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Abstract

Intense competition in today’s marketplace is pressing companies to be more agile, lean, and
responsive. Companies are working harder than ever to recruit graduates that not only have solid
engineering knowledge, but are also abreast of best business practices, and possess the ability to
rapidly diagnose and solve challenging problems. This requires engineering programs to produce
graduates that are “ready to execute.” This paper will use the development of an Operations
Management (OM) course as an example to demonstrate the efforts made by Greenfield Coalition
(GC) to produce such graduates. This paper outlines the steps taken to design and develop an
industry-oriented OM course for GC where students use their knowledge, skills, and learning
experiences to address real-world problems. Details on how the learning activities engage students
in the active problem-solving process will also be demonstrated.

Introduction

Intense competition in today’s global marketplace is pressing companies to aggressively acquire
such competencies as product development agility, lean manufacturing, six sigma processes, and
responsive supply chains. In response, among numerous other efforts, companies are working
harder than ever to recruit engineering graduates that not only have a strong foundation in
engineering knowledge, but also are fully abreast of best business practices and possess the ability
to rapidly diagnose and solve challenging problems. While internship experiences used to bridge
some of these gaps in the past, engineering programs are beginning to witness pressure to
produce graduates that are “ready to execute” upon recruitment without having to go through a
lot of orientation and training programs. To address this need in the Manufacturing Education
segment, Greenfield Coalition for New Manufacturing Education, a multi-university-industry
coalition housed at Focus: HOPE organization in Detroit, MI, has been working hard to produce
such graduates, called a Renaissance Engineer.

Greenfield Coalition education programs focus on instilling real-world experience into the student
pool by embracing “learning factory” techniques and e-learning technologies. The design and
development of an Operations Management (OM) course reflect this set of beliefs and practice.
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The OM course primarily focuses on the production and operations management functions that
involve the planning, coordination, and execution of activities directly related to production of
goods and services. This paper will use the development of this OM course as an example to
demonstrate the efforts made by Greenfield Coalition (GC) to meet the needs of the current global
marketplace. The paper will detail the steps taken to develop the course, the instructional
strategies and activities used to engage students in the active problem-solving process, and the
efforts made by the team to ensure the practical value of the course.

Greenfield Coalition Course Structure

Greenfield Coalition courses are structured into modules, sessions and activities. Each course
consists of a number of modules (in some cases, the smaller courses may just have one module).
Multiple sessions make up a module. A session focuses on a topic, a case or a problem to solve.
Each session consists of a set of learner centered activities. In the case of the OM course, it
contains four modules. Module one is made up of two sessions, module two has eight sessions,
module three has six sessions, and module four has four sessions.

In the OM course, like in other courses in the Greenfield Coalition, instructors play a role of
facilitator. What makes GC courses different from traditional classroom-based learning is that GC
courses integrate three types of learning: classroom instructor facilitated learning, self-directed
web-based learning, and experiential learning. A single session may have activities that represent
any of these three components. All the decriptions of the learning activities and resources are
provided via the Greenfield Course Learning System — a database driven web server.

Course Planning

The design and development team for the OM course consisted of a university faculty member (as
a subject matter expert), an industry expert, an instructional designer, a programmer, and a media
specialist. The design of the course started with collaboration between university faculty and
industry partners to determine course objectives. The course objectives specified what students
would be able to do after completing the course. Once the course objectives were validated and
refined by industry stakeholders, the faculty laid out the tentative topics and modules to be
covered by the course. In spite of the faculty’s benchmarking efforts involving several successful
operations management curricula across the nation and elsewhere, the industry experts concluded
that the course lacked a real-world perspective and that the content was too “academic” in nature.
Based on a number of years experience in such companies as Toyota, General Motors, and
DaimlerChrysler, Dr. Joseph Nguyen (the industry partner) concluded that the primary gaps were
in the effective transfer of softer operations management skills critical for success in an industrial
setting. This led to a radical reorganization of the course content, significantly bridging the gap
between the traditional operations management curricula and the world of practice.

The final design of the course included several complex real-life case studies and dynamic games
for students to hone the skills of an Operations Manager. Students are required to take an active
role in the learning process and are expected to actively participate in solving the problems that
operations management personnel will likely encounter in a real-world context. After students
successfully solve the given problems, they will have demonstrated the core competencies
specified in the course objectives.
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Design, development, and evaluation

Design framework

The mission of the Greenfield Coalition (GC) is to establish a new paradigm in manufacturing
engineering education that integrates actual manufacturing experiences into the academic program
and supports learning with web-based tools. GC believes that students will learn faster and better
in an active learning environment solving real-world problems. Students are more motivated to
learn when their learning is relevant to their own experiences and their future life in the real world
[4]. Students will also learn better and faster when they take the responsibilities and control of
their own learning. Based on these beliefs, GC adopted a reality-based learning approach where
students must apply their knowledge and skills to address real world problems. In this active
problem solving process, instructors play the roles of a facilitator, a mentor, and a coach [6].

