[ he Manual

of Scientific

Style

EDITORS

Harold Rabinowitz
Suzanne Vogel

AP




Academic Press is an imprint of Elsevier

30 Corporate Drive, Suite 400, Burlington, MA 01803, USA

525 B Street, Suite 1900, San Diego, California 92101-4495, USA
84 Theobald's Road, London WC1X 8RR, UK

This book is printed on acid-free paper.
Copyright © 2009, Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form
or by any means, electronic or mechanical, including photocopy,
recording, or any information storage and retrieval system, without
permission in writing from the publisher.

Permissions may be sought directly from Elsevier’s Science &
Technology Rights Department in Oxford, UK:

phone: (+44) 1865 843830, fax: (+44) 1865 853333,

E-mail: permissions@elsevier.com.

You may also complete your request online via the Elsevier homepage
(http://elsevier.com), by selecting “Support & Contact” then “Copyright
and Permission” and then “Obtaining Permissions.”

Library of Congress Cataloging-in-Publication Data
Application Submitted

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

ISBN: 978-0-12-373980-3
For information on all Academic Press publications

visit our Web site at www.books.elsevier.com

PRINTED IN THE UNITED STATES OF AMERICA
o9 10 11 9 8 7 6 5 4 3 2 1

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

ELSEVIER  BOOKAID  qiphre Foundation




Dedication

To Mr. Murray Glass, who launched my ship,
Rabbi Mark Cogan, who demanded that the ship be seaworthy,
Dr. Ralph E. Behrends, who taught me how to row, and
Dr. David Finkelstein, who taught me to love the ocean.

HR

To My Mom, Irene Greenstein

My teacher in science, and in life

SV




Preface

So begins our journey. It is a journey that others have taken before us;
in fact, in reaching our destination we will rely on the efforts of those
who came before. Just as Columbus retraced steps taken by others before
him (perhaps as long as two millennia before he sailed), so we gratefully
acknowledge the work of those who went before. Yet, like the voyage of
Columbus, there is a sense of beginning, a tenor to the enterprise that
makes it a voyage of discovery.

Those who came before Columbus came for their own benefit, to
find wealth and riches in an untapped land. But Columbus came for other
purposes as well: he sailed for king (and queen) and country and to
establish trade dominance over the seas, and ultimately the globe. The
sudden appearance of a continent barring the way to China was not a dis-
appointment; it was an opportunity—to extend an empire and to provide
a place for colonization. Columbus realized that his voyage would make
history and that he would return, or that others would follow him.
However well visited the Western Hemisphere may have been before
Columbus, it was now indeed a New World.

We have a similar sense of newness. The guidebooks on scientific
style and writing that have appeared have grappled with many of the
issues covered in this book and have provided much instruction of the
ways of scientific discourse. The approach that we have adopted, though
respectful, grateful, and admiring of previous efforts, differs from them
somewhat in ways that bespeak a different set of values and guidelines.
What is new is presented mainly in Chapter 1 of this work, and it may be
summed up as follows: In addition to the importance of precision, clarity,
and veracity in scientific reporting and discourse, there must also be a
profound sense of reality—a connection to the genuine human thought
processes that gave rise to theories; to the details and vicissitudes of the
experiments that support one contention or another; to the real life
circumstances of science and to the very human concerns that color what
on the surface seem to be highly theoretical concerns, even when dealing
with the hardware and measurements of the laboratory.
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This view of science was first explored in theory in Peter Galison’s
How Experiments End (1987), and later (1997) demonstrated in his de-
tailed history of microphysics, Image and Logic. (References for all
chapters may be found in Appendix I.) The underlying point—that
journal articles report what researchers believe happened in some
idealized sense, and not what actually took place in the laboratory or in
the field; or that theory is more often driven by hunches, inspirations,
even dreams, than by the hard mathematical demonstrations on journal
pages would allow one to believe—is now being understood as
responsible for providing a much-needed corrective to the relationship
between science and society.

On the one hand, with so much at stake, personally and institution-
ally, in the assessments made in what constitutes a productive avenue of
research and what does not, it is vital that scientists convey their beliefs
and findings with a clarity that goes beyond the mere formal require-
ments of journal publication. If, for example, the Large Hadron Collider,
(LHC) which has just begun operation beneath the French-Swiss border,
corroborates the predictions of String Theory, then the decision not to
build the Superconducting Super Collider (SSC) in Texas will be viewed
as having been short-sighted and detrimental to American leadership in
high-energy physics. And if the rings of the LHC produce the largest null
result in human history, then the discussion on the advisability of the
SSC will begin anew, but with the severe disadvantage of the argument
for its construction not having been made effectively in the early 1990s.

On the other hand, public discourse on issues in which science has
important things to say, such as the extent and severity of global warm-
ing, to take one of many possible examples, needs to be informed by the
most precise and cogent scientific writing possible if necessary steps
(whatever they may be) are to be taken to deal with the issue.

This is the new territory to be charted and which we explore here:
how to navigate the human dimension of science—an enterprise that has
often suppressed the humanity of the scientist, thus compromising or at
least limiting the extent and richness of communicating science, both to
the public and to other scientists.

We hope readers will find the structure of the book straightforward
and useful. Each chapter begins with a table of contents for that chapter.
In Part I, we examine the elements of science writing, first regarding
creating engaging, effective prose (Chapter 1); then preparing work for
the various publication outlets for scientific material, with special em-
phasis on preparing work for science journals and research-level publi-
cations (Chapter 2); and then (in Chapter 3) presenting the general
elements of style for English, with a focus on science writing, and ending
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with a list of words and phrases that are often misused or confused in sci-
ence narrative at many levels of scientific sophistication. Part I ends
with two chapters—Chapter 4, on the proper forms of citations and
referencing of sources (unfortunately, still inconsistently framed, even in
other style guides); and Chapter 5, on the legalities and practices of
copyright protection and permission procurement. The concluding part of
Chapter 2 contains guidelines on the design and creation of tables and
other graphic material that may enhance or clarify the points being made
in the writing. Though we have endeavored to present a helpful set of
guidelines, the experience of working on this book has convinced us of
the need for a thorough examination of this subject in a work with
greater production values than the present volume—something to be
addressed in sequels, we hope.

Part II contains eight chapters on the style conventions and practices
relevant to eight areas of science writing: mathematics; physics; astrono-
my; chemistry; organic chemistry; earth and environmental sciences; life
science; and medical science. Each chapter in Part II begins with a de-
tailed Table of Contents for the chapter and ends, first with a list of the
tables contained in the chapter, and then a list of the relevant tables con-
tained in the Appendix chapter for that discipline in Part III.

Part III then presents Appendices, one for each discipline, labeled
Appendix A through Appendix H, and containing tables, lists, glos-
saries, and diagrams that authors in these disciplines might find helpful.
Some readers may argue that a list of journal abbreviations need not have
been so extensive and others will wonder why the style guide to the
spelling of proper names used to identify mathematical theorems is not
longer. We acknowledge that both opinions may be correct. The final
appendix, Appendix I, contains guidance on sources and further reading.
The work ends with an Index.

By “scientific writing” we mean the physical sciences, as opposed to
the technological areas (usually subsumed under the rubric of “engineer-
ing”), and the social sciences. There, too, other volumes would seem to
be in order, so that we hope we will have the opportunity to continue
with manuals of technological and social science style, as well as sci-
entific illustration. The editors and publishers would be most grateful to
readers who point out any corrections or failings that have managed to
appear in this work in spite of our best efforts to eliminate any errors.
This may be sent to the editors care of the publisher (see the contact in-
formation on the copyright page), or readers may feel free to commu-
nicate with the editors directly at msseditor@thereferenceworks.com.
We welcome any criticism, corrections, information, suggestions, or ad-
vice that readers may offer, and we thank them in advance for taking the
trouble of corresponding with us.
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One of the people to whom this work is dedicated was a fifth grade
teacher in a small, Orthodox Jewish day school in the Williamsburg sec-
tion of Brooklyn. He noticed a young boy’s interest in language and
writing and he encouraged him; he even urged the principal of the school
(another dedicatee) to “fund” a class newspaper the boy wanted to pro-
duce. The teacher impressed upon the boy the need to “make every para-
graph a home for ideas,” and to insist that every paragraph “earn its
address”—which, of course, meant that every paragraph had to have an
address. Thus began the practice (with this writer, at least) of numbering
each paragraph, making certain that every sentence that “dwelled” in that
paragraph was well-behaved; that every sentence and clause in it had its
place there and was consonant with every other part of the dwelling; and
that the paragraph made clear to everyone who visited it what the para-
graph was saying and what sort of a “house” he or she was in. It was just
a small leap from there to seeing how important it was to use these
dwellings to create a street, a neighborhood, a town, a city.

For the next five years, that boy and three like-minded friends pro-
duced a class newspaper (the only publication produced by the students
other than a yearbook), and would dutifully submit it to the principal for
review on the first Monday of the month. The principal would correct
any mistakes (which in those days meant retyping the entire page), but
never once asked that any article’s message or content be changed. The
principal, the most impeccably tailored rabbi that boy was ever to en-
counter (in a life densely populated with rabbis of all stripes), remained a
mentor and then friend to the boy for the next thirty years.

In high school, during a hospital stay of several weeks, the boy
discovered Isaac Asimov. At one point, the boy had convinced himself
that “Isaac Asimov” was (like “Nikolas Bourbaki”) actually a group of
people publishing under this collective name, for no one human being
could possibly produce so much on so many different subjects. During
that month of convalescence at the beginning of the school year, the boy
continued reading Asimov (there seemed to be no end!) and tackled the
opening chapters of an introductory college physics textbook borrowed
by a friend from the Williamsburg branch of the Public Library. A month
into his senior year, still in bandages, the boy returned to high school; it
was the day of the physics midterm, and the teacher excused the boy
from taking it. The boy asked if he could see it (“Let’s see what I’ve
been missing,” he quipped) and instantly recognized the problems as
those he had worked on from the physics textbook. Barely able to hold a
pencil, the boy zipped through the exam and turned it in halfway through
the period. The teacher smiled dismissively and told the boy to sit down
as he glanced at what he was certain would be a paper filled with
meaningless scribbling. As the boy, in pain and groggy from pain medi-
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cation, lay on a bench in the hallway, the teacher looked over the boy’s
papers. As he read, the look on his face changed (the boy’s classmates
told him later) into one of horror, as if written on the paper was either the
Kabbalistic formula for the creation of the universe, or a death threat.
The teacher raced into the hallway and confronted the supine boy, de-
manding to know, “How did you do this?”—in full view of the principal,
who was about to scold the boy for lying on the bench during class
hours. The boy had only enough strength and clarity to call out one word:
“Asimov!” After a frozen moment, both men turned and left. That would
have been a wonderful opportunity for the boy to make great strides in
physics, but the teacher found more joy in playing basketball with the
boys of his class (on a court hidden from the principal’s view—different
school; different principal), and when some students yelled down at the
teacher the word, “Regent’s,” reminding him of the state exam we were
obliged to take at the end of the year, the teacher would yell back,
“Asimov!”—or he’d just yell out the boy’s name.

The boy’s involvement with physics would have to wait for college,
where, through an accident of either poor or brilliant planning, the
physics department boasted an ivy-league-caliber roster of great physi-
cists. Some were to become famous in scientific circles: Yakir Aharanov;
A.G.W. Cameron; Leonard Susskind; Aage Petersen; and Leon Lando-
vitz—and two in particular: Ralph Behrends and David Finkelstein.

They had been originally engaged to staff a graduate school, but
when not enough students attended that school, they were asked to teach
undergraduates. Much to their surprise, they enjoyed these chores; per-
haps because it gave them an opportunity to teach a new generation of
physicists the way (in their view) they were supposed to be trained. The
most advanced textbooks were used (Feynman’s Lectures and the Berke-
ley Physics Course were background reading), and when those were not
good enough, the professors provided translations (nearly always from
Russian) of material they thought the students really ought to read.
Undergraduates were invited to seminars, colloquia, and special lectures
by Nobel Laureates (or soon to be), and were encouraged, prepared (and
even fed!), so that the invited notables would not be speaking to empty
rooms. (The physics version of “papering the house,” one might call it.)

The boy—now a young man—became a devoted student, first of Dr.
Ralph Behrends, who drove home the point that no physics problem is
solved until it yields a number that can be read on a gauge. Dr. Behrends
conducted a private four-year seminar with the young man on mecha-
nics—including a page-by-page study of Ralph Abraham’s Foundations
of Mechanics. Then with Dr. David Finkelstein, already widely known as
an innovative theoretician, in topics in quantum theory.
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On the day of the young man’s graduation, his mother suddenly said
to him, “Who is that bearded man running toward us and waving?” The
young man turned just in time to see a car just miss hitting Dr. Finkel-
stein as he jogged casually across Amsterdam Avenue. The professor
reached the young man out of breath and said, “I saw you from my office
window. I just wanted to tell you that I’ve decided that the question you
once asked [months earlier!] in class—what is ‘is’?—is the key question
in physics.” And with that, he shook the young man’s hand and left,
saying not a word to the two puzzled parents standing there.

In years to come, the (rapidly aging) young man pursued several ca-
reers with varying degrees of success, but each united by the conviction
that being crystal clear about what is being said and believed, be it in
science, religion, Talmud, the arts, or public affairs, is the key to know-
ing the truth and knowing what course of action to take. It was once
thought that all of the “big” questions of religion and philosophy were
going to boil down to questions of science and logic. Now it seems these
questions, and quite a few others, will hinge on the clarity of what is said
and the precision with which we argue. The intellectual course has come
full circle—it seems that in the end, the big questions in science will boil
down to questions in philosophy. It will all come down to language—not
hair-splitting semantics, but saying what we mean, no more and no less.

In light of the above, it would not be an overstatement to say that the
underlying message of this work is that a preface such as this, personal as
it is, is appropriate to a work purporting to be about writing for science.

We gratefully acknowledge the assistance rendered to us over the
years it has taken to produce this volume: Robert Ubell, who first saw its
usefulness; Dr. Jasna Markovac and Tari Broderick of Elsevier, who saw
this work as a worthy addition to the Elsevier/Academic Press list; to
Lisa Tickner, the publisher, editor April Graham, and André Cuello, pro-
duction liaison, all of Elsevier, for generously and patiently tolerating our
timetable (and our commitment to “getting it right”); and to Mitch Pessin
of MP Computer Services, for use of his facilities and for keeping our
equipment humming.

Finally, we thank our spouses, Ilana and Daniel, for their unwavering
confidence in us, and for their ongoing support of our work, even when
we ourselves were uncertain of the eventual completion of this project.

Harold Rabinowitz
Suzanne Vogel

New York City
October 2008
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Chapter 1. Elements of Science Writing

1.1 The Importance of Science Writing

People engaged in scientific research often believe that proper and
effective writing lies outside their skill requirements for a successful
career in science. This belief is usually engendered by the sense that
writing skills properly belong to the humanities, or at most to the social
sciences. Shouldn’t science, they ask, speak with its data, or, to put it
another way, shouldn’t scientific data speak for itself? While it is true
that a great many abilities are necessary for the successful pursuit of a
career in science, the notion that careful and effective writing is merely
an adjunct to these abilities is now understood to be deeply flawed for
several reasons that arise from a clear understanding of what science, at
its core, is and what role it plays in our society.

The image of the lone scientist observing natural phenomena or
creating systems and theories in (“splendid”) isolation is now understood
to be an unrealistic image—a myth, now viewed as an idealization even
in the science of previous eras. Newton, for instance, developed his
mechanics during a period of isolation while Cambridge University was
closed because of the Great Plague of 1665, but we know that he had
contact with the leading figures of his day in many areas of science, both
in Britain and on the European continent. (How else could so many
priority disputes have arisen if there had not been a robust exchange of
ideas and information at the time?)

This situation stands in stark contrast to that which prevailed in pre-
Enlightenment times (say, before the sixteenth century and going back to
antiquity). In pre-modern times, what scientific knowledge existed was
safeguarded and kept secret, shared only with initiates and protégés who
were honor-bound to maintain confidentiality and refrain from dissemi-
nating the details of the discipline they had been taught. The transition
from this system to one in which scientists are encouraged to share their
findings and insights as widely as possible (for both self-serving and
altruistic reasons) is primarily responsible for the flourishing of science
and its development over the past several centuries.

