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The rare Arabian Oryx is believed to have inspired the myth of the
unicorn. This desert antelope became virtually extinct in the early
1960s. At that time, several groups of international conservationists
arranged to have nine animals sent to the Phoenix Zoo to be the nucleus
of a captive breeding herd. Today, the Oryx population is nearly 800,
and more than 400 have been returned to reserves in the Middle East.
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Preface

Criticism and testing are of the essence of our work. This means that
science is a fundamentally social activity, which implies that it depends
ongood communication. Inthe practice of science we are aware of this,
and that is why it is right for our journals to insist on clarity and
intelligibility. . . .

—Hermann Bondi

SO0

Good scientific writing is not a matter of life and death; it is much more
serious than that.

The goal of scientific research is publication. Scientists, starting as
graduate students, are measured primarily not by their dexterity in labora-
tory manipulations, not by their innate knowledge of either broad or narrow
scientific subjects, and certainly not by their wit or charm; they are
measured, and become known (or remain unknown) by their publications.

A scientific experiment, no matter how spectacular the results, is not
completed until the results are published. In fact, the cornerstone of the
philosophy of science is based on the fundamental assumption that original
research must be published; only thus can new scientific knowledge be
authenticated and then added to the existing database that we call scientific
knowledge.

It is not necessary for the plumber to write about pipes, nor is it
necessary for the lawyer to write about cases (except brief writing), but the
research scientist, perhaps uniquely among the trades and professions, must
provide a written document showing what he or she did, why it was done,
how it was done, and what was learned from it. The key word is reproduc-
ibility. That is what makes science and scientific writing unique.

Thus the scientist must not only “do” science but must “write” science.
Bad writing can and often does prevent or delay the publication of good
science. Unfortunately, the education of scientists is often so overwhelm-
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x How to Write and Publish a Scientific Paper

ingly committed to the technical aspects of science that the communication
arts are neglected or ignored. In short, many good scientists are poor writers.
Certainly, many scientists do not like to write. As Charles Darwin said, “a
naturalist’s life would be a happy one if he had only to observe and never
to write” (quoted by Trelease, 1958).

Most of today’s scientists did not have the chance to undertake a
formal course in scientific writing. As graduate students, they learned to
imitate the style and approach of their professors and previous authors.
Some scientists became good writers anyway. Many, however, learned only
to imitate the prose and style of the authors before them—with all their
attendant defects— thus establishing a system of error in perpetuity.

The purpose of this book is to help scientists and students of the
sciences in all disciplines to prepare manuscripts that will have a high
probability of being accepted for publication and of being completely
understood when they are published. Because the requirements of journals
vary widely from discipline to discipline, and even within the same
discipline, it is not possible to offer reccommendations that are universally
acceptable. In this book, I present certain basic principles that are accepted
in most disciplines.

For those of you who share my tremendous admiration for How fo
Write and Publish a Scientific Paper, let me tell you a bit about its history.
The development of this book began many years ago when I taught a
graduate seminar in scientific writing at the Institute of Microbiology at
Rutgers University. I quickly learned that graduate students in the sciences
both wanted and needed practical information about writing. If I lectured
about the pros and cons of split infinitives, my students became somnolent;
if I lectured about how to organize data into a table, they were wide awake.
For that reason, I used a straightforward “how to” approach when I later
published an article (Day, 1975) based on my old lecture notes. The article
turned out to be surprisingly popular, and that led naturally to the publica-
tion of the First Edition of this book.

And the First Edition led naturally to the Second Edition, to the Third
Edition, and now to the Fourth Edition. Because this book is now being used
in teaching programs in several hundred colleges and universities, it seems
desirable to keep it up to date. I thank those readers who kindly provided me
with comments and criticisms of the previous editions, and I herewith invite
additional suggestions and comments that may improve future editions of
this book. (Write to me in care of my publisher, Oryx Press, 4041 North
Central Avenue, Phoenix, AZ 85012-3397.)

