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A Note from the Series Editor

The IEEE Professional Communication Society (PCS), with Wiley-IEEE Press,
continues its book series titled Professional Engineering Communication with
Dr. Robert E. Berger’s A Scientific Approach to Writing for Engineers and Scientists.
His unique perspective on how to build sentences, paragraphs, and longer pieces is an
exercise in inductive reasoning, applied to the writing issues that so often plague writers
in all traditions. He speaks from a place of experience, with decades of technical writing and
editing behind him. Dr. Berger takes a steady approach to understanding the machinations of
sentence building, all the while using examples from the technical fields to bolster his
instructional moves.

As someone who has been in classrooms with undergraduate, graduate, and practicing
engineers and other technical professionals, I found Dr. Berger’s methodical and inductive
approach to understanding the formulation of complex sentences, conveying technical
information, to be almost mesmerizing. There were times over the years when I just
didn’t have the brainpower to explain to a student how to make the sentence work, other
than just editing it to the way that I wanted to read it (see Chapter 1 for a note about this
tendency from instructors). As for my own writing, I admit that I write from instinct
more than I should sometimes, especially when drafting. I have found it difficult at
times to articulate fully why a modifier should be placed thus or so. The clarity that I
needed is now outlined in great detail within these pages.

Another element that this book brings is the uniqueness of the example sentences
and words themselves. Gleaned from his years of work as a technical editor and writer,
Dr. Berger gives us “real” examples from extremely technical reports. There are few
examples cooked up for easy parsing; instead, we see actual written examples from
complex communication that spans the sciences and engineering. This book takes the
core ideas and slowly builds the complexity to a level needed for dispersing technical
information in a myriad of channels (journal-level writing, dissertations, articles,
reports, and university-level work).

And while this isn’t a traditional grammar book or technical writing handbook, it
will bring new light to how and why writing in the technical and engineering fields
looks and sounds the way that it does. I recommend this book for writers in these
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Xiv A NOTE FROM THE SERIES EDITOR

fields at all levels. It can easily be a handbook in a classroom, a required reference
book for all graduate students, and a handy tool for practicing professionals writing
up their work.

From a larger perspective, this book is welcome addition to the Professional Engineering
Communication (PEC) book series, which has a mandate to explore areas of communi-
cation practices and application as applied to the engineering, technical, and scientific
professions. Including the realms of business, governmental agencies, academia, and
other areas, this series will develop perspectives about the state of communication issues
and potential solutions when at all possible.

The books in the PEC series keep a steady eye on the applicable while acknowledging
the contributions that analysis, research, and theory can provide to these efforts. Active
synthesis between on-site realities and research will come together in the pages of this
book as well as other books to come. There is a strong commitment from PCS, IEEE,
and Wiley to produce a set of information and resources that can be carried directly into
engineering firms, technology organizations, and academia alike.

At the core of engineering, science, and technical work is problem solving and discovery.
These tasks require, at all levels, talented and agile communication practices. We need
to effectively gather, vet, analyze, synthesize, control, and produce communication
pieces in order for any meaningful work to get done. It is unfortunate that many technical
professionals have been led to believe that they are not effective communicators, for this
only fosters a culture that relegates professional communication practices as somehow
secondary to other work. Indeed, I have found that many engineers and scientists are
fantastic communicators because they are passionate about their work and their ideas. This
series, planted firmly in the technical fields, aims to demystify communication strategies
so that engineering, scientific, and technical advancements can happen more smoothly and
with more predictable and positive results.

Traci Nathans-Kelly, Ph.D.
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Foreword

A great idea is no longer great if it cannot be communicated clearly and effectively to
others. For many, writing is a challenging task. If written poorly, the meaning of a
scientific document can be lost in translation when read by others, resulting in a missed
opportunity. A complex technical idea warrants that it is communicated in a simple and
easy-to-understand manner. The principles of science and engineering hold true over
generations because they were written in nonambiguous language. In summary, a poten-
tial unintentional gap may exist between excellent technical skills and writing skills.

The book, A Scientific Approach to Writing for Engineers and Scientists, by Robert
E. Berger, aims to fill this gap by focusing on the approach used by scientists and
engineers. The book is useful for scientists and engineers who write technical book
chapters and research papers for publications in peer-reviewed journals, and for stu-
dents who write theses and research reports. It’s also useful for those scientists and
engineers, and small technical business executives, who are faced with writing
research proposals for seeking funds from federal agencies, state agencies, and foun-
dations. Those who cannot communicate their technical ideas clearly are unlikely to
prepare a potentially winning proposal. Often, research papers and grant proposals
are scored poorly because they are poorly written.

Bob Berger’s book delivers what it promises. The book offers a unique scientific
approach to writing, clearly states principles of writing, and expounds on the underlying
reasons for these principles. By understanding and working with these principles, one
can master technical writing. The hands-on approach should be especially useful to
scientists and engineers who learned English as a second language, and to those who
face writing challenges and want to be better writers. The book introduces the concept
of qualifiers to the core of a sentence, shows how to build sentences using qualifiers, and
shows how to properly incorporate lists within sentences. More importantly, engineers
and scientists are shown how to organize and prepare arguments for research proposals,
journal submissions, and business plans. The book is easy to read and simple to under-
stand, with over 300 writing examples.

Having been involved in scientific research, and in writing research papers and grant
proposals for more than 40 years, I fully understand the importance of good technical
writing skills for scientists and engineers. I am a Senior Vice President at the Kentucky
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xviii FOREWORD

Science and Technology Corporation (KSTC) and Executive Director of the Kentucky
Science and Engineering Foundation. In my current role, I have been working with
university faculty and researchers, as well as small businesses, in order to help them
develop and commercialize their innovative ideas into technology and products. My
responsibilities include administering several state-funded programs, including the
Small Business Innovation Research (SBIR) and the Small Business Technology
Transfer Research (STTR) programs, to achieve knowledge-based economic
development in the state. While managing several funding programs, I interact each
year with hundreds of scientists and technical reviewers who want to see better written
proposals. At the same time, I also work with small business applicants who have a
clear need of writing a highly competitive proposal for the federal SBIR/STTR pro-
grams, with which I am very much involved in the Commonwealth of Kentucky. Many
of these applicants need help because they speak English as a second language.

I met the author, Bob Berger, when I was putting together a federal proposal nearly
10 years ago. Since then, KSTC has retained Dr. Berger to help SBIR/STTR applicants
in Kentucky. Over the years, my relationship with Dr. Berger has grown, and I have
invited him to offer SBIR/STTR proposal preparation workshops, which have included
a session on avoiding common writing mistakes, and to review and edit hundreds of
both SBIR/STTR Phase I and Phase II proposal drafts under a contract with KSTC, for
all participating federal agencies. I have received a copy of each review, and I found that
the finished product was communicated thoroughly and therefore made these proposals
more competitive. Many of Dr. Berger’s edited proposals for KSTC clients resulted in
SBIR/STTR awards. In fact, Dr. Berger edited my own proposal to the Small Business
Administration, which also resulted in an award.

KSTC clients have expressed great satisfaction with Bob Berger’s explanation of
principles of writing at the proposal preparation workshops. The recipients of the
edited proposal drafts have also commented very positively on the application of
these principles of writing and how their proposal reads better afterwards. Some of
these quotes are provided below:

The feedback | received from Bob was really helpful! The grant read much better
after his input—December 6, 2013.

We thank you and...Dr. Berger was very, very helpful—August 17, 2013.

Thanks for the quick turnaround and work on these documents...the changes are
logical and well organized —July 26, 2013.

Thanks for the feedback. External eyes are helpful, and the document looks quite
good...February 5, 2013.

Thank you for the review! It is very helpful! —November 19, 2012.

Thank you for your thorough and objective review—December 1, 2011.

I have benefitted immensely from this book in my own writing. I recommend Bob
Berger’s book A Scientific Approach to Writing for Engineers and Scientists, without
reservation, to any scientist or engineer—or anyone else who is interested in ensuring
that their written communication will be an actual representation of their thoughts,
and will be received by others as intended. As an engineer himself, Bob Berger knows
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firsthand that by avoiding common writing mistakes, engineers and scientists can
enroll reviewers in their cause and increase the chances of having their papers accepted
for funding or publication.

