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for my father, Professor Jerald M. “Jerry”
Henderson, Ph.D., P.E., who once told me,
“With a degree in engineering, you can go on
in life to accomplish almost anything your
mind and heart desire.”



Preface

My first exposure to engineering writing being taught by an engineer—within the
context of technical content and culture and with fervent maverick passion—was at
the University of California, Irvine, several decades ago.

I had earned my B.S. in mechanical engineering from Cal Poly, San Luis Obispo,
worked as a design engineer in the burgeoning aerospace industry of the early 1980s,
and experienced a moment of “enlightenment” which invited me to exit the corpo-
rate world and embrace a pent-up bohemian desire to become a famous novelist.
I pursued a graduate degree in creative writing from University of Southern Cali-
fornia and worked furiously on several novels destined (I thought) for publication by
a big New York publisher and critical acclaim. Eventually, I had another giant
epiphany: fame and fortune as a novelist wasn’t anywhere in sight, and I needed
an actual job that paid the bills. That’s when a friend of a friend told me there was a
professor at UC Irvine who was looking for an engineer who could write.

Frederick Sawyer taught a popular course called “Engineering Communication in
the Professional World” (ENG 190W). A renowned expert in chemical engineering,
Fred had developed the course for the university’s College of Engineering. The class
was affiliated with UC Irvine’s relatively new Writing-Across-the-Curriculum
(WAC) program, and nearly every engineering undergraduate wanted to take ENG
190W. It fulfilled the four-unit upper-division writing requirement with an engineer-
ing course number rather than the alternatives, which at the time were limited to
“Advanced Composition” or a writing-intensive, upper-division literature class
taught by the English Department.

Fred was looking for someone with the engineering and writing skills to teach the
course exactly as he had designed it. As a part of my instructor’s training, he required
that I observe him teach every class meeting for an entire quarter for a section of
Engineering 190W. During the first week of class, Fred had each student identify a
newspaper or magazine article that was aimed at a technical audience and another
aimed at a nontechnical audience and calculate “readability” using the Fog Index
equation, as well as with some graphical analysis tools. Throughout the rest of Fred’s
lectures and assignments, there was the same emphasis on clear-cut, objective
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methods—time-tested recipes for writing workplace documents such as reports and
proposals and practical coaching on public speaking that emphasized basic public
speaking mechanics. “Make your voice audible and clean,” he would say, “because
after all, it’s a sound wave, people!”

I joined the faculty at UC Irvine, and for 3 years, I taught Fred’s specialized
engineering writing class, as well another he had designed for physics, chemistry,
and math majors. I felt like I had truly found a way to combine my skills and
background in engineering and writing into something useful. Then, in the early
1990s, fate and family obligations took me to the Pacific Northwest, where I landed a
job with Hewlett-Packard’s Inkjet Division’s corporate headquarters.

I worked as a technical education specialist, focused on hard-skills training.
Newly hired technicians and engineers had a lot to learn about HP’s equipment
and proprietary technologies before they became fully productive. HP provided me
with an opportunity to work with a truly brilliant team of design, manufacturing,
research and development, and management engineers doing their jobs within a
high-tech company that operated in global partnership with satellite manufacturing
centers in Singapore, Puerto Rico, Ireland, Spain, and beyond. My expertise in
engineering communication was a key factor to success at HP.

Yet, my experience at UC Irvine left a persistent pull toward teaching. When a job
at UC Davis became available for a writing instructor with expertise in engineering
and science writing, I returned to my roots—my father and grandfather had taught
engineering here—and for the past 15+ years, that’s been my full-time gig. I have
carried on the tradition of Fred Sawyer’s brand of engineer-to-engineer writing
instruction with what I now call “math-based writing.” Over time, I developed
several new components—sentence algebra, sentence optimization, and document
algorithms.

Developing Math-Based Engineering Writing

The idea of using graphics to teach engineering writing came from a seed planted
during my years teaching with Fred at UC Irvine. However, structural flowcharts of
document cores were something that I first developed when I was assigned to teach
some sections of advanced essay writing. This class covered the standard suite of
college composition forms—evaluation, position, compare-and-contrast papers, and
so on. I observed that my students’ papers often didn’t develop coherently—not
because of sentence-level blunders but because the students didn’t understand how
to propel the development of their topics logically and compellingly, from thesis to
resolution.