Although this Fourth Edition is larger and better (he says) than the
earlier editions, the basic outline of the book has not been altered. Because
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the reviews of the previous editions were almost universally favorable,
drastic revision seemed unwise. And the reviews were favorable. One
reviewer described the book as “both good and original.” Unfortunately, he
went on to add (quoting Samuel Johnson) that “the part that is good is not
original and the part that is original is not good.” Several other reviewers
compared my writing style with that of Shakespeare, Dickens, and
Thackeray—but not favorably. Another reviewer said (paraphrasing George
Jean Nathan) “Day is a writer for the ages—for the ages of four to eight.”

But why a Fourth Edition really? What has happened since the
appearance ofthe Third Edition (1988) that justifies anew editionnow? The
answer is all around us. Science and the reporting of science have undergone
truly revolutionary changes in the past few years.

In terms of the big picture, consider the Internet. “Worldwide, up to
four million scientists are thought to be wired into the rapidly expanding
maze of interconnected networks, which now number 11,252 and are known
as the Internet, or sometimes just the net. Thousands of scientists hook up
for the first time every day.

“This patchwork of electronic conduits can link a lone researcher
sitting at a computer screen to such things as distant experiments and
supercomputers, to colleagues on faraway continents in a heretofore impos-
sible kind of close collaboration, to electronic mail, to mountains of data
otherwise too expensive to tap, to large electronic meetings and work
sessions, to bulletin boards where a posted query can prompt hundreds of
replies and to electronic journals that disseminate findings far and wide”
(William J. Broad, The New York Times, 18 May 1993).

In terms of parts of the picture, consider these developments. Elec-
tronic journals indeed now exist. The Online Journal of Current Clinical
Trials, which commenced “publication” in 1992, is apparently a success.
Thus, traditional journals are no longer the sole outlet for scientific papers.

Also consider the many new software packages that have come on the
market in recent years. We now have grammar-checkers as well as spell-
checkers. The production of graphs and some other types of illustrations has
been taken over almost completely by computers. Even entire posters for
presentation at scientific meetings can now be produced by computers
employing desktop publishing software.

Fortunately, the principles of scientific communication have not
significantly changed in spite of the technological changes that keep coming
with dizzying speed. The accent in this book will continue to be the
principles of scientific writing, but along the way appropriate mention of
changed procedures will be noted.
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Without meaning to knock the competition, I should observe that my
book is clearly a “how to” book, whereas most other books on the subject
of scientific writing are written in more general terms, with emphasis on the
language of science. This book was written from the perspective of my many
years of experience as a managing editor, as a publisher, and as a teacher.
Thus, the contents are intended to be specific and practical.

In writing this book, I had four goals in mind. First, I delayed writing
and publishing it until I was reasonably sure that I would not violate the
managing editors’ creed: “Don’t start vast projects with half-vast ideas.”
Second, I wanted to present certain information about the scientific paper
itselfand how to cook it. (Yes, this is a cookbook.) Third, although this book
is in no sense a substitute for a course in English grammar, I do comment
repeatedly on the use and misuse of English, with such comments inter-
spersed throughout a number of the chapters and with a summary of the
subject in a later chapter. (Readers wanting a whole book on this subject,
rather than a summary, should read my Scientific English: A Guide for
Scientists and Other Professionals, Oryx Press, 1992.) Fourth, because
books such as this are usually as dull as dust, dull to read and dull to write,
I have also tried to make the reader laugh. Scientific writing abounds with
egregious bloopers (what the British sometimes call “bloomers™), and
through the years I have amassed quite a collection of these scientific and
grammatical monstrosities, which I am now pleased to share. I have tried to
enjoy writing this book, and I hope that you will enjoy reading it.

Note that [ say “reading it,” even though earlier I described this book
asa cookbook. If it were simply a book of recipes, it would hardly be suitable
for cover-to-cover reading. Actually, I have tried to organize this material
so that it reads logically from start to finish, while at the same time it
provides the recipes needed to cook the scientific paper. I hope that users of
this book might at least consider a straightforward reading of it. In this way,
the reader, particularly the graduate student and fledgling writer, may get
something of the flavor of just what a scientific paper is. Then, the book can
be used as a reference whenever questions arise. The book has a detailed
subject index for this latter purpose.