Mahendra K. Jain, Ph.D.
Senior Vice President, Kentucky Science and Technology Corporation
Executive Director, Kentucky Science and Engineering Foundation






Preface

For scientists and engineers, an ability to effectively communicate can be critical.
The more you want to expand your influence in science and engineering, the more
important it becomes to (1) convince those in authority to fund your research (through
writing proposals to upper management or government agencies), (2) disseminate the
results of your work (through writing reports or journal articles), or even (3) begin a new
enterprise (through writing a business plan). In addition, the everyday activities of
scientific and engineering work require written communication to professionals (both
inside and outside your organization), to clients, and to the public.

Over the past 10 years, I have reviewed and edited hundreds of proposals—all written
by scientists and engineers—before they were submitted to the U.S. federal govern-
ment’s Small Business Innovation Research (SBIR) program. During this same period
of time, and for the previous eight years when I served as the SBIR Program Manager
at the U.S. Department of Energy (DOE), I also edited nearly 1000 technical topics that
appeared in DOE SBIR solicitations and approximately 7000 technical abstracts of
winning proposals.

In all of this editing, I found that many authors had difficulty communicating their ideas.
This difficulty showed up primarily in the construction of sentences. The nature of
technical subject matter is complex, so much so that it is rare to find a simple statement
of a basic idea. Instead, a basic idea is typically amplified by conditions, reasons, and
explanations—things I call qualifiers. Many authors attempt to cram too many qualifiers
into a single sentence, which makes the sentence difficult to follow. Other common
writing issues also can increase the difficulty of reading a sentence: the positioning of
qualifiers, the ubiquity of lists, and the introduction of strings of adjectives and adverbs.
Beyond the sentence, many scientists and engineers face challenges in writing proper
paragraphs and constructing arguments with multiple levels, just like writers in any
discipline.

Like many editors (I suspect), I took text that appeared to be either confusing or difficult
to understand, and attempted to rewrite it in such a way as to make it clear, at least to
me. At some point, I began to inquire about what I was really doing. Was my editing of
technical material merely subjective, or did some set of (perhaps hidden) principles

XXi



xXii PREFACE

underlie my approach? If so, what is this set of principles, and how complex is it?
Ultimately, I was wondering:

1. Does a “scientific”’ approach to the writing of technical sentences, paragraphs,
and arguments exist?

By a scientific approach, I mean an approach that mirrors the sensibilities of scientists
and engineers: an approach based on an easily discernable set of principles, amenable to
categorization, and capable of generic representations. If the answer to this question is
yes, as I believe it is, then one more question arises:

2. Can such a “scientific” approach to technical writing be communicated to
scientists and engineers, so that it can be understood in the same way they
understand science itself?

This book represents my attempt to answer these two questions. Having completed
this book, I am satisfied that the first question can be answered in the affirmative. It
remains for others to determine whether the answer to the second question is
affirmative as well.

Although my interest in presenting a scientific approach to writing was motivated by the
written work of scientists and engineers, I believe that the approach would be useful for
anyone that wants to communicate clearly and cleanly: that is, anyone that wants readers to
be able to follow an argument or story with minimum probability of misunderstanding.

To my memory, such an approach was never taught in the English classes I took. Also,
the English grammar books I have seen do not cover the subject in quite the same way
that I have constructed here. Nonetheless, a good English grammar book would serve as
a useful reference when reading this book. Although some elementary concepts from
English grammar will be defined, such an additional reference would provide valuable
background information for these concepts.

A Note About “Reviewers”

In this book, the term reviewers will be used to refer to individuals that are called upon
to read and evaluate papers, reports, or other prose written by scientists and engineers.
Put yourself in the position of these reviewers: (1) most of them are busy with other
matters and often are asked to review multiple papers; (2) many reviewers of proposals
or journal articles have other jobs and often are not paid for the review; and (3) most
importantly, reviewers have not made an independent choice to read the material—they
have been asked to read it by someone else. This last point makes reviewers different
from other readers.

As a result of this difference, reviewers of technical writing are less inclined to be
subjected to the usual assumption made by many editors of books (both fiction and
nonfiction) and newspapers. Editors of such more accessible prose assume that their
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readers are capable of inferring the intended meaning of a part of a sentence from the
context of the rest of the sentence. (Often, this assumption is exhibited when editors
omit commas, expecting the reader to insert a pause, based on the context.) However,
this assumption includes an implicit presumption that the reader is motivated to make
the effort—that the reader has chosen to read the material because of some expected
value that will accrue to the reader.

Unfortunately, for much of the type of writing we are discussing—technical writing—
the situation is reversed: it is the author that stands to benefit if the reviewer has a favorable
impression of the material. Thus, it is in the author’s interest to reduce the reviewer’s
burden. If any reviewers have difficulty understanding the intended communication,
they may decide that the author does not fully understand the subject matter, and they
then may decline the request for funding, consideration, implementation, or publication;
then, the reviewers might just move on to review the next paper.

A similar situation arises, as well, in other types of writing, including business plans,
legal briefs, and business letters. The common denominator is that the author must per-
suade the reader to accept the author’s point of view. As with technical writing, the author
stands to benefit if the reader can be convinced. Because the reader’s motivation may be
relatively low, the reader cannot be expected to work hard to decipher the author’s intent.
The communication must be clear enough to be understood the first time.

This Book’s Approach

The focus of this book is intentionally narrow. As such, it is intended to fill a gap bet-
ween English grammar books, at one end of the spectrum, and textbooks used in courses
on technical communication, at the other end. The latter books tend to take a much
broader approach to technical writing, providing in-depth distinctions to guide the
writing process as a function of the purpose of the communication (memo, letter, report,
presentation, proposal, résumé, etc.) and the intended audience (subject matter experts,
individuals with general technical knowledge, lay people, etc.).

In contrast, this book focuses primarily on the mechanics of writing sentences and
secondarily on the construction of paragraphs and arguments. When specific types of
documents are used as examples, they are presented as arguments designed to enlist the
support of other scientists and engineers (or perhaps technically sophisticated investors),
who serve as reviewers of proposals, journal articles, or business plans. If this book were
to be considered for use as a textbook in a course in technical communication, it should
be regarded as a complement to more general texts.

Without going into a description of the different varieties of English usage, I note here that the
approach taken in this book is that of Formal English, the form of the language traditionally
used in technical writing. Unlike General English, which is typically used in magazines and
newspapers, Formal English encompasses a precision that is most suitable for expressing the
complex concepts contained in scientific and engineering documents. In addition, this book
focuses on U.S. English (as opposed to British English), but most of the guidelines and tech-
niques work with whatever English you deploy in your writing.
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Throughout the text, over 300 writing examples are used to illustrate the concepts
presented. These examples were derived from the thousands of technical abstracts and
technical topics that I edited as a consultant to the U.S. DOE or as an employee thereof. In
some cases, the examples were taken verbatim from the original material; in others, the
original material was edited to remove any extraneous verbiage that may detract from the
point illustrated by the example. All of the original material is public information (or
reproduced with the permission of the author), and much of it is available on the Internet.



Introduction to the Approach

The kinds of writing that engineers, scientists, and technical experts create can be very
different than most other kinds of prose. In its need to be highly technical, descriptive,
complete, and explicit, writing can quickly become convoluted. This book seeks to iden-
tify the most common writing mistakes made by scientists and engineers and to present
a “scientific” approach to avoiding these mistakes. The idea is for scientists and engi-
neers to approach writing in the same way they approach the problems they work on:
methodically, with an understanding of underlying principles and the reasons behind
these principles. In this introductory chapter, I attempt to describe this approach and
provide some suggestions for using this book.

1.1 An Objective Approach to Writing

When I think back to when I was younger, back to when I was in elementary school, it
appeared as if my fellow students were divided into two groups: (1) those that were
good at math and (2) those that were good at English. I was in the former group. I liked
the logic and precision that accompanied arithmetic and then mathematics. By follow-
ing a systematic approach to a problem, one could arrive at the correct answer. These
answers were right or wrong, without any in-between.

