weights assigned to each attribute. The software could

also be expanded to facilitate the addition of new attributes into the model.

Finally, the curriculum model must be used in the development and improvement of

engineering curricula to determine if it is a useful addition to the process of curriculum
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design. A significant benefit of creating the curriculum model is the insight gained from

going through the process of identif,ring the important attributes, and collecting the

necessary course data. Used over a period of time, the data and the model provide a

quantitative measurement of the results of curriculum changes, and the resulting rate of

improvement. The question needing to be answered, however, is whether the benefits

gained from going through the process are worth the associated costs in time and

resources. Actual usage may also provide insight into the validity of a multi-objective

curriculum model.
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INDUSTRIAL AND MANUFACTURING ENGINEERING
PREPARATION OUTCOMES

PROFESSIONAL COMPETENCIES
The level of proficiency in six categories that new entrants to the profession are

expected to possess.

Conceptual Competence
The generally accepted foundational knowledge of the profession that is required for

subsequent learning and practice. Applied to engineering, this category contains the
conceptual competencies required of graduates from all engineering disciplines.

Technical Foundations
Business and Economics: Understanding of the structure of organizations, the

responsibilities of various departments, and how they interrelate to fonn a whole.
Knowledge of business strategy, management practices, and the economics of the firm.

Computers: Ability to professionally apply computers to all aspects of engineering to
develop workable solutions. Includes the use of general applications software, engineering
applications software, at least one programming language, and the ability to learn new
applications and languages as required.

Design Process: Understanding of the design process including the technical and
management requirements of a successful design. Includes understanding customer
requirements, definition of product specifications, concurrent engineering, design tools,
and design for manufacturability. Understanding of the product life cycle and the
implications to engineering.

Drawing Skills: The ability to develop and use sketches and drawings using computer
aided design and/or mechanical drawing.

Engineering Science: Introduction to the basic engineering sciences of electrical
fundamentals, statics, dynamics, thermodynamics, fluids, and materials,

Experiments: Competence in all aspects of engineering experiments including
identifying critical issues, defining objectives, designing and conducting experiments, data
analysis, developing conclusions, and proposing changes.

Math and Science: Basic competencies in calculus, chemistry, physics, and life
sciences.

Modeling: Develop and use valid and useful physical, mathematical, and computer
models of engineering systems.
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Project Management: Possess the skills necessary to get things done within an
organization. Knowledge of project management tools.

Quality Management: An understanding of the principles of quality management:
customer focus, continuous improvement, and working in teams.

Statistics: Understanding of basic statistical concepts and how they apply to
engineering problems.

Social Science Foundations
An understanding of the organizational and social behaviors necessary to maximize the

delivery of quality services. No specifics for engineering have been found from the
literature search.

Cognitive Foundations
Analysis: Breaking a problem into manageable parts.

Creativity: Able to Identify problems, perceive associations, and construct
relationships that are novel.

Critical Thinking: Identify assumptions and limitations in problem solving, and
evaluate the adequacy of one's own and other's approaches to problems.

Design Skills: Ability to develop physical, software, and process designs to solve
problems. Integrates business, economic, environmental, social, and customer issues in the
solution.

Holistic Thinking: Views systems as composed of interrelated parts. Can develop
models to predict the behavior of the system, and how it will respond to proposed
changes.

Practical Thinking: Intuitive sense of a "good" solution.

Problem Solving: Ability to solve open-ended problems. Knowledge of various
problem solving strategies.

Synthesis: Can work through a complex problem to identify the key issues and develop
a solution.
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Thinking Like an Engineer: Uses a systematic, logical, and analytical approach. Ability
to balance theoretical and real-world considerations to develop solutions.
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Foundational Attitudes
High Standards: Maintains high standards.

Initiative: Takes the initiative to go beyond what is expected.

Positive Attitude: A mature, responsible, and open mind with a positive attitude
toward life.

Results Orientation: Focused on achieving results. Possess the persistence to stay with
a project until it is completed.

Technical Competence
The ability to perform the fundamental skills that are specific to the profession. The

vocational part of the curriculum. Applied to engineering, this is the component of the
curriculum that is specific to the discipline, in this case, industrial and manufacturing
engineering.

Psychomotor Skills
Psychomotor skills that are specific to the discipline. None have been identified.

Interpersonal Skills
Interpersonal skills that are specific to the discipline. None have been identified.

Cognitive Skills
Areas of technical knowledge that are specific to the discipline. The topics included in

industrial and manufacturing engineering are listed below. Specific details about each one
are not included.

Computer Integrated Manufacturing

Electronics, Computers. Interfaces

Engineering Economics

Human Factors, Ergonomics

Industrial Engineering Fundamentals

Manufacturing Management

Manufacturing Processes

Manufacturing Systems



Materials

Operations Research, Management Science

Quality Assurance and Reliability

Systems Engineering

Systems Simulation

Contextual Competence
An understanding of the relevant broad social, economic, and cultural setting, and how

those forces can influence professionals.

Examination of an issue from a variety of vantage points
The knowledge and ability to look at an issue from different perspectives from within

and external to the organization. To be sensitive to these views and incorporate them
within engineering actions. The ability to take a °holistic" view of the system, and the
proposed changes. Includes responding to customers, and the impact of technology on
people and the environment.

Social diversity
Appreciation and understanding of, and sensitive to different cultures. Knowledge of

world affairs and how those affect the workplace. Able to function on an equal footing
both professionally and socially with people from different backgrounds.

Interpersonal Communication Competence
The ability to organize and express ideas logically and persuasively in both written and

oral communications. The ability to persuade and influence others.

Interpersonal Skills
The ability to work with others.

Oral Communication
This includes communication individually, within a group, and presentations to a

group.

Written Communication
From E-Mail to formal reports.

Working Individually
Can work alone without impinging on others.

160



161

Working on Teams
An understanding of group dynamics, and the factors and methods necessary for the

team to be successful. The ability to work in a team with members from various
disciplines, and different social and economic backgrounds to solve technical problems.

Integrative Competence
The ability to bring together conceptual, technical, contextual, and interpersonal skills

to make informed professional judgment of which strategies to be employed. The ability to
develop solutions for a broad array of issues involving multiple disciplines and multiple
constraints.

Adaptive Competence
The ability to detect, assess, and adjust to new organizational, societal, and technical

conditions inherent in a rapidly changing environment. Participates in all aspects of the
continuous improvement process. Has the ability to acquire new knowledge, skills, and
attitudes.

PROFESSIONAL ATTITUDES
The aspects of professional outcomes that are considered to be part of being socialized

into the profession.

Career Marketability
Has the necessary competencies to be a competitive candidate for professional

practice. Has a realistic assessment of the job market, the competencies necessary to get a
job, and how to obtain employment. Has obtained any necessary licenses, and has passed
required professional examinations.

Professional Identity
Understands and integrates the profession's norms, competencies, and values into a

conception of the roles and responsibilities of the engineer. Behaves professionally.

Professional Ethics
Behaves in an ethical manner. Follows the code of ethics for the profession.

