The Entrepreneurial
Engineer



The Entrepreneurial
Engineer

Personal, Interpersonal,
and Organizational SKkills for Engineers
in a World of Opportunity

David E. Goldberg

The University of lllinois at Urbana—Champaign

WILEY-
INTERSCIENCE

A JOHN WILEY & SONS, INC., PUBLICATION



Copyright © 2006 by John Wiley & Sons, Inc. All rights reserved.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any
form or by any means, electronic, mechanical, photocopying, recording, scanning, or otherwise,
except as permitted under Section 107 or 108 of the 1976 United States Copyright Act, without
either the prior written permission of the Publisher, or authorization through payment of the
appropriate per-copy fee to the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers,
MA 01923, (978) 750-8400, fax (978) 750-4470, or on the web at www.copyright.com. Requests
to the Publisher for permission should be addressed to the Permissions Department, John Wiley &
Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at
http://www.wiley.com/go/permission.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best
efforts in preparing this book, they make no representations or warranties with respect to the
accuracy or completeness of the contents of this book and specifically disclaim any implied
warranties of merchantability or fitness for a particular purpose. No warranty may be created or
extended by sales representatives or written sales materials. The advice and strategies contained
herein may not be suitable for your situation. You should consult with a professional where
appropriate. Neither the publisher nor author shall be liable for any loss of profit or any other
commercial damages, including but not limited to special, incidental, consequential, or other
damages.

For general information on our other products and services or for technical support, please contact
our Customer Care Department within the United States at (800) 762-2974, outside the United
States at (317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print
may not be available in electronic formats. For more information about Wiley products, visit our
web site at www.wiley.com.

Library of Congress Cataloging-in-Publication Data is available.

ISBN-13 978-0-470-00723-5
ISBN-10 0-470-00723-0

Printed in the United States of America.

10987654321



To the penguins



Contents

Foreword xiii
Preface XV

1 Entrepreneurial Engineer: Ready for the 21st Century

1.1 21st-Century Engineers Moving at Internet Time 1
1.2 Engineering Education, Common Sense, and the Real
World 2
1.3 Ten Competencies for the Entrepreneurial Engineer 3
1.4 Three Principles 6
1.5 Three Cautions 7
Exercises 8

2 The Joy of Engineering

10

2.1 A Joyous Confession 10
2.2 Engineering as Liberal Education, Launchpad, and Lifelong
Love 11

2.2.1 Who Is Getting a “Liberal Arts” Education Today?
11

2.2.2 Engineering as Launchpad 13

2.2.3 Ten Ways to Love Engineering 13

2.3 The Fundamental Tug-of-War 16

2.4 Science and Its Little Secret 16

2.5 Engineers: First Masters of Modern Enterprise 18

2.6 Economy of Intellection: Separating Science from
Engineering 19

2.6.1 Modeling Plane 20
2.6.2 Spectrum of Models 21

2.7 Four Tensions Facing the Entrepreneurial Engineer 22
Summary 23
Exercises 24

vii



viii Contents

3 Money, Work, and You

3.1 Money, Moola, the Big Bucks 26
3.2 Roads to Wealth: Four Dinner Table Platitudes 26
3.3 Hidden Lesson 1: Engagement 28