A Scientific Approach to Writing for Engineers and Scientists, First Edition. Robert E. Berger.
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2 INTRODUCTION TO THE APPROACH

On the other hand, English always struck me as a bit fuzzy, especially when we got to
English grammar in junior high school (now called middle school). While there were
plenty of definitions and rules, it seemed to me as if there was no way to systematically
apply the rules. I would write a paper, and the teacher would return it with “corrections”
to the sentences I had written, without any explanation as to why those corrections were
preferred. I now see that the teacher was behaving as the typical editor I described in the
Preface—rewriting my material in a way that made sense to her. Another teacher might
agree with the way the sentences were written in the first place or might write a different
version entirely. It appeared to my middle-school self that no systematic or common
approach to the writing of sentences existed.

Many of us in the good-at-math group went on to become scientists and engineers. In
these professions, we could focus on posing seemingly more tangible problems and pur-
suing a systematic approach to solving them. However, we did not have to spend much
time in science and engineering before discovering that an ability to communicate effec-
tively in writing was essential to a number of critical functions:

1. When applying for funding, the lifeblood of research and business, the scientist
or engineer must effectively communicate a number of important concepts—
including the problem to be addressed, the proposed advancement in the state of
the art, the qualifications of the investigator, and the benefits of achieving
success—in order to convince reviewers to endorse the application and recom-
mend it for funding.

2. When submitting a paper to a technical journal, the scientist or engineer must
convince peer reviewers that a significant scientific problem has been addressed,
that the technical approach represents an improvement over approaches
attempted in the past, and that the solution advances the state of the art in a
particular field.

3. When seeking resources to commercialize technology, the technical champion
must prepare a business plan to convince a potential investor that the new
technology has market potential, that the intellectual property is protected, that
customers will want to buy the product, that the management team has the
wherewithal to commercialize the technology, and that significant profits can be
made.

The three critical functions listed above will be used as examples in Part IV of this book.
However, these functions are not the only instances that require clear written communi-
cation. The everyday activities of scientific and engineering work require written com-
munication to professionals (both inside and outside your organization), to clients, and
to the public.

So we engineers and scientists often find ourselves in an awkward situation: we must
navigate the subjective waters that constitute “good writing,” in order to forward our
ability to advance in the more objective discipline of our choosing—science or engi-
neering. But is the process of writing, especially the process of writing sentences, as
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truly subjective as it seems? Is it possible that a set of fundamental principles existed all
along and had not been shown to us in a manner that made sense to our training? Is it
possible that the sensibilities of those of us in the good-at-math group were such that we
were not able to recognize those principles? If so, what would it take to communicate
those principles to scientists and engineers?

Perhaps what it would take is an approach presented by another scientist or engineer, an
approach in which (1) the fundamental principles are clearly stated, (2) the distinct cat-
egories to which these principles apply are clearly defined and represented using
technical terminology, and (3) the principles are illustrated by many examples of
technical writing. The presentation of such an approach is the purpose of this book.

1.2 Reasons and Principles for Good Writing

I don’t know about you, but I like to have a good reason for the things I do profession-
ally. Scientists and engineers are always expected to justify their work in very specific
(almost formulaic) ways:

* Are you planning an investigation? Consider some typical headings one might use
in describing the investigation: (1) Rationale, (2) Experimental Design and Methods,
(3) Analysis, (4) Potential Pitfalls/Alternative Approaches, (5) Expected Outcomes.
Typically, the rationale comes first because it explains the reason why the proposed
approach is likely to answer the question that drives the investigation.

* Are you conducting an experiment? What will be the independent and dependent
variables? For what reasons are the independent variables retained in the experiment
more important than the ones left out?

* Are you selecting a material for a particular application? For what reason did you
select one material over another?

It may not be as obvious to scientists and engineers, but good reasons also can be used
to guide the mechanics of writing. Is there a good reason for inserting a particular idea
at one position in a sentence instead of another? Is there a good reason for using commas
to separate this idea from the rest of the sentence? Is there a good reason for presenting
the items in a list as bullets, rather than leaving them in a paragraph? All of these ques-
tions can be answered in the affirmative. Moreover, I believe good reasons can be
Jfound to guide every writing decision. We do not need to write by instinct alone.

Essentially, clear written communication can be approached as a set of principles, each
of which is substantiated by sound underlying reasons. Some of these principles can be
stated as follows:

* Distinguish between the core idea of a sentence and any auxiliary ideas, which we
will call qualifiers.

» Use commas to separate nonrestrictive qualifiers (do not use commas for restrictive
qualifiers).
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* Do not put more than two qualifiers in a sentence (with a few exceptions).

* Ensure that lists satisfy the principle of equivalence—all items in a list should be
treated the same way.

* Clearly distinguish among the distinct items in a list.

* Ensure that each paragraph makes a single point and is sized for ease of under-
standing on the part of the reader.

* Write so that sentences in a paragraph flow from one to the next.

* Arrange paragraphs to enhance an argument.

In this book, my intention is to (1) unveil these principles and others, (2) explain the
reasoning behind them, and (3) demonstrate their validity through numerous examples
gleaned from technical writing. As with any practice, the more you apply these princi-
ples in your writing, the more likely they will become habitual, and the more likely your
communication will be understood by your readers.

1.3 The Upside-Down Approach

Technical Communication is an ongoing field of research with a long history [1-4], sup-
ported by a dedicated set of academic journals (including, for example, Technical
Communication, Technical Communication Quarterly, and the Journal of Business and
Technical Communication). Topics covered in these journals and others encompass a
wide variety of subjects, including the teaching of technical writing [5, 6], the teaching
of technical writing to non-native English speakers [7, 8], and the teaching of technical
advances to support technical communication [9, 10]. Many universities offer degree
programs or academic certificates in this field [11, 12].

Academicians in Technical Communication teach courses in writing to science and
engineering students, using a number of textbooks (e.g., [13—17]). The approach pre-
sented in these books teaches writers to focus on the big picture—namely, higher order
concerns of purpose and structure—before narrowing down to the fine-tuning of writing
sentences. Typically, these treatises (1) begin with an overview of the technical commu-
nication environment; (2) discuss the planning, researching, and organizing of docu-
ments, with attention to the intended audience, collaborations, and ethical issues; and
(3) end with a set of chapters devoted to the preparation of particular types of documents
(memos, reports, proposals, correspondence, instructions, etc.). Well into the discourse,
some of these textbooks include a chapter on writing style—in rare cases, a short pre-
sentation of writing mechanics is included—but this subject represents only a tiny
fraction of the full textbook.

Other books on writing are targeted toward practicing scientists and engineers [18-22].
Although shorter, the approach taken in most of these books is similar to that taken by
the textbooks discussed above. (However, one of them is focused primarily on the
writing of research reports [21], and another is essentially an English grammar book
with subject matter arranged alphabetically [19].)
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In contrast, scientists and engineers have been trained to use a narrow-to-broad
approach. They understand that in science and engineering, one first needs to master
fundamental tools before applying these tools to more complicated problems. Thus,
in mathematics, one first learns algebra and calculus before taking on partial
differential equations; in mechanics, the motion of simple bodies must be under-
stood before attempting to predict the motion of a fluid continuum; in physics, the
concepts of electrons, waves, and interference are prerequisites to the study of
quantum mechanics.

So in this book, I will follow the narrow-to-broad (inductive) approach that is more
familiar to scientists and engineers. In this approach to technical writing, the scien-
tist or engineer, whether a practitioner or student, would first develop an ability to
write clear sentences before combining sentences to form paragraphs and combing
paragraphs to make an argument (see box). Thus, the presentation in this book is the
reverse of that used in many technical-writing textbooks or guidebooks. As summa-
rized in the box, the material flows from the more narrow units of communication
(sentences) to the broad (a thesis), with some miscellaneous (but important) concepts
in between:

e In Part I (Chapters 2-8), we begin with the most fundamental unit of communica-
tion, the sentence, especially complex sentences in which a core idea must be qual-
ified by one or more auxiliary ideas. I show that such auxiliary ideas can be grouped
within a relatively small set of categories and that simple rules can be applied to
guide their use.