As aresult of the growth of science communication and its centrality
in the entire scientific enterprise, we can now make the following state-
ments about the nature of science that make clear the importance of
effective communication in its growth and well-being:
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i. Science is a social enterprise, demanding the participation of many
people and their interaction with one another if the accumulation of
knowledge and human understanding of the natural world are to grow.
Research nearly always requires the participation of many collaborators
and an operational support structure, plus the professional institutions
that enable individuals to acquire training (at a university, for example)
and to pursue research in a laboratory or in the field. Even in antiquity,
early scientists and naturalists relied on the assistance and collegiality of
others who assisted them in their investigations and served as sounding-
boards and advisors. The growth of modern science owes as much to the
development of organizations and institutions that allowed for colla-
boration and cooperation as on the genius of individual scientists.

ii. Science is a political enterprise, and in almost all instances, has poli-
tical ramifications. At the very least, scientific consensus will determine
the allocation of resources and many issues in public policy. Decisions
will routinely be made regarding which research programs to support
financially and who is to receive which grant, but the impact of science
on politics is far greater (and growing with each passing year), as
scientists are being called upon to address and solve a number of difficult
and vexing problems that humanity faces today.

iii. Science is an educational enterprise that depends on the continuous
influx of talented and conscientious new practitioners to carry forward its
ongoing effort to understand and harness the forces of nature and the
resources of the physical environment. At the forefront of science,
researchers must convey (and in no small measure convince) their col-
leagues of the value of their findings and conclusions. For this, effective
writing is essential; the most successful scientists have almost univer-
sally been recognized as much for the clarity and effectiveness of their
prose as the constructs and consequences of their theories.

But at a more fundamental level, every practitioner of science is a
member of a community that has an obligation to convey the essence of
science and the important role it plays in human affairs to the public. The
training of scientists begins at an early age when the interest and imagi-
nation of young people are captured by compelling and inspiring popular
science writing. The same sort of talent and dedication is required in
creating the instructional materials used in classrooms at all levels. Well-
written and well-designed science materials encourage young people to
consider a career in the sciences. The same kind of engagement must be
maintained with the general population if the aims and welfare of science
and its practitioners are to be maintained, and if science is to be deployed
for the betterment (and survival) of humankind.
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iv. Science is a cultural enterprise that has enormous influence on what
the great mass of humanity believes about the world and our place in it.
This is not to say that the scientific worldview (itself an abstract ideali-
zation) is subscribed to by everyone, or even the majority of people. But
the ongoing search and conversation regarding the great issues that
confront humanity, both in practical matters and in areas of metaphysics
(the so-called big questions), are informed by the findings and assump-
tions of science. No longer is science carried out exclusively in a herme-
tic “ivory tower” or in the unlit confines of the laboratory. The reliance
of modern society on the technology that derives from the findings and
constructs of modern science is so great that it is no exaggeration to say
that the entire future of the human race depends on the wise and effective
use of this body of knowledge and its technological capability. In this
respect, the notion (ascribed to C.P. Snow) that there are “two cultures”
—science and the humanities—that are doomed to isolation from one
another, has been brushed aside by the ubiquitous and unavoidable
presence of science and its technological product in our daily lives.

In all of these areas, science depends on effective communication,
internally (among scientists), as well as in its relationship with society at
large. Sound internal communication—which is dependent on clear and
effective writing—is critical to the proper functioning of the scientific
enterprise. Sound communication to the “outside” (meaning, non-scien-
tific) world, however, is also critical for science in maintaining the
support of the public and its representatives, and in inspiring confidence
in science as a source of insight and policy in public matters great and
small. In the largest context, the public application of science communi-
cation is carried out by authors of books, papers, and articles; producers
of films, television programs, and documentaries; and materials in the
many new media addressed to the general public.

The same interaction between the scientific community and the
civilization in which we all live takes place at least thousands of times
every day—in newspapers; magazines; television programs; classrooms;
lecture halls; public lectures; museum exhibits; etc., at all age levels in
virtually every setting. It behooves the community of scientists and of
people who support science and the role it plays in promoting the welfare
of human civilization to support, promote, and even demand the most
exacting and rigorous manner of science communication in a/l settings
and contexts. (Readers are directed to Appendix I for an annotated list of
sources and supplementary reading for each section of this chapter. A
similar guide to further reading and resources for each chapter appears in
Appendix I, which contains a cumulative bibliography for the work as a
whole.)
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1.2 The Meaning and Nature of “Scientific Style”

The term “style” is ambiguous owing to an accident of publishing
history. While in ordinary usage, the word “style” would be used to
signify the characteristics of a mode of speech, dress, or expression, in
publishing, the word specifically denotes the rules of grammar and usage
to which published material must conform. This use of the term probably
arose from its inclusion in the title of an informal booklet created by the
proofreaders at the then fledgling University of Chicago Press—that was
in 1896! Thus, in modern parlance, both in the title of books described as
“manuals of style” and while speaking of “style issues” in the course of
writing and editing, the word “style” is used in this restrictive sense. Yet,
we believe any work that aims to guide and improve scientific writing
must address both meanings of style, and must therefore provide guid-
ance on both the methods of producing more effective and useful science
writing, as well as on the strictures of grammar and usage.

This is especially true of the sciences for two reasons:

i. Correct language and correct science. In science, correct “style”
(narrowly construed) is an important factor in creating effective prose.
Plain and straightforward formulations of science have been valued since
the time of Francis Bacon in the sixteenth century and in the period
afterwards, during which the Royal Society was formed in England (in
1660), setting the standard for scientific discourse and investigation in
Europe. Bacon urged scientists (in his day called “natural philosophers™)
to concern themselves with “things,” and not with the host of elements
that cluttered and obscured the science contained in much of the writing
about the natural world of his day. This clutter included: the erudition
and station of the author (which Bacon deemed irrelevant); the authority
of the systems of the past to which the author appealed (which Bacon
considered outmoded); rhetorical flourishes and emotional appeals to
cherished human notions (which Bacon considered misleading); and
imprecise concepts and terms that had no clear definition and no obser-
vational meaning (which Bacon dismissed as nonsense). The develop-
ment of a straightforward standard of scientific writing made it possible
to reproduce experiments, to verify or disprove results and hypotheses,
and to crystallize the substance of any piece of scientific writing.

The transition from the “pre-Baconian” style of rhetoric that typified
all writing on nature and science, to the fact-based and unadorned
manner of writing that is characteristic of science writing today (and has
been so for the past two centuries) was a gradual one, and not without its
periods of backsliding, retreats into obscure writing, and appeals to argu-
ments more rhetorical than logical or observational. Yet, articles in the
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science journals of a century ago (as Nobel chemist Roald Hoffman
points out and demonstrates in his work, The Same and Not the Same)
are linguistically accessible to scientists today, thanks to the insistence
by the Royal Society and similar overseeing organizations in France,
Germany, the United States, and other countries where the strictures of
style are adhered to without compromise.

What has become clear over the past half-century is that biases of all
sorts—personal, political, religious, and psychological—have a way of
creeping into scientific writing in a way that contradicts the claim of the
writing as being factual and unencumbered. It was once thought that
clarity, simplicity, and precision, the values that are being espoused in
this guide and the hallmark of the most influential science writing of the
past two centuries, was enough to ensure correctness. William Blake
meant something of this sort when he wrote (in his “Proverbs of Hell”),
“Truth can never be told so as to be understood, and not be believed.”
It’s a noble thought, but this notion is now regarded as naive, if only
because readers at every level have shown themselves capable of
convincing themselves that they understand an illogical argument or an
obscure piece of writing. (And, as in any human enterprise, science is
subject to the same human ingenuity that allows the unprincipled to ad-
vance personal and ideological agendas in the guise of reporting or
espousing pure science.) Blake’s sentiment has been replaced by the
aphorism propounded by H.L Mencken (and which newscaster Harry
Reasoner was fond of quoting): “For every problem there is a solution
which is simple, clean,...and wrong!”

For these reasons, the strictures of style—grammar; usage; word
choice; sentence structure; paragraph and chapter design—all stand as
watchtowers that safeguard (though not guarantee) the meaningfulness
and clarity of what appears in scientific journals and in the popular and
polemical writing about science that is ubiquitous in modern culture. The
same may be said for the guidelines that appear in this chapter regarding
word selection, sentence and paragraph construction, and paragraph and
chapter design, though experience will allow a writer to know when the
rules may be broken or bent—when deviation from this advice will im-
prove communication rather than hinder it.

ii. “Science as writing.” The distinction between writing science and
doing science has become blurred, particularly at the frontiers of many
disciplines. We owe this development, first, to the realization (arrived at
relatively recently in spite of how clearly true it is) that the report of a
scientific experiment or the elaboration of a scientific hypothesis are
really the concluding phases of processes that include failed attempts;
infuriating bouts with recalcitrant equipment (and obstreperous adminis-
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trators—and sometimes the other way around); and many false leads and
misguided thinking, all leading in unpredictable ways to insight and
conclusions. In the past, such “blind alleys” were considered inappropri-
ate for scientific discourse and were not found in the articles of leading
scientific journals. Increasingly, however, such information is included
in serious and cutting-edge articles (either as addenda or as supple-
mentary electronic and online material, or in the body of the articles) as a
means of allowing other researchers to faithfully reproduce and verify
results, and, further, to allow others to retrace the steps taken in the
thinking and expectations of the researchers. The desirability of this
information leads naturally to the second reason it is so valuable.

The pathways of science lead through the thoughts and psychical
meanderings of scientists investigating the structure and phenomena of
nature, which means that many conclusions will be the result of thought
processes that go beyond the strictly logical and mathematical. These
processes include metaphysical underpinnings, social and cultural pre-
suppositions (or biases), artistic and aesthetic values, and even spiritual
and religious undercurrents—all playing often inscrutable and unfathom-
able roles. Einstein was fond of saying that “the whole of science is
nothing more than a refinement of everyday thinking.” We understand
today that the term “everyday thinking” is packed with much more than
the naive notion of “common sense.” It includes the specific everyday
notions of not-so-everyday people, who have assumed the task of
observing, investigating, explicating, and manipulating the world around
us, to wit, the scientific community.

Out of this realization has come the idea of “science as writing” (the
title of David Locke’s landmark work), in which the presence of the
author is palpable because the research and thought processes described
are the work, words, and thoughts of a person or a group of people who
bring their intellectual baggage with them in everything they do. Just as
it would be misguided to believe that Newton’s psychical life was
irrelevant to his scientific work, no scientist working today (or arguably
ever) produced scientific writing except as a human endeavor informed
by his or her beliefs and predilections. This not only provides a new
standard and tool for understanding and evaluating scientific writing, but
it offers new means of communicating science at all levels, namely,
through the art of writing. (Consult the references listed in Appendix I.)

1.3 Some Guidelines for Writing Effective Scientific Prose

One of the first things a writer of scientific material of any kind must
realize is that there is virtually never any instance when judgment is not
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required. Rules are fine as general guidelines, but they should never be
viewed as rigid and inviolable. Recalling the famous comment attributed
to Winston Churchill on the rule that sentences may not end with a
preposition (“That is the sort of English up with which I will not put.”),
creative and sound violation of rules can, when judiciously practiced,
result in clearer and more effective scientific prose.

In developing general guidelines for creating effective scientific
prose, two respected teachers who have trained writers in many areas,
and specifically in science—George D. Gopen of Duke University and
Judith A. Swan of Princeton University—looked carefully at the needs
and expectations of readers. Their conclusions, formulated as a series of
guidelines and included in an influential paper, “The Science of Scienti-
fic Writing” (American Scientist, Nov.-Dec. 1990; Volume 78; pp. 550—
558—available online at: www.amstat.org/publications/jcgs/sci.pdf),
provide direction that is general enough to be applicable to a wide variety
of writing situations, yet specific enough to improve the effectiveness of
nearly any kind of expository writing. The methods and conclusions of
Gopen and Swan are also used and demonstrated in Robert Goldbort’s
Writing for Science (Yale University Press, 2006). Also consult the
“Further Reading and Resources” in Appendix I. Consulting these
sources will repay readers, researchers, scientists, and writers of all sorts
of material immeasurably.

The essence of Gopen and Swan’s guidelines is to ask what readers
expect when approaching any body of text, and what reading habits
guide them, even if unconsciously, as they make their way through any
piece of prose. Their method recognizes the fact that the act of
communication from author to reader is a cooperative and collegial act in
which the reader is just as important as the writer. Gopen and Swan take
this concept a step further by claiming that addressing the quality of
writing is a means of improving the quality of thought; the act of writing
and revising is conducive to clarifying ideas and argument in the writer’s
mind as assuredly as it is in conveying those ideas and arguments to the
reader’s. As we pointed out in the previous section, writing science is a
form of doing science, and writing science well inevitably leads to
improved scientific thinking and practice.

In Chapter 2, we will present the details of organization and prepa-
ration of material for various settings for scientific writing (including
elucidating the classic IMRAD construction), but here we focus on the
units of communication for scientific prose (or, in our view, prose of any
kind), which is in the first instance the sentence, and in a larger context,
the paragraph. To clarify, while the unit of thought may be a word, a
word appearing on a page, or leaving a speaker’s lips is not itself an act
of communication. It is simply an utterance, an iteration in need of other
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words and punctuation—a syntactic context, if you will—that will turn it
into a communicative act. Write the word “help” on a piece of paper and
leave it at that, and you are not communicating; write it on the sand of a
desert island, even misspelled and without an exclamation point, and the
reader (in the airplane overhead) is entitled to regard it as an act of
communication, or at least an attempt at one (and would be wise to
suggest to the authorities that they investigate).

The Gopen and Swan approach, therefore, is to look at what readers
expect when dealing with a sentence and with a group of sentences
conjoined to form a paragraph. “Good writers,” Gopen and Swan point
out, “are intuitively aware of these expectations.” Attending to these
expectations in one’s prose is likely to inculcate these habits and prac-
tices in one’s writing—in due time, without even being conscious of it.

Here are some of Gopen and Swan’s guidelines:

i. Verb placement. Place the verb of a sentence as close as possible to
the grammatical subject. Readers expect the verb that informs what the
subject of the sentence did to come soon after the subject is identified.
Anything of length that separates subject and verb is regarded as an
interruption and leaves the reader with a sense of unfulfilled expecta-
tions. The reader may forget just what the subject of the sentence is by
the time the verb appears—or worse, the reader may imagine or invent
another action that will either replace the verb or create in the reader’s
mind actions that are variations of the one the writer offers. In any case,
placing material between the subject and the verb—particularly extrane-
ous material—lessens the chance that the reader will understand the
sentence or paragraph to mean just what the author intended to convey.

ii. “Point” placement. The “new information”—the point—the writer
wishes to convey should be placed in the latter portion of the sentence
(or paragraph). This is known as the “stress position” of the piece of
prose and it reflects the simple observation that readers expect a later
position to be the place where the “payoff” or the new idea—the writer’s
point—will be revealed. By way of example, there may be some mystery
novels that “work™ (that is, engage readers right to the last page) even
when the culprit is revealed early in the story, but that requires a special
mastery of the form. Gopen and Swan point out that this cyclical quality
of reader attention is consistent with the way people apportion their
energy on a task through time. Readers instinctively sharpen their atten-
tion and prepare for the climax or the point that the writer wishes to
convey as they sense that they are nearing the end of the sentence or
paragraph. They can see this by the simple graphic structure of the
sentence or paragraph—the looming period or the imminent beginning of
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a new paragraph, indicating that a resolution of the author’s communica-
tion is in the offing and a new point is about to be presented.

This expectation of resolution, triggered by the impending culmina-
tion of the sentence or paragraph, is also one of the tools that a printed
book or journal uses to enhance and clarify the communication process
(and which is lacking for a digitized text on a computer screen). The
chapter structure and the clear way a reader has of knowing where in the
book any given passage lies, allows the reader to asses the weight of the
information being presented in the context of the message of the book or
article as a whole. It is therefore even more important that material likely
to be read in digitized form be structured properly if the author’s infor-
mation and thoughts regarding its import is to be accurately conveyed.

iii. Subject placement. Place the subject of the sentence or paragraph in
the early portion of the sentence or paragraph. This is known as the
“topic position” and it is the place where the reader expects the subject of
the communication to appear. Readers expect the subject of the writing
to appear early and perceive this positioning as a prompt to prepare
themselves for information or observations later in the sentence or
paragraph. So strong is this expectation, that tables that fail to place the
subject material on the left and the findings or conclusions on the right
become virtually indecipherable (as Gopen and Swan demonstrate). To
use Gopen and Swan’s narrative example, “Bees disperse pollen” is a
sentence about bees; “Pollen is dispersed by bees” is a sentence about
pollen. If what follows the first sentence is about pollen, or if what
follows the second is about bees, readers are certain to be confused and
will miss the point that the author wishes to convey.