It occurred to me to develop flowcharts of the various essays’ rhetorical structures
as a teaching tool. Many students found them helpful. I began to use these flowcharts
in my engineering writing classes, where they were an even better fit. I renamed
them “document algorithms” to align with the language of engineering students.
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The most frequent major mistake I observe engineering students making is
missing (or misplaced) pieces in their documents’ structures. For instance, they
might not state a project objective at the beginning of a project report because it
seems “obvious” (when it isn’t), or fail to share their decision-making process and
criteria for drawing conclusions and making recommendations, again because “it’s
obvious.” Document algorithms help writers avoid these pitfalls.

The sentence optimization process covered in Part II is designed to help engi-
neering writers develop a sentence-level writing style that is concise, clear, correct,
and appropriate in tone. Fred’s approach was to have students read Strunk and
White’s The Elements of Style and practice using “SCC” exercises: simplify, clarify,
and correct flawed sentences. I’ve tried using Strunk and White’s classic book, but
my students find it hard to connect with.

My system teaches students how to troubleshoot, repair, and avoid common
sentence errors (nothing original, really) in a way that’s user-friendly to engi-
neers—same usual 20 or so errors but taught using math-based engineering language
and engineering content.

Sentence Algebra: The Rules and Logic of Grammar

When it comes to writing, I believe that you need to know how to manufacture the
building blocks (sentences and sentence streams) before you construct buildings
(documents). Not everyone agrees with me; nor does every engineering student and
professional need focused training in sentence algebra. My book delivers a stem-to-
stern writing system in three major parts that can be studied individually, with the
basics presented first.

Before I went to graduate school in creative writing, I experienced a pang of
imposter syndrome about my ability to talk intelligently about sentence-level craft
with professors and peers. What’s a participle? What’s a relative clause? I had
received praise for being a skilled writer, but my lifetime of holistic writing educa-
tion hadn’t given me a complete understanding of how those little machines called
sentences operated behind the panels. I realized that much of my writing style was
based on intuition and mimicry, and that I did not possess the same core-skill rigor in
writing that I possessed in my math-based technical skill set. I wanted both.

I took a specialized grammar review class for adults taught by a professor in
Medieval Studies at Long Beach State University, and everything popped into place.
From that point on, I was able to understand how the words and word groups making
up sentences functioned and interacted between initial capital letter and terminal
punctuation mark. I don’t think everybody needs to know grammar, but if you’re a
“how things work” person like me, it’s satisfying, comforting, and empowering to
understand it.

Over the years, I have tried to get my engineering writing students interested in
grammar. Some students wince when I so much as utter the word. Most of them
write serviceable sentences and are interested chiefly in learning how to write
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documents, improve writing style, and avoid errors that cost them a lot of points
when I’m grading papers. Few are interested in “grammar,” in and by itself.

In the back of my mind, I kept thinking I’d like to find a way to make grammar
palatable to engineers. I began tinkering with replacing the eight parts of speech with
algebraic variables and plugging them into “equations” representing the five archi-
tectures for building basic sentences. It’s a rudimentary system, but it’s a way
in. And that’s what I’m including in this book as the Part I chapters, along with
the Part II chapters on avoiding common errors and maximizing sentence style, and
the Part III chapters on writing what I believe to be five essential short-form
documents that engineers need to know how to write.

How to Use This Book for Teaching and Self Study

For college instructors interested in using this book to teach engineering students,
here is what has worked for me. For several years, I have used Parts II and III as the
principal textbook for my engineering writing classes at UC Davis. During the
10 weeks of our quarters, I have the students read all of the chapters in those two
parts and write a short-form version of all five essential documents that I cover in
document algorithms. I also assign graded editing exercises tied to the material
covered in the book’s lessons on sentence optimization.

Individual chapters from the Part III section also work well for just-in-time
educational modules integrated into engineering classes that require reports. For
instance, capstone design series classes often require students to write proposals,
project status reports, and final project reports—which are covered in Chaps. 15–17.
There are many ways to use individual chapters from this book for just-in-time
training applications—at universities and in industry.