¢ Then, in Parts II and III, we cover a number of other items that tend to be misused
in technical writing: (1) lists—how to insert them within a sentence without dis-
tracting the reader (Chapters 9 through 11); (2) adjectives and adverbs, especially
when used in long strings (Chapter 12); and (3) other little irritants—articles, refer-
ence words, unnecessary words, and redundant words—that may erect barriers
between the author’s intent and the reader’s understanding (Chapter 13).

* Beyond the sentence, we will move on to paragraphs, where we describe how to
string sentences together to make a single point and provide a flow that enables a
smooth transition from one sentence to another (Part IV, Chapter 14).

* Finally, we will get to the big picture. I will show you how to organize a more
in-depth, multi-paragraph argument, taking advantage of word-processing tools, so
that the reader can easily follow the argument (Part IV, Chapters 15 and 16).

It is not intended that this upside-down approach should replace traditional technical-
writing pedagogy. It is understood that the field of Technical Communication is much
broader than writing mechanics alone. Moreover, when we get to the big picture near the
end of this book, the types of documents I use to illustrate an argument—proposals,
research reports (including journal articles), and business plans—are but a subset of the
total spectrum of technical communication. Given this narrow focus, if this book were
used as a textbook, it may be appropriate to consider it as a complement to other
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Hierarchy of the Units of a Written Composition

* Sentence: a complete thought.

Paragraph: a coherent series of sentences that are combined to make a single

point.

* Premise: a coherent series of paragraphs intended to support a particular proposi-
tion (e.g., whether a particular problem is worth solving, whether a particular
technical approach will lead to solving a problem, and whether a market exists for
a product).

* Thesis: a proffered position or theme (e.g., whether funding should be provided

to carry out a research project or whether investment should be provided to com-

mercialize a particular technology) that is maintained by arguing for a series of
premises.

In paragraphs, premises, and theses, arguments are used to convince the reader of
the essential soundness of that unit’s topic. In a paragraph, one argues through a
number of sentences; in a premise, one argues through a number of paragraphs; in a
thesis, one argues through a number of premises.

approaches, one that offers a systematic approach to writing mechanics and is targeted
to the sensibilities of scientists and engineers.

1.4 How This Book Can Be Used

In addition to its potential use as a textbook, this book can be used by individual scien-
tists and engineers to improve their written communication. In this usage, the book can
be regarded as either (1) a systematic approach for minimizing the probability that your
writing will be misunderstood or (2) a reference for implementing particular writing
strategies as you prepare a document. The two uses are not mutually exclusive: employ-
ing the first should increase the efficiency of employing the second.

The first way of using the book would entail reading it from start to finish. However, it
is acknowledged that the time constraints facing many scientists and engineers may pre-
vent them from taking on a new subject until a need arises. When that happens, an initial
attempt to understand the principles of the book (see the partial list of principles in
Section 1.2) should be undertaken, in order to establish a foundation on which specific
writing needs can be fulfilled. Below, a few examples are presented to illustrate the
point that an initial attempt to understand the principles of writing would speed the use
of this book as a reference for specific writing needs:

* Asyou build a sentence, it is important to distinguish between the main idea and the
qualifiers (auxiliary ideas that help explain the main idea). Get to know the six
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types of qualifiers (Chapter 2). It is likely that you use them all the time. Then, once
you know what type of qualifier you are using in a specific writing situation,
Chapters 3 through 5 can be used as a reference to properly position and punctuate
the qualifier, thereby rendering the sentence more intelligible to the reader.

* As another example, the use of lists is ubiquitous in technical writing. You should
understand the principle of equivalence for the items in any list. You should be able
to distinguish between balanced and unbalanced two-item lists. Chapters 9 through
11 can serve as a reference for punctuating and clarifying a list.

* As a final example, it is important to understand that a paragraph should have a
singular purpose, have a flow between its sentences, and be sized for the reader’s
convenience. If these principles were understood, your ability to analyze the suit-
ability of any paragraph under construction would be enhanced. Then, Chapter 14
can be used as a reference for fine-tuning that paragraph.

In using this book as a reference, take advantage of the more than 300 writing examples
used to illustrate all of the principles and the reasoning behind these principles. These
examples are drawn from actual documents prepared by scientists and engineers. It is
likely that you will find an example that is analogous to any specific writing situation
that you are seeking to address.

Please note that the example sentences have a citation next to them in [square brackets].
It is important to provide attribution to original sources, and I do so throughout this
book. Also note that to easily distinguish the examples, they are written in a different
font. Finally, note that the numbering of the examples begins anew within each
subsection.






Part |

SENTENCES

Sentences are the fundamental units of communication. Scientists and engineers must
achieve a level of proficiency in writing sentences that can be clearly understood. Only
then would it make sense to combine these sentences into paragraphs to make a point
and to combine paragraphs to make a convincing argument. For the most part, achieving
proficiency in writing sentences means cultivating an ability to add a number of auxiliary
ideas to the main idea of a sentence, without making the sentence too complicated to
be understood by the reader. Unfortunately, I have found that the positioning and
punctuation of these auxiliary ideas, along with a tendency to cram too many of them
within a single sentence, represent the most serious writing errors that plague technical
writing.

In Part I, I show that these auxiliary ideas can be grouped into a limited number of
categories. Then for each category, I show how to position them within the sentence
and how to punctuate them to maximize the likelihood that the sentence will be
understood.

A Scientific Approach to Writing for Engineers and Scientists, First Edition. Robert E. Berger.
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Qualifiers Used in Sentences

In this chapter, I present some basic definitions with respect to the writing of sentences
and set the stage for the initial inquiry: how to add auxiliary ideas to the core idea of a
sentence.

2.1 A Simple Sentence

Although this book does not maintain any pretense of providing a complete discussion
of English grammar, a few definitions should be valuable. Let’s begin with a simple
sentence.

The system slows the operation.
This is a sentence because (1) it has a subject and a predicate and (2) it expresses a

complete thought. The subject and predicate for the simple sentence are identified
below:

The system slows the operation.
[subject] [predicate]

A Scientific Approach to Writing for Engineers and Scientists, First Edition. Robert E. Berger.
© 2014 The Institute of Electrical and Electronics Engineers, Inc. Published 2014 by John Wiley & Sons, Inc.
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In general, a subject includes a noun—a person, place, or thing—and a predicate describes
what the subject is or does. A predicate includes a verb, a word that indicates an action or
a state of being. Nouns and verbs represent two categories that English grammar books
call parts of speech. In the simple sentence, the parts of speech are as follows:

e For the subject: The system
[article] [noun]
¢ For the predicate: slows the operation.
[verb] [article] [noun]

Articles will be discussed in Chapter 13. For now, simply note that the word the is a
definite article, which serves to specify a noun. In the subject, the article and the noun
together constitute a noun phrase (see box).

Definition: Noun Phrase

A noun phrase consists of a noun—a person, place, or thing—along with all articles
and adjectives that precede it. Thus, the following expressions are noun phrases:

* The system (an article and a noun).

* The control system (an article, an adjective, and a noun); adjectives are dis-
cussed below.

* The temperature control system (an article, two adjectives, and a noun).

* The high-temperature control system (an article, an adverb, two adjectives, and a
noun); adverbs are discussed in Chapter 12, along with reasons for using the hyphen.

Also, expressions such as “state of the art” are sometimes regarded as noun phrases
because the words in such expressions are often used together; however, technically,
the expression “state of the art” is a noun plus a prepositional phrase (see box on
prepositonal phrases).

Another noun phrase (the operation) appears in the predicate. The noun phrase in the
predicate (i.e., the article and noun together) is the direct object of the verb. A direct
object tells what or who is acted upon by the verb:

The system slows the operation.
[subject] [verb] [direct object]

While having a subject and a predicate is a necessary condition for a sentence, it is not
a sufficient condition. Sentences also must express a complete thought. The sample sen-
tence satisfies this second criterion. We know what the subject (the system) does (it
slows) to the object (the operation). This sentence may not be particularly satisfying—at
this point, we do not know what type of system we are talking about, nor do we know
what operation is being slowed—but it does represent a complete thought.
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We can make the simple sentence more satisfying by adding some descriptive wording:

The control system slows the operation of the power electronic devices.
[adjective] [prepositional phrase]

In particular, we added an adjective and a prepositional phrase, which itself contains
some adjectives:

* Adjectives (described in more detail in Chapter 12) are words that modify, limit, or
explain a noun. When used with a noun, the adjective becomes part of the noun
phrase. Thus, in the above sentence, both the control system and the power electronic
devices are noun phrases.