Understands the distinction between legal and ethical behavior.

Scholarly Concern for Improvement
Supports the research that is necessary to improve the profession's knowledge base,

and the work required to make use of that new knowledge.

Motivation for Continuous Learning
Motivated to continue one's own professional development, and is committed to

enhancing and expanding his/her competencies.
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OREGON STAlE UN[VERSITYS

IN)USTRIAL AND MANUFACTURING
ENGINEERiNG CURRICULA

FOR THE FUTURE

Making informed decisions about goals,
topics, and learning experiences

Conducted by the Department of
Industrial and Manufacturing Engineering

Oregon State University
Corvallis, Oregon 97331

(503)-737-4345

This survey is designed to examine important aspects of the cunicula in both Industrial and
Manufacturing Engineering. Base your answers on your best judgement of what will help the
students who will earn their undergraduate degree during the next ten years.

Your response to each question will provide the faculty with valuable information. You may
use the space in the margins to comment on any question, or to qualif' any answer.

When you are finished, please return the questionnaire in the prepaid envelope. Thank you for
sharing your thoughts and ideas.

Please open the booklet and begin with question one on the reverse of this page.
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The following changes to the engineering curriculum have either been made, or are being
considered. Your responses to the following questions will help us through the decision process.

2. At OSU, the number of quarter credit hours required for graduation is being cut by 12 hours (from
204 to 192) so that full-time students are better able to graduate in 12 quarters. How should the 12
hours be cut from the five general areas shon beloW? (Enter the number of hours to be cu/from
each area in the space provided)

# Hours to cut
Engineering Science (statics, dynamics, thermodynamics)
Liberal Arts (philosophy, literature, sociology, history)
Indusirial and Manufacturing Engineering (facility design, robotics)
Math (differential and integral calculus)
Science (chemistry, physics, biology)

Total = 12

please go to the next page
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1. Which of the following statements identify your relationship to the Industrial and Manufacturing
Engineering department at Oregon State University (OSU)? (Pleas'e circle one number qfter each
statement)

NO YES

a. Graduate of Manufacturing Engineering at OSU 1 2
b. Graduate of Industrial Engineering at OSU 1 2
c. Graduate of another department at OSU 1 2
d. Graduate of another university 1 2

e. Work internship(s) as part of your undergraduate degree program. 1 2

f Current or previous supervisor of an OSU engineering student or graduate... 1 2
g. Current or previous colleague of an OSU engineering student or graduate 1 2

h. Current or previous employer of an OSU engineering student or graduate 1 2

i. Student in Manufacturing Engineering at OSU 1 2
j. Student in Industrial Engineering at OSU 1 2
k. Student in another department at OSU 1 2
1. Student at another university 1 2

m. Member of the Manufacturing Engineering Co-op Advisory Board 1 2

Member of the Industrial Engineering Advisory Board 1 2

o. Industrial and Manufacturing Engineering faculty at OSU 1 2

p. OtherfacultyatOSU 1 2

q. Faculty at another university 1 2



3. Should an 18 quarter credit hour foreign language requirement be added to the undergraduate
engineering curriculum? Please weigh the advantage of having graduates who can communicate in
a foreign language with the resulting need to reduce class time in other areas. (Please circle onenumber)

1 NO, IT SHOULD NOT BE ADDED '=> If NO, please go to question 4<= 2 YES, A FOREIGN LANGUAGE REQUIREMENT SHOULD BE ADDED

if YES, then bow should the 18 quarter credit ho be cut from the five general areas shoi
below? (Enter the number of hours to be cut from each area in the space provided)

# Hours to cut
a Engineering Science (statics, dynamics, thermodynamics)

Liberal Arts (philosophy, literature, sociology, history)
Industrial and Manufacturing Engineering (facility desigu, robotics)

di Math (differential and integral calculus)
e. Science (chemistry, physics, biology)

Total = 18

4. There is an on-going discussion concerning the structure of engineering education. Six options that
are either currently in use or are being considered are described below. (Using the scale below,
please circle one number after each option that most closely corresponds to your support of thatoption)

= STRONGLY OPPOSE
2= SOMEWHAT OPPOSE
3 = NEr[MER OPPOSE NOR SUPPORT
4= SOMEWHAT SUPPORT
5= STRONGLY SUPPORT

STRONGLY STRONGLY
OPPOSE SUPPORT
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a A four year, 12 quarter undergraduate degree in a specific engineering
discipline.

A five year, 12 quarter undergraduate degree in a specific engineering
discipline with tw, six months work internships.

A five year, 15 quarter undergraduate degree in a specific engineering
discipline.

di A five year, 15 quarter, double degree program. The first three years are
liberal arts, math, and science courses, followed by two years of engineering
courses. The student graduates with a Bachelor of Arts, and a Bachelor of
Science degree in a specific engineering discipline.

e. A four year, 12 quarter undergraduate general engineering degree followed by
a 3 quarter Master of Science degree in a specific discipline.

f A four year, 12 quarter undergraduate general engineering degree followed by
a one to two year professional degree in a specific discipline. This is similar
to educational programs in other professions such as medicine and law

please turn the page
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Both the Industrial and Manufacturing Engineering curricula have a core set of topics that
students are required to take. The most important required topics are also emphasized by
integrating their concepts into other courses. However, time limitations restrict the number of
topics that can be required. Students can take some of the remaining ones as electives.

The following question asks you to identify the topics to include in either curriculum.

5. Listed below and on the next page are 19 topics that could be included in the curriculum. Using
the scale below, identify those topics that you believe should be required, and the ones to offer as
electives. Please select no more than five topics to be REQTJIRED, and no more than three to be
REQUIRED AND EMPHASIZED. (Circle one number tter each topic that most closely
corresponds to your belief of the emphas'is that it should receive.)

= NOT WORThiILE ELECflVE
2= HELPFUL ELECTIVE
3= RECOMMENDED ELECTIVE
4 = REQUIRED (Plnce do not sNert more than five)
5= REQUIRED AND EMPHASIZE) (Please do not sdect more than three)

NOT REQUIRED
WORThILE ANDacrw
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Planning and control of manufacturing operations including forecasting,
scheduling, inventory control, and just-in-time systems.

Materials, processes, and tooling in manufacturing. Materials include
metals, plastics, composites, ceramics, and electronic components. Processes
include casting, forming, machining, joining, and assembly.

Job and facility design. Includes work organization, line balancing, and time
studies. Design of facilities and material handling systems.

Human factors principles used in the design of equipment and work stations
to improve system performance and safety.

Enviromnental engineering issues in manufacturing including minimizing
waste, management of hazardous substances, and pollution control.

f Industrial safety. Methods to control physical and chemical hazards in the
workplace. Regulatory requirements. Safety management.

Computer programming concepts and the use of a programming language
such as C, FORTRAN, or QBASIC.

Artificial intelligence and expert systems with applications to manufacturing
operations such as to assist in the diagnosis and repair of failed equipment. .

