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Foreword

[ am delighted to recommend Engineering Reasoning for engineering
instructors, students, and engineers alike. This guide is a very useful addition
to the arsenal of engineering education tools. I believe it fills a gap that has
been largely ignored in engineering instruction. It covers an important area of
competence that we so often presume students will acquire, but traditionally (and
sadly) do not sufficiently address, if at all.

An isolated focus on technical skill delivery, or on one skill area, did not work in
the past, currently fails and will not meet tomorrow’s needs. It is important for the
field of engineering to be understood as systems of overlapping and interrelated
ideas, rather than isolated and different fields of knowledge. Moreover, it is
important to recognize and effectively deal with the multiple environmental,
social and ethical aspects that complicate responsible engineering. Accordingly,
it is time for engineering educators to realize that effective engineering
instruction cannot be based in memorization or technical calculation alone.
Rather, it is essential that engineering students develop the generalizable critical
thinking skills and dispositions necessary for effectively and professionally
reasoning through the complex engineering issues and questions they will face
as engineers. The authors outline and detail these skills and dispositions quite
effectively in this guide.

1 am further delighted to note the level of detailed sub distinctions covered in
the guide. I believe it is Dave Merrill who originally claimed that expertise is
defined by the number of detailed sub-divisions clearly made and qualified. As

such, the authors have proven mastery!

Growing industry dissatisfaction with deficient engineering education has led to the
inception of the CDIO™ Initiative. This international design addresses engineering
education reform in its broader context. Active student participation forms an integral
part of this solution. While not the exclusive aim or application of this guide, its potential

vii



to compliment such institutional reforms by equipping the student to step up to the
challenges of independent reasoning, is particularly beneficial.

Engineering Reasoning is not only a must-read publication for engineering educators,

but a vital guide and career long companion for students and engineers alike.

Dr. AB Steyn
University of Pretoria

South Africa
May 2006
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Engineering Reasoning

Introduction

Why a Thinker’s Guide to Engineering Reasoning?

This thinker’s guide is designed for administrators, faculty, and students. It
contains the essence of engineering reasoning concepts and tools. For faculty
it provides a shared concept and vocabulary. For students it is a thinking
supplement to any textbook for any engineering course. Faculty can use it to
design engineering instruction, assignments, and tests. Students can use it to
improve their perspective in any domain of their engineering studies.

General critical thinking skills apply to all engineering disciplines. For
example, engineering reasoners attempt to be clear as to the purpose at hand
and the question at issue. They question information, conclusions, and points
of view. They strive to be accurate, precise, and relevant. They seek to think
beneath the surface, to be logical, and objective. They apply these skills to their
reading and writing as well as to their speaking and listening. They apply them
in professional and personal life.

When this guide is used as a supplement to the engineering textbook in multiple
courses, students begin to perceive applications of engineering reasoning to many
domains in their lives. In addition, if their instructors provide examples of the
application of engineering thinking to life, students begin to see good thinking as a
tool for improving the quality of their lives.

If you are a student using this guide, get in the habit of carrying it with you to
every engineering class. Consult it frequently in analyzing and synthesizing
what you are learning. Aim for deep internalization of the principles you find
in it—until using them becomes second nature.

While this guide has much in common with 4 Thinkers Guide to Scientific
Thinking, and engineers have much in common with scientists, engineers and
scientists pursue different fundamental purposes and are engaged in distinctively
different modes of inquiry. This should become apparent as you read this
guide.
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A Framework for Engineering Reasoning

The analysis and evaluation of our thinking as engineers requires a vocabulary
of thinking and reasoning. The intellect requires a voice. The model on the
facing page is not unique to engineering; indeed, its real power is its flexibility
in adapting to any domain of life and thought. Other Thinkers’ Guides in the
Thinker’s Guides Library apply this framework to other disciplines. Engineers
and scientists are quite comfortable working within the context of conceptual
models. We employ thermodynamic models, electrical models, mathematical
models, computer models or even physical models fashioned from wood or clay.
In this guide we apply a model or framework for thinking, an architecture whose
purpose aids the analysis and evaluation of thought, through which we might
improve our thought. A glance at other Thinkers’ Guides reveals that only shifts
of empbhasis are required to apply this model to the sciences, the humanities, or
the arts.

The framework depicted on the following page provides an overview of the
entire guide, working from the base of the diagram up. The goal or endpoint is
the development of the mature engineering thinker; therefore, that endpoint
is described first with a brief discussion of the intellectual virtues as might be
expressed in the practice of engineering.

Subsequently, the eight elements of thought are introduced. These are tools for
the analysis of thinking in ones’ own and others’ thought. These elements are then
exemplified and applied to analyzing texts, articles, reports, and entire engineering
disciplines.

Next, the intellectual standards are introduced and exemplified. These constitute
the thinker’s evaluation tools. They are then woven together with the elements in
several formats to demonstrate application of these evaluation standards to the
analysis of our thinking.

Finally, the guide includes several case studies of excellent thinking and
deficient thinking in engineering. It then concludes by treating a number of



Engineering Reasoning

distinctive topics that touch on the engineering profession, such as aesthetics,
ethics, and engineers’ relationships with other professionals.

