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Tell me and |
forget. Teach me
and | may remem-
ber. Involve me
and | learn.

Benjamin Franklin

Education is what
survives when what
has been learnt has
been forgotten.

B. F. Skinner

The larger the island
of knowledge, the
longer the shoreline
of wonder.

Ralph W. Sockman

t our university, all students who wish to major in engineering begin in the Gen-

eral Engineering Program, and after completing a core set of classes, they can
declare a specific engineering major. Within this core set of classes, students are
required to take math, physics, chemistry and a two-semester engineering sequence.
Over the past 10 years, our courses have evolved to address not only the changing
qualities of our students, but also the changing needs of our customers. The material
taught in our courses is the foundation upon which the upper level courses depend
for the skills necessary to master more advanced material. It was for these freshman
courses that this text was created.

We didn’t set out to write a textbook: we simply set out to find a better way to
teach our students. Our philosophy was to help students move from a mode of learn-
ing, where everything was neatly presented as lecture and handouts where the
instructor was looking for the “right” answer, to a mode of learning driven by self-
guided inquiry. We wanted students to advance beyond “plug-and-chug” and memo-
rization of problem-solving methods—to ask themselves if their approaches and
answers make sense in the physical world. We couldn’t settle on any textbooks we
liked without patching materials together—one chapter from this text, four chapters
from this one—so we wrote our own notes. Through them, we tried to convey that
engineering isn’t always about having the answer—sometimes it’s about asking the
right questions, and we want students to learn how to ask those sorts of questions.
Real-world problems rarely come with all of the information required for their solu-
tions. Problems presented to engineers typically can’t be solved by looking at how
someone else solved the exact same problem. Part of the fun of engineering is that
every problem presents a unique challenge and requires a unique solution. Engineer-
ing is also about arriving at an answer and being able to justify the “why” behind your
choice, and equally important, the “why not” of the other choices.

We realized quickly, however, that some students are not able to learn without
sufficient scaffolding. Structure and flexibility must be managed carefully. Too much
structure results in rigidity and unnecessary uniformity of solutions. On the other
hand, too much flexibility provides insufficient guidance, and students flounder down
many blind alleys, thus making it more difficult to acquire new knowledge. The ten-
sion between these two must be managed constantly. We are a large public institu-
tion, and our student body is very diverse. Our hope is to provide each student with
the amount of scaffolding they need to be successful. Some students will require
more background work than others. Some students will need to work five problems,
and others may need to work 50. We talk a great deal to our students about how each
learner is unique. Some students need to listen to a lecture; some need to read the
text over three times, and others just need to try a skill and make mistakes to discover
what they still don’t understand. We have tried to provide enough variety for each
type of learner throughout the text.

ix
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Over the years, we have made difficult decisions on exactly what topics, and how

much of each topic, to teach. We have refined our current text to focus on mastering
five areas, each of which is introduced below.

Part 1: Engineering Essentials

You could be an engineering major if: when your professor asks you where your
homework is, you claim to have accidentally determined its momentum so precisely,
that according to Heisenberg, it could be anywhere in the universe.

Original source unknown

The best way to have a good idea is to have a lot of ideas.
Linus Pauling

A scientist describes what is, and an engineer creates what never was.
Theodore von Karman

Design Teamwork

k

Engineering
Career

_“‘

Communication

Ethics

\ There are two threads that bind the first four chapters in Engineering
Essentials together. The first is expressed in the section title: all are
essential for a successful career in engineering. The other is commu-
nications, as will be discussed further below.

First, as an aspiring engineer, it is important that students attempt
to verify that engineering is not only a career that suits their abilities,
but also one in which they will find personal reward and satisfaction.

Second, practicing engineers often make decisions that will affect
not only the lives of people but also the viability of the planetary ecosys-
tem that affects all life on Earth. Without a firm grounding in making
decisions based on ethical principles, there is an increased probability
that undesirable or even disastrous consequences may occur.