This formulation of sentence and paragraph structure—placing the
topic early; placing the new information late; keeping the subject and the
action verb close—is a basic design that an author abandons only when
absolutely necessary (and with due attention to compensating for confu-
sion that such a move can cause). It also provides a guide to determining
when a sentence of a paragraph is too long, and, in fact, suggests a guide
for determining what a paragraph is in the first place and how paragraph
lengths are to be determined. The decisive criterion for determining
when a sentence or paragraph is too long is not the number of words in
the sentence or the number of words or sentences in the paragraph. Style
manuals and guide books that offer arbitrary numbers by which to
determine if a sentence or paragraph is too long ignore the fact that short
sentences can be indecipherable in spite of their brevity, and long
sentences and paragraphs can, if properly constructed, read effortlessly
and be perfectly clear to virtually every reader.
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A sentence or paragraph is too long, according to Gopen and Swan,
if “it has more viable candidates for stress positions than there are stress
positions available,” or as paraphrased by Robert Goldbort in Writing for
Science, if the sentence or paragraph “cannot accommodate all the items
requiring stress.” This formulation expresses the observation that effect-
tive writing conveys information through the judicious use and construc-
tion of paragraphs. Knowing what to put in a paragraph and where it
should be placed is a skill that often requires long practice. (Some writers
are, it seems, born with this skill; these virtuosos are, indeed, the lucky
ones.) How to construct an elegant and persuasive paragraph out of clean
and concise sentences is the art of good writing, but such paragraphs will
more often than not follow the three rules presented here: they will have
the subject of the paragraph placed early in the topic position; they will
have the point of the paragraph placed toward the end of the paragraph;
and they will place as little material between the two as possible,
ensuring that the point is not “lost” amid all the verbiage. These rules are
helpful in effective communication because they conform to the expec-
tations of the vast majority of readers whenever they approach any piece
of writing. (Readers will recall that we noted in the Preface that some
students are instructed early in their education to number paragraphs and
to insist that, “every paragraph earns its number.”)

iv. Context placement. Place “old information”—material that will
provide a context for the new information—before or near the topic
position. Of all the rules provided by Gopen and Swan, this is the one
that requires the greatest use of intuition and a skill that may be expected
to improve with experience.

What a reader must fully understand is that points being made in a
paragraph should include both background information supplementary to
the subject of the paragraph, and a contextual connection to the points.
The agronomist Martha Davis, in her work, Scientific Papers and
Presentations, compares a piece of scientific writing to a house, and the
reader to someone visiting that house. In addition to the utilitarian items
that a house requires, a visitor to a house needs to feel comfortable with
the surroundings and must be able to navigate the house almost as if he
or she actually lived there. Upon entering (the house or the paragraph),
there should be a vestibule or foyer that sets the tone and establishes the
style. Parts of the structure should lead naturally into one another without
the sudden or unexpected appearance of extraneous elements (in the form
of an unexpected room in the case of a house, or an extraneous remark or
anecdote in the prose). There should be a natural inevitability in the
journey into the house/paragraph that provides a resting place where the
visitor/reader can pause for a moment and take in the décor/point being
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made before continuing. Strange and unwieldy constructions and
arrangements may make for innovative design, but a person is not going
to ever feel totally “at home” if the structures and elements of the
environment do not flow naturally into one another. This is often referred
to as the “flow” of the narrative and it allows the reader to make the
journey toward the point with clarity and ease. This practice also derives
from the way readers react to material as it is presented in a paragraph. A
reader likes to “get his bearings™ and feel familiar with the surroundings
before embarking on new territory.

One way of determining if the paragraph has the flow that will
ensure the reader understands the point being made is to try it out
verbally on someone. A gap in the logical connection between one ele-
ment of the narrative and another—particularly between the subject of
the narrative and the point being made about it—will become clear when
that puzzled “lost” look appears on the face of a listener. In a sense, a
writer must be able to imagine a listener or reader responding to a piece
of prose; it is not enough that the sentence sounds good to its author.
(The same may be said about constructing or decorating a house.)
Gopen and Swan report that in their many years of teaching and
evaluating scientific prose, the single most common error and flaw they
encounter is misplacement of the elements of the paragraph—placing
new information too early; placing clarifying connective text too late;
interrupting the flow of the text with asides and irrelevant material. In
their paper, they provide several examples of ineffective text, analyze
where the prose fails to communicate effectively, and suggest ways of
improving the paragraphs.

v. Verbs and action. Articulate the action of every clause or sentence in
its verb. Readers expect that the action that is attributed to the subject of
a sentence or paragraph is going to be described by a verb, and that the
connection between the subject and the verb will be clear and manifest.
Writers often allow the complexity of the writing (presumably reflecting
the complexity of what they are writing about) to obscure the connection
between the subject and the verb, which leaves the reader wondering ex-
actly what is being described and what new information is being provi-
ded. It is sometimes useful to bracket the subordinate and qualifying
clauses in a paragraph and highlight the subject and the action verb.
When analyzing a paragraph, a writer might ask several questions to
make certain that the text conveys just what the writer wants it to:

* Is the verb appropriate to the subject?

* Is it clear from the text that the verb applies only to the subject and
not to another element of the text?
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* Has intervening material diverted the reader’s attention from the
connection between the subject and the action verb?

* Does the text “pile on” additional actions by attaching more verbs
than a reader can comfortably handle?

These are questions that an experienced writer will usually ask
without thinking, but even the most experienced author can lapse into
errors of this kind when dealing with complex material like that which is
typical of much scientific discourse.

vi. Relative placement of context. Provide the reader with context and
background before presenting new information. Writers will often be so
eager to share their new findings or conclusions, that they will place the
new information early in the text and will only later provide the
background material that a reader needs to understand and to evaluate the
new finding. If the reader is to both comprehend the point being made
and evaluate it, he must have all the information in hand when the point
is made. Failing that, the reader is apt to provide background and support
that is contrary to what the author believes is germane or supportive of
the point, and is thus likely to either misinterpret the author’s intent, or
come to the conclusion that the author’s point is simply incorrect.

This principle is also a consequence of what readers expect when
they are reading, but one way of demonstrating the logic of this principle
is to consider a lecturer who is presenting a mathematical proof or deri-
vation on a blackboard. The act of presenting the material piecemeal and
in a logical sequence (and with the benefit of an audience that is respond-
ing in ways that signal their comprehension—that they are following the
argument, or that they are perplexed by one particular step or another)
allows the audience to become comfortable with each step in the proof
and each element in the argument before proceeding to the next step. A
proof presented out of sequence is likely to confuse a student, even if all
the steps will eventually appear on the blackboard in their correct place
at the end of the lecture. The benefit of seeing the proof built “brick by
brick” is one of the advantages that a proof presented in steps on a
blackboard has over the same proof laid out in its entirety on the page of
a textbook (and is one reason a textbook cannot, we submit, ever totally
replace a lecture). Like the clues that the pagination of a book provides in
telling readers where in the author’s argument they are at any given
moment, the logical presentation of the proof allows the audience to
travel the lecturer’s same path. This provides a degree of comfort and
familiarity, which allows the audience to both understand and evaluate
the presentation.

In practice, an author does well to stop often in the composition of
the text and ask if enough information has been provided to the reader
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with which to evaluate what has just been presented. Following this prin-
ciple amounts to little more than recognizing that the text is not simply a
repository of the information; it is an instrument that brings the writer
and the reader into proximity and into a relationship that makes com-
munication (and hence the entire enterprise of science) possible. From
this observation, Gopen and Swan draw an important conclusion that
could be viewed as the essential point of their essay. “It may seem obvi-
ous,” they write, “that a scientific document is incomplete without the
interpretation of the writer; it may not be so obvious [but is no less true]
that the document cannot ‘exist” without the interpretation of the reader.”

vii. Emphasis and structure. Match the relative emphasis of the
substance of the sentence, paragraph or chapter with the expectations of
the reader created by the structure of the writing. When a paragraph is
effectively constructed, it has a quality of being able to present an idea
with a uniformity and coherence that readers and critics have described
as “musical”—that is, a unity that presents the substance of the prose
whole in a manner that Hawthorne described as “words disappearing into
thought.” In much the way a musical composition uses notes, chords,
sounds, alternating passages loud and soft, slow and fast, tense and
relaxing (in minor and major keys); so prose has a structure in which the
reader’s processing of the information and ideas conveyed in the text
creates reactions of puzzlement and understanding, confusion and
enlightenment, surprise and explanation, dramatic tension, and satisfying
resolution, to name a few. The principle in bold at the beginning of this
paragraph may be viewed as an expression of this quality of prose in
terms of the structural directives provided by Gopen and Swan’s earlier
principles. That is, following the basic structural directives of subject
placement, verb proximity, reader preparation, point placement, and
overall paragraph design, the writer places himself or herself in a posi-
tion to communicate the intention contained in the text to the reader
interpreting it, and to do so with an ease that belies the work and care
that went into creating the text in the first place.

1.4 Guidelines for Effective Word Selection in Science Writing

In the previous section, we have focused our attention on the
structure of scientific prose and the means of “designing” a sentence,
paragraph, and chapter so that the reader understands what the author
wishes to convey, and does so with an ease that allows for evaluation of
the import and the correctness of what is being communicated. Much of
the rest of this volume will be dedicated to matters of usage and style (in
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the narrow, technical sense of the word), and the conventions and prac-
tices that apply to English prose in general and to the usages accepted
and prescribed in the various scientific disciplines. This process begins
with gaining a facility for selecting the right word or phrase, and just as
importantly, avoiding and eliminating words and phrases that confuse the
reader or obscure the author’s true intent.

Many of the principles set forth here have been taught at all levels of
instruction in rhetoric and composition for centuries. The changing
values and standards of English composition demand that these be re-
viewed to reflect current thinking, but there is another reason for
reviewing these in a guide to scientific writing. Writers of science often
believe they do not have the obligation to convince and educate their
readers that writers of, say, history or philosophy have. The idea is often
expressed as, “If you have to ask, you can’t afford it.” No form of
scientific writing (we hope we have made abundantly clear in what has
preceded), no matter how complex or advanced, is free of the need to
convince and enlighten prospective readers. Every piece of writing about
science—whether it is for a local newspaper; a magazine; a book for the
educated public; a textbook for students; a monograph for advanced
researchers; a review or critique for colleagues; a report on an obser-
vation or an experiment; or a theoretical construct or hypothesis—is
always directed at convincing a reader on the correctness and importance
of what the piece is saying. Such is the reality, and anything that thwarts
that objective should be avoided. That includes any elements of language
and structure that create distance between writer and reader.

i. Be clear.

There is a direct connection between being clear and being simple.
The foremost practitioners of writing, be it in science or in any other
field, repeatedly counsel to avoid the “clegant phrase,” and to present
ideas in as simple language as possible. Physicist Michael Alley begins
the chapter on clarity in The Craft of Scientific Writing with a memorable
quote from Einstein: “When you are out to describe the truth, leave
elegance to the tailor.” Alley identifies two elements that subvert the
clarity of prose: complexity and ambiguity.

a. Keep it simple. Complexity takes the form of words that are
unnecessarily complicated and phrases that add little, or which can be
replaced with much more direct and simpler terms. Words formed by
adding —ize to a verb are a lazy substitute for a proper and perfectly
standard word. These should be avoided unless the usage has become
accepted (“familiarize” may be acceptable, whereas “particularize”—as a
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substitute for “specify”—is generally not). Using words because they are
more formal or longer, when shorter, simpler words convey ideas more
directly, not only obscures meaning, but has a distancing effect on the
reader. Given how important a sense of cooperation and, indeed, collabo-
ration between author and reader is in scientific communication, any-
thing that widens the gulf between the two is to be avoided. No single
word or phrase will do great damage, but the cumulative effect of an
entire paper filled with such words and phrases will take their toll. Using
“utilize” instead of “use”; “finalize” instead of “end”; “hitherto” instead
of “until now” or “previously”—all create barriers between what should
be a friendly and collegial exchange between author and reader. The
same may be said of unnecessary words and phrases (described in guides
as “useless,” “empty,” or “zero”) that add no information and give
writing a pretentious and overly-formal quality. They do nothing but
further estrange the reader from the writer and discourage the reader
from participating in the interpretive communication process. (Examples
and suggested alternatives are provided below, see 1.4, iii. Be direct.)

The same applies to phrases and sentences: needlessly complex
wording may not compromise meaning, but it will almost certainly inter-
fere in the communication of ideas. This is why Alley and others suggest
that a good way to eliminate or avoid overly complex writing is to ima-
gine that the material is being read to the most important and informed
reader of the work.

Care should be taken to avoid the following:

* strings of modifiers (adjectives and nouns that serve the same

purpose);

* packing sentences with prepositional phrases and subordinate

clauses;

* packing a sentence with too many ideas to be effectively

communicated.

This last problem is often difficult to identify, even in editing, be-
cause it can still exist even after one has eliminated run-on sentences
during the revision stage. Just as there are spoonfuls of food that are too
large to allow a diner to enjoy the taste of the food or even to digest it,
there are sentences and paragraphs that are too laden with material to
allow for sober and considered comprehension and evaluation of the
ideas being expressed.

b. Keep it unambiguous. Ambiguity is often best addressed in the
editing and revision process. It is often difficult to identify ambiguity
until the entire piece of writing is finished, or until the writer has some
“distance” from the piece so that he or she can evaluate it objectively.

An ambiguous word or phrase is not simply a word or phrase that has
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uncertain or multiple meanings, it is a word or phrase that can be under-
stood by a reader in many ways because of other problems with the
prose. Most writers know that “as” should not be used to mean “be-
cause,” since the word ‘“as” can also have other meanings (such as
“like”).

Ambiguity can also creep in through inexact syntax—the placement
and construction of the phrase or sentence. To illustrate, Alley provides
five sentences that differ only in where the word “only” is placed.

Only 1 tested the bell jar for leaks yesterday.
I only tested the bell jar for leaks yesterday.
I tested only the bell jar for leaks yesterday.
I tested the bell jar only for leaks yesterday.
I tested the bell jar for leaks only yesterday.

The difference in the meaning of these sentences illustrates how
important it is to be certain that sentences are constructed to convey what
the author wants them to convey.

Pronouns also often introduce ambiguity into a piece of writing.
Fowler’s classic work on English usage advises that there should never
be “even a momentary doubt” about to which element of a sentence a
pronoun refers. Alley’s example is as instructive as it is amusing: “In low
water temperatures and high toxicity levels of oil, we tested how well the
microorganisms survived.” (Alley adds: “I hope that everyone con-
ducting the tests survived as well.”)

ii. Be precise.

In scientific prose, one expects words to be used carefully, so that,
for example, a writer of a piece on physics would not confuse “mass”
and “weight,” and should not do so even if the level of writing is
informal enough to make the distinction less important, or if the writing
is directed at an audience that will still understand the point of the piece
even without knowing the distinction. The value of precision in science
may well be the highest value that a science writer (or a scientist, for that
matter) can espouse, and a science writer compromising on precision,
even for what is perceived to be a greater good of more emphatic and
persuasive communication, does so in peril of rendering the writing
neither forceful nor persuasive.

Often, scientists and science writers are placed at a disadvantage by
pseudoscientists or those who advance a political or religious agenda
under the guise of science. The discussion is manipulated by those who
argue using terms imprecisely and ambiguously, a practice that a scien-
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tist or science writer would never countenance. In a sense, a science
writer is in somewhat the same position as a prosecuting attorney. A
prosecutor is not permitted to be anything but truthful: he or she is not
permitted to withhold exculpatory evidence; not permitted to argue a
position that he or she believes to be false; and not permitted to call on
witnesses to give testimony that he or she suspects might be untruthful.
Defense attorneys, on the other hand, are permitted to do all this (to one
extent or another) in the course of providing their clients with the most
vigorous possible defense. At least that is how the Western legal system
is supposed to operate, and while attorneys on both sides will often bend
the rules and standards to gain a momentary advantage, experience
teaches that such transitory successes are gained at a cost that ultimately
undermines the system as a whole. The same may be said of science
writing. A momentary lapse in precision may win a point, but will also
undermine the enterprise of science communication and its vital role in
the culture. Words that frequently cause problems in this area are abso-
lutes and unqualified assertions. Careful writers are loath to use words
like “always” or “never.” They will cringe when reading a bold statement
that is in desperate need of qualification; they should cringe even more
when writing that way.

a. Repetition is not a sin. The belief that repetition of words is the
mark of poor writing is often the root cause of imprecision because
writers sacrifice precision and use synonyms in order to refrain from
repeating words. While repetition may interfere the flow of certain types
of writing (in which the very reappearance of the word interrupts the
narrative flow), it is important to realize that synonyms are often only
approximately equivalent in meaning, and using them carelessly runs the
risk of subverting the entire meaning the writer wishes to convey. If a
word or phrase perfectly describes a situation, writers should not hesitate
to use it repeatedly in the text—with caution, however, and not with wild
abandon. Mark Twain, who was a judicious stylist and mindful of the
way a repeated word can annoy and distract a reader, nevertheless
advised using the right word (once found) whenever necessary. The
difference between the right word and “almost the right word,” he would
say, is the difference between “lightning” and “lighting bug.”

b. Connotation. Be aware of what “baggage” a word brings with it.
Words or phrases have acquired connotations in the course of common
parlance. This stands in opposition to the word’s “denotation,” which
refers to the clear and “unvarnished” meaning of the word. Writers must
be sensitive to the connotation of words for the simple reason that a
connotation may lead a reader to understand the exact opposite of what

21




Manual of Scientific Style

the writer intends. An oft-cited example is the word “adequate.”
Although the denotation—the straightforward definition—of “adequate”
(“1. Able to satisfy a requirement” according to The American Heritage
Dictionary) would make it a perfectly suitable word to use in describing
the condition of an airplane or surgeon, the word has the connotation that
what is described is barely satisfactory for the task at hand. Most
travelers or patients would hope to find an aircraft or physician much
better than merely adequate.