Computer simulation for the design and optimization of manufacturing
systems. Applications include facility design and production scheduling. . . .

please go to the next page
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The curriculum topics continue on this page.
NOT REQUIRED

WORThWHILE AND
ELECTIVE EMPHASIZED

Quality management of manufacturing systems. Ways to manage and
improve complex manufacturing systems. The application of Total Quality
Management principles.

Business operations. Includes fmance, management, marketing, accounting,
business strategy, and economics

I. Economic analysis of products, processes, and equipment. Generation of cost
estimates, and the application of engineering economic principles.

in. Statistical theory and applications for design, control, and improvement of
manufacturing processes. Statistical process control, design of experiments. .

Information systems in manufacturing. Designing the flow of information so
that accurate and useful data are available when and where it is needed.
Includes database management and automated data collection.

Operations research including linear programming and queuing theory.
Applications to transportation, inventory control, and machine scheduling.

Engineering design process from conception through mature production.
Project management, concurrent engineering, design for manufacturability. . .

Computer applications from spreadsheets to computer aided design

Robotic systems in manufacturing operations. Includes the principles of
mechanics and control, equipment selection, and applications.

Computer Integrated Manufacturing. The application of computer hardnre
and softre to control discrete and continuous manufacturing systems.
Includes sensors, actuators, and computer vision systems.

If you desire, use the line below to describe an additional topic that you
believe should be included. (Circle one number)

You may use the line below to describe another topic. (Circle one number)

6. You may use the space below to discuss your selection of the topics that you rated as REQUIRED
AND EMPHASIZED. Why these? Why did you not select one of the other topics? This information
will help us to understand your perspective on your selections.

please turn the page
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The focus is now on the relative importance of ten desired attributes for graduates.

7. The ten attributes listed below are broad categories of knowledge, skills, and attitudes that are
expected of the "ideal" Industrial or Manufacturing Engineering graduate. While all of them are
important, what s need to know is your belief of their degree of importance. Please use the
entire scale from 1 = LEAST IMPORTANT to 5 MOST IMPORTANT. (Please circle one nwnber
qfier each attribute.)

LEAST MOST
IMPORTANt IMPORTANT

Knowledge of the engineering topics that you identified in question five on
the previous two pages (e.g. statistics, facility design, and computer integrated
manufacturing). i 2 3 4 5

Continuously improving personal and organizational performance. Always
gaining new skills. Able to detect and adapt to changing conditions. 1 2 3 4 5

Communication skills, both verbal and written. Ability to discuss complex
issues in terms that customers, management, and colleagues can understand. . 1 2 3 4 5

ci Manufacturing and business operations. Areness of what it takes for a
business to be successful. An understanding of the many economic, social,
and cultural issues which influence business decisions. 1 2 3 4 5

e. Design skill. Ability to develop and implement solutions for a broad array of
issues involving many disciplines and conflicting objectives 1 2 3 4 5

f High ethical standard to job and personal life. Understands standards of the
profession, and implications of actions to company, employees, and society. . 1 2 3 4 5

g. People skills. The ability to work effectively with customers, management,
and colleagues. Works well in a team structure 1 2 3 4 5

K Knowledge of engineering fundamentals. Includes calculus, chemistiy,
physics, and engineering sciences (e.g. statics, dynamics, theimodynamics). . 1 2 3 4 5

Problem solving skills. The ability to identify and fix critical problems using
sound engineering principles and following good engineering methods 1 2 3 4 5

Commitment to achieve objectives which requires high expectations, a
positive attitude, and an open mind to new ideas and ways of doing things. . 1 2 3 4 5

8. Of those that you rated as MOST IMPORTANT, select the one that you believe to be the most
important attribute. If you wish, you may use the space below to discuss why you made this
selection. (Put the letter of the attribute in the box)

[ ] Enter letter here

please go to the next page
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Now let's look at the performance of engineering graduates to the same ten attributes.

9. Using a scale from 1 POOR to 5 = EXCELLENT, rate the performance of engineering graduates
to the same ten attributes. If possible, compare to students and graduates from OSUs Industrial
and rvnufacturing Engineering programs. (Cfrcle one number c?fier each attribute)

Knowledge of the engineering topics that you identified in question five on
the previous two pages (e.g. statistics, facility design, and computer integrated
manufacturing).

Continuously improving personal and organizational performance. Ahys
gaining new skills. Able to detect and adapt to changing conditions.

Communication skills, both verbal and witten. Ability to discuss complex
issues in terms that customers, management, and colleagues can understand

ci. Manu1icturing and business operations. Awareness of what it takes for a
business to be successful. An understanding of the many economic, social,
and cultural issues which influence business decisions

Design skill. Ability to develop and implement solutions for a broad array of
issues involving many disciplines and conflicting objectives

High ethical standard to job and personal life. Understands standards of the
profession, and implications of actions to company, employees, and society. .

People skills. The ability to work effectively with customers, management,
and colleagues. Works well in a team structure.

Knowledge of engineering fundamentals. Includes calculus, chemistry,
physics, and engineering sciences (e.g. statics, dynamics, thermodynamics). .

Problem solving skills. The ability to identify and fix criticalproblems using
sound engineering principles and folloving good engineering methods.....
Commitment to achieve objectives which requires high expectations, a
positive attitude, and an open mind to new ideas and ways of doing things. .

Curriculum improvement will be most successful when we target our efforts. Please review your
responses to questions 7 and 9 as you consider your answer to the next question.

10. Which one of the ten attributes should receive most of our attention for curriculum improvement?
If you wish, you may use the space below to discuss why you made this selection. (Put the letter
of the attribute in the box).

[ J Enter letter here

please turn the page
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The next set of questions assess your opinions about the helpfulness of undergraduate college
experiences in preparing students for their professional career. (Using the scale below, please
circle the nwnber qfier each statement that most closely corresponds to its degree of helpfidness)

NOT HELPFUL
2 SOMEWHAT HELPFUL
3 HELPFUL
4= VERY HELPFUL
5= EXTREMELY HELPFUL

11. These questions relate to college courses (examples follow most questions)

Courses in math (differential and integral calculus).
Courses in science (chemistry, physics, biology).

Coes in engineering science (statics, damics, themiodamics).
Courses in Industrial and Manufacturing engineering (statistics, robotics)

Business courses (accounting, finance, management; marketing).
Technical electives (selected engineering; science, and business courses).

General electives (any course offered at the university).
Liberal arts courses (philosophy, sociology, arts, music).

Courses requiring field studies (analyzing the facility layout at Sfey). .

Courses requiring individual research in the field, laboratory, or library

Courses where students make in-class presentations
1. Courses requiring something to be designed (workstation, fixture)

m. Courses that use material learned in earlier courses.
ii Courses where students work in teams

A complex, integrative design project with conflicting objectives
Courses requiring witing (project reports, documentation).

Speakers from industry who relate classroom material to industry usage.

Laboratory courses with hands-on experience applying classroom material

Discussions on professional ethics, and how to deal with an ethical dilemma
Courses where engineering problem solving skills are taught.