I developed and taught “STEM Grammar,” an experimental grammar course for
engineers and other STEM majors, using Part I as the principal textbook, along with
selected chapters from Part II. The class stirred a bit of controversy at my university
over where a STEM grammar class belongs—Linguistics, English, Rhetoric and
Composition, Engineering, or elsewhere—and frankly, some people wondered if the
class was legit. During the class, I observed the students to be engaged and
enthusiastic. At the end, my instructor evaluation was sufficiently positive. I’m
looking forward to refining this class and offering it again.

If you are an engineering student or industry professional interested in improving
your writing skill set through self-study, I recommend that you read the entire book.
However, how and in what sequence you address the book’s chapters is up to you
and your individual needs. If you are already a highly skilled sentence-level writer,
you can, of course, skip directly to Part III and check out my document algorithms.

I am hoping that many readers will benefit from this book. The math-based
writing system is not the only way to develop engineering writing skills, but it
does provide a novel alternative. Keep in mind that this book pioneers the system’s
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version 1.0 release. I look forward to version 2.0 and future updates, and I welcome
your suggestions for improvement.

I believe that engineering writing and doing engineering are inextricably linked.
I also believe that an engineering education is an excellent foundation for all types of
writing. I have published in multiple genres—fiction, poetry, creative nonfiction, and
technical writing. One of my greatest honors was being selected to be featured in
Tom Moran’s innovative book Engineers Write! (IEEE Press) as one of the 12
“literary engineers” writing in the USA. Too many people stereotype engineers as
inept writers. Not true. We are capable of high performance in all areas of our jobs.
Write on, engineers. Write on.

Woodland, CA, USA Brad Henderson
February 2019
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Chapter 1
Introduction to the Math-Based Writing
System

Learning Objectives

• Understand conceptually what is meant by “math-based writing system.”
• Know the book’s main purpose and target audience, as well as the rationale

behind the book’s modularized, variable-entry-point structure.
• Know the three levels of instruction that this book offers to engineering writers

and the key elements of each level.

No matter where you are from around the globe, if you’re an engineer, it’s almost
certain that you can read, write, and speak about engineering content using numbers,
symbols, and equations. For this reason, math can be thought of as a universal
language among engineers. Is it possible to use this common-ground language of
numbers, symbols, and equations as a touchstone or analog for teaching engineers
how to write in a word-based language such as English? This book says yes.

Like most natural systems, whether abstract, organic, or inert, there is an archi-
tecture of order underlying language. At least since Aristotle, rhetoricians in theWest
have documented how sentences and paragraphs join together to record and commu-
nicate logical arguments, patterned descriptions, and archetypal stories. For centuries,
grammarians have defined common anatomies for sentences, identified how words
function within them, and determined how specific words should be arranged to
achieve acceptable constructions. In recent decades, writing experts have defined and
advanced a set of generic principles for good writing, which almost invariably apply
to engineering writing. The math-based writing system that this book proposes
embraces these architects and anatomists of language, and does not argue with them.

What’s different about this book’s system is that it examines the structure and
operation of the English language—its building blocks (words and sentences) and
buildings (documents)—using math-based thinking (see Fig. 1.1). It uses one lan-
guage to help teach another—something not all that extraordinary given that, on the
flip side, we use word-based language as a medium for discussing math concepts and
doing “word problems” in math classes. In engineering and scientific discourse, we
oftentimes toggle back and forth between equations and words, as well.
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Instead of approaching writing through the lens of traditional writing instruction,
this book’s system uses symbols, equations, graphics, and flowcharts to help engi-
neers understand and master the writing component of their jobs and to assist
engineering students in integrating applied writing into their professional prepara-
tion. For engineers who view writing as a largely subjective, qualitative endeavor,
the system may provide a fresh perspective that allows them to approach writing in
an objective, quantitative fashion similar to the way that they approach other
engineering tasks. Also, all of the book’s examples feature engineering content.

The principal audience for this book is engineering professionals—from students
and novices preparing for initial success to seasoned experts who work in industry
and want to refine and develop their engineering writing skill set. This book may also
be useful to international professionals and students working to master written
English as a work language, as well as professionals in other STEM disciplines.