Using This Thinker’s Guide

As with the other guides in the Thinker s Guide series, the content in this guide is not
to be read as straight prose; it is predominantly composed of numerous examples,
mostly probing questions, of a substantive critical thinking model applied to the
engineering context. These examples may be used in class exercises, as reference
material, or as templates for out-of-class work, which students adapt to their own
courses, disciplines, and projects. A broader discussion of the approach to critical
thinking used in this guide can be found in resources and articles on the website
of the Foundation for Critical Thinking, www.criticalthinking.org. For deeper
understanding of the basic theory of critical thinking, we especially recommend
the book, Critical Thinking: Tools for Taking Charge of Your Professional and
Personal Life, also available from the Foundation for Critical Thinking.
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Engineers concerned with good thinking routinely apply
intellectual standards to the elements of thought as they
seek to develop the traits of a mature engineering mind.

THE STANDARDS

Clarity ~ Precision

Accuracy Significance

Relgvance (o!npleteness Must be
Logicalness Fairness applied to
Breadth Depth

Purposes Inferences
Questions Concepts
As we learn Points of view  Implications
to develop Information ~ Assumptions

INTELLECTUAL TRAITS

Intellectual Humility  Intellectual Perseverance
Intellectual Autonomy  Confidence in Reason
Intellectual Integrity  Intellectual Empathy
Intellectual Courage  Fairmindedness
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Intellectual Traits Essential to Engineering
Reasoning

No engineer can claim perfect objectivity; engineers’work is unavoidably
influenced by many variables, including their education, experiences, attitudes,
beliefs, and level of intellectual arrogance.

Highly skilled engineers recognize the importance of cultivating intellectual
dispositions. These attributes are essential to excellence of thought. They
determine with what insight and integrity one thinks.

Intellectual humility is knowledge of ignorance, sensitivity to what you
know and what you do not know. It implies being aware of your biases,
prejudices, self-deceptive tendencies, and the limitations of your viewpoint
and experience. Licensure as a Professional Engineer (PE) explicitly demands
that engineers self-consciously restrict their professional judgments to those
domains in which they are truly qualified.! Questions that foster intellectual
humility in engineering thinking include:

.

What do I really know about the technological issue I am facing?

* To what extent do my prejudices, attitudes, or experiences bias my judgment?
Does my experience really qualify me to handle this issue?

* Am I quick to admit when I am dealing with a domain beyond my expertise?

* Am I open to considering novel approaches to this problem, and willing to learn

and study where warranted?

Intellectual courage is the disposition to question beliefs about which
you feel strongly. It includes questioning the beliefs of your culture and any
subculture to which you belong, and a willingness to express your views even
when they are unpepular (with management, peers, subordinates, or customers).
Questions that foster intellectual courage include:

* To what extent have I analyzed the beliefs I hold which may impede my

' National Society of Professional Engineers. 2003. Code of Ethics for Engineers.
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ability to think critically?
* To what extent have I demonstrated a willingness to yield my positions when
sufficient evidence is presented against them?

¢ To what extent am I willing to stand my ground against the majority (even
though people ridicule me)?

Intellectual empathy is awareness of the need to actively entertain views that
differ from your own, especially those with which you strongly disagree. It entails
accurately reconstructing the viewpoints and reasoning of your opponents and
reasoning from premises, assumptions, and ideas other than your own. Questions
that foster intellectual empathy include:

* To what extent do I listen and seek to understand others’ reasoning?

» To what extent do I accurately represent viewpoints with which I disagree?

+ To what extent do I accurately represent opponents’ views? Would they
agree?

« To what extent do I recognize and appreciate insights in the technical views
of others and recognize prejudices in my own?

Intellectual integrity consists in holding yourself to the same intellectual
standards you expect others to honor (no double standards). Questions that foster
intellectual integrity in engineering reasoning include:

+ To what extent do I expect of myself what I expect of others?

+ To what extent are there contradictions or inconsistencies in the way I deal with
technical issues?

+ To what extent do I strive to recognize and eliminate self-deception and bad
faith in my thinking when reasoning through engineering issues?

Intellectual perseverance is the disposition to work your way through
intellectual complexities despite frustrations inherent in the task. Questions that

foster intellectual perseverance in engineering reasoning include:

« Am I willing to work my way through complexities in an engineering issue or
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do I tend to give up when challenged?

+ Can I think of a difficult engineering problem in which I have demonstrated
patience and tenacity?

* Do I have strategies for dealing with complex engineering issues?

Confidence in reason is based on the belief that one’s own higher interests and
those of humankind at large are best served by giving the freest play to reason.
It means using standards of reasonability as the fundamental criteria by which
to judge whether to accept or reject any proposition or position. Questions that
foster confidence in reason include:

* Am I willing to change my position when the evidence leads to a more
reasonable position?

* Do I always try to follow the evidence, without regard to my own interests?

* Do I encourage others to come to their own conclusions or do I try to coerce
agreement?

Intellectual autonomy is thinking for oneself while adhering to standards of
rationality. It means thinking through issues using one’s own thinking rather
than uncritically accepting the viewpoints, opinions, and judgments of others.
Questions that foster intellectual autonomy in engineering thinking include:

* To what extent do I uncritically accept what [ am told (by my supervisors, peers,
government, and so on)?

» To what extent do I uncritically accept traditional solutions to problems?

* Do I think through technical issues on my own or do I merely accept the
conclusions or judgments of others?

* Having thought through an issue from a rational perspective, am I willing to
stand alone against irrational criticism?

FFairmindedness is being conscious of the need to treat all viewpoints alike,
without reference to one’s own feelings or vested interests, or the feelings or
vested interests of one’s friends, company, community or nation. It implies
adherence to intellectual standards without reference to one’s own advantage