3.3.1 Why Engagement Matters 28
3.3.2 Matching your Vocational Impedance 29

3.4 Hidden Lesson 2: Courage 30

3.4.1 Locus of Control: Internal versus External 30
3.4.2 Exploring Courage 31

3.5 Tactical Lessons of Handling Money 32

3.5.1 Spending and Earning Styles 32
3.5.2 Spending—Earning Impedance 33
3.5.3 Investing, Saving, and Thrift 33

3.6 Get a Life 35
3.7 Plotting your Course: Values, Mission, and Goals 36

3.7.1 Creating a Personal Values Statement 36
3.7.2 Writing a Personal Mission Statement 38
3.7.3 Setting Goals 39

Summary 40
Exercises 41

4 Getting Organized and Finding Time

4.1 Time and Its Lack 43
4.2 Effective Ways to Waste Time 43
4.3 Seven Keys to Time Management 45

4.3.1 A Place for Everything 46

4.3.2 Work for Mr. To Do 48

4.3.3 Sam Knows: Just Do It 50

4.3.4 A Trash Can Is a Person’s Best Friend 50
4.3.5 Tuning Your Reading 50

4.3.6 Managing Interruptions 52

4.3.7 Getting Help 53

Summary 54
Exercises 54

5 Write for Your Life

5.1 Engineers, Root Canal, and Writing 55



Contents

5.2 Why Many Engineers Don’t Like to Write 55
5.3 Prime Directive of Writing: Just Write 56

5.3.1 Freewriting 57
5.3.2 Directed Writing for the Real World 59

5.4 Getting the Content and Organization Right 64
5.4.1 The Primary Structure of Business Writing: BPR

65
5.4.2 Lists and Amplification: Technical Writer’s Best
Friend 66

5.4.3 Sectioning, Titles, and Headings 67
5.4.4 Summaries, Conclusions, and Distinguishing the
Difference 67

5.5 Edifying Editing 68

5.6 Improving Your Writing 70
Summary 71
Exercises 72

6 Present, Don’t Speak

ix

74

6.1 Speeches versus Presentations 74
6.2 Why Present? 74
6.3 Preparation Makes the Presentation 76

6.3.1 Audience Analysis 76

6.3.2 Subject Selection 78

6.3.3 Elements of a Presentation 78

6.3.4 Preparation Process 81

6.3.5 Transparency Design and Preparation 82

6.4 Delivery 87
Summary 89
Exercises 90

7 Human Side of Engineering

91

7.1 Human Challenges of Engineering 91
7.2 Through the Eyes of Others 92

7.3 Anatomy of a Disagreement 93

7.4 We are all Salespeople on this Bus 94
7.5 The Role of Questions 96

7.5.1 Questions in Conversation 96
7.5.2 Questions in Conflict Resolution and Negotiation
97

7.5.3 Questions in Sales and Persuasion 97



X

Contents

7.6 Praise 98

7.7 Criticism 100

7.8 Engineering Is Sometimes Having to Say You’re Sorry
101

7.9 Wear a Little Passion 102
Summary 103

Exercises 103
8 Ethics in Matters Small, Large, and Engineering 105
8.1 Is Engineering Ethics Necessarily a Dreadful
Bore? 105
8.2 Ethics: Systematic Study of Right and Wrong 106
8.2.1 Golden Rules: Positive and Negative 106
8.2.2 Whence Right and Wrong? 108
8.2.3 An Engineer’s Synthesis of Ethical Theory 114
8.3 From Ethical Theory to Practice 115
8.3.1 Self-Interest 116
8.3.2 Obedience to Authority 116
8.3.3 Conformity to the Group 117
8.3.4 Practice Makes Perfect 118
8.4 From Personal to Engineering Ethics 119
8.4.1 What Is a Profession? 119
8.4.2 A Tale of Two Codes 120
8.4.3 Conflicts of Interest 127
8.4.4 Whistleblowing Is Not a First Resort 129
Summary 130
Exercises 131
9 Pervasive Teamwork 133

9.1 Our Love—Hate Relationship with Teams 133
9.2 Working Together in Groups and Teams 133

9.2.1 Teams versus Groups: What’s the
Difference? 134
9.2.2 Team Basics 134
9.2.3 Team Ground Rules and Their Enforcement 135