Some readers will benefit from reading the book from beginning to end.Othersmay
choose to access only those chapters of instruction they need—when they need them.

• Engineers who seek to develop a deeper, more extensive understanding of how
sentences operate at the equation level (like little message-carrying machines) can
begin with the Part I chapters on Sentence Algebra. This alternate approach to
English grammar uses algebraic variables to represent the parts of speech
(N ¼ noun, V ¼ verb, X ¼ pronoun, and so on) and math-based equations to
represent sentences (Ns + V ¼ “Computers calculate”).

Fig. 1.1 The domains and intersections of math-based writing for engineers
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• Those of you who already know the sentence-building fundamentals might
choose to turn to the Part II chapters on Sentence Optimization. Here you will
find lessons on how to troubleshoot, repair, and avoid common sentence errors
that occur in applied workplace writing, as well as how to develop an optimal
writing style.

• Expert sentence engineers who are ready for “calculus-level” writing can choose
to skip to Part III on Document Algorithms, which provides best practices and
flowcharted blueprints for producing effective proposals, project updates, reports,
and so forth. The Part III chapters also focus principally on documents that are
short in length and digital in format to meet the needs of professionals writing in
today’s global, fast-paced work environment.

Additionally, the book’s structure models best practices in instructional systems
design. Each chapter begins with learning objectives, ends with a review of how the
objectives were met, and assigns the reader optional action items designed to be
quick to complete and easy to thread into an engineer’s busy workday. The action
items include a variety of mini thought tasks to further understanding of concepts
and mini “do” tasks to test drive application techniques.

A few things that this book does not do: it does not teach generic technical writing
for aspiring professional technical writers. Nor does it discuss technical communi-
cation theory or techniques for writing academic articles, reviews, and dissertations.
There are many good books that already cover that terrain. This book was written by
an engineer for engineers and other math-based thinkers who seek further develop-
ment and refinement in the “writing part” of their jobs.

Action Items

α Create a new electronic document (e.g., Microsoft Word file, Google Docs, etc.), and title it,
“An Analysis of My Engineering Writing.” As a first entry in this document, type a single
paragraph (keep it short, 200 words or fewer) that discusses what you like versus what you
don’t like about the writing you have had to do in school and at work prior to encountering
this book. After completing this mini-task, save the file. You needn’t show this paragraph to
anyone. But please keep it for future review and reflection.

α Retrieve the document that you created for action item one (“Analysis of My Engineering
Writing”). Add a second paragraph (also 200words or fewer), in which you do a self-analysis of
your workplace writing ability that considers your strengths and weaknesses as an engineering
writer. Also, as best as you can, rate your current writing skill level overall using a percent scale,
where 0% is none (unlikely) and 100% is ultimate mastery. Also determine a desired rating for
you to achieve in the future. Record both ratings (now and future) at the end of your second
paragraph. For example, “And overall, my self-appraised skill level as an engineering writer
scores 80% now; whereas, I would like it to be 95% (or better).”Once again, you needn’t show
this document to anyone. But do keep it for future review and reflection.

(continued)
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α Consider the following terms for various types of writing: “engineering writing,” “science/
scientific writing,” “business writing,” “technical writing,” “journalism,” and “literary writ-
ing.” Use Google to look up a definition of each one of these terms. What comes up? You will
probably discover multiple posts and mostly consistent definitions for all of these types of
writing except one—“engineering writing”—because “engineering writing” is typically not
thought of as a discrete genre of writing. This book suggests a definition. But more impor-
tantly, what do you think? Henceforth, in your engineering career, I challenge you to define
what engineering writing is—more specifically, what excellent engineering writing is—by
example of the documents that you write and circulate as a professional.

Recap

Key Learnings/Takeaways

• “Math-Based Writing” is an instructional system that teaches writing using math
concepts and symbols, math-based thinking, and an engineering context. Because
equations and symbols are a universal language for encoding mathematical
concepts among engineers, the system uses that language to help engineers
learn to write correctly in English.

• The book’s chief purpose is to teach engineers and other math-based thinkers how
to write successfully on the job, and the book’s primary audience is professional
engineers (beginners through seasoned experts). Its secondary audiences are
engineering students and students and professionals in other STEM disciplines.

