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PREFACE

The purpose of this book is to enable engineers and technologists to be
more innovative in conceptual design. The integration of creative prob-
lem solving with engineering design incorporates a unique double fo-
cus: (1) Visualization, cognitive models, teamwork, communications
and creative problem solving respond to the needs of industry for em-
ployees who have these foundational thinking skills and to the ABET
Criteria 2000 (which require that engineering and technology students
are able to work on multidisciplinary teams and understand the global
context of their work). (2) Application to the twelve steps to quality by
design, including “how to” guidelines, planning and economic analysis
tools (attached on a DC-ROM) and a library of design documentation
formats which enable its users to concentrate on opimizing their design
projects and solutions and prevent dysfunctional teams.

The book can be used for three different types of courses depending on
the degree of emphasis plased on process (creative problem solving) or
product (a rigorous yet innovative design project outcome):

B First-year courses, such as Introduction to the Engineering Profes-
sion, CAD, and Conceptual Design—to begin developing the skills that
will form the foundation for everything that follows.

B Creative problem solving courses (including design competitions or
other multidisciplinary student team projects) for sophomore and junior
level students—with topics delivered in a just-in-time format.

B Capstone courses, such as Senior Design Projects.

The book is also a useful resource for engineers and design professionals
just starting to work in environments where teamwork is emphasized or
where rapid technological change is occurring. Key topics can be taught
in on-site seminars or workshops.

To instructors and students alike, the book is challenging, user-
friendly, and very practical. At each step, we tried to answer the ques-
tion of what tools and techniques we could provide to make learning and
engineering design easier, more effective, and of higher quality. Although
the three parts can be studied sequentially in the conventional manner,
the parallel tracks of Part 2 (creative problem solving) and Part 3 (con-
ceptual engineering design) shown in Figure 1.2 on page 8 offer unique
flexibility for addressing a variety of needs and learner levels. Many
learning activities reinforce theoretical knowledge with immediate ap-
plication and practice of a broad range of thinking skills.
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This book is an ideal companion to the software manuals that teach
students a particular design tool. It supplements the more traditional
design methodologies with a global, future-oriented outlook and an em-
phasis on thinking. Here is a brief summary of the chapter content:

Part 1—Fundamental Skills and Mental Models. Chapter 1 provides
the big picture—what thinking skills are needed for succeeding in the
rapidly changing, global world of the twenty-first century? It also gives
hints for effective learning. Chapter 2 enhances memory, visualization,
and sketching. Chapter 3 presents three interconnected mental models:
Herrmann brain dominance, knowledge creation, and creative problem
solving—these frameworks are powerful tools for optimizing learning,
teamwork, communication, and innovation. Chapter 4 discusses team
development and how to form and manage whole-brain project teams,
and Chapter 5 focuses on verbal communication, negotiating a win-win
outcome, and technical design communication. Chapter 6 recapitulates
Part 1 by showing how to overcome mental blocks to creative thinking.

Part 2—The Creative Problem Solving Process. Three knowledge
creation cycles are represented by the creative problem solving process.
Chapter 7 teaches how to explore the context and analyze the causes as
part of defining the real problem (first cycle). In Chapter 8, students
learn the principles of brainstorming, in Chapter 9 the process of idea
synthesis, and in Chapter 10 idea judgment. Chapter 11 discusses the
Pugh method of creative design concept evaluation and optimization
(completion of second cycle). Chapter 12 constitutes a third cycle, as
ideas are “sold” and implemented and as the process is monitored and
evaluated. Each chapter includes directions for individual and team ex-
ercises to practice the creative problem solving process.

Part 3—Applications to Engineering Design. Here, the techniques of
creative problem solving are applied to engineering design processes.
This part can also serve as a curriculum guide and source of assignments
for various types of design courses. Chapter 13 defines “engineering
design” as communication in a way that leads to implications for all
stages and aspects of the design process: customers, products, processes,
systems, ethics, and stewardship. Chapter 14 gives the twelve steps to
quality by design, including the concept, parameter, and tolerance de-
sign stages; identification of constraints, quantitative design objectives,
planning, economic analysis, optimization, evaluation, and presentations.
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Chapter 15 presents templates based on Microsoft Project 98 to help
designers and students plan their team design projects and stay on track.
Chapter 16 introduces economic decision making principles that need to
be applied during the design process; their application is made easy
through a new program, COMPARE, based on Microsoft Excel. Chap-
ter 17 is a compilation of the entire set of design documentation formats
needed in the twelve steps of quality by design. In Chapter 18 students
will learn how to spot creativity in organizations and how to function in
a creative way (whether or not the workplace environment is supportive
of innovation). A technical Appendix provides an awareness of analysis
and quality tools used in industry.

Our basic belief is that students can be taught to think more cre-
atively when using the creative problem-solving framework with the de-
sign constraints in the optimal sequence of divergent and convergent
thinking. In a recent seminar in Singapore, one student asked, “What if
brainstorming results in something that is against government policy—
what would you do?” Creative problem solving requires that we apply
good judgment consistent with the values of the group and understand-
ing the benefits and consequences of the decisions that are being made.
Students also learn negotiation skills that can help in getting ideas and
continuous improvement accepted. Weak or wrong solutions can be pre-
vented when none of the steps in creative problem solving are omitted or
interchanged in the design process.

The grander vision for the benefits of this book (which go beyond
engineering design) can be summarized in the words of Paul MacCready,
the inventor of such low-energy aircraft as the Gossamer Condor and the
Solar Challenger: “No single technological advance will be the key to a
safe and comfortable long-term future for civilization. Rather, the key,
if any exists, will lie in getting large numbers of human minds to cooper-
ate creatively and from a broad, open-minded perspective to cope with
the new challenges.” We trust that this book and what it teaches will
become a valuable resource for students as they progress through the
engineering or technology curriculum and then move on to the industrial
workplace, to positions of organizational management and leadership,
or to being entrepreneurs in their own businesses.
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