The connotation of words change frequently and often unexpectedly
(sometimes as a result of the use of a word in the public arena or media)
and thus a competent writer must stay abreast of what is happening to
words in the minds of readers—or be aware of such nuances of meaning
that may be newly reported in dictionaries and style guides. (That same
American Heritage Dictionary offers as the second definition of “ade-
quate”: “2. Barely satisfactory or sufficient.”)

Here are three examples of language that carry unwanted “baggage”
that often prevent the reader from understanding the author’s intent:

Value-laden words or phrases—terms that on the one hand seem to
describe or modify in a straightforward way, but which, on the other
hand, are used so frequently with decidedly positive or negative associ-
ations that they take on similarly positive or negative connotations—may
also color a piece of prose in ways that are contrary to what the writer
intends. For example, saying that a drug has been observed to “exacer-
bate” or “aggravate” a bodily function will lend a negative connotation to
the report, just as applying the words “alleviate” or “enhance” to the
same observation will give the report a positive connotation. These
descriptive terms should certainly not be used if they convey the opposite
of what the writer wishes to convey, but such value-laden terms should
be avoided in all cases because they introduce an imprecision in the text.
If the finding reported is, in fact, salutary in the opinion of the writer,
then he or she should say so explicitly and not through the connotation of
the words used or through innuendo. Such use of language can leave
readers with the sense that they are being manipulated and not dealt with
honestly, and this creates a barrier between writer and reader. (It is
Hawthorne, again, who warns that, “imprecision is a ‘blood relative’ of
dishonesty.”)

Jargon and slang present the same sort of problems when used in
scientific writing: connotations and associations with words and phrases
introduce meanings that are irrelevant or contrary to the intent of the
writer. Many readers will not be able to avoid understanding such words
and phrases in light of the connotations and associations that these words
and phrases bear with them. While linguists will point out that many
terms, particularly in the sciences and technology, go through a stage in
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which they develop from jargon and slang into members of the standard
vocabulary, such words should not be used until their “flowering” is
complete and they are accepted in public discourse and in the parlance of
practitioners of a discipline. In Section 1.7, below, we offer lists and
guidance on specific examples and usages of jargon and inappropriate
language for scientific writing.

Finally, “anthropomorphism” refers to the use of words that imply
human agency or intention to inanimate objects, abstract concepts, or
physical phenomena. In addition to being inaccurate and imprecise—ani-
mal subjects do not “prefer” or “detest” one food over another in any
way that approximates human choice and decision signified by these
words; studies do not “ignore” or “praise” other studies (authors of
studies do); and molecules do not “dance” or “crowd” into potential
wells—such usage introduces an element in the writing that invites the
reader to explore associations and to decipher what the author meant by
introducing this material. This further separates the reader’s under-
standing from the writer’s intent, and interferes (needlessly, in our view)
in the communication process. While we have argued (in Sections 1.2,
and 1.4, iii) that scientific writing should still be human and that the
humanity of the author should be present if relevant to the subject and
the substance, anthropomorphic language is not what we had in mind.

c. Level of detail. The level of detail chosen for any particular piece
of scientific writing is among the most crucial decisions an author can
make. The inclination to pack a piece of writing with all available infor-
mation at the most advanced level of technical language and mathema-
tical representation must be overcome and controlled; such writing can
drive away even the most erudite and interested reader. It will certainly
not engage general readers or even readers working in nearby fields.
Following are seven suggestions, made by several guidebooks, on how to
address the question of determining the right level of detail that a piece
of scientific writing should have:

1. Strike a balance between the specific and the general. Clear
and persuasive science writing uses both specific statements and
generalities that support and explain one another. The level of detail of a
piece of scientific writing is the net effect of these two kinds of
statements—an “average” between the specific and the general.

2. Use examples to illustrate abstract concepts. Judiciously chosen
examples are often the best way to communicate a subtle or complex
concept. An experienced teacher will regard the examples he or she
presents to students to be critical to successful education. The same goes
for communication in any sort of scientific writing.

23




Manual of Scientific Style

3. Use analogies to paint a picture in the reader’s mind. The right
analogy or descriptive image can not only elucidate an idea, but can also
give the reader an image that will linger and with which to remember and
ponder the concept.

4. Use comparisons to place information in perspective. Measure-
ments and dial readings reported in scientific literature do not generally
come with scales or ranges, so that many readers will not be in a position
to know if a reading is remarkably high or low. Additional information
that explains what typical or “normal” readings or measured quantities
are, can help readers relate to and understand highly technical and spe-
cific statements.

5. Review the piece and be on the lookout for needless complexity
or obscure terminology. We will indicate later (“1.5 Getting Started”)
how important editing a draft of a work is, and we will emphasize that
the best editing is done by someone other than the author of the work.
But the first review and editing of a work is best done by the person most
familiar with it, namely, the author. Time spent reviewing (which means
at a minimum genuinely rereading the work, preferably with fresh eyes,
and asking how a new reader will understand each part of the work) will
pay dividends in better reader comprehension.

6. Simplify sentences and phrases whenever possible—particu-
larly clusters of nouns and adjectives. Evaluate the piece “micro-
scopically”—phrase by phrase, sentence by sentence, and paragraph by
paragraph. Address needlessly complicated phrases or sentences and be
certain that terms are used properly and with ample explanation and
preparation. Construct sentences as simply and as plainly as the level of
technical sophistication and complexity will allow.

7. Step back and ask yourself, “Have I made my point?” This
step entails looking at the piece “globally”—meaning, does the piece
convey the most important point that you, as the author, wanted to
convey to your ideal or typical reader? Clearly, other readers may be
better able to answer that question than you, the author, but making a
first attempt at it may well be beneficial. Sometimes, a single phrase or
sentence, near the beginning (announcing your intent) or near the end
(summarizing your conclusions) is what is necessary to drive home the
point you wish to convey.

iii. Be direct.

Characteristic of scientific writing (perhaps its most distinguishing
characteristic) is that it is direct, or, as some guidebook authors put it,
“forthright” (although the word “forthright” has the connotation of
“being honest,” and one would hope the author’s honesty is not in ques-
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tion). As was noted in Section 1.2, one of the milestones in the develop-
ment of modern science was the emergence of a manner of commu-
nication that could be shared across otherwise unbridgeable chasms of
time, geography, language, social environment, culture, political system,
and even religious conviction. Scientific writing is simply about what it
purports to be about, and should not be advancing any hidden agenda or
subliminal message. It should make no appeal to special, hidden or eso-
teric knowledge; should make no appeal to authority, nor to any source
of fact and truth other than logic and observation.

The road to the prevalence of scientific style was long and difficult,
and it did not suddenly appear full-blown. It was arrived at one step at a
time. Today, attempts are being made to recover some of the beneficial
elements of scientific discourse that the development of science writing
has sacrificed. But these efforts are not attempting to replace or compro-
mise what has been gained in the past two to four centuries.

There are two main areas in which the direct quality of scientific
discourse and science writing are manifest, and it is these two areas that
should inform one’s writing:

a. Avoid pretentious, arrogant, and clichéd language. Pretentious
words and phrases are those that are needlessly long, but which express
simple ideas. There are certainly times when an unfamiliar or complex
word will be necessary to convey a similarly unfamiliar or complex idea.
But to use such words to convey simple information or express simple
ideas is certain to alienate the reader and stand in the way of a reader’s
comprehension of the work. The tone of the writing fairly screams at the
reader that the author believes the reader is fortunate to even be allowed
to read what the author has written. Readers are understandably insulted
by this insinuation, and they are less likely to read what the author has to
say with any degree of sympathy.

The list of pretentious words is a long one and below is a small
sampling. A rule of thumb that may be helpful is: if the word or phrase is
one you would not use in speaking to a close relative or loved one, it is
likely to be inappropriate for scientific writing.

Instead of Use
component part
facilitate cause
implement use
in close proximity to near
on two occasions twice

conduct an investigation ~ investigate
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Arrogant language takes the insult a step further by raising an
insinuation to a bald assertion. Phrases like “as is well known,” “it is
obvious to any reader,” and “clearly demonstrate” (and others of that
kind) convey to the reader the sense that only a fool would dispute the
statement made or the conclusion drawn. Readers are generally perfectly
capable of seeing through such language. The result is likely to be a
begrudging and resistant reading of the piece, and a jaundiced attitude
toward its author and the idea the piece contains.

Clichés and instances of extremely colloquial language are likely to
also result in a “disconnect” between author and reader. Phrases like,
“sticks out like a sore thumb” and “back to the drawing board” convey
an attitude on the part of the author that he or she thinks either the
subject is not deserving of serious attention, or the reader does not de-
serve a serious discussion. The impression may be subtle and the reader
may be only mildly or unconsciously aware of these messages, but if the
reader is to have an important role in successful communication of the
author’s point, then these message will be picked up by many readers
and will, at the very least, result in far fewer of them understanding or
accepting the author’s thesis.

b. Strong nouns and verbs. Use direct and “strong” nouns and sim-
ple, active verbs to convey information. Finally, being direct in one’s
writing means couching ideas in terms that convey the subject clearly
and that convey the action taken by the subject emphatically. This
suggestion is often conveyed in terms of using the “active” voice in favor
of the “passive” voice, and this has in turn given rise to the notion, which
may be found in older style guides, that writers should always use the
active voice and never use the passive voice. As with most absolutes, this
is an overstatement and there may well be instances where the passive
form is the best way of describing a situation—readers will recall the
example given above, in Section 1.3, iii, in which “Pollen is dispersed by
bees” is a preferable form to “Bees disperse pollen”—if the subject of the
writing is pollen and not bees. Writers often find that the most effective
writing (in science and elsewhere) strikes a balance between the active
and the passive voice, a balance that is acquired through experience.

c. Concrete vs. abstract. The same is true regarding the old stricture
that favored the concrete over the abstract: each case has to be looked at
on its own merits. As a general guideline, however, direct, active, and
concrete writing, as reflected in the choice of words and the description
of action, arrests the reader’s attention more than indirect, passive, and
abstract writing, because it forces the reader to stop and reflect. This
could also, however, cause the reader to lose the train of the argument.
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d. Pronouns and tense. Under this rubric, we caution that pronouns
and tense be used carefully when describing the author and the work or
research performed. Authors will often use the passive voice in
presenting their work because they believe that this lends the work an air
of objectivity and seriousness. Goldbort points out that arguably the most
important paper in the history of modern life science, Watson and
Crick’s report on the structure of DNA, begins with “We wish to suggest
a structure for the salt of deoxyribose nucleic acid (D.N.A.).” Earlier (in
Section 1.2, ii) we suggested that the elimination of the author as a parti-
cipant from scientific writing was an unnatural conceit that gave readers
the impression that the effects and experiments happened by themselves
without any human effort, which further insinuates that the experiments
had to happen just as they did.

The same misleading implication can result from the misuse of
tenses in reporting results or hypotheses. It is correct to say that an
experiment conducted found something to be the case; reporting that the
experiment or the experimenter finds something to be the case implies
that the experiment or phenomenon is ongoing, and that the observation
is a universally expected phenomenon of nature. Use of past tense when
reporting conclusions likewise represents the fact that a hypothesis is
being made and a conclusion is being drawn, as opposed to a pheno-
menon being observed.

iv. Use shared language.

A challenge that every writer of scientific material faces, regardless
of level, is making unfamiliar terminology accessible to the reader. Sci-
entists often disparage popular writing for bowing to this problem, but
even technical writing can suffer from improper use of technical lan-
guage because it can cause the reader to stop and evaluate the term, and
that will interrupt even the most accomplished and competent reader in
his or her participation in the communication process.

a. Define technical terms. Avoid using technical terminology with-
out giving due thought to defining or explaining the terms used. There
are many ways to use technical terms that vary across time, settings,
cultures, languages, and disciplines. We therefore couch this advice in
the negative, urging the writer to always ask if the term used has been
adequately defined (either in a footnote or a glossary if too many
definitions will intrude on the flow of the text).

Another reason to be extremely careful with the use of technical
terms is that often what is assumed in one setting to be a properly defined
and understood technical term is actually jargon, specially used by a

27




Manual of Scientific Style

limited number of people and practitioners in a field. This is particularly
prevalent in technical fields, where ordinary daily discourse is laced with
newly-minted terms that reflect the fast pace of technical development of
the field. Thus, terms in information and computer technologies are
created with the same dizzying rapidity as the technology itself. Writers
must be careful to use terminology that readers will understand if they
are to communicate effectively—this truism is never more true than in
the areas of contemporary technology.

In other areas, the burst of creativity at the very cutting-edge of fields
encourages the coining of new terms—neologisms, abbreviations, and
acronyms that are often designed to convey the unfettered use of imagi-
nation and even a note of whimsy. These have to be tightly controlled by
writers if they are to be understood. It is difficult to imagine contempo-
rary particle physics, for example, advancing without the creative and
inventive use of language to describe structures and processes at the very
edge of human comprehension. It is important, however, that these terms
be well grounded and concretely defined so that the terminology and the
syntax do not run roughshod over meaning and understanding. In these
areas, it is well to remember physicist Niels Bohr’s advice, that “one’s
writing should never be clearer than one’s thinking.” Behind the evo-
cative labels and abbreviations, there must be a firm sense of concrete
definition if anything written about these terms is to be meaningful.

b. Use examples, analogies, and comparisons. Explain unfamiliar
words and concepts in terms of words and phenomena familiar to the
reader. Researchers and educators for whom imparting knowledge to the
next generation and to their fellow human beings is of paramount
importance value highly the apt and telling example, the evocative and
illuminating analogy, and the memorable and striking comparison. Se-
lecting these tools effectively in the course of educating anyone in any
setting is the hallmark of a good teacher, and (it may be argued, as it was
in Section 1.2.ii) a quality of a good scientist.

In selecting and fashioning examples, care must be taken to maintain
the focus of the example on what is being explained and illustrated.
General statements that are not illustrated with an appropriate example
will not only be forgotten, but will leave most readers uncertain of whe-
ther they have correctly understood the statement in the first place.
Examples work best when they are concrete and specific; when they are
whimsical or contain tangential material, they divert the reader’s atten-
tion and focus. A well-crafted example is plain and to the point.

An analogy, on the other hand, is designed to evoke a picture in the
reader’s mind—an image that will stay with the reader as he or she
continues on through the text. The author hopes the image will remain
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vivid as the subject is developed; the author also hopes that the image of
the analogy will not import new associations and complexities into the
text with which the reader will have to grapple further on in the piece.
Analogies, therefore have to be vivid and simple, and they require
imagination and creativity if they are to be artfully crafted. Einstein was
a master of the well-wrought analogy and pointed example, and much of
the success of relativity by the scientific community owed to the vivid
quality of his writing. (When, in the early days of relativity, it was joked
that only eight people understood the theory, it would have been more
accurate to say that only a few people had something original and illumi-
nating to say about the theory. The new physics took some time to
develop its language and imagery tools, and for this Einstein and his
supporters called upon their literary talents as much as their scientific
expertise, just as modern physics has had to undergo the same “linguistic
evolution”—using many of these same literary tools—over the last dec-
ades of the twentieth century.)

A third device that may be used to explain an idea so that it is clear,
vivid, and memorable is comparison. A famous example (cited by
Alley) is given by the physicist Richard Feynman in the opening of his
lectures on electromagnetism. Feynman describes the magnitude of the
electrical force by comparing it to the force of gravity:

If you were standing at arm’s length from someone and you had
one percent more electrons than protons, the repelling force [on
you] would be incredible. How great? Enough to lift the Empire
State Building? No. To lift Mount Everest? No. The repulsion
would be enough to lift a weight equal to that of the entire earth.

In his subsequent discussion of the difference between the forces of gra-
vity and electricity, this comparison is in a class by itself and is remem-
bered by virtually every physics student who has ever heard or read it.

v. Be concise.