• This book is designed as a variable-entry-point series of chapters. Some readers
will benefit from reading the book from beginning to end. Others will choose to
access only the chapters they need, when they need them.

• This book’s system applies the three math-based perspectives to the writing of
engineering document and arranges the chapters into three parts providing three
levels of instruction:

– Part I—Sentence Algebra provides engineering writers with an understanding
of how sentences are designed and built.

– Part II—Sentence Optimization presents a set of quality control techniques for
applied sentence-level writing in engineering documents.

– Part III—Document Algorithms characterizes key document structures using
blueprints (flowcharts) known as document algorithms.

• Part III chapters also focus principally on documents that are short in length and
digital in format to meet the needs of professionals writing in today’s global, fast-
paced work environment.

• This book does not teach generic technical writing, technical communication
theory, or techniques for writing academic articles, reviews, and dissertations.
It was written by an engineer for engineers and other math-based thinkers who
seek further development and refinement in the “writing part” of their jobs.

4 1 Introduction to the Math-Based Writing System



Part I
Sentence Algebra



Chapter 2
Part I Primer: The Elements of Sentence
Algebra

Learning Objectives

• Understand the eight functional roles that words and word groups can play in a
sentence equation and the sentence algebra variables that represent those eight
functions (traditional grammar’s eight parts of speech).

• Understand “spark” and the way that it enables words to join together to form
sentences.

• Understand what a basic sentence is and the five basic sentence types you can
build with the variables.

• Understand what an advanced sentence is.
• Know the basic coding conventions that guide sentence algebra equations.

Part I Chapters 2 through 8 present the “grammar” of math-based writing that I call
sentence algebra. In Part I, we will use the sentence algebra system to investigate
sentences as if they were little message-carrying machines that can be modeled with
functional equations. In these equations, up to eight different algebraic variables
represent the machines’ components. The equations themselves record how each
machine’s components are arranged and interconnected so that they operate together
to accomplish the work of message encoding (by writers), transmission (via docu-
ments), and communication (to readers, who then decode the message text). After
you complete the Part I chapters, when you write a sentence and see it on the page or
screen or when you read a sentence written by someone else, you should be able to
understand technically how that sentence works beneath its surface.

Once acquired, most of the time when you are writing on the job, your sentence
algebra skill and knowledge will reside in your subconscious and implicitly (auto-
matically) inform and guide your sentence-level writing. This is true of any grammar
system, of course. When you’ve mastered sentence algebra, however, on those
occasions when you are called upon to troubleshoot and repair malfunctioning
sentences in documents, or fine-tune a stream of sentence text so that it performs
optimally, your sentence algebra training will allow you to approach these tasks as a
math-based-thinking sentence engineer—confident, competent, and armed with a
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full set of sentence engineering tools and schematics for a wide variety of sentence
types, basic through advanced.

Eight Functions, Eight Variables

As illustrated in Fig. 2.1, the sentence algebra system begins with words and the
eight functional roles that words can play in a sentence, traditional grammar’s eight
parts of speech, and assigns each role an algebraic variable. Here are the eight
variables—each partnered with a simple definition and several sample words that
can function as that variable:

Variable Definition Examples

N (noun) Names a person, place, or thing Jeff, company, product

V (verb) Expresses action Invent, test, sell

X (pronoun) Stands in for a noun Her, that, it

Mn (adjective) Modifies a noun Successful, marginal, heavy

Mv (adverb) Modifies a verb (or sometimes
an adjective or another adverb)

Often, quickly, carefully

L (preposition) Begins a phrase and expresses
a relationship to another word
or element

In, on, between

C (conjunction) Connects words, phrases,
and sentence equations

And, or, although

I (interjection) Expresses emotion as a word Oh, yeah, wow

Our system further divides the eight variables into two main categories: the core
variables, N, V, and X, and the accessory variables, Mn, Mv, L, C, and I. The core
variables create basic sentence cores, which for now you can think of as a basic
sentence’s stripped-down engine. The other variables further accessorize a basic
sentence to enrich its core function with additional details and enable connections to
and between advanced sentence structures. The first seven variables listed above
(N through C) are used regularly in engineering writing. The last variable listed (I) is
not. For completeness, our lessons include a brief segment on interjections in
Chap. 4. Subsequent chapters in Part I, as well as in Parts II and III, do not.