Third, most engineering projects are too large for one individual
/ to accomplish alone; thus, practicing engineers must learn to function

effectively as a team, putting aside their personal differences and com-
bining their unique talents, perspectives, and ideas to achieve the goal.
Finally, communications bind it all together. Communication, whether written,

graphical, or spoken, is essential to success in engineering.

Part 2: Problem Paradigms

Engineering problems are under-defined; there are many solutions, good, bad and
indifferent. The art is to arrive at a good solution. This is a creative activity, involving
imagination, intuition and deliberate choice.

Ove Arup

When the only tool you own is a hammer, every problem begins to resemble a nail.
Abraham Maslow

1t is better to know some of the questions than all of the answers.
James Thurber

Part 2 of the book, Problem Paradigms, starts off where all good problem solving
should—with estimation. It’s always best to have a good guess at any problem before
trying to solve it more precisely. SOLVEM provides a framework for solving prob-
lems that encourages creative observation as well as methodological rigor. Graphing
Guidelines is included because graphs are needed both to understand a system and

o



AO01_STEP4428_01_SE_A01.0XD 11/13/09 1:31 AM Page xi $

PREFACE Xi

to communicate it to others. A chapter on interpolation supports the interpretation
of graphs and tabular data. Univariate statistics and statistical process control wraps
up this part of the book by providing a way for engineering students to describe both
distributions and trends.

Part 3: Ubiquitous Units

The wise man knows all things, as far as possible, although he has not knowledge of
each of them in detail.
Aristotle

A mind stretched to a new idea never goes back to its original dimension.
Oliver Wendell Holmes

The world can be described using relatively few dimensions. We need to know what
these are and how to use them to analyze engineering situations. Dimensions, however,
are worthless in allowing engineers to find the numeric solution to a problem. Under-
standing units is essential to determine the correct numeric answers to problems. Differ-
ent disciplines use different units to describe phenomena (particularly with respect to
the properties of materials such as viscosity, thermal conductivity, density and so on).
Engineers must know how to convert from one unit system to another. Knowledge of
dimensions allows engineers to improve their problem-solving abilities by revealing
the interplay of various parameters.

Part 4: Scrupulous Spreadsheets

A theory may be so rich in descriptive possibilities that it can be made to fit any data.
Philip Johnson-Laird

What is commonly overlooked in using the computer is the fact that the central goal
of design is still to obviate failure, and thus it is critical to identify exactly how a struc-
ture may fail. The computer cannot do this by itself.

Henri Petroski

When choosing an analysis tool to teach students, our first pick is Excel™. Students
enter college with varying levels of experience with Excel. To allow students who are
novice users to learn the basics without hindering more advanced users, we have
placed the basics of Excel in the Appendix material, which is available online. To
help students determine if they need to review the Appendix material, an activity has
been included in the introductions to Chapter 13 (Worksheets), Chapter 14 (Graph-
ing) and Chapter 15 (Trendlines) to direct students to Appendices B, C, and D,
respectively.

Once students have mastered the basics, each chapter in this section provides a
deeper usage of Excel in each category. Some of this material extends beyond a simple
introduction to Excel, and often, we teach the material in this unit by jumping around,
covering half of each chapter in the first semester, and the rest of the material in the
second semester course.

Chapter 15 introduces students to the idea of similarities among the disciplines,
and how understanding a theory in one application can often aid in understanding a
similar theory in a different application. We also emphasize the understanding of
models (trendlines) as possessing physical meaning. Chapter 16 discusses a process
for determining a mathematical model when presented with experimental data, and
some advanced material on dealing with limitations of Excel.
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Basic Workbooks
Mathmatical Operations Order of Operations Formatting

Basic Graphing
XY Scatter Plot Column Chart Line Chart Proper Plot Rules

Basic Trendlines
Linear Trendlines Power Trendlines Exponential Trendlines

Advanced Workbooks
Cell Referencing Built-in Functions Sorting and Filtering

Models and Systems
Linear Models Patterns of Models: Linear Power Models Exponential Models