Courses where students learn about the engineering profession.

please go to the next page
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NOT
HELPFUL

EXIREMELY
HELPFUL

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5



Use the same scale for these additional questions on the helpfiulness of college experiences.

The next two questions relate to your education.

14. Please indicate the major for each degree that you have obtained beyond high school.

MAJOR FOR EACH DEGREE

ASSOCIATE DEGREE

BACHELORS DEGREE

MASTERS DEGREE

DOCTOR OF PHILOSOPHY...

PROFESSIONAL DEGREE....

15. What year did you obtain or do you expect to obtain your undergraduate degree? (Please write
the year in the space below. If this question dees not apply, please write N/A)

Year obtained undergraduate degree

please turn the page
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12. These questions relate to activities outside of the classroom
HELPFUL

NOT E)crREME.LY
HELPFUL

a. Student organized professional organizations (lLh, SME, ASQC, APIC) 1 2 3 4 5

b. Field trips to local indusliy 1 2 3 4 5

c. Meetings and conferences with professionals.
d. Work experience in indusiry wiñle attending college (summer employment,

internship)

e. Obtaining employment (riting a resume, fmding job opportunities,
interviewing)

1

1

1

2

2

2

3

3

3

4

4

4

5

5

5

13. Are there other college experiences that you found to be helpful? If so, please
identify them in the spaces below. (Circle one nwnber qfter each)

12345
12345



These questions are about your current or most recent work experience

16. Which of the following best describes wiat you are currently doing? (Circle number)

1 EMPLOYED FULL-TIME
2 EMPLOYED PART-TIME
3 EMPLOYED AND CONTINUING MY EDUCATION
4 CONTINUING MY EDUCATION
5 CARING FOR A HOME/FAMILY
6 UNEMPLOYED

If 4, 5 or 6, do you have a recent work experience that you can discuss? (Circle nwnber)

1 NO => If NO, please go to question 24 on the back page
2 YES ==> If YES, please continue with question 17 below

17. Which of the following best describes your current or former employer? (Circle nwnber)

1 PRIVATE EMPLOYER
2 SELF-EMPLOYED
3 PUBLIC EMPLOYER
4 ARMED FORCES

18. How well do the following statements describe the use of Quality Management principles in your
organization? (Using the scale below, please circle one number after each statement)

1 DOES NOT DESCRIBE
2 DESCRIBES A LITTLE
3 DESCRIBES SOMEWHAT
4 DESCRIBES VERY WELL
5 DESCRIBES COMPLETELY

DOES
NOT

DESCRIBE

Committed to satisfying customers by providing products and services that
meet their needs. Customer satisfaction is measured, and the results are
compared to the competition. 1 2

Employees are involved in the success of the organization. They frequently
vrk in teams. Employees receive the iraining necessary to meet

organizational goals 1 2

Continuous improvement of cost, quality, and delivery time is expected from
all parts of the organization. 1 2

Processes used to design and produce the products and services are
documented and followed, and produce results that are consistent with
organizational goals 1 2

please go to the next page
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DESCRIBES
COMPLETELY

3 4 5

3 4 5

3 4 5

3 4 5



19. How many employees are there at the location at which you work?

Number of employees at location (approximately)

20. How many total employees are there in the entire organization worldwide?

Total number of employees (approximately)

21. Which of the following best describes the primary function at the location where you work?
(Circle one number)

22. Which of the following best describes your current work? (Circle one number)

23. Which of the following manufacturing processes are used at your location, or are part of your
work? (Please circle one number qfler each process)

please turn the page
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a Electronic assembly.
b. Silicon fer, integrated circuit processing, testing, or assembly.

NO

1

1

YES

2

2
c. Metal machining, casting, or forming

1 2
d. Plastics.

1 2
e. Ceramics.

1 2
f. Chemical

1 2
g. Food processing

1 2
h. Other (please spec)

1 2

1 ASSEMBLY AND TEST 11 PROCESS DESIGN
2 BUSINESS OR SYSTEM INTEGRATION 12 PRODUCT DESIGN
3 EDUCATION AND ThAINJNG 13 PURCHASING, VENDOR INTERFACE
4 EQUIPMENT, FACILITIES DESIGN OR 14 QUALFIY ASSURANCE

MANAGEMENT 15 RESEARCH AND DEVELOPMENT
S FINANCIAL ANALYSIS 16 SALES
6 GENERAL MANAGEMENT 17 SCHEDULING, INVENTORY CONTROL
7 MANAGING PROFESSIONAL STAFF 18 SHOP FLOOR CONTROL
8 MARKETING 19 SOFIWARE DEVELOPMENT
9 MANUFACTURING MANAGEMENT 20 OTHER (please specfy)
10 N/C, CNC MACHINE PROGRAMMING

1 ACADEMiC 6 PRODUCT DESIGN
2 CONSULTING 7 REGULATORY
3 DISTRIBUTION 8 RESEARCH AND DEVELOPMENT
4 MANUFACTuRING 9 SERVICE INDUSTRY
5 MARKETING 10 OThER (please spec)



Finally, two follow-up questions, and then the opportunity for you to provide additional
information about the curriculum.

Would you like to receive a summaty of the results? (Circle one nwnber)

INO
2 YES => If YES, print any address corrections on the back of the return envelope.

May I contact you to obtain additional information for our curriculum development work? This
would either be to request clarification of a few of your answers, or as a short, follow-up
questionnaire. (Circle one nwnber)

I NO
2 YES > If YES, at your option, print your telephone number and/or e-mail address along

with any address corrections either at the bottom of this page, or on the back of
the return envelope.

Is there anything else that you would like to say about OSU's Manufacturing or Industrial
Engineering curriculum and educational experiences? If so, please use this space for that purpose.

Thank you for taking the time to provide your thoughts and ideas. Your contribution to improving the
curricula in both Industrial and Manufacturing Engineering is greatly appreciated.
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Cover Letters and Postcard Sent to Alumni

175



First Mailing

January30, 1995

Joe Alumni
123 NE 45th Ave.
Corvallis, OR 97330

What do engineers need to know? What skills must they have? How will continued
business and technological changes impact engineering education? These are difficult
questions. However, with your help, informed decisions can be made about what
engineering students need to learn in college.

The purpose of the enclosed questionnaire is to obtain your unique perspectives on what
to include in the engineering curriculum at Oregon State University. It will take about
thirty minutes to complete. The questions are directed toward industrial and
manufacturing engineering, but most of them are equally applicable to other disciplines.

The results will be made available to the engineering faculty. The information will be used
as a basis for changes and improvements in the curriculum.

The questionnaire has an identification number that is marked on the front page. It is used
for mailing purposes, and to ensure confidentiality.

You may receive a summary of the results. There is a question to this effect on the last
page. Finally, please let me know if I may contact you to discuss your responses, or to
complete a short, follow-on questionnaire.

I would be most happy to answer any questions that you might have. My telephone
number is (503) 737-4345. Send correspondence either to the department address, or my
e-mail address <sheajccmail.orst.edu>.

Thank you for your assistance.