In today’s world, the value of conciseness is arguably greater than
ever. The flow of information is accelerated and coming from many
different directions; it is no wonder we have had to develop the ability to
grasp the essence of things quickly—to integrate information in a “low-
attention-span” environment. Concise writing is best achieved in the
revision and editing process; an author is wise to review anything he or
she writes at least once with no other purpose in mind but the elimination
of unnecessary language. Here are some of the language forms that one
should watch for:

29




Manual of Scientific Style

a. Redundancy. Simply eliminate it. Phrases that are filled with
words that add nothing to the basic idea being conveyed are, in today’s
communication environment, dated and annoying. Perhaps there will
come a day when ornate shirt sleeves will once again be fashionable, but
ornate, flowery writing is passé and subverts the communication process.
To say that something is happening “at the present time” instead of
saying it is happening “at present,” dates whatever is being said. Both
Alley and Goldbort provide examples of such language, but these
redundant styles are holdovers of earlier ages, so it is likely that any list
of this kind will be different (hopefully shorter) in the future.

An old English instructor once advised students to imagine that the
text is being inscribed in stone, as written material was in antiquity, and
to then ask themselves if every word was necessary. Now that more and
more material appears on computer screens, the burden that was once
placed on the writer is placed on the eye of the reader. Appropriate
advice today would be: imagine you have to read the text on a computer
screen after a long day of eye-straining work, and then ask if every word
is necessary.

b. “Deadwood.” Consign it to the flames. This refers to empty
verbiage and unnecessarily ornate language; words and phrases that offer
no information to the reader. This language is usually designed not to
convey information, but to leave the reader with an impression about the
writer—that he or she is: erudite (“as a matter of fact™); cultured (“it
should be pointed out that”); authoritative (“it is significant to note
that”); sophisticated (“it is generally conceded that”); or likable (“I might
be forgiven if I say”). These phrases add no information, and using them
runs the risk of alienating the reader.

c. “Fat.” Cut it out. These are phrases that use many words to say
what can be said in a word or two. Earlier, we suggested that “at present”
was a more efficient way of communicating than “at the present time,”
but “now” would be an even better way of saying the same thing.

The impressions these examples of “inconcise” language leave with
the reader are either that the point being made is so important that it must
be adorned with elaborate language, that the author is to be admired
simply for making the point, or, worst of all, that this may well be the
last valid or interesting point the author will ever have. None of these
impressions is conducive to a sympathetic reading. Concise language, by
contrast, conveys to the reader that the author values the reader’s time
and attention.
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vi. Be fluid.

In the previous section (1.3), we looked at how to structure sentences
and paragraphs so that the points they contain are communicated effect-
tively. Important as that is, it will not be enough to ensure that readers
will absorb from a piece of writing just what an author wishes to convey.
This is because no matter how well constructed a piece of writing is, and
no matter how well chosen its words and phrases are, if the writing is
dull, readers will have difficulty following the argument. In addition to
being well crafted and well designed, writing has to be interesting to
read. The most scintillating piece of prose will fail to connect with a
reader if its read monotonously in a drone voice. When writing has a
structure that keeps the reader’s attention as it moves from sentence to
sentence and point to point, it is said to be “fluid”—simply because it
flows easily and is read by the reader (“goes down”) with ease.

The great literary stylists develop a fluid style with much practice
and by applying their innate talent, but there are a number of mechanical
practices and habits that any writer can apply to make the writing (of
anything, from a technical article for a research journal to an opinion
piece for a local newspaper) more fluid. We call these practices “mecha-
nical” because they amount to little more than introducing variety in the
writing. Variety alone will not guarantee that the writing will be interest-
ing, any more than a uniform style is sure to result in dull, lifeless
writing. The great stylists applied rules such as these instinctively in
bringing their writing to life. In time, applying these devices may incul-
cate a sensitivity to what is dull prose, and what is vibrant writing.

a. Vary sentence rhythm and length. Sentences of nearly the same
length through a piece of writing have a numbing effect on the reader
and make it impossible for most readers to stay focused and engrossed in
the piece. Variety can be introduced by the simple device of varying the
length of the sentences, or by varying their rhythm. This can be done by:
introducing prepositional phrases of varying length; using (judiciously)
an introductory clause that sets the stage for what follows; and using
variety in subject placement.

Too much variety comes across as chaotic, just as too little runs the
risk of being monotonous. As with most elements of fluid style, another
pair of eyes (i.e., another reader or editor) may be better able to assess
what needs to be done.

b. Vary sentence style. Not every sentence should be a simple
declarative sentence. Insert an occasional aside or a rhetorical question.
Even a parenthetical remark (that does not divert the reader’s focus on
the argument) can be useful in making the writing more fluid.
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c. Vary opening sentences of paragraphs. The opening sentence of
a paragraph sets the tone of the entire paragraph, so it is important that it
sets the proper tone. Since not all paragraphs will be the same with
respect to the overall argument, it is important that the opening sentence
“announce,” through its structure and tone, the fact that the crux of the
argument and the “new information” of the piece is imminent.

d. Clear up the “logjams.” Be aware of sentences and paragraphs
that lead the reader down a tangential path away from the main thrust of
the argument. Such diversions may play a useful role in setting the
context or preparing the reader for what is coming, but irrelevant
material should be avoided in the immediate area of the point of the
piece. Tangential diversions destroy reader attention, and ultimately
reader comprehension.

e. Use surprise and the unexpected. ‘“Artistry,” Beethoven often
said, “is knowing when the ‘mistake’ is better; genius is being able to
always make those ‘mistakes’.” With all the advice and rules provided
above, the ultimate arbiter of whether a piece of writing “works”—
whether it conveys the author’s point effectively and convincingly—is
the personal reaction of readers. Do not hesitate to experiment. Be
prepared for the moment of serendipitous inspiration—the “typo” that
seems to convey what is meant better than the conventional, rule-obeying
writing you are trying to compose. Don’t hesitate to compose a passage
just to see how it reads—you can always erase it (or delete it) and try
again. Hemingway labored long and hard to produce his 600 words a
day, paring it down from text two or three times as long. Writing clear
and effective prose is something that (like almost anything else in life)
comes through effort and with practice—and no small measure of good
fortune.

vii. Follow correct usage.

Communicating difficult, complex, and unfamiliar ideas to a wide
variety of readers with great variation in their backgrounds demands that
the writing be carefully wrought and precisely worded. For researchers
and practicing scientists, this is no small task, especially when preparing
material for a popular and general readership. What readers know and
what readers don’t know are key questions that authors must continually
ask themselves and address if they are to produce meaningful and
effective writing. But even when addressing colleagues and initiates
within a discipline, adherence to the standards and rules of style are what
allows scientists to converse across time and nationalities; what allows
laboratories in different countries and epochs to produce and reproduce
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experiments and scientific processes; what permits scientists and
researchers of different languages and different points in the history of
science to converse with each other across chasms that are all but
unbridgeable in other intellectual disciplines.

1.5 Getting Started (and Dealing with “Writer’s Block”)

In spite of their experience and the instruction of inspiring teachers,
there will be some scientists who will look upon writing and com-
municating as a bothersome necessity undeserving of their time or atten-
tion. This attitude will be a primary cause of scientists devoting less than
their best efforts to science writing and communication. (“I’m not good
at it” and “It’s a waste of my time” become two notions that reinforce
one another in the minds of many scientists.) Then there will also be
many scientists who recognize full well the importance of good science
writing and its contribution both to their effectiveness as science
researchers, their careers in science, and to the community at large.
These people will find the time and resources to craft their writing so that
it is clear, precise, and effective, no matter whether they are writing a
review for a science journal or a book for a trade publishing house.
(More often than not, these are individuals who simply cannot bear to see
their names associated with anything shoddy or second rate, a quality
that often translates into a meticulous attention to detail in their scientific
work.)

There will be still others who have written successfully in the past or
who have appreciated the value of good writing in advancing science
(and perhaps, as has been argued above, even in doing science), but who
are sufferers of “writer’s block”—that is, they are simply unable to get
started—unable to “put pen to paper.”

To the best of our knowledge, only one work that may be categorized
as a manual or guidebook devoted to science writing contains a brief
discussion of “Avoiding Writer’s Block” (The MIT Guide to Science and
Engineering Communication, by James G. Paradis and Muriel L. Zim-
merman; MIT Press: 1998; pp. 11-13). Whether or not writer’s block
qualifies as a legitimate psychological syndrome is arguable; one day it
may be regarded as a disorder in need of, and responsive to, therapy and
treatment. For now, however, we draw upon Paradis and Zimmerman’s
recommendations, which, if not methods for addressing a legitimate
syndrome, are at the very least sound advice on how to prepare for a
writing assignment and how to overcome certain obstacles to the writing
process that come from within.
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i. Gather sufficient data.

In many cases, an author will not have conducted sufficient research,
or will believe he or she has not conducted sufficient research in order to
start writing. Often, such research requirements are unrealistically large,
making the fear and anxiety of failure to complete the research self-
fulfilling. The recommendation is to set a definable and proscribed pro-
gram of research and to begin writing as soon as it is completed. The
writing process will inform not only what thought the author has, it will
also engender further thinking and may direct the course of additional
research.

ii. Define the task of the writing specifically.

Authors will sometimes be confused about the exact nature of their
writing aims. They wonder: for whom are they writing; at what level
should they be writing; how comprehensively should their writing be;
and at what level of technical sophistication should their writing aim? In
this case, a preliminary memo (to themselves) may help remove this
stumbling block.

iii. Organize the material.

The complexity and the scope of the subject may be unrealistically
large and may prove too daunting a task. Creating a detailed outline that
organizes the main points of the work—a process that should be given
ample time, but is best created under a strict time limit—can help
advance the writer to the next stages of the work.

iv. Discuss the work.

While some writers find discussing a work in progress impedes the
work rather than helps it, if one is having difficulty going forward, what
is there to lose by talking about the piece? Discussing the work—its main
argument; its tone and audience; the plan for its execution and
completion—with a colleague, supervisor, or a confidant, either face to
face in conversation, or in the form of a preliminary draft or notes, can
lead to productive work on the project.

v. Sketch the graphic components of the work.

Some people organize material best orally; some in written form; and
some in graphic form. To exploit the graphic proclivity that a writer
might have, preparing sketches and “story boards” of the graphics
program of the work may stimulate and crystallize thought to the extent
that the writing will become easier and more forthcoming.
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vi. Create a conducive environment.

Writing is an activity that frequently requires sufficient time, an
environment free of distractions, and the materials necessary for the
simple act of writing. Without being overly attentive to such details, set a
time of day for writing when you will not be disturbed; arrange for a
comfortable place with no distractions; and have sufficient writing
material on hand.

vii. Don’t insist on writing a perfect first draft.

Justice Brandeis often said, “There is no great writing; only great
rewriting.” The revision process is critical in the creation of effective
prose of any kind; this is especially true of scientific prose. While
rewriting, a writer should be prepared for the following:

* The ideas—sometimes central to the thesis and argument of the
work—may change in the course of, possibly even as a result of, writing.

* Research conducted during the course of writing (or previous
research first understood during the course of writing) may alter elements
of the work, perhaps radically.

» The process of articulating ideas and arguments will, by itself and
by its very nature, crystallize and clarify ideas and connections in the
writer’s mind that would otherwise have gone unnoticed.

viii. “Get thee an editor.”

Leading scientists have discovered what great writers of fiction and
non-fiction have known for a long time: editing is a critical part of the
process that results in the production of an excellent piece of writing of
any kind. We hesitate to say that editing is an integral part of the writing
process, because ingrained in our mind is the notion that writing is a
solitary process, performed by a solitary individual pounding on a key-
board in an office, an attic, or a basement. Editing is an essential part of
writing or artistic creation; only Mozart was able to produce perfectly
constructed scores without so much as crossing out an errant note.

The only question is: can one edit one’s own work, or must it be
done by someone else? A writer who edits his or her own work is in
much the same position as a lawyer who defends himself or herself. Such
a lawyer (lawyers say) has a fool for a client. The art of editing entails
being able to read a piece of writing with sufficient detachment to spot
confusion and miscommunication and to suggest means of improving the
writing—but with sufficient involvement to comprehend and resonate
with the author’s style and intent, without imposing the editor’s own
style on the writing. This would seem to preclude the possibility of an
author being able to edit his or her own writing.
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1.6 Words Often Misused or Confused

a, an — 4 is used before any word starting with a consonant sound (a
house, a union, @ European, a B.S. Degree). 4n is used before any word
beginning with a vowel sound (an hour, an igloo, an M.S. Degree).

abduct, adduct — Abduct is used in physiology to mean “moving a limb
or body part away from the midline of the body (the median axis) or
from another part”; adduct means the opposite—drawing near to the
median or to another body part.

ability, capability, capacity — Ability is used to describe the physical or
mental skills of an individual (“His ability to climb trees is impressive”).
Capability refers to the specific skill or power, not the individual (“She is
capable of producing children”). Capacity is used to describe the amount
that a vessel can hold or contain (“The ship was filled to max capacity”),
or it can be used to describe an individual’s learning abilities (“He has
the capacity to learn many new languages”). See also capacitance.

about, approximately — These terms are synonyms, however in the
sciences approximately is preferred, while about is more common in
daily or informal discourse.

absorbance, absorptance, absorptivity — Absorbance is a measure or
logarithm of light, which enters or passes though a liquid or a solid.
Absorptance and absorptivity can be defined as the ratio of energy
absorbed by a material.

absorption, adsorption — Absorption is a process in which atoms,
molecules, or ions are taken up by volume in a capillary, osmotic, che-
mical, or solvent action. Adsorption occurs when atoms, molecules or
ions are held at the surface of a solid or liquid.

abstruse, obtuse — If something is abstruse it is extremely difficult to
understand. Obtuse refers to someone who has difficulty understanding
something.

accident, injury — Accident should not be used in scientific studies when
referring to an injury, this is because in most cases an accident can be
prevented or predicted, and implies that there is nothing or no one at
fault. For example, instead of referring to a “car accident,” words like
“crash” or “collision” are preferred.
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accord, accordance — Accord is used to define an agreement (“They
were in accord on the theory”). Accordance means to conform to a
standard or agreement (“Their experiments were in accordance with
practical standards”).

accuracy, precision — Accuracy refers to a degree to which a measured
amount is correct. Precision refers to the act of measurement—how
carefully it was done.

ACE, Ace — “ACE” is an acronym for “angiotensin-converting enzyme”;
“Ace” is a brand-name for a a kind of flexible bandage.

acute, chronic — These terms should only be used to describe the
duration and severity of a patient’s symptoms or conditions; they should
not be used to describe medications, treatments or patients themselves.

adapt, adopt — To adapt means to modify, to adopt means to take
unchangingly as one’s own.

addicted, dependent — To be addicted is a physical condition, while to
be dependent is a psychological condition.

adduce, deduce, induce — To adduce is to bring forward evidence,
arguments, or proof; or to cite an example or passage (“The evidence she
adduced showed that the claims were false”). To deduce is to come to a
specific conclusion based on a general idea (“He deduced a date of entry
by observing movements around the site”). To induce is to come to a
generalization based on detailed facts (“After studying migratory pat-
terns, they induced that the tribe were hunter/gatherers™). To induce can
also mean to cause or to force (to induce labor).

adequate, enough, sufficient — Adequate is used when referring to the
quality or sufficiency of an explanation or idea. Sufficient refers to the
appropriate amount of material. Enough refers to count nouns (enough
patients) and mass nouns (enough air).

adherence, compliance — These can be used synonymously, however
adherence is used more frequently when a patient is voluntarily acting in
accordance with medical advice he or she has received: taking medica-
tion; seeking treatment; watching diet; etc. Compliance usually implies
that a patient has been forced to adhere to the medical treatment given.
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administer, administrate, administration — To administer is to apply a
therapy, treatment, or drug; to administrate is to manage. The noun form
for both is administration, which means caution must be exercised not to
confuse the two meanings.

adrenalin, Adrenaline — Adrenaline is the term used for the chemical
epinephrine outside the United States, but is not used clinically in the
United States because the term “Adrenalin” is a trademarked pharma-
ceutical. (In the U.S., epinephrine—also spelled “epinephrin”—is used.)

adsorption — see absorption

adverse, averse — Adverse is used to describe an unfavorable or
unfortunate condition; it is usually used to describe an object or thing,
not a person (“The medication had adverse effects”). Averse is used to
describe a person who is opposed to, or has negative feelings about, a
subject (“He was averse to having a discussion about that subject”).

affect, effect, impact — Affect is a verb used to describe the influence or
cause of an outcome (“They wondered how the election would affect
their society”); it is usually applied to something that already exists. In
psychology, it is used as a noun defining an emotion, or a mood. Effect is
a noun that refers to an outcome or a result (“The effects of the
experiment had positive results”). Impact is often used as a synonym for
affect but it should preferrably be used to describe the physical hitting or
striking of an object or body.