* Prepositional phrases are defined in the box below.

Definition: Prepositional Phrase

A prepositional phrase consists of a preposition—usually a “small” word such as
of, to, on, in, for, from, with, as, above, about, before, beyond, despite, etc.—and its
object, the noun or pronoun that follows the preposition. (A pronoun is a shorthand
form of a noun; for example, the words ke, she, and it are pronouns.) The preposi-
tion links its object to another word in the sentence that is modified by the preposi-
tional phrase. (By modified, I mean “further defined.”) The word modified by the
prepositional phrase may be a noun, a verb, or an adjective, as demonstrated by the
following examples:

* This project will develop a material with an advanced microstructure. [23]

(The prepositional phrase, with an advanced microstructure, modifies
the noun material.)

¢ The innovation will lead to improved performance. [24]
(The prepositional phrase, to improved perfomance, modifies the verb
will lead.)

* The instrument is capable of achieving high resolution. [25]

(The prepositional phrase, of achieving high resolution, modifies the
adjective capable.)

2.2 Cores and Qualifiers

Let’s build upon our simple sentence as expanded by the adjective and the prepositional
phrase. Here is how it looked before:

The control system slows the operation of the power electronic devices.
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Although this version may be more satisfying than the original simple version, essen-
tially it tells us merely what happened. However, in science and engineering, things
usually do not merely happen. Instead, things happen because of some reason. Or, things
happen at some times but not at other times. Or, things happen under certain environ-
mental conditions but not under other conditions.

To make concepts fully understood, they need to be qualified; that is, additional
information can be provided to set the original concept within a broader context. For
example, we can add an introductory clause (see definition in box) to the simple sen-
tence to explain the circumstances under which the control system slows the operation
of the power electronic devices:

As the temperature increases, the control system slows the operation of the
power electronic devices.

Now, our sentence’s qualifier helps the reader contextualize the sentence further. The
introductory clause provides context for the rest of the sentence.

Definition: Clauses and Phrases

Clauses contain a subject and a predicate. Unlike a sentence, which also contains a
subject and a predicate, a clause is not a complete thought. In the preceding exam-
ple, the introductory clause contains a subject (the temperature) and a predicate (the
verb increases); however, taken as a whole, the clause (As the temperature increases)
is not a complete thought.

Phrases, such as prepositional phrases, also are not complete thoughts. However,
unlike clauses, phrases do not contain a subject and a predicate.

As we did with the original simple sentence, we can add an adjective and a prepositional
phrase to the introductory clause:

As the surface temperature of the coolant increases, the control system slows the
operation of the power electronic devices.

We call the introductory clause a qualifier because it serves to modify, limit, or explain
the original sentence. (From the dictionary definition, a qualifier is a word or word
group that limits or modifies the meaning of another word or word group.) Henceforth,
we will call the original sentence the core, because it is the main idea (also called the
main clause in English books) of the total sentence:

As the surface temperature of the coolant increases,
[qualifier]

the control system slows the operation of the power electronic devices.
[core]
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We can add yet another qualifier to the end of this sentence:

As the surface temperature of the coolant increases, the control system slows
the operation of the power electronic devices, in order that the safe operating
temperature of the silicon semiconductor material is not exceeded. [26]

The second qualifier lets us know why the control system slows the operation of the
power electronic devices. Like the core and the first qualifier, the second qualifier also
contains adjectives and a prepositional phrase. We will continue to use the above sen-
tence with the two qualifiers as a sample sentence as we introduce additional
concepts.

Using our Qualifier/Core terminology, the sample sentence can be presented schemati-
cally as follows:

As the surface temperature of the coolant increases,
[Qualifier 1]

the control system slows the operation of the power electronic devices,
[Core]

in order that the safe operating temperature of the silicon semiconductor material
is not exceeded.

[Qualifier 2]

Because scientists and engineers are comfortable with representing a class of items by a
symbol (think of algebra, where variables represent numbers), a similar convention is
used here as a generalized representation of the sample sentence:

[Qualifier 1], [Core], [Qualifer 2].
[clause or phrase] [clause] [clause or phrase]

As the representation suggests, qualifiers can be clauses or phrases. Remember, though,
that the core must be a clause; as the main idea of a sentence, the core must stand on its
own as a complete sentence.

The preceding sentence form occurs often in technical writing. In this sentence form, a
core idea is preceded by an introductory clause or phrase and then followed by another
clause or phrase; both qualifiers provide additional information that helps modify,
explain, or “qualify” the core. In the sample sentence, Qualifier 1 qualifies the core by
telling us when the Core happens. Qualifier 2 tells us why the Core happens. Accordingly,
the sample sentence can be symbolized as follows:

[Qualifier 1], [Core], [Qualifer 2].
[when] [core] [why]
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2.3 Minor Qualifiers
Let’s take another look at our sample sentence as it now stands;

As the surface temperature of the coolant increases, the control system slows the
operation of the power electronic devices, in order that the safe operating temper-
ature of the silicon semiconductor material is not exceeded.

In the sample sentence, the two qualifiers (underlined above) should, technically, be
called major qualifiers (although we will continue to call them just qualifiers). In con-
trast, minor qualifiers—usually adjectives and most prepositional phrases—are compo-
nents of major qualifiers or of the core. Adjectives and prepositional phrases are
qualifiers in the sense that they serve to modify, narrow, limit, and restrict:

* The adjective semiconductor in the expression semiconductor material narrows the
set of materials to the set of semiconductor materials.

* The prepositional phrase of the coolant in the expression the surface temperature of
the coolant narrows the set of all possible surface temperatures to surface tempera-
tures of coolants.

Adjectives

The sample sentence contains a number of adjectives, underlined below, which are used
to modify (or qualify) nouns:

As the surface temperature of the coolant increases, the control system slows the
operation of the power electronic devices, in order that the safe operating temper-
ature of the silicon semiconductor material is not exceeded.

As seen, adjectives can act alone or in combination with other adjectives. In Chapter 12,
we will spend more time on adjectives (and adverbs, which modify adjectives); there,
I will explain when commas are needed to separate adjectives. For now, just observe
that most readers can handle two consecutive adjectives without a comma between
them.

Prepositional Phrases
The sample sentence contains three prepositional phrases (underlined below):

As the surface temperature of the coolant increases, the control system slows the
operation of the power electronic devices, in order that the safe operating temper-
ature of the silicon semiconductor materlal is not exceeded.

As defined in the box at the end of Section 2.1, a prepositional phrase consists of a
preposition (of, in, on, to, etc.) and the preposition’s object (a noun or noun phrase).
As shown in that box, prepositional phrases can modify nouns, verbs, and adjectives.
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Usually, commas are not needed to separate a prepositional phrase from its antecedent
(see definition in the accompanying box). As a rule, a prepositional phrase should appear
immediately behind its antecedent. Thus, in the sample sentence, (1) the prepositional
phrase of the coolant appears immediately behind its antecedent, the surface tempera-
ture; (2) the prepositional phrase, of the power electronic devices, appears immediately
behind its antecedent, the operation; and (3) the prepositional phrase, of the silicon
semiconductor material, appears immediately behind its antecedent, the safe operating
temperature.

Definition: Antecedent

In this book, the word antecedent will be used broadly, in its literal sense: one that

goes before. We will use two related meanings:

* First, antecedent will be used to refer to the word or words modified by a qualifier.
Usually, the antecedent precedes the qualifier.

Example: The approach avoids the need for secondary optical stages. [27]
[antecedent] [qualifier]

The need is the antecedent of the qualifier for secondary optical stages. In this
case, the qualifer is a prepostional phrase, which is a minor qualifier.

 Second, antecedent will be used to refer to the noun that is replaced by a pronoun.
This is the definition used in most English books.

Example: Heat pipes accept excess thermal energy and transport it to a  [28]
heat sink. [antecedent] [pronoun]

The noun phrase excess thermal energy is the antecedent of the pronoun iz.