Sincerely,

John Shea, Instructor,
Industrial and Manufacturing Engineering
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Postcard

Last week, a questionnaire seeking your opinions about the curriculum for both Industrial
and Manufacturing Engineering at Oregon State University was mailed to you. Your name
was drawn in a random sample of alumni from the Industrial and Manufacturing
Engineering department.

If you have already completed and returned it, please accept my sincere thanks. If not,
please return it as soon as possible. Because it has been sent to only a small, but
representative sample of alumni, it is extremely important that yours also be included in
the study if the results are to adequately represent the opinions of our alumni.

If by some chance, you did not receive the questionnaire or it got misplaced, please call
me collect at 503-737-4345, or send me an E-Mail message at
<sheaj@ccmail.orst.edu>. I will get another one in the mail to you today.

Sincerely,

John Shea, Instructor
Industrial and Manufacturing Engineering
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Second Mailing

March 2, 1995

Joe Alumni
123 NE 45th Ave.
Corvallis, OR 97330

Recently, I wrote to you seeking your opinions on what to include in the Industrial and
Manufacturing Engineering curricula at Oregon State University. As of today, I have not
yet received your completed questionnaire.

This study is being undertaken because the curriculum is important to the success of our
students and of the department. Alumni such as yourself have been included in the study
because you can combine your college and professional experiences to describe the ideal
undergraduate program for OSU.

I am writing again because of the significance that your perspective has to the useflulness
of the study. The questionnaire has been sent to a random sample of the alumni from the
department. In order for the results to be truly representative of the opinions of the
alumni, it is essential that each person in the sample complete and return their
questionnaire.

For your convenience, I have included a replacement questionnaire.

I would be most happy to answer any questions that you might have. My telephone
number is (503) 737-4345. Send correspondence either to the department address, or my
e-mail address < sheaj@ccmail.orst.edu>.

Your assistance is greatly appreciated.

Sincerely,

John Shea, Instructor,
Industrial and Manufacturing Engineering
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Third Mailing

March28, 1995

Joe Alumni
123 NE 45th Ave.
Corvallis, OR 97330

I am writing to you because I have not yet received your completed questionnaire about
the goals, topics, and learning experiences to include in the curricula in Industrial and
Manufacturing Engineering at Oregon State University.

The response so far has been encouraging. However, whether I will be able to accurately
describe how alumni feel on these important issues depends upon you and the others who
have not yet responded. This is because those who have not sent in their questionnaire
may hold very different opinions about what should be included.

This is a major study of the curricula for the two programs in the department. The results
are of particular importance to our students, their future employers, and the faculty. The
usefulness of the results depends on'having an accurate description of what our alumni
believe should be included.

It is for these reasons that I am asking you to complete the questionnaire. A replacement is
enclosed in case earlier correspondence did not reach you. Please complete and return it as
quickly as possible.

I would be most happy to answer any questions that you might have. My telephone
number is (503) 737-4345. Send correspondence either to the department address, or my
e-mail address < sheajccmail.orst.edu>.

Your contribution to the success of this study will be appreciated greatly.

Sincerely,

John Shea, Instructor,
Industrial and Manufacturing Engineering

179



Appendix D

Best and Worst Case Values for Scaling the Score for Each Objective

180



BEST AND WORST CASE VALUES FOR SCALING
'JILE SCORE FOR EACH OBJECTiVE

The details for developing scaling values are explained below. Values for Integration and
Topics were based on the assumption that the existing Industrial Engineering curriculum
should score a five on a zero to ten scale. All other values were determined based on a
judgement of what constituted a "best" and "worst" case situation for each objective.

Integration
Best =80

* Integration for Perspective, Synthesis, and Free Electives = 0
* Best integration, for all other courses = .25 except math and statistics which as

assumed to be .50
* Average value for the Integration weighting function 1.7 for engineering

courses.

Worst =20
* Score for the existing IE curriculum =50
* Assume scaled value for existing curriculum =5

Topics
Best = 0

* The existing IF curriculum has
- 87 credit hours of courses to meet the topics goal.
-22 equivalent credit hours of integration

* The total number of goal credit hours = 100
* Possible to have direct plus equivalent exceed 100 while direct is less than 100.

Worst = 72
* Score for the existing IE curriculum =36
* Assume scaled value for existing curriculum = 5

Communication and People Skills
Best = 30

* For 192 credit hours, assume half rate .10 and the other half rate .20

Worst = 5
* For 192 credit hours, assume half rate 0.00 and the other half rate .05
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Problem Solving
Best 500

* For all courses except Perspectives, Synthesis, and Free Electives
* Average problem solving of 2.5, 3.0, 3.5, and 4.0 for years 1 -4 respectively

Worst = 275
* For all courses except Perspectives, Synthesis, and Free Electives
* Average problem solving of 1.0, 1.5, 2.0, and 2.5 for years 1 -4 respectively

Time Between
BestO

* Possible to have no more than one year spacing

Worst 10
* Judgement
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Appendix E

Spreadsheet Tables for Estimating Communication, Problem Solving, and People Skills
for Each Course
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Table of values for each course

Communication - % of course grade

Course 0 5 10 15 20 25 30 40 50

BA215 X
BA350 X

BSIO1 X

CR201 X
CR202 X

COMM111 X

ENGR111 x
ENGR112 X
ENGR112-2 X
ENGR1 12-2A X
ENGR2O1 X
ENGR211 X
ENGR212 X
ENGR213 X
ENGR245 X
ENGR311 X
ENGR321 X
ENGR322 X
ENGR331 X
ENGR39O X
ENGR4 15 x
ENGR4 16 x
ENGR49O x

FE1O1 x
FE1O2 x

HHP231 x



Table of values for each course

Communication - % of course grade

Course 0 5 10 15 20 25 30 40 50

1E251 X
1E300 x
1E335 X
1E336 X
1E336-2A x
1E336-2B x
1E341A x
1E341B X
1E351A x
1E351B x
1E352 X
1E362 X
1E362-2A X
1E362-2B X
1E363 X
1E363-2 x
1E365
1E365-2A x
JE365-2B x

1E413 X
1E413-2A X
1E413-2B X
1E414 X
]E414-2 X
1E419 X
1E419-2A X
1E419-2B x
1E42 1

1E422
1E431 X
1E432 X
1E441 X
1E442 x
1E450 x
1E494 x
JE495 X
1E495-2A X
1E495-2B X
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Table of values for each course

Communication - % of course grade

Course 0 5 10 15 20 25 30 40 50

1E497 x
1E498 x

MATH2SI X
MATH252 X
MATH253 X
MATH254 X
MATH256 X
MATH341 X

P11211 X
P11212 X
PH213 X

Psiol x
PS1O2 x
PS1O3
PS1O4 x
PS1O5 x
PS1O6 x
SYN5O1 X
SYN5O2 X

WR12 1 x
WR327 x
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Table of values for each course