afflict, inflict — Afflict is used when referring to sufferers upon whom are
visited disease or other troubles (“The patient was afflicted with a
number of ailments”). Inflict is used when referring to something causing
pain or suffering to someone or something (“The murderer inflicted fatal
wounds on the victim”).

after, following — These are synonyms, but affer should be used as a
term meaning “later” (“After the surgery, the patient had many side ef-
fects™), while following should be used to indicate a sequence or position
(“The following artifacts should be examined”).

after having — A redundancy. Instead of “After having completed the
experiment” use “After completing the experiment.”

afterward, afterword — Afterward is an adverb meaning later, while an
afterword is an epilogue to a published work or a piece of writing.
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age, aged — When a precise age cannot be given, aged should be used
instead (teenaged not teenage).

aggravate, irritate — To aggravate means to make worse or intensify an
existing condition (aggravate the assault), while irritate means to bother,
annoy, or create a new condition.

agonist, antagonist — Agonist refers to a drug that stimulates a reaction
by a cell that is ordinarily caused by a naturally-occurring substance;
antagonist is used in biochemistry to refer to a chemical substance that
inhibits or counteracts the action of another substance.

albumen, albumin — Albumen is defined as egg whites, while albumin is
a protein found in blood or plasma that is manufactured by the liver.

aliquant, aliquot, sample — An aliquot is a portion of a gas, liquid, or
solid that divides evenly into a whole, an aliquant does not divide evenly
into a whole, while a sample is a portion taken to represent the whole.

all right, alright — A/l right is the correct term (“the answers were all
right” and “I’'m feeling all right”); alright is a slang term meaning satis-
factory, but is not considered standard English.

all together, altogether — see altogether

allude, elude — To allude is to suggest or to refer to something indirectly
(“She alluded to the issues™). To elude is to avoid, escape, or evade (“He
tried to elude their advances”).

allusion, reference — An allusion is an indirect reference often used to
refer to a well-known work (“Her selling of apples was an allusion to the
Garden of Eden”). A reference is a specific example or mention of a pre-
vious work (“He cited many references to confirm his theories™). After
something has been alluded to, it is incorrect to allude to it again later.

altar, alter — An altar is a table or stand used in religious service. To
alter means to change.

alternate, alternative — Alfernate means a substitute (“Since she was
sick, she called in an alternate”), or to take turns back and forth (“We
decided to alternate writing chapters”). Alternative implies a choice or
option between things (“He decided to take an alternative route™).
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alternation, alteration — A/ternation means the occurrence of two things
by turns; alteration means simply a change. Both are applied to gene
science—ualteration is sometimes used as a synonym for mutation, while
alternation is used to refer to a particular kind of mutation in DNA
sequencing.

although, though, while — Both although and though mean in spite of
the fact, and they can be used interchangeably; however although should
be used more often since though is an abbreviation of although. Though
should be used only as a synonym for however (“4/though my stomach
hurt, I still ate ice cream” or “My stomach was hurting, though I still ate
the ice cream”). While means during the same time as (“While 1 was
eating my dinner, she was eating cupcakes”).

altogether, all together — Altogether refers to the entirety or whole of a
subject or object (“Altogether her thesis represented new ideas in the
field”). All together refers to a group or unity (“The family tried to
remain all together for the holiday”).

always — This word and other absolutes should be avoided in scientific
papers whenever possible.

ambiguous, ambivalent — Ambiguous refers to having more than one
definition or interpretation (“His results were ambiguous”). Ambivalent
refers to having conflicting opinions or mixed emotions (“She was
ambivalent about which direction to follow™).

amend, emend — To amend means to change or to add to something
(“They decided to amend the law”). To emend means to correct (“He had
to emend his student’s paper”).

among, between — Between should be used when referring to a group of
two objects or people; among should be used with a group of three or

more (“They found several similarities among the patients™).

amount, number — Amount is used with mass nouns (amount of
knowledge) and number is used with count nouns (number of studies).

an —scc a
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analog, analogous, homolog, homologous, homoeolog, homoeologous
— Analog (n.) should be used when referring to electronics or computer
equipment; analogous (adj.) is used to define different compounds or
organs that are similar to each other but differ in their structure and
original compounds. Homolog and homologous refer to organs that are
similar in structure and origin but differ in function. Homoeolog and
homoeologous are partially homologous chromosomes.

anatomy, morphology, structure — Anatomy is defined as the study of
the structural make up of living things. Morphology is the study of the
form and structure of living things. Structure is defined as the parts of a
living or non-living thing that form a pattern to make up the whole.

and/or — Considered non-standard usage. Replace with “and” or “or”
when possible. Instead of “the surgery can cause swelling and/or
bruising” use “the surgery can cause swelling, bruising, or both.”

anuresis, enuresis — Anuresis refers to the condition of not being able to
urinate or lacking urine altogether; enuresis refers to bedwetting.

ante, anti — Both are prefixes; neither can stand alone. Ante means
“before” and anti means “against.” Most often, ante does not require a
hyphen; anti often does (on a case-by-case basis).

anymore, any more — Anymore refers to time (“that will not happen
anymore”); any more to quantity (“We cannot have any more of that”).

anytime, any time — Anytime as an adverb that means “at a variety of
points in time” (“we can do the experiment anytime™); any time is an
adjective and a noun, and means “at a particular point in time” (“We do
not have any time to perform the experiment”).

anyway, any way — Any way refers to a path or method of accomp-
lishing something; anyway means “in any case.”

anywhere, any place — Anywhere usually refers to an indefinite location
(“The samples can be found anywhere ). Any place is used more speci-
fically (“She couldn’t find any place to conduct her experiments”).

appertain, pertain — Appertain is to belong, relate, or be relevant by
right (“I know my rights appertaining to the contract”). Pertain is to
belong, relate, or be relevant to something (“This book on Art Deco
buildings pertains to me because I have a degree in Architecture”).
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appose, oppose — Appose means “to place next to” (“He apposed the
specimen to the X-ray film”); oppose means “to be against, of a contrary
opinion” (“He was opposed to that course of treatment”).

appraise, apprise — To appraise is used to evaluate or give a value to
something (“He had his grandmother’s ring appraised before giving it to
his fiancée”). To apprise is to give information, instruction, or notifi-
cation (“They were apprised of where they could park their car”).

approve, endorse — Approve is used when there is a positive agreement
or thought on a subject (“The senator approved the advertisement”). En-
dorse is used when there is a positive action along with an agreement on
a subject (“The Senator endorsed his candidacy”).

approximately — see about

apt, likely, liable — Ap¢ is used in reference to habitual tendencies or
inclinations (“Dogs are apt to be loyal to their owners”), while likely is
used to indicate a higher degree of probability or expectation (“When
dogs are not properly socialized, they are likely to attack™). Liable con-
notes something is likely to happen because it fits patterns of experience.

are found to be, are known to be — These phrases contain too many
unnecessary words; instead just use “are.”

are in an agreement — This phrase contains too many unnecessary
words; instead just use “agree.”

article, manuscript, paper, typescript — A manuscript is the physical
incarnation of a paper or article (the completed pages). A paper is the
intellectual document itself, and the article is the published incarnation
of the paper. Manuscripts, papers, and typescripts are studies that have
not yet been published.

as, because, since — All are conjunctions, but as should be used only to
show a sense of time. As should never be used in place of because. Use
because in a causal sense, and use since to show a relation in time.

as per — Instead of “As per her decision” use “as she decided.”
assemblage, assembly — An assemblage refers to a collection or group
of people or things. An assembly is a group of people that come together

for a specific reason.

42




Manual of Scientific Style

assent, consent — To assent is to agree enthusiastically. To consent
means to give permission or allow.

assess, determine, evaluate, examine, measure — Assess should be used
in a monetary sense or in estimating the value of an item. To defermine is
to establish or set a limit for something. To evaluate is to find an item’s
value after carrying out a study. To measure is to examine an object in
numerical values.

association, relationship — Use relationship when describing two ob-
jects or variables that show a cause and effect; association implies that
one object or variable does not cause or effect the other.

assumption, presumption — An assumption is a hypothesis not usually
drawn from evidence. A presumption is based on evidence or fact.

assure, ensure, insure — To assure is to give a promise, to affirm, or to
guarantee that something is sure. To ensure is to remove any sense of
doubt or to make certain. To insure is used primarily to indicate mone-
tary protection against loss or failure (fire insurance; life insurance).

at present, at the present time, at this point in time — Instead of these
wordy phases, simply use “now” or “currently.”

aural, oral — Aural means pertaining to the ear or the sense of hearing;
oral means pertaining to the mouth or “communicated by speaking.”

attenuate, attenuation — Atfenuate means to reduce, and is used in CT
scans when referring to the absorption of x-rays by a patient’s body.
Levels or areas of black on the scan are defined as low or hypoatten-
uation, while levels of whiteness are defined as high or hyperattenuation.

average, characteristic, typical — Average should be used only for
statistical findings. Characteristic and typical can be used as adjectives
for showing a representation in any place aside from statistical figures
(“The patient showed #ypical symptoms, characteristic of her age
range”).

averse — see adverse

avocation, vocation — An avocation is a leisure activity or a hobby,
while a vocation is a person’s career, profession, or calling.

43




Manual of Scientific Style

axenic, gnotobiotic — Axenic is used to describe cultures that are free
from other organisms, or organisms kept sterile or in isolation. Gnotobi-
otic refers to animals raised in laboratories that have been kept unex-
posed to any agents or infections other than those induced purposefully.

basis — Basis means foundation. It is frequently preferable to omit using
basis in such terms as “on a daily basis”; “Daily” is adequate and less
pretentious.

because — see as

because of, caused by, due to, owing to — Because of and owing to
should only be used in place of “as a result of” (“The picnic was post-
poned because of the weather”). While due fo and caused by should only
be used in place of “attributed to” (“The picnic’s postponement was due
to the weather”). These terms cannot be used interchangeably. Also, due
to should be used to modify a preceding noun or pronoun, or following
the verb form “to be.”

before, prior to — Before should refer to an event or situation that
precedes another, but in which the event does not hold importance over
the one following it (“I went to school before 10 o’clock™). Prior to
should refer to an event that occurs before another event due to its
increased importance over the other event, or influence over the other
event’s effectiveness (“Prior to baking the cake, preheat the oven”).

believe, feel, think — To believe is to have a firm and definite opinion on
a view regardless of the strength of the evidence supporting that view. To
feel is to have an instinctive or not fully reasoned conviction. To think is
to have a view based on evidence and knowledge.

between — see among

bi-, semi-, quasi- — Bi- means two (Bimonthly or every two months)
while semi- means half (semimonthly or twice a month). Quasi- is a
prefix that means “to some extent” (“This food is only quasi-good”).

biannual, biennial, semiannual — Both Biannual and semiannual mean
twice a year, but biennial means once every two years. To avoid
confusion, instead of using biennial use “every other year” or “every two
years.”
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billion, trillion — In the U.S. billion refers to 1,000,000,000 and a trillion
is 1,000,000,000,000. In Great Britain and some other countries how-
ever, a billion is 1,000,000,000,000 (or the American trillion) and a
trillion is 1,000,000,000,000,000,000 (or the American “quintillion”).

biopsy — Biopsy is defined as the removal of tissue or cells for examina-
tion, it can also be used as a verb (“The mole was biopsied for cancer”).

blinding, masking — Blinding is a term used in studies when the person
conducting an assessment is unaware of the assignment of treatments. It
is also known as masking in some journals and disciplines such as
ophthalmology.

born, borne — Born is used as an adjective, as in a born mathematician,
or as a past participle verb, as in “he was born to royalty.” In science,
borne is often used as a suffix (airborne) or it can be used as a past
participle of to bear, as in “ having borne a child” or “the diagnosis was
borne out by the test performed.”

breach, breech — A breach can either refer to a failure or violation
(“This affair is a breach of our agreement”), or to a gap or opening. A
breech is the low end or bottom of something.

breastfeed, nurse — Breastfeeding should only be used when describing
human lactation; nursing is used for any other mammalian lactation.

breech — see breach

bring, take — If an action is towards you, use bring (“Bring in the
paper”). If the action is away from you, use take (“1 want to take you out
to lunch”).

by reason of — This is established phraseology in legal discourse (By
reason of insanity), though “because” or “because of” normally suffice in
other contexts.

cadaver, donor — Cadaver should be used only when describing a body
that is used for anatomical dissections. A donor or deceased donor
should be used in reference to organs and tissues that are used for
transplants.
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calyx, calix — In botany, calyx is always used to refer to the outer sheath
of a flower—the sepals. In zoology, either spelling is used to refer to
various cuplike structures: a portion of the pelvis of the mammalian
kidney; the cavity in a calcareous coral skeleton that surrounds the polyp;
or the plated body of a crinoid excluding the stalk and arms.

can, could, may — Can means “to be able to” and usually expresses
certainty (“l can finish it tomorrow”). Could usually expresses uncer-
tainty (“I could finish it tomorrow”). May is used in forms of permission
(“May 1 finish it tomorrow?”) or possibility (“I may finish it tomorrow”).

capability, capacity — see ability

capacitance, capacity — Capacitance refers to the amount of electrical
charge a capacitor can hold in a given electrical circuit. Capacity is a
more general term more often used for other physical systems, such as
the “heat capacity” of a system or substance.

carat, caret, karat — A carat is the measurement of a gemstone’s
weight. A caret is an editorial mark indicating the location of an
insertion or addition. A karat is the measurement of the purity of gold.

carotene, creatine, creatinine, keratin — Carotene is the yellow-red
pigment found in egg yolk, carrots, etc. Creatine is a compound formed
in protein metabolism in living tissue. Creatinine is an anhydride of
creatine produced as cells metabolize creatine, the product of which is
excreted in urine. Keratin is a fibrous protein that supplies the main
structural component of hair, nails, hoofs, feathers, horns, claws, etc.

carry out, conduct, do, execute, perform — The verbs carry out, exe-
cute, and perform can often be omitted and replaced by another more
specific verb. Instead of “he executed the operation on the patient” use
“he operated on the patient.” Conduct and do are used as synonyms, but
do is preferred (because it is generally more direct). Perform should be
used only in reference to ceremony or entertainment.

case, client, participant, patient, subject — A case is an example or a
particular instance, not a person. A client is not a patient or participant;
however client is sometimes used in the fields of psychiatry or substance
abuse treatments. A participant is a person who participates in either
research or control studies. A patient is a person under medical care. A
subject is defined as a discipline or a studys; it is not a person.
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catatonic, manic, psychotic, schizophrenic — These terms refer to
severe levels of psychiatric disease; they may often be replaced with ad-
jectives for non-clinical descriptions. Instead of catatonic, use motion-
less. Instead of manic, use overactive. Instead of psychotic, use senseless.
Instead of schizophrenic, use contradictory or disorganized. Even in
clinical contexts, a person should not be referred to as a schizophrenic,
but as “a person with schizophrenia.” (See Section 1.8, below.)

caudate, chordate — Caudate means “having a tail” in the manner of
sperm cells, many protozoa, and bacteria. In anatomy, the word is used to
refer to several features that have a tail-like appearance, such as the cau-
date nucleus in the cerebrum, the cauda equina structure at the end of the
spinal column, and the caudate lobe of the liver. Chordate refers to a
wide variety of animals (vertebrate and invertebrate) that have
“notochords”—cartilaginous skeletal rods in embryonic stages.

cause, etiology — A cause is an explanation or reason for an occurrence.
Etiology is defined as the study of a cause.

caused by — see because of

Celsius, centigrade — Both terms refer to the same temperature scale,
but Celsius is the preferred nomenclature.

censer, censor, censure, sensor — A censer is a container that holds
burning incense. A censor is a person who suppresses obscene or objec-
tionable material; it also can be used as a verb in the act of suppressing
the material. To censure is to criticize, reprimand, or to disapprove. A
sensor is an electronic detector.

center around — The center is at the middle of something, therefore it
cannot be around anything. Instead use “center on” or “revolve around.”

centigrade — see Celsius

cesarean delivery, cesarean section — Cesarean, or abdominal deli-
very, should be used in place of the incorrect cesarean section.

certainty, certitude — Certainty can be used when describing facts and
people, while certitude is used only for describing people.

chief complaint, chief concern — Chief concern is the preferred phrase
because chief complaint can be seen as confrontational.
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childish, childlike — Childish is used to describe negative attributes (a
childish tantrum) while childlike is used to describe positive attributes (a
childlike curiosity).

chitin, chiton — Chitin is the polysaccharide-filled fibrous part of the
arthropod exoskeleton and fungal cell wall. Chiton is a kind of marine
mollusk.

chronic — see acute

circadian, diurnal — Circadian describes a 24-hour period or interval;
Diurnal describes a process or cycle that occurs every 24 hours. In
botany, diurnal usually refers to a flower that opens in the morning and
closes at night.