In the first two chapters, I try to define how scientific writing differs
from other forms of writing and how history has brought this about.

In the third chapter, I attempt to define a scientific paper. To write a
scientific paper, the writer must know exactly what to do and why. Not only
does this make the job manageable, but this is precisely the knowledge that
the practicing scientist must have, and always keep in mind, to avoid the
pitfalls that have ruined the reputations of many scientist authors. To be
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guilty of dual publication, or to use the work of others without appropriate
attribution, is the type of breach in scientific ethics that is regarded as
unforgivable by one’s peers. Therefore, exact definition of what may go into
a scientific paper, and what may not, is of prime importance.

In the next nine chapters, each individual element of the scientific
paper is analyzed, element by element. A scientific paper is the sum of its
component parts. Fortunately, for student and practicing scientist alike,
there are certain commonly accepted rules regarding the construction of the
title, the Abstract, the Introduction, and the other main parts of the paper.
These rules, once mastered, should thus serve the scientist throughout his
or her research career.

In later chapters, associated information is given. Some of this
information is technical (how to prepare illustrative material, for example),
and some of it is related to the postwriting stages (the submission, review,
and publishing processes). Then, briefly, the rules relating to primary
scientific papers are adjusted to fit different circumstances, such as the
writing of review papers, conference reports, book reviews, and theses.
Chapters 24 and 25 present information about oral presentations and poster
presentations. Finally, in the last four chapters, I present some of the rules
of English as applied to scientific writing, a sermon against jargon, a
discussion of abbreviations, and a sermon against sin.

At the back of the book are six appendixes, the Glossary of Technical
Terms, the References, and the Index. As to the references, note that I have
used two forms of citation in this book. When I cite something of only
passing interest—e.g., a defective title of a published article—the citation
is given briefly and parenthetically in the text. Articles and books containing
substantial information on the subject under discussion are cited by name
and year in the text, and the full citations are given in the References at the
back of the book. Serious students may wish to consult some of these
references for additional or related information.

I do not have all the answers. I thought I did when I was a bit younger.
Perhaps I can trace some of my character development to the time when Dr.
Smith submitted to one of my journals a surprisingly well-written, well-
prepared manuscript; his previous manuscripts had been poorly written,
badly organized messes. After review of the new manuscript, I wrote: “Dr.
Smith, we are happy to accept your superbly written paper for publication
in the Journal.” However, I just couldn’t help adding: “Tell me, who wrote
it for you?”

Dr. Smith answered: “I am so happy that you found my paper
acceptable, but tell me, who read it to you?”
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Thus, with appropriate humility, I will try to tell you a few things that
may be of use in writing scientific papers.

In the Preface to the First Edition, I stated that I would “view the book
as asuccess if it provides you with the information needed to write effective
scientific papers and if it makes me rich and famous.” Having since achieved
neither fame nor fortune, I nonetheless continue to hope that this book is “a
success” for you, the reader.

Finally, I hope that those of you who have used earlier editions of this
book will notice improvements in this edition. One thing I’m sure of: I’m not
as big a fool as I used to be; I’ve been on a diet.
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Chapter 1
What Is Scientific Writing?

State your facts as simply as possible, even boldly. No one wants
flowers of eloquence or literary ornaments in a research article.
—R. B. McKerrow

SO0

THE NEED FOR CLARITY

The key characteristic of scientific writing is clarity. Successful scien-
tific experimentation is the result of a clear mind attacking a clearly
stated problem and producing clearly stated conclusions. Ideally, clarity
should be a characteristic of any type of communication; however, when
something is being said for the first time, clarity is essential. Most
scientific papers, those published in our primary research journals, are
accepted for publication precisely because they do contribute new
knowledge. Hence, we should demand absolute clarity in scientific
writing.