People - % of course grade

Course 0 5 10 15 20 25 30 40 50

BA215 X
BA350 X

BS1O1 X

CR201 X
CR202 X

COMM111 x

ENGR111 x
ENGR112 X
ENGR112-2 X
ENGR 1 12-2A X
ENGR2O1 X
ENGR211 X
ENGR212 X
ENGR213 X
ENGR245 X
ENGR3I1 X
ENGR321 X
EN0R322 X
ENGR331 X
ENGR39O X
ENGR4 15 x
ENGR4 16 x
ENGR49O x

FE1O1 x
FE1O2 x

HHP231 x
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Table of values for each course

People - % of course grade

Course 0 5 10 15 20 25 30 40 50

1E251 X
1E300 x
1E335 x
1E336 x
1E336-2A x
1E336-2B x
1E341A x
1E341B x
1E351A x
1E351B x
1E352 x
1E362 x
1E362-2A X
1E362-2B X
1E363 x
1E363-2 X
1E365 x
1E365-2A x
1E365-2B x

1E413 X
1E413-2A X
1E413-2B X
1E414 X
1E414-2 X
1E419 x
1E419-2A x
1E419-2B x
1E421 X
1E422 X
1E431 x
1E432 x
1E441 x
1E442 x
1E450 X
1E494 X
1E495 X
1E495-2A X
1E495-2B X



Table of values for each course

People - % of course grade

Course 0 5 10 15 20 25 30 40 50

1E497
1E498

MATH251 X
MATH252 X
MATH.253 x
MATH254 x
MATH256 X
MATH341 X

P11211 x
PH212 x
P11213 x

Psiol x
PS1O2 x
PS1O3 x
PSIO4 x
PS1O5 x
PS1O6 x
SYN5O1 X
SYN5O2 x

WR121 x
WR327 x

x
x
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Table of values for each course

Problem Solving - Rating

Course 0 1 2 3 4

BA215 x
BA350 x

BS1O1 x

CH2O1 x
CH202 x

COMM111 X

ENGR111 X
ENGR112 X
ENGR112-2 x
ENGR112-2A X
ENGR2O1 X
ENGR2I1 X
ENGR212 X
ENGR213 X
ENGR245 X
ENGR311 X
ENGR321 X
ENGR322 x
ENGR331 X
ENGR39O X
ENGR4 15
ENGR4 16
ENGR49O x

FE1O1 x
FE1O2 x

HHP231 x



Table of values for each course

Problem Solving - Rating

Course 0 1 2 3 4

1E251 x
1E300 x
1E335 x
1E336
1E336-2A
1E336-2B
1E341A
1E341B
1E351A
1E351B
1E352
1E362 x
1E362-2A x
1E362-2B x
1E363 x
1E363-2 x
1E365
1E365-2A x
1E365-2B X

1E413 x
1E413-2A x
1E413-2B x
1E414 x
1E414-2 x
1E419 x
1E419-2A x
1E419-2B x
JE421 x
1E422 x
1E431 x
1E432 x
1E441 x
1E442 x
1E450 x
1E494 x
1E495 x
1E495-2A x
1E495-2B x
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Table of values for each course

Problem Solving - Rating

Course 0 1 2 3 4

1E497
1E498

MATH251 X
MATH252 X
MATH.253 X
MATH2S4 X
MATH256 X
MATH34I X

P11211 x
PH212 x
P11213 x

Psiol
PS1O2
PS 103
PS1O4
PS1O5
PS1O6
SYN5O1
SYN5O2

WR121 X
W.R327 x
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Proposed New Industrial and Manufacturing Engineering Courses
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PROPOSED NEW INDUSTRIAL AND MANUFACTURING COURSES
The following is a college catalog description, topical area allocation, and objective for
creation of eleven new IME courses.

ENGR112-2. Engineering Orientation 11(3)
An introduction to computer program and engineering problem solving using

computers. The focus is on learning and using Maple or equivalent software so that the
student is prepared for its use in the ENGR21 1 - 212 sequence. PREREQ: ENGR1 11

Topic: Computer programming - 1.5 cr
Computer Applications - 1.5 cr

Objective: Refocus course toward an engineering software package that will be used in the
Statics - Dynamics sequence. This linkage is reflected by entries in the From\To matrix.
The course topics are split between programming (generic structures, methods, etc.) and
learning the application program Matlab (or equivalent).

1E300. Engineering Teams (1)
An introduction to the use of teams to solve engineering problems. A focus on team

dynamics, working with others, growth of a team, some team problem solving tools.

Topic: Quality Management - 1 cr

Objective: Provide the basic knowledge on teams. Establishing a common set of
knowledge and terms about engineering teams at the beginning of their pro-school will
provide a cominon structure for students and faculty, and make it easier to integrate teams
into the other JE courses. By putting it into one course the fall term of the junior year, the
course will be focused on IE/MfgE students, and will not create a scheduling problem
since they are taking the junior year IE sequences and have already been admitted into the
department. Credit hour time for this course would come partially from the elimination of
BA215.

1E336-2. Industrial Manufacturing Operations and Equipment (3)
Analysis of manufacturing operations. Selection and application of equipment

including system and financial analysis. Introduction to the cost structure of a
manufacturing operation. PREREQ: ENGR39O, 1E362, 1E335.

Topic: Materials, process, tooling - 2.5 cr
Economic analysis - .5 cr

Objective: Expand the focus from equipment details, such as the programming of NC
machines, to include an analysis of impact (financial, quality, scheduling, facility layout,
etc.) that automation has on the manufacturing system. Include problems that require the
financial justification of automation. This will expand the scope of this course by adding a
larger design component, thus a higher problem solving rating.
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1E362-2. Introduction to Production and Operations (3)
An introduction to the components of a production operation including scheduling,

inventory, quality, productivity, facility and job design, and the financial structure
including cost accounting.

Topic: Planning and Control - 1.5 cr
Business Operations - 1.5 cr

Objective: One objective of this course is to take up some of the slack that would result
from the elimination ofBA2l5. Instead of teaching cost accounting (BA215) as a stand
alone course with no linkages, focus on the aspects of cost accounting that relate to the
analysis and economic justification of equipment and automation. Another objective is to
provide a framework for all of the junior year courses (1E335, 336, 351, 352, 363, 365).

1E363-2. Production Planning and Control (3)
Forecasting techniques, machine assignment, material and process control, line

balancing, master production scheduling, material requirements planning.

Topic: Planning and Control - 3 cr

Objective: Some of the planning and control material would still be covered in the 1E362-
2 course. Even with the entire 1E363-2 course devoted to planning, however, there is
going to be some material that is currently in the 1E362 - 363 sequence that is not
covered. Hopefully, this is offset by the new material in 1E362-2, and the linkage from that
to 1E336 and 1E365.

1E365-2. Material Handling and Facility Design (3)
Selection of material handling equipment, its application, coordination, financial

impact, and effect on plant layout in industrial situations. Location and arrangement of
facilities. Design of warehouse facilities. PREREQ: 1E245, 1E362, ENGR39O.