circumduction, sursumduction — Circumduction refers to the rotational
movement of the eye or of an extremity; sursumduction refers to the
upward movement of only one eye in a test for vertical divergence.

cite, sight, site — Cife refers to a citation or source of information. (“She
cited her references in the bibliography”). Sight is the ability to see
things using the eye, and also refers to something worth viewing (“I saw
all the sights in Paris”). A site is a place or location (“Wear a helmet in
the building site”).

classic, classical — In science, classic refers to something of importance
or continuing value. Classical refers to the humanities, languages, art,
work, or characteristics being traditional in a cultural or historical per-
spective. In science, classical can also refer to the best, or earliest cha-
racterized form.

claustrum, colostrum — The claustrum is the thin layer of gray matter in
the cerebral hemisphere between the gray matter of the lentiform nucleus
and the insula. Colostrum refers to the initial secretion of milky fluid
from the mammary glands at parturition.

clench, clinch — Clench is the physical act of tightening the hand in a
fist, usually an indication of anger; while clinch is used to describe a
confirming or winning argument or event. (Clinch also describes fighting

at close quarters, which gives rise to the confusion between the terms.)

client — see case
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climactic, climatic — Climactic means leading to, or culminating in, a
climax; climatic means related to weather and climate.

clinician, practitioner — These terms describe a person working in a
clinical healthcare practice, psychology, dentistry, nursing, etc. They are
not used for people in the fields of research, theory, writing, etc.

collegial, collegiate — A collegial answers to a colleague, a collegiate
answers to a college.

commendable, commendatory — Commendable describes something
that is admirable, worthy of praise, or done for a worthy cause. Com-
mendatory is the object, speech, or gesture that serves to praise the thing
or person being commended (“a commendatory plaque”).

common, frequent, regular — Common describes something that ap-
pears often or frequently. Frequent is defined as occurring often or in
short intervals. Regular can mean ‘“normal,” occurring in fixed time,
routine, or consistent.

common, mutual — Common describes a characteristic or trait that is
shared by two or more people or things. Mutual describes something that
is reciprocal or exchanged (mutual respect).

compare to, compare with, contrast, versus — To compare to is to note
only similarities between multiple things, while to compare with is to
note similarities and differences between multiple things (“What is
Aspirin like compared with Tylenol as a treatment for headaches?”). To
contrast is to note only the differences between multiple things. Versus
means “against,” and is commonly used legally (Roe versus Wade).

compelled, impelled — To be compelled implies being forced to take a
certain action. To be impelled means that one is driven to do something
even if one does not agree with it.

compendious, voluminous — Compendious can be described as brief,
compact, concise, abridged, or summarized. Voluminous can be defined
as vast, bulky, lengthy, or literally large in volume.

complacent, complaisant, compliant — To be complacent means to be

contempt or at peace. To be complaisant is to be cheerful or easygoing.
To be compliant means to follow or obey the rules.
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complementary, complimentary — The word complementary is used to
describe something that completes, matches, or corresponds with some-
thing else (complementary colors). In science, it can also refer to a group
of proteins that are active in the immune system. To be complimentary is
to offer praise or to give something for free.

compliance — see adherence
compliant — see complacent

compose, comprise, constitute — To compose is to create, construct, or
form something. To comprise is to be made up of, or to contain some-
thing. Constitute is often used as a synonym for compose but can also
mean, “to amount to.”

concept, conception — Both terms refer to an abstract idea or thought,
however conception also describes the act of thinking of an idea.

condole, console — To condole is to sympathize. (Hence, mourners are
offered condolences.) To console is to comfort.

conduct — see carry out

confidant, confident — A confidant is a person in whom one can confide.
Confident means being certain in one’s beliefs or actions or being
generally self-assured.

congenital, genetic — Congenital is used to describe a condition or
disease with which someone is born. Genetic is used when describing the
determination of characteristics by the genes.

congruent, congruous — Both terms are synonyms for being in agree-
ment or being equal, congruent is also used in geometry to describe two
figures that are equal in size, shape, and measure.

conjecture, hypothesis, law, theory — A conjecture and a hypothesis are
both speculations that are meant to be the potential explanation for a spe-
cific phenomena or occurrence. They are tested through experimentation,
observation, and study. A theory is a concept based on observations and
experiments, but which has has not been proven true or false. A theory
that has been proven (to a high degree of certainty) by experimentation
becomes a law.
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connive, conspire — To connive is to pretend to ignore (or to deliber-
ately ignore) a malicious act in order to escape blame. To conspire is to
make plans with another to perform a malicious act.

connote, denote — To connote is to imply or express an additional
meaning in one’s speech or writing beyond the specific meaning of the
words used. To denote is to indicate the specific meaning of something.

consent — sec assent

consensus of opinion — This phrase is redundant, since consensus means
an agreement on an opinion. One should simply use consensus.

consequent, subsequent — Something that is consequent implies that
there is cause and effect. To say that something is subsequent means that
it happened after an event, but that is not necessarily an effect.

conservative, conserved — Conservative refers to a method, treatment,
or principle that has been widely accepted; conserved refers to quantities
that remain unchanged in closed systems (in physics), or to the replica-
tion of genetic material unchanged from generation to generation.

constant, continual, continuous — Constant refers to something that
holds true invariably and unceasingly. Continual refers to a sequence that
is frequently and regularly repeated. Continuous refers to something that
is completely steady, uninterrupted, and unbroken. Continuous can also
refer to both time and space, while continual refers only to time.

constitute — see compose

contagious, infectious — Something that is contagious is spread by
contact with the infected. Something that is infectious is caused by and
harbors an infection; it is not necessarily always contagious.

contemporaneous, contemporary — Both terms refer to time, however
contemporary is used when referring to people (“He is my contempo-
rary”); contemporaneous is used when referring to actions or things that
occur during the same general period.

contemptible, contemptuous — To be contemptuous is to have feelings

of contempt towards other people or things. To be contemptible is to
have others feel contempt towards you.
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content, contents — Content refers to a specific topic or message within
a written or expressed piece. Contents refers to the actual items or ingre-
dients that make up a whole.

continual, continuous — see constant

contrast, contrast agent, contrast material, contrast medium -
Contrast can be defined as the whiteness or blackness found on an
image. Contrast agent, contrast material, and contrast medium can be
defined as certain substances that are applied to an image to enhance
certain structures. (See also compare to).

contravene, controvert — To contravene is to conflict, deny, or to go
against. To controvert is to contradict or oppose.

conventional, customary, norm, normal, traditional — Conventional
refers to a practice that has been established and agreed upon. Cus-
tomary refers to a practice that has become a habit or that has been in use
for a long period of time. Normal describes something that conforms to
the majority. Norm can describe something that is normal, but can also
describe a desire for that which is considered normal or what is expected.
Traditional refers to a practice that has been agreed upon and has been in
use for a long period of time.

convince, persuade — Convince refers to making someone believe
something, while persuade refers to making someone do something.

corollary, correlation — A corollary is a statement or a theorem that
follows an already proven theorem, and therefore requires no proof. A

correlation is a complementary association or relation between things.

corporal, corporeal — Something that is corporal relates to or affects the
body. Something that is corporeal has a body.

correlation — see corollary
could — see can
councilor, counselor — A councilor is someone who serves on a council

or some governmental or official body. A counselor is someone who
gives advice.
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credible, creditable, credulous — Credible describes a person or story
that is trustworthy or believed to be true. Creditable describes a person
who is respected because of his or her many merits. Credulous describes
a person who is gullible or will believe anything.

crevasse, crevice — A crevice is a small crack, while a crevasse is a large
fracture—usually used to describe cracks in glaciers.

criteria, criterion — Criteria is the plural of criterion.
customary — see conventional.

cyst(o)-, cyt(o)- — Cysto is a prefix meaning “relating to the urinary
bladder” (thus, cystotomy is an incision in the bladder); cyfo- is a prefix
meaning relating to the cell (thus, cytology is the study of cell function
and structure).

damp, dampen — To damp means to moisten or to lessen with moisture
(“damp a fire”). To dampen similarly means to moisten, but can also
mean to lessen in a figurative sense (“dampen a spirit”).

data, data set, database — Data is the plural of datum and in scientific
writing it should be used as such; however, in relation to computers, data
is now defined as a mass of information, so it is acceptable when used as
a singular. Many publications in science accept data as both singular and
plural. A database is a structure that stores, organizes, and retrieves data.
A data set is a body of data that is maintained in a database.

deadly, deathly — If something is said to be deadly, it means that it can
cause death (deadly chemicals). If something is deathly, it means that it
is like death in its tone or in how it is regarded (a deathly fear).

decision, discission — Decision is an ordinary English term for coming to
a conclusion, whereas discission refers to surgically cutting into tissue
such as a cataract or the cervix uteri (as an older treatment of stenosis of
the cervix).

deduce — sec adduce
definite, definitive — Definite means to be exact, precise, clear, and

firmly established (definite answer). Definitive means to be final, unques-
tionable, and authoritative (a definitive guide).
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delegate, relegate — A delegate is a person who acts on another person’s
behalf (“The delegate spoke for the state”); to delegate is to allow that
person to act on another’s behalf. To relegate is to move a person or
thing to a position of lesser importance, or to pass something on to some-
body else to be dealt with (“This report needs to get done, so I’'m going
to relegate it to you™).

demonstrate, exhibit, reveal — These terms are all often used synony-
mously for “show.” However, to demonstrate is to illustrate how to com-
plete an action or procedure. To exhibit is defined as the action of
making something visible. Instead of saying “the patient demonstrated or
exhibited the following symptoms” it is better to say, “the patient had the
following symptoms.” To reveal is to uncover or make visible some-
thing that was hidden.

denote — see connote

denounce, renounce — To denounce something is to criticize or to speak
out against a person or an action. To renounce is to reject or give up
something (usually, to which one is entitled).

describe, report — Use the term describe when explaining both patients
and cases. Use report when describing or explaining only cases.

desirable, great, important, influential, major, significant, useful,
valuable — In the sciences, significant is used when indicating a sign of
an important outcome, though not necessarily beneficial or desired (“The
increase in white blood cell count was significant”’). All the other terms
should be used when indicating a desired outcome and one that is bene-
ficial. In measurement, significant figures refer to a degree of exactness
that is ceratinly within an instrument’s capability.

determine — see assess

diabetes mellitus — Type 1 Diabetes mellitus is now used to refer to
juvenile diabetes, juvenile-onset diabetes, and insulin-dependent diabetes
mellitus. Type 2 Diabetes mellitus is now used to refer to maturity-onset
diabetes, adult-onset diabetes, and non-insulin dependent diabetes mel-
litus. Impaired glucose tolerance is now used to refer to chemical dia-
betes, borderline diabetes, and latent diabetes.
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diagnose, evaluate, examine, identify — When determining conditions,
symptoms, and diseases are identified, only use the terms diagnose,
evaluate, and identify. The term examine is used only with patients. A
doctor does not diagnose a patient; a doctor diagnoses a disease.

die from, die of — Using die firom is incorrect; a person can only die of a
disease or other medical complication.

different, differing, disparate, diverse, varying — To be different
means to be unlike, or to have dissimilar characteristics or traits. (“Sarah
and Tim’s ideas about politics are different.”). To be diverse is defined as
two or more people or things having a large range of differences. To be
disparate means to be incongruous or distinctly different from something
else. Differing should be used when describing things with different cha-
racteristics. (“Sarah and Tim have differing ideas about politics”). Vary-
ing should be used to mean changing (varying weather patterns). In the
United States, the preposition with different usually used is “from,”
though it is acceptable to use “than” in such sentences as “The desert is
different in California than it is in Arizona.”

digit, number, numeral — Number is the quantity or count of a specific
group or class. A numeral is a symbol that represents an arabic character
for a number. A digit has the same definition as a numeral, but is also
used to refer to the amount of numerals in a number, for example, 310 is
a 3 digit number. Digit can also be used to refer to a finger or a toe.

dilate, dilation, dilatation — To dilate means to open, become wider or
expand. Dilation is the act of dilating. Dilatation is the state or condition
of being stretched (“dilatation of the pupil”; “a venous dilatation”).

disburse, disperse — Disburse is only used in the distribution of money.
Disperse is used when describing the distribution of all other things; it
can also mean to break up or to scatter.

disc, disk — In computer terms, disk is most often used (floppy disk, disk
drive, etc); however disc is also used to a lesser extent (compact disc). In
anatomy, disk is used (invertebral disk), while in ophthalmology, disc is
used (optic disc).

discreet, discrete — Discreet describes being trustworthy, judicious, and

prudent (a discreet editor). Discrete describes something that is separate,
individual, and distinct (having three discrete parts).
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discriminating, discriminatory — Discriminating can have both posi-
tive and negative connotations. For example discriminating means being
tasteful, and showing careful judgment (having a discriminating ear for
music). However, discriminatory means being biased or prejudiced.

disinterested, uninterested — To be disinterested is to be unbiased or
impartial to a particular outcome (“They chose a disinterested person to
listen to their positions”). To be uninterested is to be inattentive,
unconcerned, or have no interest in a particular subject or outcome (“The
children were uninterested in finishing their homework™).

disk — see disc

disorganized, unorganized — Unorganized means simply not being
organized. Disorganized refers to a group that has been assembled in a
confused manner and will never be organized.

disperse — see disburse

distinctive, distinguish, distinguished, distinguishable — To distin-
guish means to point out a certain thing, characteristic, or trait. Distinc-
tive describes a trait that is easy to distinguish. Distinguished is a positive
term used to describe a person who is honored, exalted, or elegant.
Distinguishable is used more negatively to describe a person or thing that
is different or abnormal.

diurnal — see circadian

diverse — see different

do — see carry out

doctor, physician — A physician is a specific person who holds a degree
in medicine or osteopathy. A doctor can have a degree in a number of
fields (PhD, DDS, EdD, DVM, PharmD).

doctrinaire, doctrinal — To be doctrinaire is to be stubborn, arrogant or
devoted to dogmatic theories. Doctrinal means relating or concerning a

doctrine.

donor — see cadaver
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dosage, dose — A dose is a specified amount or measurement of a medi-
cine to be taken at one time. A dosage refers to the quantity of medicine,
but also to the frequency or regimen in which the medicine is to be taken
(“Take a 20mg dose twice a day”).

drunk, drunken — Drunk is defined as an intoxicated state of mind; it
can also be used to describe the person who is intoxicated, as in a
drunkard. Drunken is used to describe the traits or actions of someone
who is drunk (drunken slurs of speech).

due to — see because of

dumb — Dumb is often used to describe someone who is deemed unin-
telligent, but it can also describe the inability to speak (though in that
case, it is preferable to use “mute”).

dyeing, dying — Dyeing is the present participle of dye (dyeing one’s
clothes). Dying is the present participle of die (dying from cancer).

dyskaryosis, dyskeratosis — Dyskaryosis is a misarrangement of nuclei
and cell structure often found in malignant cells; dyskeratosis refers to
aberrant structure of keratin in hair, feather, and bone tissue.

dysphagia, dysphasia — Dyspahgia refers to difficulty in swallowing (by
the organism, but possibly also at the cellular level of phagocytes);
dysphasia refers to impairment of the power to speak or to understand
speech, as a result of brain injury, stroke, or disease.

each other, one another — Each other should be used only when there
are two persons or things being discussed; one another should be used

when there are more than two persons or things under discussion.

eatable, edible — Something is eatable if it can be eaten, regardless of its
effect on the eater. Something is edible if it is fit for human consumption.

economic, economical — Economic refers to the economy or finances on
a large scale. To be economical means to be thrifty or to manage per-

sonal finances wisely.

effect — see affect
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effective, effectiveness, efficacious, efficacy — In pharmaceutical terms,
efficacy and efficacious refer to the capacity of medication or treatment
to produce the desired results. Effective and effectiveness refer to the
extent that medication or treatment produce intended results.

e.g., i.e. — E.g. stands for exempli gratia, and means “for example.” Le.
stands for id est, and means “that is.” In most cases, it is better to use
simply “for example” and “that is.”

elemental, elementary — When something is elemental it means that it is
essential; it can also refer to the chemical elements. When something is
elementary it is considered basic or introductory—a fact or principle that
is so obvious as to require little formal training or knowledge.

elicit, illicit — To elicit is to bring out an answer or a reaction. If some-
thing is illicit it is dishonest or unlawful.

elude — see allude
emend — see amend

empathy, sympathy — Empathy is the feeling or thought of putting one’s
self in another’s position, or identifying with the other’s feelings or life.
Sympathy is feeling compassionate and sorry for another person.

employ, use, utilize — To employ means to put a person to work or to put
an object to use. To use and to utilize is to apply or to put into service. In
terms of consumption (use drugs, etc.), it is better to use consume.