The chapters on the sentence algebra variables also discuss a variety of features
and properties that impact how words playing the eight functional roles are written in
text sentences. These characteristics do not all impact sentence algebra coding and
equations, but they must be observed and applied when writing grammatically
correct sentences for inclusion in engineering documents.

8 2 Part I Primer: The Elements of Sentence Algebra



“Spark”

Outside of sentence equations, individual words (whether written as text or as a variable)
encode individual units of meaning. For further study of individual words, you can
consult a dictionary. Along with each entry’s definition(s), these databases catalog each
word entry’s spelling, part(s) of speech, usage(s), and more. Take the word “plane,” for
example.What does it signify?Aflyingmachine, aflat surface, a tool?A standard online
dictionary such asMerriam-Webster.com indicates that theword “plane” can function as
a noun (N), adjective (Mn), or verb (V) and lists over a dozen definitions related to
aeronautics, architecture, geometry, horticulture, and the fine arts [1].

Despite their impressive versatility, words by themselves do little more than
assert dictionary definitions. Thus, the sentence algebra system considers individual
words to be cognitively static. To enable words to become cognitively dynamic and
act out their dictionary roles in useful communications, we plug words into sentence
equations. And at the core of each one of these equations that functions as a sentence
(or message-carrying machine), there are two essential components: a noun subject
(Ns) joined together with a verb (V). This construction, Ns + V, is known as a basic
clause, and it produces a synergistic reaction that this book’s system refers to as the
phenomenon of “spark.” “Spark” allows words to advance their cognitive poten-
tial—from static definitions into word streams that encode human thoughts.

Fig. 2.1 Sentence algebra overview: eight word-function variables, “spark,” five basic sentence
equations, and advanced equations
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Five Basic Sentence Equations

In addition to eight consistently identifiable word-unit functions and “spark,” the
natural order beneath the English language also reveals five consistently identifiable
basic word-unit arrangements, or patterns, that scaffold five basic sentence equa-
tions. Each of these five basic equations has a single “spark”-producing clause
(Ns + V) at its center. As engineering writers, we regularly use the five basic sentence
equations when we create text-based documents. In fact, when combined, inverted,
and transformed (to form advanced sentences), the five equations serve as the
underpinning for all sentence-level constructions in the English language.

The master template for a basic sentence (B) is a short, simple algebraic equation,
“B ¼ S + P.” The “S” variable, known as the subject, is an assembly of words that
always includes a noun subject (Ns) or the equivalent. The “P” variable, known as
the predicate, is an assembly of words that always includes a main verb (V)—which
partners with the subject noun to form a basic clause (Ns + V). A basic sentence’s
predicate can contain other core variables and accessories as well.

Here is the algebraic template for a basic sentence:

Bn ¼ Sþ Pn

where Bn ¼ one byte of human thought
S ¼ subject (which always includes Ns or equivalent)
Pn ¼ predicate (which always includes a main V)
n ¼ 1, 2, 3, 4, or 5

As we progress through Part I, we will analyze each of the five scenarios for
“Pn ¼ predicate” and the five resultant Bn—B1 through B5. The chapters will
demonstrate coding examples using each basic equation and also feature a lengthier
example at the end of Chap. 6 demonstrating the coding process of a paragraph,
which contains all five basic sentence types. As a preview of things to come, Fig. 2.2
illustrates the analysis of a text sentence that reveals a B2 sentence equation
underneath. We will discuss this example further and refer back to it in this chapter’s
final segment on coding conventions.

Advanced Sentence Equations

Advanced sentences bear similarities to basic sentences, yet they are typically
designed to encode more content, capture more specificity, and model more intricate
and multifaceted sentence equations. The basic framework underneath an advanced
sentence equation is always one or more basic sentences or basic sentence variations
or combinations. Because of this framework, advanced sentences always contain at
least one subject noun (or equivalent) and one main verb pairing (Ns + V), which in
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