Also, commas usually are not needed to separate prepositional phrases from one another,
even when multiple prepositional phrases are strung together. Let’s look at a new
sentence example to demonstrate this general principle:

The interferometer is capable of making absolute density measurements with
high spectral resolution in Tokamak plasmas. [29]

Multiple prepositional phrases will be easiest to comprehend when each succeeding
phrase modifies either

1. the final word(s) in the preceeding prepositional phrase or

2. the final word(s) in a more distant antecedent along with all prepositional
phrases in between.
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Let’s revisit the preceding string of prepositional phrases and build it one prepositional
phrase at a time. Thus, this first example has one prepositional phrase:

The interferometer is capable of making absolute density measurements.

Here, the prepositional phrase (underlined above) modifies the word capable. Now, add
the second prepositional phrase:

The interferometer is capable of making absolute density measurements with high
spectral resolution.

The second prepositional phrase, with high spectral resolution, modifies the last words
of the first prepositional phrase, absolute density measurements. This construction is an
example of Item (1) above. Finally, an additional third prepositional phrase completes
the technical thought:

The interferometer is capable of making absolute density measurements with high
spectral resolution in Tokamak plasmas.

The third prepositional phrase is an example of Item (2) above. The third preposi-
tional phrase, in Tokamak plasmas, modifies a more distant antecedent along with all
prepositional phrases in between. That is, the third prepositional phrase modifies the
expression, measurements with high spectral resolution.

In summary, regard both adjectives and prepositional phrases as minor qualifiers that
appear within the core or within major qualifiers. It is to these major qualifiers (hereafter
just called gualifiers) that we next turn our attention.

2.4 Three Factors to Consider When Adding a Qualifier
to a Sentence

In technical writing, qualifiers are used to explain, elaborate, and modify. Most core ideas
need to be qualified to be fully understood. In fact, nearly every sentence in a technical
manuscript has at least one qualifier. Usually, the scientist or engineer conducting an
investigation understands the subtleties associated with these qualifiers. However, diffi-
culties may arise when the investigator attempts to explain these subtleties to someone
else. The integration of qualifiers into sentences is the most common writing challenge
encountered by scientists and engineers, and perhaps by other authors as well.

Unless qualifiers are used and punctuated correctly, reviewers of your written work
may misinterpret the communication. Such misinterpretation can cause reviewers to
disagree with the point you are trying to make or, even worse, to suspect that you do not
fully understand the concepts you are presenting. To reviewers of technical proposals or
publications, either of these conclusions could be fatal to your project. To avoid these
problems, you first must recognize that, indeed, you are using a qualifier, and then
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position and punctuate the qualifier in such a way as to prevent misunderstanding.
When adding qualifiers to a sentence, three factors must be considered: (1) the need
for punctuation, (2) the position of the qualifier within the sentence, and (3) the type
of qualifier. Each of these factors in turn will be considered.

The Need for Punctuation
Let’s look at the first sample sentence again, with the qualifiers underlined:

As the surface temperature of the coolant increases, the control system slows the
operation of the power electronic devices, in order that the safe operating temper-
ature of the silicon semiconductor material is not exceeded.

In this sentence, commas are used to separate both qualifiers from the core of the sen-
tence, and the general representation, used in Section 2.2 and repeated below, reflects
the use of two commas:

[Qualifier 1], [Core] , [Qualifer 2] .

Commas almost always are used to separate an introductory qualifier from the core.
However, for qualifiers that follow the core, the comma is appropriate in some situations
but not in others. To illustrate the variable use of the comma, the preceding sentence
form is written more generally as follows:

[Qualifier 1], [Core] ., [Qualifier 2].

1
The symbol [?] indicates that sometimes Qualifier 2 should be separated from the
core by a comma, and sometimes no comma is needed. This representation is more
general because the second comma has been replaced by a symbol: a question mark
within brackets. The correct use of the comma in this situation is important to ensuring
that readers do not misunderstand the communication. Luckily, a simple rule can be
applied to determine whether or not a comma is necessary, and this rule is applicable
to all types of qualifiers. We will get to this rule in Chapters 3 through 5.

The Position of the Qualifier in a Sentence: Sentence Forms 1, 2,
and 3

At this point, the discussion of qualifiers will be simplified by considering only those
sentences that contain one qualifier. A single qualifier can be positioned within a sentence
in only three ways: (1) before the core, (2) after the core, and (3) inside the core. Each of
these possibilities can be represented generally by one of the following sentence forms:

Sentence Form 1: [Qualifier], [Core].
[Qualifier].
[Qualifier]

Sentence Form 2: [Core] .
Sentence Form 3: [Core] [Core (continued)].

1?1 1?1
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Once again, the question mark within the brackets means that a comma may or may not
be needed at that place in the sentence. For introductory qualifiers (as shown above for
the first sentence form), commas always are used.

The Type of Qualifier

As mentioned previously, it is likely that you use qualifiers all the time. Unfortunately,
miscommunications can result when authors attempt to place too many qualifiers into a
single sentence. In order to avoid this problem, it is important for authors to know when
they are using qualifiers. Fortunately, the types of major qualifiers used in technical
writing are finite and relatively small. In fact, there are just six types (see box).

Major Qualifiers

. That and Which Clauses
. Adverb Clauses

. Explanatory Phrases

. Participle Phrases

. Major Prepositional Phrases

AN L A W N =

. Infinitive Phrases

In this list, the first two types of major qualifiers are known as subordinate clauses, so
named because they play a supporting role to the main clause, that is, the core of the
sentence. Subordinate clauses are used to explain, or qualify, something in the core, or
perhaps they qualify the entire core. These types of qualifiers will be discussed in
Chapter 3.

The remaining four types of qualifiers are all phrases: explanatory phrases, participle
phrases, major prepositional phrases, and infinitive phrases. The first three of these
phrase qualifiers will be discussed in Chapter 4. Finally, infinitive phrases, along with a
general rule for punctuating all of the qualifiers will be discussed in Chapter 5.

While defining and discussing the different types of qualifiers, multiple examples of
each will be provided. Within these examples, the different types of qualifiers that fit
within the three sentence forms—before the core (as introductory qualifiers), following
the core, and within the core—will be demonstrated. It will be seen that some types of
qualifiers are appropriate for all sentence forms, while other types of qualifiers are
appropriate for only two of the three sentence forms.

For each type of qualifier, I will demonstrate how the qualifier should be punctuated,
especially with respect to the use of commas. It will be seen that one simple rule, which
applies to all types of qualifiers, can be used to determine whether or not commas are
required.



Subordinate Clauses Used
as Qualifiers

The subordinate clauses typically used as qualifiers in technical writing are of two types:
that and which clauses and adverb clauses. This chapter begins by looking at that and
which clauses because (1) they are ubiquitous in technical writing; (2) the rule for punc-
tuating that and which clauses can serve as a model for the punctuation of all other qual-
ifiers; and (3) most of the other qualifiers, both clauses and phrases, can be recast as that
or which clauses.

3.1 That and which Clauses

When used as qualifiers, that and which clauses are clauses that begin with the words
that and which, for example:

1. This project will develop a fiber-reinforced plastic composite that is suitable

for use in satellite components. [30]
2. Metal rods will serve as hot-filament substrates, which will be etched to
form self-supported diamond tubes. [31]

A Scientific Approach to Writing for Engineers and Scientists, First Edition. Robert E. Berger.
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A few things to notice about that and which clauses:

* First, they are, indeed, clauses (see box in Section 2.2). The subjects of these clauses
are the words that and which, known in English books as relative pronouns.
(Another relative pronoun is who.)

* Second, these clauses are members of the set of adjective clauses (described further
in the following section, Section 3.2) in that they modify a noun or pronoun. But
note, similar-looking clauses that begin with the word that may serve other functions
within a sentence (see box).

* Third, as with other adjective clauses, that and which clauses are linked to an
element in the core (or to the core itself) via some connecting word—in this case,
the relative pronoun.