9.3 Understanding the Difficulties of Teamwork 136

9.3.1 A Little Model of Teamwise Deciding
and Doing 137



Contents  Xi

9.3.2 A Little Model of Teamwise Conflict (and Creativity)
138

9.4 Why Cooperation Isn’t Easy 140
9.5 Meetings, Meetings, and More Meetings 141

9.5.1 Three Little Keys to Meeting Happiness 141

9.5.2 A Day in the Life of a Typical Problem-Solving
Meeting 142

9.5.3 What’s Wrong? 142

9.5.4 Structured Brainstorming 144

9.5.5 Putting Structured Brainstorming to Work 149

Summary 149
Exercises 149

10 Organizations and Leadership 151

10.1 Organizations and Leadership Matter 151
10.2 Understanding Human Behavior and Motivation 152

10.2.1 Bounds on Human Nature 152

10.2.2 Unifying Model: Maslow’s Hierarchy of Needs
153

10.2.3 Theory X and Theory Y 154

10.2.4 The Case of the Sluggish Secretary 155

10.3 Human Organizations and Their Leaders 156

10.3.1 From Good to Great 156
10.3.2 The Leadership Challenge 159

10.4 Organizational Culture: The Gods of Management 161
10.5 Why Form or Join Organizations? 164

10.5.1 Optimizing Transactions: A Quantitative Model
168
10.5.2 An Aside on Free Agency 168

Summary 171
Exercises 172
11 Assessing Technology Opportunities 173

11.1 Entrepreneurial Engineers Seek Opportunity 173

11.2 What Is an Opportunity? 174

11.3 Sustainable Competitive Advantage: The Making of a Good
Opportunity 176

11.3.1 Four P’s of Competitive Advantage 176
11.3.2 Five Forces of Sustainability 177



xii  Contents

11.4 What Is your Niche? 178
11.5 Three Financial Mysteries of Opportunity Assessment 180

11.5.1 Overcoming the Fear of Financials 180
11.5.2 Prices, Margins, and Breaking Even 183
11.5.3 Time Value of Money 184

11.6 Writing the Technology Opportunity Assessment 185

11.6.1 Executive Summary 185

11.6.2 Technology Description 186

11.6.3 Market Analysis 187

11.6.4 Preliminary Financial Analysis 191
11.6.5 Action Plan 192

Summary 196
Exercises 197

References 199

Index 201



Foreword

If there was ever a time for this book it is now. With the United States facing
continued pressure to follow the global outsourcing trend, the country must adapt
to maintain its edge as a global innovator. But how?

A cultural renaissance that effects the venerable educational and corporate
institutions is required. Technology, whether it is bits and bytes or biosciences,
has pervaded society and continues to drive progress. The traditional role of the
number-crunching or code-writing engineer, who was employed by the thou-
sands by large corporation, is quickly becoming extinct. Trends such as Open
Innovation, in which Fortune 1,000 companies are increasingly looking outside
for innovation and new intellectual property, are taking hold across the country.

Dr. Goldberg provides the roadmap for engineers of the future to stay at the
front of the wave by learning to think more like entrepreneurs. By definition the
entrepreneur is accustomed to—if not thrives in—a messy world where innova-
tion and application intersect to produce transformation of products, companies,
and industries. Required skills include understanding the business impact of the
innovation and communicating ideas in a clear and compelling manner.

However, skills are not enough. The main message of this book—and the
secret that Dr. Goldberg is conveying—is that the passion for the idea, doing
what you love, and having the persistence required to bring ideas to reality are
the fuel of innovation. Without them, the world will not change, and the idea
will stay in the notebook.

Consider this book your survival handbook for th erest of your life. Onward
and upward!

Tim Schigel
Cincinnati, Ohio
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Preface

This book and its predecessor Life Skills and Leadership for Engineers (Gold-
berg, 1995), owe their writing to my first engineering job out of school at what
was then a small entrepreneurial engineering-software firm called Stoner Asso-
ciates, Inc., in Carlisle, Pennsylvania. I remember thinking before I started how
technically exciting it was going to be to work on four complex hydraulics com-
puter programs. I remember wondering shortly thereafter if other engineers spent
so much of their time writing, talking, selling, meeting, and worrying about
building our customer base. At one time, I thought my experience at Stoner
Associates was a bit extreme, but I’ve come to realize that it was a precursor of
the experiences that more and more engineers face every year. Today’s engineer
is challenged by a hectic pace at work, direct involvement in business matters,
and by a large amount of personal contact, meetings, reports, and presentations.
The key thesis of this book is that today’s engineers are confronted by and
expected to participate in a world of opportunity, opportunity driven by techni-
cal change, enabled by financial and business prowess, and implemented through
skilled, collaborative labors. Although it was never right to send engineers out into
the workforce thinking that math, science, and design were the totality of an engi-
neer’s portfolio, to do so in today’s marketplace is a form of educational malprac-
tice. Fortunately, there is a growing awareness of the need to alert engineers early
in their education and in their careers to the importance of mastering a balance
of technical and nontechnical skills, and this book aims at the latter kind with the
goal of creating a new breed of entrepreneurial engineers who mix strong tech-
nical skills, business and organizational prowess, and an alert eye to opportunity.
The book is designed for use in a classroom setting or for self-study in a vari-
ety of ways: (1) in a one-credit course to be given to undergraduate engineering
students a year or so before they graduate, (2) as a supplement to an introduc-
tory engineering class for underclass students, (3) as a supplement to a three-
or four-credit senior capstone course, (4) as a supplement to a graduate seminar,
(5) as part of course materials for corporate training or continuing education for
engineers, and (6) for self-study by engineers and their mentors. No particular
prerequisites are assumed, although upon occasion common engineering terms
are taken for granted, and mathematical ideas from first-year calculus are used.
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