The activities in a learning session are created based on Gagne’s nine external events of

instructions, which include [2]:
Gain attention
State learning objectives
Elicit prior knowledge
Present learning content
Provide learning guidance
Elicit performance
Provide feedback
Summarize concepts
Transfer learning

The instructional strategies and sample learning activites below will provide an example that
illustrates how these nine events are translated into learner-centered activities.

Instructional strategies and sample learning activities

Guided by the active learning framework, reality-based learning approach, and Gagne’s
instructional theory, each session is designed to include the following elements:

Link students’ experience with concepts to be learned

Provide students with real-life problems that are meaningful

Provide resources and tools for students to solve problems

Have students collaborate and share solutions

Debrief lessons learned

For example, the learning activities in the inventory management session will illustrate how a
typical session is designed and how the elements mentioned above are embedded in the session.
At the beginning of this session, students are first engaged in an introductory discussion about the
need to learn inventory management and its importance to OM practice. This instructor-facilitated
discussion helps students see where inventory management fits so that students can connect their
own experience with what is under study (see figure 1).
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Activity 1: Why Manage Inventory?

Discuss the following:

¢ Inventory management in your daily life
What may be the dollar value estimate of the inventery in your kitchen pantry?

How frequently do you shop for all the consumables and groceries used at home? What is the logic behind this frequency?
What may be the disadvantages of having excessive inventory in your kitchen?

Can you suggest ways to reduce excessive inventory?

o Inventory management in any organization

o Q0 Q

=]

Why do you think maintaining inventory is a necessity for any organization?
How is inventory management related to other operations in the organization?
What do you think of the responsibilities of an operations manager in the area of inventory management?

Do you maintain any inventory of goods and senvices for your needs in daily life? Give 2 - 3 examples for both goods and semvices.

Figure 1: Inventory management introductory discussion

After students are introduced to the importance of learning inventory management, they are
presented with a real-world problem to solve, in particular, a difficult situation faced by SB

(Smart Business Co.). The problem was introduced through the meeting minutes of the Board of
Directors (see figure 2).
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WML Activity 2: Initial Investigation of SB Case

M
Curricyulum e Read meeting minutes of Smart Business Co. (SB) and answer the following questions:
o What is the problem faceq by 5B7
Lesson o What would you do to solye the problem if you were hired as a consultant?
Plan & Share your initial analysis of the ase and your plan of action with your peers.

Smart Business Co.

|

Smart Business Co. (3B) is a diversified senices, technology and manufacturing company with a commitment to achieving customer success and
worldwide leadership in each of its business. It is a Fortune 50 company that has 120 facilities spread all around the world. The corporate organization
structure shown below is based on the different products that SBL caters to the world market.

CEO CEO
SB Aircraft 2 " 5B Medical

CED CEO
SB Automatives Systems SB Lighting SB Financial

SB. which has a near monopoly for almost all its products, faced a competitive threat from new entrants in the market from abroad. It started seeing a
gradual downward trend in the total annual turnover for the company and is beginning to witness downgrades by key financial analysts in the major
financial markets resulting in reduced company share prices.

The Board of Directors (BOD) called for a meeting to analyze the problem. All the CEQ's were to be present in the meeting with all data pertaining to
sales volumes, trends, and information regarding in roads made by crucial competitors in all the divisions.

Minutes of Board of Directors Meeting on May 22, 2002
BOD: Good momning everyone! Everyone present here knows the objective of this meeting so let us get down to the problem without wasting time. First of
all, we would like to see the annual turnover charts (trend) for the all the divisions.

Managing Director (MD): These are the charts that show the annual turmnaver for SB and its divisions.

SB's Annual Turnover
7,000
6,000

5,000
4,000
3,000
2,000 l
1,000
1

Turover (millions)

Figure 2: Inventory management case scenario

Once the problem scenario is given, students are provided with resources and tools that they can
use to solve the problems. Students can work in groups, where appropriate, to collaboratively
investigate the case and find the solution (see Figure 3).
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Activity 3: Inventory Management Toolkit

Familiarize yourself with the tools in inventory management toolkit and be prepared to use these tools to solve problems faced by SB.

+ Concepts and Principles
Types of inventory
Why not zera inventory?
Ways to reduce inventory
Why economic lot sizes?
s Technigues / Models for Managing Inventory
o Deterministic Inventory Models
= Economic Order Quantity Model
s Economic Order Quantity Module with Shortages

Q0 O O

- - -
Activity 4: Further Investigation of SB Case

Analyze the situations of the major contributors for the reduced turnover of SB and provide solutions to the problems faced by these branches of 5B

s Solenoid Assemblies in SB Automotives
o Data collected by the consultant
o Your recommendations:
n VWhat is nature of the problem?
= What optimal production plan would you suggest?
= What assumptions did you make to solve the above problems?
# Christmas Tree Lights in SB Lighting
o Data collected by the consultant
o Your recommendations:
u What is the nature of the problem?
= What EOQ would you suggest for the lights?