RECEIVING THE SIGNALS

Most people have no doubt heard this question: If a tree falls in the
forest and there is no one there to hear it fall, does it make a sound? The
correct answer is no. Sound is more than “pressure waves,” and indeed
there can be no sound without a hearer.
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And, similarly, scientific communication is a two-way process.
Just as a signal of any kind is useless unless it is perceived, a published
scientific paper (signal) is useless unless it is both received and under-
stood by its intended audience. Thus, we can restate the axiom of science
as being: A scientific experiment is not complete until the results have
been published and understood. Publication is no more than “pressure
waves” unless the published paper is understood. Too many scientific
papers fall silently in the woods.

UNDERSTANDING THE SIGNALS

Scientific writing is the transmission of a clear signal to a recipient.
The words of the signal should be as clear and simple and well ordered
as possible. In scientific writing, there is little need for ornamentation.
The flowery literary embellishments—the metaphors, the similes, the
idiomatic expressions—are very likely to cause confusion and should
seldom be used in writing research papers.

Science is simply too important to be communicated in anything
other than words of certain meaning. And that clear, certain meaning
should pertain not just to peers of the author, but also to students just
embarking on their careers, to scientists reading outside their own
narrow discipline, and especially to those readers (the majority of
readers today) whose native language is other than English.

Many kinds of writing are designed for entertainment. Scientific
writing has a different purpose: to communicate new scientific findings.
Scientific writing should be as clear and simple as possible.

LANGUAGE OF A SCIENTIFIC PAPER

In addition to organization, the second principal ingredient of a
scientific paper should be appropriate language. In this book, I keep
emphasizing proper use of English, because most scientists have trouble
in this area. All scientists must learn to use the English language with
precision. A book (Day, 1992) wholly concerned with English for
scientists is now available.

If scientifically determined knowledge is at least as important as
any other knowledge, it must be communicated effectively, clearly, in
words of certain meaning. The scientist, to succeed in this endeavor,
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must therefore be literate. David B. Truman, when he was Dean of
Columbia College, said it well: “In the complexities of contemporary
existence the specialist who is trained but uneducated, technically
skilled but culturally incompetent, is a menace.”

Although the ultimate result of scientific research is publication,
it has always amazed me that so many scientists neglect the responsibili-
ties involved. A scientist will spend months or years of hard work to
secure data, and then unconcernedly let much of their value be lost
because of lack of interest in the communication process. The same
scientist who will overcome tremendous obstacles to carry out a mea-
surement to the fourth decimal place will be in deep slumber while a
secretary is casually changing micrograms per milliliter to milligrams
per milliliter and while the compositor slips in an occasional pounds per
barrel.

English need not be difficult. In scientific writing, we say: “The
best English is that which gives the sense in the fewest short words” (a
dictum printed for some years in the Instructions to Authors of the
Journal of Bacteriology). Literary devices, metaphors and the like,
divert attention from the substance to the style. They should be used
rarely in scientific writing.



Chapter 2
Origins of Scientific Writing

For what good science tries to eliminate, good art seeks to pro-
voke—mystery, which is lethal to the one, and vital to the other.
—John Fowles
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THE EARLY HISTORY

Human beings have been able to communicate for thousands of years.
Yet scientific communication as we know it today is relatively new. The
first journals were published only 300 years ago, and the IMRAD
(Introduction, Methods, Results, and Discussion) organization of scien-
tific papers has developed within the past 100 years.

Knowledge, scientific or otherwise, could not be effectively com-
municated until appropriate mechanisms of communication became
available. Prehistoric people could communicate orally, of course, but
each new generation started from essentially the same baseline because,
without written records to refer to, knowledge was lost almost as rapidly
as it was found.

Cave paintings and inscriptions carved onto rocks were among the
first human attempts to leave records for succeeding generations. In a
sense, today we are lucky that our early ancestors chose such media
because some of these early “messages” have survived, whereas mes-
sages on less-durable materials would have been lost. (Perhaps many
have been.) On the other hand, communication via such media was
incredibly difficult. Think, for example, of the distributional problems
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