Distinction: Noun Clauses Beginning With That

Sometimes, clauses beginning with that can function as a noun rather than as a
qualifier. Here are three examples:

e The general consensus is that short-pulse-width lasers have the
physical characteristics necessary to achieve program goals. [32]

(The underlined noun clause is a complement, which is related to the
subject of the sentence and is separated from the subject by the linking
verb is.)

e Recent research has demonstrated that the induced polarization
method may be able to provide detailed petrophysical data. [33]

(The underlined noun clause is the object of the verb has demonstrated.)

¢ Biodiesel is relatively hygroscopic, meaning that it can adsorb water
during transportation and storage. [34]

(The underlined noun clause is the object of the participle meaning.)

In noun clauses, the word that (1) does not function as a relative pronoun as it does
in a qualifier, (2) serves merely to introduce the noun clause, and (3) could be omit-
ted without changing the meaning of the sentence.

Positions of that and which Clauses With Respect to the Core
of a Sentence

In a sentence, that and which clauses might be positioned in different places. Let’s recall
the three sentence forms listed in Section 2.4:

Sentence Form 1: [Qualifier], [Core].
[Qualifier].
[Qualifier]

Sentence Form 2: [Core] ,,

Sentence Form 3: [Core] m m [Core (continued)].
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Because that and which clauses modify a noun, they always follow that noun in the
sentence. Therefore, a that or which clause would not be used as an introductory qualifier
in Sentence Form 1.

The two examples used at the beginning of Section 3.1 were both representative of
Sentence Form 2, where the qualifier follows the core. These examples are repeated
below:

1. This project will develop a fiber-reinforced plastic composite that is suitable
for use in satellite components.

2. Metal rods will serve as hot-filament substrates, which will be etched to
form self-supported diamond tubes.

Rewriting Sentence Form 2 specifically for that and which clauses, we have:
[Core] 2 [That or Which Clause].

That and which clauses also can be contained entirely within the core, as represented by
Sentence Form 3 above, which also can be rewritten specifically for that and which
clauses:

[Core]

[That oxr Which Clause] .. [Core (continued)].

7] [?1

Two examples of Sentence Form 3, using a that clause and a which clause, repectively,
are shown in Examples 3 and 4 below:

3. A pod-mounted cloud radar that can operate on a variety of aircraft should
be a valuable instrument for mapping cloud liquid and ice content. [35]
4. Phase | will study the feasibility of using plastic heat exchangers, which are

now being commercialized in HVAC applicatons, as contactors in a CO, [36]
stripper.

Punctuation of that and which Clauses

Notice the pattern that appears with respect to the use of commas. In the examples,
commas were used to separate which clauses (Examples 2 and 4) but were not used to
separate that clauses (Examples 1 and 3). Why? The answer to this question will lead to
the primary rule for determining whether or not any qualifier should be separated with
commas.

In English, that clauses narrow, restrict, or limit the word being modified, much in the
manner of adjectives. Because they narrow the meaning, that clauses are known as
restrictive modifiers. Such modifiers are essential to the sentence—without the modifier,
the sentence would take on a different meaning. Let’s revist Example 1:

This project will develop a fiber-reinforced plastic composite that is suitable for
use in satellite components.
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This sentence is not concerned with just any fiber-reinforced plastic composite, but
rather a fiber-reinforced plastic composite that is suitable for use in satellite compo-
nents. A similar restriction is indicated in Example 3, which is repeated below:

A pod-mounted cloud radar that can operate on a variety of aircraft should be a
valuable instument for mapping cloud liquid and ice content.

Again, the sentence is not concerned with just any pod-mounted cloud radar but rather
a pod-mounted cloud radar that can operate on a variety of aircraft. Because restrictive
modifiers are essential to the meaning of the sentence, they should not be separated
by commas.

In contrast, using which clauses creates nonrestrictive modifiers. Essentially, which
clauses are “by the way” types of remarks. While they provide some interesting or
explanatory information, their absence would not substantially alter the meaning of the
sentence. Thus, in Example 2, we might equally well have modified the sentence to
include the words by the way:

Metal rods will serve as hot-filament CVD substrates, and, by the way, these rods
will be etched-off to form self-supported diamond tubes.

Similarly, in Example 4, a similar modification would not have changed the meaning:

Phase | will study the feasibility of using plastic heat exchangers as contactors in
a CO, stripper, and, by the way, these heat exchangers are now being commer-
cialized in HVAC applications.

Of course, the casual phrasing of “by the way” is not appropriate for most technical doc-
uments, but my use of the phrase here helps to make the point. Because nonrestrictive
modifiers are not essential to the sentence, they are framed by commas to indicate their
relative unimportance.

Who decides whether a clause is restrictive or nonrestrictive? The author decides. The
author makes this determination to let the reader know what is essential and what is non-
essential when reading the sentence. Only the author, as the subject matter expert, can
control how the information and content is communicated.

Rule for Punctuating That Clauses and Which Clauses

In choosing between the words that and which, use that as the relative pronoun for
restrictive clauses (those that are essential to the sentence), and do not use commas
to separate the clause from the rest of the sentence. Use which as the relative pro-
noun for nonrestrictive clauses (those that are not essential to the sentence), and use
commas to separate the clause.
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Positions of that and which Clauses With Respect to Their
Antecedents

Usually, that and which clauses used as qualifiers should be placed immediately behind
their antecedents, that is, the noun being modified. However, for that clauses only, espe-
cially for long that clauses, a short verb or prepositional phrase can be inserted between
the clause and its antecedent. Consider the following examples:

1. The novel technique will suppress limitations to mass loading that arise
from particles flowing in the boundary layers. [87]

(The that clause is separated from its antecedent by the prepositional phrase
to mass loading.)

2. A new detector format will be provided that is capable of detecting
extremely small changes in the position of the micro-cantilever. [38]

(The that clause is separated from its antecedent by the verb will be
provided.)

In both of the preceding examples, two expressions—(1) the prepositional phrase or
verb and (2) the that clause—compete for the attention of the same noun or noun phrase.
In Example 1, the noun limitations is the antecedent of both the that clause and the prep-
ositional phrase. In Example 2, the noun phrase, A new detector format, is both the sub-
ject of the verb and the antecedent of the that clause. Usually, the reader’s burden will
be lessened when the shorter expression goes first. To demonstrate the potential confu-
sion when the longer expression goes first, let’s rewrite Example 1 with the that clause
immediately following its antecedent:

The novel technique will suppress limitations that arise from particles flowing in
the boundary layers to mass loading.

In this version, it is difficult to ascertain that the prepositional phrase to mass loading
modifies the word limitations.

Similar difficulties arise in Example 2 when the that clause is positioned immediately

after its antecedent:

A new detector format that is capable of detecting extremely small changes in the
position of the micro-cantilever will be provided.

In this construction, it would be more difficult for the reader to connect the sentence’s
subject with its verb. Instead, the sentence makes more sense as originally
formulated:

A new detector format will be provided that is capable of detecting extremely
small changes in the position of the micro-cantilever.
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As mentioned at the beginning of this subsection, the short verb or prepositional phrase
should not be inserted before a which clause. Because which clauses are nonrestrictive
(not essential to the meaning of the sentence), they are separated from the rest of the
sentence by commas. Because of this separation, the reader can easily connect the verb
or prepositional phrase to its antecent, thereby avoiding the possibility of
misinterpretation.

3.2 Adverb Clauses (and Adjective Clauses)

Whereas that and which clauses were qualifiers that modify nouns, adverb clauses are
qualifiers that may modify a verb, an adjective, another adverb, or perhaps the entire
core of the sentence. Earlier, our sample sentence contained two adverb clauses, which
are underlined below:

As the surface temperature of the coolant increases, the control system slows the
operation of the power electronic devices, in order that the safe operating temper-
ature of the silicon semiconductor material is not exceeded.

Both of these adverb clauses modify the entire core—the part of the sentence that is not
underlined. As described in Section 2.2, the first adverb clause reveals when the core of
the sentence happens; the second adverb clause tells readers why the core happens.

Subordinate conjunctions

Adverb clauses are composed of a subordinate conjunction and a subordinate clause. In
the sample sentence above, the subordinate conjunctions are as for the first adverb
clause and in order that for the second. Other subordinate conjunctions that can be used
with adverb clauses include the following:

* because or as (to indicate that a reason is about to be provided);
* although or whereas (to indicate an upcoming contrasting statement);
* unless or if (to indicate an upcoming condition);

* 5o that or in order that (to indicate an upcoming effect that results from the word(s)
being modified); and

* before, after, since, until, or while (to indicate time).