Topic: Job and Facility Design - 2.5 cr
Economic Analysis - .5 cr

Objective: Additional integration of the financial analysis of facility layout and automation
in a manufacturing system. The changes to the existing course description are relatively
minor.
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1E413-2. Computer Simulation Models for Industrial Applications (3)
Principles of Monte Carlo simulation using digital computer models. Discrete event

models with applications to management and engineering. PREREQ: 1E25 111E3 51 or
equivalent.

Topic: Computer Simulation -2 cr
Computer Programming - 1 cr

Objective: Remove ENGR 112 computer programming prerequisite. Do not expect that
the students have an understanding of basic programming principles and practices.
Recognize that this must be included as part of the course. The prerequisite list for both
1E413 courses has been expanded to reflect that most students have had the 1E35 1 course,
thus eliminating the "Time Between" component of the model.

1E414-2. Industrial Data Systems (3)
Principles of database systems and their design, and implementation into a standard

database software system. Application of database systems in an industrial application.

Topic: Information Systems -3 cr

Objective: Remove ENGR1 12 computer programming prerequisite. Change the
description to better match the current course.

1E415. Information Systems in Manufacturing and Service Operations (3)
The principles of the design, implementation, and operation of the hardware and

software components of an infonnation system. Analysis of the data requirements,
methods to collect data both manually and automatically. Presents an overview of
computer networks, and the issues associated with their design and operation. How
engineers can use the computer systems to acquire necessary information. PREREQ:
1E414.

Topic: Information Systems - 3 cr

Objective: Provide more emphasis on the broader aspects of information systems in an
organization. Expand the knowledge gained about data base systems in 1E414.
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1E419-2. Simulation in CIM Planning and Design (3)
Analysis and design of integrated manufacturing systems through the application of

discrete and continuous modeling techniques. Applications to facility design and layout,
equipment scheduling, and capacity planning. In depth understanding of the design and
application cycle of a computer simulation. PREREQ: 1E363, 1E365, 1E413.

Topic: Computer Simulation - 2.5 cr
Engineering Design Process - .5 cr

Objective: Create a follow-on simulation course that allows the student to apply computer
simulation to the applications taught in the junior year course sequences. The student
would take 1E413 to learn the technique of Monte Carlo simulation and the application
software, and would then use it in 1E419 to solve industrial application problems. This
course will have a high problem solving component to emphasize the design focus of the
course, and will have increased linkage to 1E336, 1E363 and 1E365.

1E495-2. Industrial Decision Making (3)
Multi criteria - multi objective decision making. Evaluation of existing and proposed

industrial systems. Cost structure and cost accounting of a manufacturing operation as it
applies to decision making and the estimation of the financial impact of a decision. Cost
and value of information, utility measurement, multi objective programming and
multidimensional risk analysis. PREREQ: ENGR39O, and basic statistical knowledge.

Topic: Engineering Design - 2.5 cr
Economic Analysis - .5 cr

Objective: Engineering Design and Economic Analysis are not perfect fits. Engineering
Design is used because decision making represents a key part of the design process.
Economic Analysis also includes a Business Operations component to include cost
accounting aspects. 1E495-2 represents a shift of 1E495 to include economic analysis.



Appendix G

Flowchart of GAMS Version of the Cuniculum Model Linear Program
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Flowchart of GAMS Version of the Curriculum Model Linear Program

Note: File name precedes each section

lpcurr.txt GAMS Options statements

lpcat.txt Define Sets
All courses in the catalog
Course catalog columns

Assign values to CATALOG(i, j)

lpabet.txt Define Set
ABET columns

Assign values to ABET(i, k)

lpobj .txt Define Sets
top: For the three attributes
skill: For the three Skills objectives
curr: For the two Curriculum objectives
topic: For the Topic objective

Assign Best and Worst scores for each objective
Assign attributes and objective weights

lpcurr.txt Declare variables
COMMTOTAL: Communication score
PROBLEMTOT: Problem solving score
PEOPLETOTL: People skill score
X(i): Course selection

Declare and define objective function equations for the three
Curriculum objectives

COMtvffl'IT: Communication
PROBLEM[NT: Problem Solving
PEOPLEINT: People Skills

lpreq.txt

Ippairs.txt

lpdonot.txt

Declare Set
req: University, college, ABET, department requirements

Assign values to REQLIMIT(req)
Declare and define constraint equations for requirements

Declare and define constraint equations to ensure that both parts of
a course pair are included

Declare and define constraint equations to ensure that no more than
one version of a course is selected
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lpprereq.txt Declare and define constraint equations to ensure prerequisite
requirements are met

lpxij.txt Declare Set
1: All course pairs with positive From\To value

Declare integration variables XIJ(l)
Declare and define constraint equations to force XIJ(l) to desired

value

lpinteg.txt Declare Set
X[J(1) data columns

Asalgn values to INTEG(l, m)
Declare variable

INTEGTOTL: Integration score
Declare and define equation

INTEGINT: Integration

lpdtime.txt Define Set
For time deviation

Declare variables
DT(n): Time Between deviation variables

Declare and define constraint equations to force values to the
deviation variables DT(n)

Declare variable
DT]METOTAL: Time Between score

Declare and define equation
DTIMEINT: Time Between

lpdtopc.txt Define Set
p: IME Topics

Assign topic goal to TGOAL(p)
Assign topic number to TOPICNUM(p)
Declare variables

DTOPICOVER(p): IME Topics over deviation
DTOPICUNDR(p): IME Topics under deviation

Declare and define constraint equations for force value to the
deviation variables DTOPICOVER(p) and DTOPICUNDR(p)
Declare variable

DTOPICTOTL: IME Topics score
Declare and define equation

DTOPICINT: IME Topics
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lpcurr.txt

lpcurr.txt

lpcurr.txt

Declare variable
TOTALVAL: Total curriculum model rating

Declare and define equation
TOTAL: Total rating

Declare the model CURRICULUM as composed of all of the
variables and equations just defined
Tell GAMS to use the Mixed Integer Program (MW)
(GAMS/ZOOM) solver to solve the CURRICULUM model and
maximize the value of the variable TOTAL

Inform GAMS of the existence of an Options file
Identify variables to report
Define
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CRITERIA FOR ACCREDITING PROGRAMS IN ENGINEERING
IN THE UNITED STATES

Engineering is that profession in which knowledge of the mathematical and
natural scIences gained by study, experience, and practice is applied with
judgment to develop ways to utilize, economically, the materials and forces of
nature for the benefit of mankind.

The Accreditation Board for Engineering and Technology (ABET) is recognized in the United
States as the sole agency responsible for accreditation of educational programs leading to degrees
in engineering. The first statement of the Engineers Council for Professional Development (ECPD,
now ABET) relating to accreditation of engineering educational programs was proposed by the
Committee on Engineering Schools and approved by the Council in 1933. The original statement
with subsequent amendments was the basis for accreditation until 2000. The statement presented
here is required of programs beginning in 2001.

Programs may be accredited at the basic or the advanced level. However, a program may
be accredited at only one level in a particular curriculum at a particular institution. All accredited
engineering programs must include "engineering' in the program title." To be considered for
accreditation, engineering programs must be designed to prepare graduates for the practice of
engineering at a professional level.