» [fthe management decides to recycle the lights instead of selling them at a discount, how will your answer change?

Figure 3: Inventory management resources/tools and case investigation

At the conclusion of the problem solving process, students will share their case findings by
presenting the solutions in class or through an online forum (see figure 4).

Activity 5: Problem Solution Presentation

Present your problem solutions to the Board of Directors in SB. In this case, your instructor and classmates will play the Board of Directors. Your
presentation should include:

o Problems you were trying to solve

o Methods used to determine the problems

e Recommendations to resolve the problems

o Action plan for implementing the recommendations

Figure 4: Inventory management case finding sharing

At the end of a learning session, students will have the opportunity to debrief what they have
learned, which will further enrich their understanding and learning transfer (see figure 5).

Activity 6: Debriefing

Discuss the following in class:

e What are the lessons learned in solving problems faced by SB?
+ What were the tradeoffs made in using inventory management models to solve the problems?

Figure 5: Inventory management debriefing
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Formative evaluation

Instead of waiting for evaluation to be conducted at the end of the course development project,
the design team implemented formative evaluation strategies throughout the whole design
process. Formative evaluation (FE) refers to collecting evaluation data during the developmental
stage for revision and improvement of instructional products [3] [7]. The primary goal of this FE
was to improve the quality of the course being developed so that the desired outcome of the
course would be met. FE evaluation was implemented because revised course is better than
untested and unrevised products and may increase course quality significantly [5]. At the early
planning stage, the industry Subject Matter Expert (SME) reviewed the course objectives and
content and provided feedback. The team adopted the proposed changes and scheduled another
meeting with the industry expert to validate the detailed outline of the changes. After the industry
expert was satisfied with the course topics and related content, the team started a detailed design
of the learning sessions. When a set of sessions in a module were designed, the team consulted
with the industry expert in terms of meeting the course objective, sequence of the session topics,
flow of learning activities, accuracy of the content (in accordance of world of practice), and the
appropriateness of the examples and cases used. The session design was then revised to
incorporate the suggestions from the industry expert. With expert review built into the design
process, the project team was able to produce a quality course in a timely manner and prevented
major revisions at the end.

Real world applications

The OM course emphasized real world practice and applications. Not only was the content
verified by the industry partners, but several examples and cases were taken from real world
settings. In addition, several interactive games were also provided to represent the real world

problems and issues.

Real world examples and cases

In introducing the field of Operations Management, the course provided several video clips of
interviews with operations managers in the field. Students, then, could not only hear and see what

operations managers do, but also are exposed to different perspectives in various aspects of the
field.

il p [ m—Cy — anv

Figure 6: Interview with a senior operations manager
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Involving industry partners as part of the design team also strengthened the real world
applications of the course. After carefully reviewing the course content, the industry expert
uncovered or identified a few gaps in the original course design as in many conventional
operations management courses. Filling these gaps is critical in providing students with practical
applications to the current practices in the field and in preparing students to be ready for the
challenges in the future. Some of the areas that were added to the original course design include:
Metrics of a balanced operations management. This is a balanced approach to measure
and direct the performance of an operation. To our knowledge, this concept and the
related practical challenges are not covered in traditional OM textbooks.
Design and management of people systems. This session includes the core components of
a people system and current practices/trends in design and development of people
systems. Years of experience in the field revealed that the softer skills of an operations
manager are critical to the success of managing operations. Unfortunately, very few
courses in Operations Management discuss these topics. The majority of the material for
this module came from the world of practice. We extensively utilized material put out by
leading consulting companies and practitioners that are actively engaged in introduction
and deployment of such concepts as Self-Directed Work. We strongly believe that this
course helps in partially bridging this gap in contemporary OM coursework.
Validation before regular production. In the real world, this is probably the most
important aspect of operations management. However, in traditional OM coursework and
even in many current practices, it has not been emphasized enough. In many companies,
validation of systems is not built into the routine planning and execution process.
Nowadays, most operations managers spend a lot of time firefighting at the initial launch
of a new product or service instead of conducting training for their people. This session
prepares students for the challenges in launching products/services and provides them
methods they can use for their future jobs.

These and several other additions have tremendously strengthened the course and helped this OM
course remain current and forward-thinking.