Subordinate conjunctions should be selected judiciously, so that they serve as an appro-
priate link between the subordinate clause and the clause’s antecedent. For example, the
subordinate conjunction since should be used to indicate something that happened at a
previous time:

Since the transistor was invented, silicon has been the workhorse of the
electronics industry. [39]
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However, many technical writers mistakenly use the word since as a substitue for the
word because:

Original version: Since 70 percent of the world’s population lives within 200
miles of the shore, wave generation of electricity satisfies an important require-
ment of a public utility. [40]

Revised version: Because 70 percent of the world’s population lives within
200 miles of the shore, wave generation of electricity satisfies an important
requirement of a public utility.

A similar mistake is made with the subordinate conjunction while. When used properly,
while should indicate something that is happening at the same time as something else:

The high flux will preclude users from entering the experimental area while the
beam is on. [41]

Instead, the word while is mistakenly used to indicate a contrasting or different condition:

Original version: Metal collection surfaces are extremely heavy and easily
corroded, while polymer fabric collection surfaces are not suffciently conduc-
tive to enable dry collection. [42]

Revised version: Metal collection surfaces are extremely heavy and easily
corroded, whereas polymer fabric collection surfaces are not suffciently con-
ductive to enable dry collection.

In contrast to adverb clauses, adjective clauses (in addition to the that and which clauses
described in Section 3.1) modify nouns. They are discussed in this chapter because of
their structural similarity to adverb clauses. Adjective clauses begin with such subordi-
nate conjunctions as

* when (to indicate time) or

* where (to indicate place).

Position and Punctuation of Adverb (and Adjective) Clauses

Adverb clauses and adjective clauses may show up before the core (as introductory
clauses) or following the core. Usually, they are not found within the core. In this sec-
tion, you will see a number of examples of adverb (and adjective) clauses, with an
emphasis toward determining when commas are needed.

Introductory adverb clauses have the following sentence form:

[Adverb Clause], [Core]

1. Because it costs approximately $10,000 per pound to put an object into
space, weight is critical. [43]
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2. Although these fluids accomplish the fire-minimization task, they are unstable. [44]

Only two examples of introductory adverb clauses are provided because, as with all
introductory qualifiers, the rule is straightforward: use a comma to separate introduc-
tory adverb clauses from the rest of the sentence.

Now, let’s look at adverb clauses that follow the core. They can be represented as follows:

[Core] ., [Adverb Clause]

21
The first two examples of an adverb clause following the core use the subordinate
conjunction because:

3. Reductions in the mass of moving components are doubly valuable because
they lead to corresponding reductions in friction within the engine. [45]
4. Aluminide coatings deposited with pack-cementation processes can pro-

vide superior oxidation and corrosion protection for these boiler materials,
because a protective alumina layer is formed at the surface. [46]

The first thing to notice is that no comma is used to separate the adverb clause in
Example 3, whereas a comma is used in Example 4. These two examples alone may be
enough to suggest that writers can apply the same rule as for that and which clauses: use
a comma to separate nonrestrictives clauses; do not use a comma for restrictive clauses.
Remember, the primary question to ask is this:

¢ How essential is the adverb clause to the main clause (the core of the sentence)?

This question can be restated in several other ways:

¢ To what extent is the clause restrictive versus nonrestrictive?
* To what extent is the clause a “by the way” type of remark?

* How closely is the clause related to the main clause?

(In English grammar books, the last question often is accompanied by another: Should
the clause be preceded by a distinct pause in reading? While one might keep this question
in mind, it is noted that this question is even more subjective than the others.)

Note that none of the above questions can be answered by yes or no. Their answers are
matters of degree:

* To the extent that the clause is essential, restricts, or is closely related to the main
clause, a comma is not needed.

* To the extent that the clause is less essential, less restrictive, and less closely related to
the main clause—that is, more of a “by the way” type of remark—a comma is needed.
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Who decides? Again, the author. It is the author’s responsibility to ask these questions
not only because the correct punctuation will make the sentence easier to read but also
because any possibility of misunderstanding will be lessened.

With these questions in mind, return to Example 3:

Reductions in the mass of moving components are doubly valuable because they
lead to corresponding reductions in friction within the engine.

Here, the main clause is nearly screaming for an explanation as to why the reductions in
mass are valuable. This explanation is provided by the adverb clause: the reductions in
mass are valuable because they lead to corresponding reductions in friction. The adverb
clause is closely related to the main clause—so closely related that the word requiring
the explanation, valuable, immediately precedes the explanation. In this case, the ante-
cedent of the adverb clause is the adjective valuable.

In contrast, the adverb clause in Example 4, which qualifies the entire core, is less
closely related to the main clause:

Aluminide coatings deposited with pack-cementation processes can provide
superior oxidation and corrosion protection for these boiler materials, because a
protective alumina layer is formed at the surface.

The main clause stands on its own. Although an explanation of how pack-cementation
processes achieve oxidation and corrosion protection is provided, the author determined
that this explanation is not essential to the sentence.

In order to become more familiar with the application of this principle to adverb clauses,
we will look at two more sets of examples. In the first set, Examples 5 and 6 below, the
adverb clause begins with a different subordinate conjuction so that:

5. The architecture will be implemented so that documents can be accessed

easily. [47]
6. Phase | will focus on exploring the growth conditions for zinc selenide single
crystals, so that a growth rate of at least 0.5 mm/hr can be achieved. [48]

In Example 5, the adverb clause is closely related to the main clause: the adverb clause
modifies the verb will be implemented, which immediately precedes the adverb clause.
In Example 6, the adverb clause modifies the entire main clause. It is more of a “by the
way” type remark: “By the way, here’s why we will explore the growth conditions: so
that...”

In the final set of examples, adjective clauses are used to demonstrate the principle that
commas are used for nonrestrictive clauses only. In Examples 7 and 8, the adjective
clauses modify the noun immediately preceding the clause. In both examples, the sub-
ordinate conjunction where is used.
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7. Nanostructured resins can be used in satellites where electricity and heat
must be dissipated to protect equipment. [49]

8. Small solid-state lasers produce relatively high power in the infrared band
of light, where many gases can be detected with great sensitivity. [50]

The subordinate clause in Example 7 restricts the satellites under discussion to those
where electricity and heat must be dissipated to protect equipment. The subordinate
clause in Example 8 is more of a “by the way” type of remark: “By the way, in this band
of light, many gases can be detected with great sensitivity.”

3.3 General Rule for Punctuating Subordinate Clauses

Having found that the same rule is applicable for both that and which clauses and for
adverb (or adjective) clauses, a general rule can be formulated:

General Rule for Punctuating Subordinate Clauses

Commas are not used to separate subordinate clauses used as qualifiers when they
are essential to the meaning of the core of the sentence—that is, when the qualifier
restricts and/or is closely related to the core. Commas are needed when the quali-
fier is less essential or more loosely related to the core—that is, when the qualifier
appears to be more of a “by the way” type of remark. In addition, commas are used
when the qualifier appears before the core, as an introductory qualifier.




Explanatory Phrases,
Participle Phrases, and
Major Prepositional Phrases

At the end of Chapter 3, a general rule was posited for punctuating both types of
subordinate clauses: (1) that and which clauses and (2) adverb (and adjective) clauses.
In this chapter, the discussion moves on to explanatory phrases, participle phrases, and
major prepositional phrases. After each of these phrases is defined, examples will be
provided in the context of where the phrases are likely to appear within a sentence—that
is, before the core (as introductory qualifiers), within the core, and following the core.
Eventually, within this structure, the general rule established for subordinate clauses
will be shown to apply when these phrases are used as qualifiers.

A discussion of the final type of phrase, infinitive phrases, will be postponed until the
next chapter. There, the order of discussion will change. Instead of presenting examples
in the context of where the phrase is positioned within the sentence, it will be more
instructive to order the examples by the type of antecedent qualified by the infinitive
phrase: nouns, verbs, or the entire core.

4.1 Explanatory Phrases

Explanatory phrases are used to restate, define, explain, 