I. Objectives of Accreditation
The ABET accreditation process is a voluntary system of accreditation that

assures that graduates of an accredited program are adequately prepared to
enter and continue the practice of engineering;
stimulates the improvement of engineering education;
encourages new and innovative approaches to engineering education; and,
identifies these, programs to the public.

II. Basic Level Accreditation Criteria
It is the responsibility of the institution seeking accreditation of an engineering program to

demonstrate clearly that the program meets the following criteria.

Criterion '1. Students
An important consideration in the evaluation of an engineering program is the quality and

performance of the students and graduates. The institution must evaluate, advise, and monitor
students to determine its success in meeting program objectives.

Criterion 2. Program Educational Objectives
Each engineering program for which an institution seeks accreditation or reaccreditation

must have in place

detailed published educational objectives that are consistent with the misson
of the institution and these criteria;
a process based on the needs of the programs' various constituencies in
which the objectives are determined and periodically evaluated;
a curriculum and process that ensures the achievement of these objectives,
and,

An exception has been granted for programs accredited prior to 984 under the title of Naval Architecture

PLEASE NOTE: THE ABET BOARD OF DIRECTORS HAS APPROVED THESE CRITERIA FOR A
O.YEAR COMMENT PERIOD BEGINNING IN JANUARY 1996.
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(d) a system of ongoing evaluation that demonstrates achievement of these
objectives and uses the results to improve the effectiveness of the program.

Criterion 3. Program Outcomes and Assessment
Engineering programs must demonstrate that their graduates have

an ability to apply knowledge of mathematics, science, and
engineering;
an ability to design and conduct experiments, as well as to analyze and
interpret data;
an ability to design a system, component, or process to meet desired
needs;
an ability to function on multi-disciplinary teams;
an ability to identify, formulate, and solve engineering problems;
an understanding of professional and ethical responsibility;
an ability to communicate effectively;
the broad education necessary to understand the impact of engineering
solutions in a global and national context;

(I) a recognition of the need for and an ability to engage in life-long
learning;
a knowledge of contemporary issues; and,
an ability to use the techniques, skills, and modern engineering tools
necessary for engineering practice.

Each program must have an assessment process with documented results. Evidence must
be given that the results are applied to the further development and improvement of the program.
The assessment process must demonstrate that the outcomes important to the mission of the
institution and the objectives of the program, including those listed above, are being measured.
Evidence that may be used includes, but is not limited to, the following: student portfolios, including
design projects; nationally-normed subject content examinations; alumni surveys that document
professional accomplishments and. career development activities; employer surveys; and placement
data of graduates.

interpret data;
an ability to design a syctcm, componcnt, or process to meet dccircd necds;
an ability to function on multi dicciplinary teams;

an uridcrctanding of profccsional and ethical rccponcibility;
an ability to communicate cffcctivcly;

colutionc-in a global and national global/cocietal context;

a knowlcdgc of contcmporay ic6ucc; and,

nccccsary for cnginccring practice.

PLEASE NOTE: THE ABET BOARD OF DIRECTORS HAS APPROVED THESE CRITERIA FOR A
iWO-YEAR COMMENT PERIOD BEGINNING IN JANUARY 1996.
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The institution must have and enforce policies for the acceptance of transfer students and
for the validation of credit for courses taken elsewhere. The institution must also have and enforce
procedures to assure that all students meet all program requirements.

Criterion 4. Professional Component
The Professional Component requirements specify subject areas appropriate to engineering

but do not prescribe specific courses. The engineering faculty must assure that the curriculum
devotes adequate attention and time to each component, consistent with the objectives of the
program and institution. The curriculum must prepare students for engineering practice culminating
in a major design experience based on the knowledge and skills acquired in earliercoursework and
incorporating engineering standards and realistic constraints that include most of the following
considerations: economic, environmental, sustainability, manufacturability, ethical, health and
afety, social, and political. The professional component must include

one year of . ap ro na e combination of college level rnatheniacs and
basic sciences s.me with experimental experience) nate to the
discipline;
one and one-half years of engineering topics, to include engineering
sciences and engineering design appropriate to the student's field of study;
and,
a general education component that complements the technical content of
the curriculum and is consistent with the program and institution objectives.

Criterion 5. Faculty
The heart of any educational program is the faculty. The faculty must be of sufficient

number, and must have the competencies to cover all of the curricular areas of the program. There
must be sufficient faculty to accommodate adequate levels of student-faculty interaction, student
advising and counseling, university service activities, professional development, and interactions
with industrial and professional practitioners as well as employers of students.

The faculty must have sufficient qualifications and must ensure the proper guidance of the
program, its evaluation and development. The overall competence may be judged by such factors
as education, diversity of backgrounds, engineering experience, teaching experience, ability to
communicate, enthusiasm for developing more effective programs, level of scholarship participation
in professional societies, and registration as Professional Engineers.

Criterion 6. Facilities
Classrooms, laboratories, and associated equipment must be adequate to accomplish the

program objectives and provide an atmosphere conducive to learning. Appropriate facilities must be
available to foster faculty-student interaction and to create a climate that encourages professional
development and professional activities. Programs must provide opportunities for students to learn
the use of modem engineering tools. Computing and information infrastructures must be in place to
support the scholarly activities of the students and faculty and the educational objectives of the
institution.

Criterion 7. Institutional Support and Financial Resources
Institutional support, financial resources, and constructive leadership must be adequate to

assure the quality and continuity of the engineering program. Resources must be sufficient to
attract, retain, and provide for the continued professional development of a well-qualified faculty.
Resources also must be sufficient to acquire, maintain, and operate facilities and equipment

PLEASE NOTE: THE ABET BOARD OF DIRECTORS HAS APPROVED THESE CRITERIA FOR A
iWO-YEAR COMMENT PERIOD BEGINNING IN JANUARY 1996.
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appropriate for the engineering program. In addition, support personnel and institutional services

must be adequate to meet program needs.

Criterion 8. Program Criteria
Each program must satisfy applicable Program Criteria. Program Criteria provide the

specificity needed for interpretation of the basic level criteria as applicable to a given discipline.

Requirements stipulated in the Program Criteria are limited to the areas of curricular topics and

faculty qualifications. If a program. by virtue of its title, becomes subject to two or more sets of

Program Criteria, then that program must satisfy each set of Program Criteria, understanding that

overlapping requirements need to be satisfied only once.

iii. Cooperative Education Criteria
Should the program include as a part of the professiofla! component a cooperative

work element, this element of the program may be examined as a separate entity and

reported as part of the accreditation action.

IV. ll4-General Advanced LeveiProgramS
Criteria for advanced-level programs are the same as for basic level programs with the

following additions - one year of study beyond the basic level and an engineering project or

research activity resulting in a report that demonstrates both mastery of the subject matter and a

high level of communication skills.

PLEASE NOTE: THE ABET BOARD OF DIRECTORS HAS APPROVED THESE CRITERIA FOR A

IWO-YEAR COMMENT PERIOD BEGINNING IN JANUARY 1996.
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