Really Advanced Workbooks
Conditionals LOOKUP Data Validation Statistics Automated Calculations

Choosing a Trendline
Known Models System Behavior Log Scales R2 Value Other models

Limitations of Excel

Part 5: Punctilious Programming

If debugging is the process of removing bugs, then programming must be the process
of putting them in.
Edsger W. Dijkstra

Measuring programming progress by lines of code is like measuring aircraft building
progress by weight.
Bill Gates

Part 5 (Punctilious Programming) covers a variety of topics common to any introduc-
tory programming textbook. In contrast to a traditional programming textbook, this

Chapter
17 18 19 20

Algorithms
Flowcharts
Programs

Functions

Input

Output
Plotting |
Statistics
Truth tables
Binary numbers
Logic and relational operators

Conditional statements - if

for Loops @ Explicit coverage
— | O Implicit coverage

while Loops
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section approaches each topic from the perspective of how each can be used in unison
with the others as a powerful engineering problem-solving tool. The topics presented
in Part 5 are introduced as if the student has no prior programming ability and are
continually reiterated throughout the remaining chapters.
For this textbook we chose MATLAB™ as the programming language because it is
commonly used in many engineering curricula. The topics covered provide a solid foun-
dation of how computers can be used as a tool for problem solving and
provide enough scaffolding for transfer of programming knowledge into
other languages commonly used by engineers (such as C/C++/Java.)

Wise The “Other” Stuff We’ve Included...

Engineering Words
Survival Tips The bad news is time flies. The good news is you're the pilot.

Michael Altshuler

All who have accomplished great things have had a great aim, have
fixed their gaze on a goal which was high, one which sometimes seemed
impossible.

Time
Management

Orison Swett Marden

Study Personality

SIills Tyves Do or do not. There is no try.

Yoda

Throughout the book, we have included sections on surviving engineer-
ing, time management and goal setting, personality types and study
skills. We did not group them into a single chapter, but have scattered
them throughout the section introductions to assist students on a topic when they are
most likely to need it. For example, we find students are much more open to discuss time
management in the middle of the semester rather than the beginning.

In addition, we have called upon many practicing and aspiring engineers to help
us explain the “why” and “what” behind engineering. They offer their “Wise Words”
throughout this text. We have included our own set of “Wise Words” as the introduc-
tion to each topic here as a glimpse of what inspired us to include certain topics.

How to Use this Text

As we have alluded to previously, this text contains
many different types of instruction to address different
types of learners. There are two main components to this
text: hard copy and online.

In the hardcopy, the text is presented topically
rather than sequentially, but hopefully with enough au-
tonomy for each piece to stand alone. For example, we
routinely discuss only part of the Excel material in our
first semester course, and leave the rest to the second se-
mester. There are some topics (such as interpolation)
that we simply tell our students that we expect them to
know and do not spend any class time discussing. We
hope this will give you the flexibility to choose how
deeply into any given topic you wish to dive, depending
on the time you have, the starting abilities of your
students, and the outcomes of your course. More infor-
mation about topic sequence options can be found in the
instructor’s manual.

Text
reading

Compre-
hension
checks

Review
problems

Umbrella
Projects

Online
lectures

In-class
activities

In-class
lectures
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Within the text, there are several checkpoints for students to see if they understand
the material. Within the reading are Comprehension Checks, with the answers are pro-
vided in the back of the book. Our motivation for including Comprehension Checks
within the text rather than include them as end of section questions is to maintain the
active spirit of the classroom within the reading, allowing the students to self-evaluate
their understanding of the material in preparation for class—to enable students to be
self-directed learners, we must encourage them to self-evaluate regularly. At the end of
each chapter, In-Class Activities are given to reinforce the material in each chapter. In-
Class Activities exist to stimulate active conversation within pairs and groups of stu-
dents working through the material. We generally keep the focus on student effort, and
ask them to keep working the problem until they arrive at the right answer. This pro-
vides them with a set of worked out problems, using their own logic, before they are
asked to tackle more difficult problems. The Review sections at the end of each part pro-
vide additional questions, often combining skills within the part to help students climb
to the next level of understanding. By providing these three types of practice, students
are encouraged to reflect on their understanding in preparing for class, during class,
and at the end of each chapter and part as they prepare to transfer their knowledge to
other areas. Finally in the instructor’s manual, we have provided a series of Umbrella
Projects to allow students to apply skills that they have mastered to larger-scope prob-
lems. We have found the use of these problems extremely helpful in providing context
for the skills that they learn throughout the unit.