In addition to including the current practices and future trends in OM, the course was further
enriched with real world cases collected from industry. These case studies were designed to help
students sharpen their problem-solving skills and prepare them to be effective in operations
management. Four case studies were designed using real data from NorthStar Crossover
Assembly line at Focus: HOPE.
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Figure 6: QuickTime VP of NorthStar Assembly Final Product

These cases are designed to help students develop working knowledge of the principles and
tradeoffs in different aspects of Operations Management. These aspects include the following:
Process and technology selection
Manufacturing resources planning
Total productive maintenance
Supplier selection and evaluation

Case studies are embedded into learning sessions in such a way that will tie the major concepts in
a session together. For instance, to help students synthesize what they have learned about
selecting the best process and technology for a given product or service, a case regarding two
assembly stations is presented for students to analyze and propose recommendations to the
current situation. In this case study, a real world problem was introduced to the student groups as
a wrap-up activity. Students are asked to examine the case by reviewing and analyzing case
background introduction, parts to be assembled, assembly requirements, constraints faced by
Focus: HOPE, and feedback and areas for improvements of the current system. The data are
presented with process maps, pictures of the workstations, video clips of the assembly operations,
and interview transcripts. After students analyze the case data, they are asked to present their
choice of process and technology solutions and make recommendations to improve the current
process and technology. In the process of analyzing data and solving problems, students can
consult mentor notes as needed. The mentor notes include checklists, how-to lists, and heuristics
to support students’ problem-solving.

Using games to represent real world problems

Several interactive games were also provided in this OM course. The pull and push game helps
students grasp the main concepts and principles in push and pull production, advantages of small
lot manufacturing and provide students with convincing arguments of just-in-time production
system. This game consists of 6 volunteer students with other students as observers and
recorders of each station’s output and timepiece. Among those 6 volunteers, one works as a
supplier and supplies all raw materials to four workstations, one is responsible for shipping and
quality control. The other volunteers, each works at one workstation, assemble cups in cup holder
with straws inserted and dots placed on the cups.
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Figure 7: Push vs. Pull Game: Assembling Cups

The game plays three iterations. In the first iteration, each worker produces as much as possible
and pushes work to the next station. In the second iteration, the Kanban space (adequate for 4
units) is defined on the workstations using a marker or tape at each of the workstation.
Volunteers are instructed to work a new lot only when their Kanban is empty. The process
turnaround time is measured with a timepiece. The third iteration is similar except that the lot size
is reduced from four to two. Through playing this game, students gained insights on the real
issues faced by different production systems, such as effects of lot sizing on production
performance, quality control during the production vs. at the end of production, and responsive
production system (push system) vs. Just-In-Time system.

Other games include the Beverage game and games on corruptive influences of variability. The
Beverage Game (formerly known as the Beer Game) was adapted to help students better
understand the relationships between nodes on a supply/demand chain (retailer, warehouse,
distributor, and factory) within time delay and the importance of information flow in the multiple
echelon system. The variation game is to demonstrate the impact variability and dependence have
on workflow in a manufacturing environment. In this game, students will use pennies as output of
their workstations and the output of one station is handed off to the next workstation. The
random potential work is determined each period by rolling a dice. The actually work forwarded
to the next station is the minimum of the number on the die and the number of items in the Work-
in-Process.

After each iteration of the games, students are posed with several reflective questions. They are
asked to analyze what they have observed, what issues they ran into, and what they would
recommend to improve the situations or avoid problems that arose during the game.

In playing these, students are actively involved in producing and delivering products, and at the
meantime, dealing with the same issues that take place in the real world. Comparing traditional
teaching methods (such as lecturing, reading and comprehension), appropriate use of interactive
game is predicted to enhance students’ retention of knowledge [1]. In the game, students are
required to interact with other individuals and team members as well as to deal with uncertainty
and competitions. Using games to represent the real world problems is an effective, efficient and
enjoyable way of learning. Such interactive game increases the motivations of the students in the
area of attention, relevance, confidence and satisfaction [4].

The above examples demonstrated that the OM course design has bridged the gap between what
is being learned and what is being practiced. Students graduating from this class will not only
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possess the knowledge and skills of an operations manager, but also have prepared themselves to
meet the challenges in their future jobs.

Conclusion

Greenfield Coalition’s close link between academic and the real world practice and the forward-
thinking design and development strategies have produced many courses like Operations
Management that are more engaging and practical. This and other courses at GC have blurred the
boundary between real world practice and classroom learning. The strategies and the learning
activities used in OM are designed to engage learners in a meaningful learning environment where
their knowledge and skills will be ready to execute upon graduation. The predicted benefits and
effectiveness of the instructional strategies used in OM will be further studied and validated.

GC acknowledges that not all engineering programs have such partnerships with industries. GC
has been making tremendous efforts to make the courses and related resources available to other
programs in the engineering community by exploiting web-based technologies and creating
sharable learning objects. For more information about Greenfield Coalition courses, visit the
website at http://www.greenfield-coalition.org.
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