Understanding that every student learns differently, we have included several
media components in addition to traditional text. Each section within each chapter
has an accompanying set of lecture slides. Within these slides, the examples pre-
sented are unique from those in the text to provide another set of sample solu-
tions. The slides are presented with voiceover, which has allowed us to move away
from traditional in-class lecture. We expect the students to listen to the slides out-
side of class, and then in class we typically spend time working problems, review-
ing assigned problems, and providing “wrap-up” lectures, which are mini-versions
of the full lectures to summarize what they should have gotten from the assign-
ment. We expect the students to come to class with questions from the reading and
lecture that we can then help clarify. We find with this method, the students

Word file

PowerPoint file

Video file

The following text markers pay more attention, as the terms and problems are already familiar to them,

indicate corresponding
online materials are
available.

} ,- |
=1 Excel file

and they are more able to verbalize what they don’t know. Furthermore,
they can always go back and listen to the lectures again to reinforce their
knowledge as many times as they need.

Some sections of this text are difficult to lecture, and students will learn this ma-
terial best by working through examples. This is especially true with Excel, so you
will notice that many of the Excel lectures are shorter than previous material.
With Excel, the examples are scripted the first time a skill is presented, and stu-
dents are expected to have their laptop open and work through the examples (not
just read them). When students ask us questions in this section, we often start the
answer by asking them to “show us your work from Chapter XX.” If the student
has not actually worked the examples in that chapter, we tell them to do so first;
often, this will answer their questions.

After the first few basic problems, in many cases where we are discussing
more advanced skills than data entry, we have provided starting worksheets
and code in the online version by “hanging” the worksheets within the online
text. Students can access the starting data through the online copy of the book.
In some cases, though, it is difficult to explain a skill on paper, or even with
slides, so for these instances we have included videos.
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Finally, for the communication section, we have provided templates for several types
of reports and presentations. These can also be accessed in the Pearson eText version.

Additional Resources for Instructors

Instructor’s Manual — Available to all adopters, this provides a complete set of solutions
for all activities and homework exercises. For the in-class activities, suggested guided-
inquiry questions along with time frame guidelines are included. Suggested content
sequencing and descriptions of how to couple assignments to the umbrella projects are
also provided.

PowerPoints— A complete set of lecture PowerPoint slides, available with voiceover or
as standard slides, make course planning as easy as possible.

Sample Exams— Available to all adopters, these will assist in creating tests and quizzes
for student assessment.

All requests for instructor resources are verified against our customer database and/or
through contacting the requestor’s institution. Contact your local Pearson/Prentice Hall
representative for additional information.

What Does Thinking Like an Engineer Mean?

We are often asked about the title of the book. We thought we’d take a minute and ex-
plain what this means, to each of us. Our responses are included in alphabetical order.

Author team: Ohland, Park, Stephan, Bowman, Sill

For me, thinking like an engineer is about creatively finding a solution to some problem.
In my pre-college days, I was very excited about music. I began my musical pursuits
by learning the fundamentals of music theory by playing in middle school band and
eventually worked my way into different bands in high school (orchestra, marching
band, jazz band) and branching off into teaching myself how to play guitar. I love
playing and listening to music because it gives me an outlet to create and discover art.
I pursued engineering for the same reason; as an engineer, you work in a field that
creates or improves designs or processes. For me, thinking like an engineer is exactly
like thinking like a musician—through my fundamentals, 'm able to be creative, yet
methodical, in my solutions to problems.

D. Bowman, Computer Engineer

Thinking like an engineer is about solving problems with whatever resources are
most available—or fixing something that has broken with materials that are just lying
around. Sometimes, it’s about thinking ahead and realizing what’s going to happen
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before something breaks or someone gets hurt—particularly in thinking about what
it means to fail safe—to design how something will fail when it fails. Thinking like an
engineer is figuring out how to communicate technical issues in a way that anyone
can understand. It’s about developing an instinct to protect the public trust—an
integrity that emerges automatically.

M. Ohland, Civil Engineer

To me, understanding the way things work is the foundation on which all engineering
is based. Although most engineers focus on technical topics related to their specific
discipline, this understanding is not restricted to any specific field, but applies to
everything! One never knows when some seemingly random bit of knowledge, or
some pattern discerned in a completely disparate field of inquiry, may prove critical
in solving an engineering problem. Whether the field of investigation is Fourier
analysis, orbital mechanics, Hebert boxes, personality types, the Chinese language, the
life cycle of mycetozoans, or the evolution of the music of Western civilization, the
more you understand about things, the more effective an engineer you can be. Thus,
for me, thinking like an engineer is intimately, inextricably, and inexorably inter-
twined with the Quest for Knowledge. Besides, the world is a truly fascinating place
if one bothers to take the time to investigate it.

W. Park, Electrical Engineer

Engineering is a bit like the game of golf. No two shots are ever exactly the same. In
engineering, no two problems or designs are ever exactly the same. To be successful,
engineers need a bag of clubs (math, chemistry, physics, English, social studies) and
then need to have the training to be able to select the right combination of clubs to
move from the tee to the green and make a par (or if we are lucky, a birdie). In short,
engineers need to be taught to THINK.

B. Sill, Aerospace Engineer

1 like to refer to engineering as the color grey. Many students enter engineering because
they are “good at math and science.” I like to refer to these disciplines as black and
white—there is one way to integrate an equation and one way to balance a chemical re-
action. Engineering is grey, a blend of math and science that does not necessarily have
one clear answer. The answer can change depending on the criteria of the problem.
Thinking like an engineer is about training your mind to conduct the methodical
process of problem solving. It is examining a problem from many different angles,
considering the good, the bad and the ugly in every process or product. It is thinking
creatively to discover ways of solving problems, or preventing issues from becoming
problems. It’s about finding a solution in the grey and presenting it in black and white.

E. Stephan, Chemical Engineer

Lead author note: When writing this preface, I asked each of my co-authors to answer
this question. As usual, I got a wide variety of interpretations and answers. This is typi-
cal of the way we approach everything we do, except that I usually try and mesh the
responses into one voice. In this instance, I let each response remain unique. As you
progress throughout this text, you will (hopefully) see glimpses of each of us inter-
woven with the one voice. We hope that through our uniqueness, we can each reach a
different group of students and present a balanced approach to problem solving, and,
hopefully, every student can identify with at least one of us.

—Beth Stephan

Clemson University
Clemson, SC
Fall, 2009
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hen we set out to formalize our instructional work, we wanted to portray engi-

neering as a reality, not the typical flashy fantasy portrayed by most media
forums. We called on many of our professional and personal relationships to help us
present engineering in everyday terms. During a lecture to our freshman, Dr. Ed Sutt
[PopSci’s 2006 Inventor of the Year for the HurriQuake Nail] gave the following ad-
vice. A good engineer can reach an answer in two calls: the first, to find out who the
expert is; the second, to talk to the expert. Realizing we are not experts, we have
called on many folks to contribute articles. To our experts who contributed articles for this
text, we thank: Dr. Lisa Benson, Dr. Neil Burton, Jan Comfort, Solange Dao, Troy Nun-
maker, and Jessica Pelfry.

To Dr. Lisa Benson, thank you for allowing us to use “Science as Art” for the
basis of many photos that we have chosen for this text. To explain “Science as Art”:
Sometimes, science and art meet in the middle. For example, when a visual representa-
tion of science or technology has an unexpected aesthetic appeal, it becomes a connec-
tion for scientists, artists and the general public. In celebration of this connection,
Clemson University faculty and students are challenged to share powerful and inspir-
ing visual images produced in laboratories and workspaces for the “Science as Art”
exhibit. For more information, please visit www.scienceasart.org. To the creators of
the art, thank you for letting us showcase your work in this text: Martin Beagley,
Dr. Caye Drapcho, Eric Fenimore, Dr. Scott Husson, Dr. Jaishankar Kutty, Dr. Kathleen
Richardson, and Dr. Ken Webb. A special thanks to Kautex Machines and Chuck
Flammer, and to Russ Werneth for getting us the great Hubble teamwork photo.

To the Rutland Institute for Ethics at Clemson University: The four-step procedure
outlined in Chapter 2 on Ethics is based on the toolbox approach presented in the
Ethics Across the Curriculum Seminar. Our thanks to Dr. Daniel Wueste, Director, and
the other Rutlanders (Kelly Smith, Stephen Satris and Charlie Starkey) for their input
into this chapter.

To Jonathan Feinberg and all the contributors to the Wordle (http://www.wordle.
net) project, thank you for the tools to create for the Wordle images in the intro-
duction sections. We hope our readers enjoy this unique way of presenting informa-
tion, and are inspired to create their own Wordle!

To our friends and former students who contributed their Wise Words: Tyler
Andrews, Corey Balon, Ed Basta, Brittany Brubaker, Tim Burns, Clark Chewing,
Ashley Childers, Jeremy Comardelle, Matt Cuica, Jeff Dabling, Ed D’Avignon,
Brian Dieringer, Michael Dukes, Lauren Edwards, Andrew Flowerday, Stacey
Forkner, Lisa Gascoigne, Victor Gallas Cervo, Khadijah Glast, Colleen Hill, Tom
Hill, Becky Holcomb, Beth Holloway, Selden Houghton, Allison Hu, Jason Huggins,
Ryan Izard, Lindy Johnson, Darryl Jones, Rob Kriener, Jim Kronberg, Maria Koon,
Rachel Lanoie, Danielle Lanigan, Mai Lauer, Marie Long, Stacy Luell, Jack Meena,
Matt Morgan, Alan Passman, Candace Pringle, Mike Peterson, Derek Rollend, Jake
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ACKNOWLEDGEMENTS

Sadie, Janna Sandel, Kaycie Smith, Ellen Styles, Adam Thompson, Wendy Valtadoros,
Devin Walford, Russ Werneth and Aynsley Zollinger.

To our fellow faculty members, for providing inspiration, ideas, and helping us
find countless mistakes: Dr. Lisa Benson, Dr. Steve Brandon, John Minor, and Dr.
Julie Trenor. You guys are the other half of this team that makes this the best place
on earth to work! We could not have done this without you.

To the staff of the GE program, we thank you for your support of us and our stu-
dents: Kelli Blankenship, Lib Crockett, Linda Law, Chris Porter, Janeen Putman, and
Susan Smith. To Chuck Heck, Linda Nilson, Barbara Weaver, and the rest of the
Teaching with Technology group for helping us discover better ways to teach, spark
our innovation, and create such wonderful classroom environments. To the adminis-
tration at Clemson, we thank you for your continued support of our program: Asso-
ciate Dean Dr. Randy Collins, Interim Chair Dr. Melanie Cooper, Dean Dr. Esin
Gulari, Provost Dr. Dori Helms, Former Dean Dr. Tom Keinath, and Former Dean
Dr. Steve Melshimer. Special thanks to President Jim Barker for his inspirational
leadership of staying the course and giving meaning to “One Clemson.”

To the thousands of students who used this text in various forms over the
years—thanks for your patience, your suggestions, and your criticism. You have each
contributed not only to the book, but to our personal inspirations to keep doing what
we do.

To the great folks at Prentice Hall: Scott Disanno, Greg Dulles, Mary Lou Nohr
and Dan Sandin—this project would not be a reality without all your hard work. To
Eric Hakanson, without that chance meeting this project would not have begun!
Thank you to Meg Tiedemann and Bill Clements for their work on early custom edi-
tions of these materials. Thank you to all the reviewers who provided such valuable
feedback to help us improve. Thanks to Holly Stark for her belief in this project and
in us! A special thanks to Clare Romeo for editing the text about a zillion times and
putting up with all of our seemingly endless questions! We would not have made it
through this without all of the PH team efforts and encouragement!

Finally, on a Personal Note

DRB: Thanks to my parents and sister for supporting my creative endeavors with
nothing but encouragement and enthusiasm. To my grandparents, who value science,
engineering, and education to be the most important fields to study. To my co-au-
thors, who have reaffirmed my interest in pursuing engineering education as a career.
To everyone I've given the excuse of “book stuff”: I owe you all a good beer.

MWO: My wife Emily has my love, admiration, and gratitude for all she does, includ-
ing holding the family together. For my children, who share me with my students—
Charlotte, whose “old soul” touches all who take the time to know her; Carson, who
is quietly inspiring; and Anders, whose love of life and people endears him to all. I ac-
knowledge my father Theodor, who inspired me to be an educator; my mother Nancy,
who helped me understand people; my sister Karen, who lit a pathway in engineering;
my brother Erik, who showed me that one doesn’t need to be loud to be a leader; and
my mother-in-law Nancy Winfrey, who shared the wisdom of a long career. I recognize
those who helped me create an engineering education career path: Fred Orthlieb,
Civil and Coastal Engineering at the University of Florida, Marc Hoit, Duane Ellifritt,
Cliff Hays, Mary Grace Kantowski, and John Lybas, the NSF’s SUCCEED Coalition,
Tim Anderson, Clemson’s College of Engineering and Science and General Engineer-
ing, Steve Melsheimer, Ben Sill, and Purdue’s School of Engineering Education.
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WIJP: Choosing only a few folks to include in an acknowledgment is a seriously difficult
task, but I have managed to reduce it to five. First, Beth Stephan has been the guiding
force behind this project, without whom it would never have come to fruition. In addi-
tion, she has shown amazing patience in putting up with my shenanigans and my weird
perspectives. Next, although we exist in totally different realities, my parents have al-
ways supported me, particularly when I was a newly married, destitute graduate stu-
dent fresh off the farm. Third, my son Isaac, who has the admirable quality of being
willing to confront me with the truth when [ am behaving badly, and for this I am grate-
ful. Finally, and certainly most importantly, to Lila, my partner of more than one-third
century, I owe a debt beyond anything I could put into words. Although life with her
has seldom been easy, her influence has made me a dramatically better person.

BLS: To my amazing family, who always picked up the slack when I was off doing
“creative” things, goes all my gratitude. To Anna and Allison, you are wonderful
daughters who both endured and “experienced” the development of many “in class,
hands on” activities—know that I love you and thank you. To Lois who has always
been there with her support and without whining for over 40 years, all my love.
Finally, to my co-authors who have tolerated my eccentricities and occasional tardiness
with only minimum grumbling, you make a great team.

EAS: To my co-authors, for tolerating all my strange demands, my sleep-deprived
ravings and the occasional “I need this now” hysteria. You guys are the best! To all
those folks who cared for my family while this project consumed my every waking
minute, [ am eternally indebted. Special thanks to Glenn and Sara—you did so much
for us, and still call and ask even though the answer is “The book thing . . .” To my
mom, Kay and Denny—thanks for your love and support. To Khadijah, you can do
anything you put your mind to. To Brock and Katie, I love you both a bushel and a
peck. You are the best kids in the world. Finally, to Sean . . . for all the times you held
it all together, kept things running, and brought me a Diet Coke—I love you more
than I can say. “Show a little faith, there’s magic in the night. . . ”
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