endemic, epidemic, epiphytic, epizootic, hyperendemic, pandemic —
An epidemic is an outbreak of disease in humans. Epidemics only target
or affect a certain group of people—for example, people living in a
certain country—but the disease eventually lessens or ends over time. An
endemic breaks out in a certain group of people but is continuously
present. A hyperendemic is an endemic that affects a high number of
those at risk. A pandemic can affect a large number of people, including
the whole world. An epiphytic is an outbreak of disease among plants.
An epizootic is an outbreak of disease among animals.

endorse — see approve

enervate, innervate — To enervate is to drain something of energy,
while to innervate is to provide something with more energy.
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enormity, enormousness — Enormousness should only be used when
referring to something that is great in size. Enormity should be used
when describing something that is extremely evil or immoral.

enough — see adequate

ensure — S€c assure

enumerable, innumerable — Enumerable means that something is able
to be counted. Innumerable means that there are too many to count.

erectile dysfunction, impotence — Erectile dysfunction is now the pre-
ferred term over impotence, though technically, impotence includes con-
ditions in which there is a failure to copulate other than the inability to
achieve erection.

et al., etc. — Et al. is short for et alii, meaning, “and others.” It should
only be used when referring to people. Efc. is short for et cetera, mean-
ing, “and other things” or “and so on,” and implies that an extensive list
of (obviously) like items is indicated. It should only be used when refer-
ring to objects, not people. It should only be used at the end of a list or
sentence. Putting “and” in front of etc. is redundant, hence unnecessary.
etiology — see cause

evaluate — see assess

every one, everyone — Every one means each member of a group of
items; everyone means everybody or every person.

examine — see assess

exhibit — see demonstrate

examine — see diagnose

exceptionable, exceptional — If something is exceptional it is extra-
ordinary, outstanding, or stands out from the rest. If something is excep-

tionable it causes offense, and is a cause for objection.

execute — see carry out
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facial, facie, fascial — Facial means relating to the face or to the facie,
which in geology are the characteristics of a rock as expressed by its
formation, composition, or fossil content. In ecology, facie are the cha-
racteristic set of dominant species in an environment. Fascial refers to
the thin fibrous sheath covering a muscle or organ (the fascia).

fast, fasting — In medicine, fast means to abstain from food; it can be
used in a variety of forms. Fasting may be used as a verbal adjective (the
fasting patient); it can also be used as a verbal noun (the effects of
fasting). Fasted can be used as the past tense of fast (“The patient fasted
overnight”), or it can be used as a past participle (three fasted patients).

faze, phase — To faze is to disturb, disconcert, or to put off (“She was
fazed by the idea of looking for a new job”). To phase (v.) is to perform
or plan a task in stages. A phase (n.) is the stage or period in a process.

Feel — sce believe

fever, temperature — A temperature is the actual degree of heat
(“Everyone has a bodily temperature”). A fever is a condition in which
the body temperature is abnormally high. If someone has a temperature
of 101°F, it is incorrect to say that he or she has a fever of 101°F.

fewer, less — Fewer is used when referring to a number of people or
things (fewer patients). Less should be used when referring to mass,
volume, or things—quantities that cannot be counted (/ess water). Less
can also be used in reference to time and money (/ess than a week ago).

fictional, fictitious — If something is fictional, it is imaginary. Fictitious
refers to something that is counterfeit such as a fictitious name.

film, radiograph — In radiography, fi/m is generally considered to be an
outdated term and should only be used when referring to actual film that
is being exposed (not digitally) to produce an image. The images being
produced should be called by their specific name (mammogram, radio-
graph, etc.) rather than film.

flammable, inflammable — These words are synonyms, however flam-
mable is the preferred term because inflammable (which means able to
be set aflame) is often incorrectly thought to mean non-flammable.

flexor, flexure — A flexor is a muscle that flexes a joint; a flexure is the
bent portion of an organ or structure (such as the sigmoid flexure).
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follow, follow up, observe — Follow should only be used in reference to
cases, not patients. Patients are observed. Follow up can be used in
reference to patients in cases in which the patients either cannot be found
or contacted (lost follow-up or unavailable fol/low-up).

following — see after

forbear, forebear — To forbear is to restrain from doing or straining
something. A forebear is an ancestor.

forego, forgo — To forego is to go before; to forgo is to give up or to do
without something. (Thus, a foregone conclusion is one that requires no
additional argument or support.)

foreword, preface — Both are introductions in a book, however, a
preface is written by the author of the book and a foreword is written by
someone other than the author.

frequent — sec common

fungus, fungal, fungous, fungoid — A fungus (n.) is an organism with-
out chlorophyll that has rigid walls and reproduces through its spores.
Fungal and Fungous are adjectives that describe something that is caused
by a fungus. Fungoid describes something that resembles a fungus.

galactorrhea, glacturia — Galactorrhea refers to the abnormal flow of
breast milk; galacturia refers to urine that has a milky appearance.

gauge, gouge — In physics, gauge refers to symmetry groups used in
quantum theory and particle physics; in electronics it refers to measures
of equipment such as wire. In medicine, a gouge is a hollow chisel used
to hollow out bone or cartilage.

gender, sex — Sex is the classification of living things as male or female
based on their reproductive organs. Gender is the sociological represen-
tation of how a person is classified, or sees himself or herself as a man or
a woman.

general, generally, generic, generically, usual, usually — General and
generally are used when describing a broad or shared trait or action
among a group. Generic and generically refer to items that are in the
same category as one another. Usual and usually refer to expected or
normal situations.
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genetic — sce congenital

gibe, jibe — A gibe can be defined as an insult. To jibe is to fit in or to
conform.

global, international, worldwide — Global and worldwide are used
when referring to the world as a whole. International is used when
referring to two or more nations.

gnotobiotic — see axenic

-gram, -graph — -gram refers to the recording made; -graph refers to the
apparatus making the recording. (Thus, an electrocardiogram is the
recording made by an electrocardiograph.) Exceptions include: photo-
graph and radiograph.

grateful, gratified — To be grateful is to be thankful, while to be gra-
tified is to be satisfied.

great — see desirable

hanged, hung — Use hanged only when referring to the killing of a
person by suspension from the neck. Hung is used when referring to the
suspension of another body part, besides the neck.

healthy, healthful — Healthy describes a living thing that has good
health. Healthful refers to something that promotes or supports good
health (a healthful diet).

historic, historical — Historic refers to an important or momentous event
that had an affect in history. Historical refers anything that happened in
the past. For example, a historical map shows where historic wars took
place.

homolog, homologous, homoeolog, homoeologous — see analog

homogenous, homogeneous — Both terms refer to two or more things
that are similar in elements or structure. Homogenous also describes two
or more structures that are similar and have common origins. Homo-

geneous refers to having the same traits and qualities throughout.

humeral, humoral — Humeral refers to the humerus bone; humoral is an
adjective that refers to any bodily fluid generally (such as hormones).
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hung — see hanged

hyper-, hypo- — Hyper- is a prefix that means excessive (‘“/iyperten-
sive”), above (“hypersonic”), or beyond normal (“iyperthyroidism”).
Hypo- is a prefix that means below normal (“hypoglycemic”), slightly
(“hypomanic”), or unusually low (as in chemistry, where “hypochlorus”
means having an unusually low valence).

hyperendemic — see endemic

hyperintense, hypointense — Areas of whiteness that appear on a
magnetic resonance (MR) image are called hyperintense. Areas of black-
ness on an MR image are hypointense.

hypothecate, hypothesize — To hypothesize is to form a hypothesis. To
hypothecate is to promise property or goods as a security without giving
up rights or ownership.

hypothesis — see conjecture
i.e. — see e.g.
identify — see diagnose

ileum, ilium — The ileum is the third part of the small intestine (between
the jejunum and cecum); the ilium is the large broad bone that forms the
upper part of each half of the pelvis (hipbone).

illegible, unreadable — Illegible refers to the quality of the print or
handwriting and means it is of such poor quality that it cannot be read or
deciphered. Unreadable refers to a piece of writing’s poor content or
composition (“The book was so boring that it was unreadable”), though
it may still have been legible.

illicit — see elicit

immunize, inoculate, vaccinate — Vaccinate means to purposefully
inject an animal with a vaccine comprised of specific antigens in the
hopes of producing antibodies to protect the animal from sickness. To
immunize means to make an animal immune to a particular disease
through exposure to antigens. /mmunization is the result of these inocu-
lation procedures.
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impelled — see compelled

imply, infer — To imply is to suggest something indirectly that is not
necessarily based on fact. To infer is to deduce or conclude something on
the basis of evidence and fact.

important — see desirable

impotence — see erectile dysfunction

incidence, period prevalence, point prevalence, prevalence — In
epidemiology, incidence is the number of new cases of a disease diag-
nosed in a certain amount of time or a certain place. Prevalence is the
total number of cases in a certain amount of time or a certain place.
Point prevalence is the number of cases recorded on a specific date. Pe-
riod prevalence is the number of cases recorded during a specific period.
incredible, incredulous — Incredible refers to something that is
unbelievable, usually used as a positive adjective. Incredulous refers to
someone who is skeptical or unwilling to believe something.

individual, person — /ndividual can be used as a noun or adjective, and
represents an independent unit or organism that is separated from a
group. A person is an individual human being, although it is best to use a
more specific term such as man, woman, adult, child, etc.

induce — see adduce

infected, infested — In medicine, if something is infested it is harboring
parasites or contains a large number of insects, worms, etc. But the in-
sects do not cause an immunological consequence. To be infected is to
harbor a virus or bacteria that does have immunological consequences.
infectious — see contagious

infer — see imply

inflammable — see flammable

inflict — see afflict

influential — see desirable
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infra-, intra- — Infra- is a prefix that means under, beneath, or below;
intra- is a prefix that means within (as in “intraocular,” which means
within the eye).

inherent, intrinsic — These are synonyms describing something charac-
teristic or innate. In anatomy, intrinsic can also be defined as belonging
entirely to an organism or to a part or system of the body.

injury — see accident

innervate — see enervate

innumerable — see enumerable

insulin, inulin — /nsulin is a pancreatic hormone; inulin is a fructose-
based polysaccharide derived from plants and used to test kidney func-
tion (as in “inulin clearance test”).

insure — see assure

international — see global

intrinsic — see inherent

irritate — see aggravate

its, it’s — [Its is the possessive form of it (izs habitat), it’s is the con-
traction of it is (iz’s improving).

jibe — see gibe

karat — see carat

kind, type — Kind is not a synonym for type. Type should be used in sci-
entific writing to describe an object, plant, or animal that is represen-
tative of a larger group (a type species). Kind is a group of individuals or

things that share characteristics.

knot — A measure of speed, used especially at sea. A knot is defined as
one nautical mile per hour, so the phrase “knots per hour” is incorrect.

law — see conjecture
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lay, lie — Lie is an intransitive verb: “we lie in the snow,” “we are lying
on the bed.” Lay is a transitive verb: “we /ay the pillow on the bed now,”
“we laid our bodies on the bed last week.” The past participle of lie is
lay; the past perfect is has lain. The past participle of lay is laid; the past
perfect is has laid.

leach, leech — To /each is to separate solids from liquids in a solution
through percolation. A leech is a bloodsucking animal; the term is used
both figuratively and literally.

less — see fewer
liable — see apt
likely — see apt

loath, loathe — A /oath person is someone who is reluctant in some
capacity (“Kenneth is loath to eat bacon”). To loathe is to hate, detest,
and be disgusted by something or someone (“Kenneth /oathes bacon”).

localize, locate — Localize means to restrict to a particular location or
place (“The infection localized in the root of the tooth”). Locate means to
specify a precise place. Localize should not be used in the place of
locate. Incorrect: “we localized the infection in the root of the tooth.”
Correct: “we located the infection in the root of the tooth.”

lucency, opacity — Lucency refers to the black areas on an image in
radiology. Opacity refers to white areas on an image in radiology.

majority, most — Majority is a synonym for most, but most is favored
when not speaking in quantitative terms.

malarial, malarious — Malarial means “pertaining to malaria” (a mala-
rial mosquito”; malarial fever). Malarious means “being infected or
infested with malaria” (a malarious region; a malarious population).

malignancy, malignant neoplasm, malignant tumor - Malignant
neoplasm and malignant tumor should be used when referring to a speci-
fic tumor. Malignancy is the state of being malignant.

maltreatment, mistreatment — Maltreatment is the more severe form of

mistreatment, and implies abuse, cruelty, and malice.
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man, mankind, humankind, staff — Gender bias should be avoided in
using such terms. A laboratory is staffed, not manned with technicians;
and humankind is considered preferred over mankind when referring to
the whole of humanity. (See Section 1.8, below, for more on “Bias-Free
Language and Descriptions.”)

management, treatment — Management should generally be used when
referring to a particular case or a disease, and not to refer to a patient. A
patient is not managed; their case is. Thus, one refers to the “treatment of
the patient.” The use of management is acceptable when referring to a
class of patients (“the management of patients with cervical cancer”),
since it is presumed to be referring to care strategies for a disease.

manic — see catatonic

manuscript — see article

masking — see blinding

may, might — May determines what is potential or possible (“She may

have left the lights on™). Might expresses what is uncertain or possible
(“I might have left my lunch at home™). See also can.

mean, median — The mean is the average of a set of measurements or
quantities. The median is the midpoint in a sequence of values.

measure — see assess
media, mediums — In science, the plural of medium is media.
median — see mean

meiosis, miosis, mitosis — Meiosis is cellular division in which cells with
a diploid number of chromosomes are divided into cells with a haploid
number of chromosomes. Mifosis is cellular division in which cells are
divided to create new cells with a diploid number of chromosomes.
Miosis is excessive constriction and smallness of the pupil.

melanotic, melenic — Melanotic refers to the excessive presence of
melanin as indicated by darkening of the skin; melenic refers to the dark
sticky feces as a result of partially digested blood in the feces. (Because
the root of both terms is melas, Greek for “black,” the terms are often
confused.)
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method, methodology, methodical, technique — Method and technique
are both procedures of doing something according to a definite quan-
titative plan. Technique refers more specifically to the skills involved in
incrementing a plan. Methodology is a set of methods, rules, and tech-
niques in any given procedure. Methodical means “done with precision
and a planned order.”

might — see may

militate, mitigate — Militate means to have an effect, and is usually used
in conjunction with the word “against” (“The freezing temperature
militates against us having a nice day outside”). Mitigate means to alle-
viate, moderate, or make less severe.

miosis — see meiosis
mistreatment — see maltreatment
mitigate — see miligate

mitosis — see meiosis

mutual — see common

mucus, mucous, mucoid — Mucus is a thick discharge produced by
glands and membranes in the body that is designed to lubricate and
protect. Mucous is a term used when something produces mucus, such as
a mucous membrane. Mucoid means “mucus-like,” and is used when
something resembles mucus.

mutant, mutation — A mutant is an organism, the DNA of which is car-
rying a genetic mutation. A mutation is a change in DNA or RNA se-
quence caused by a change in chromosome, which may or may not cause
an observable mutation of the organism.

need, require — To require is to be in need of something or someone for
a particular reason. Require has a stronger meaning than need and carries
with it a greater sense of urgency (“The doctor requires two nurses to aid
her in the procedure”). Need is used when something is desired in order
for something to achieve success or fulfillment. It should not be used for
a passive agent (‘“People need food to survive”), though one may speak
generally of an organism’s needs and requirements (in which case the
distinction between the two concepts is less).
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norm, normal — see customary

notable, noticeable, noteworthy — Notable is used when a person, place,
thing, or attribute is deserving of immediate notice. Noticeable is an
attribute of a person, place, or thing that is physically apparent.
Noteworthy should be used when something is deserving of notice and
attention (with a generally positive connotation).

number, numeral — see digit
nurse — see breastfeed

nutrition, nutritional, nutritious — Nutrition refers to the science of
food, health, and nourishment. Nutritional means of, or pertaining to,
nutrition. Nutritious refers to food that contains substances that promote
healthy nourishment.

observe — see follow

obtuse — see abstruse

one another — see each other
opacity — see lucency

operation, surgeries, surgery, surgical procedure — An operation is a
surgical procedure or the term describing the time that a patient is
induced, incised, dissected, excised, closed, and emerges from anes-
thesia. Surgery is the classification of procedures done by a surgeon and
can refer to surgical care, treatment, or therapy. Surgeries is used in
Great Britain when referring to a physician’s or dentist’s office.

oppress, repress — To oppress is to subjugate or persecute. To repress is
to control or restrain.

oration, peroration — Peroration is the conclusion of a discourse or
oration. Oration is a speech, lecture or other instance or example (re-
ferring also to text) of formal speaking.

osteal, ostial — Osteal means “relating to bone” and is used often in

combination, as in “periosteal.” Ostial refers to any opening (or ostium)
leading into a vessel or body cavity.
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ought, should — Ought indicates a sense of obligation to do something.
Should indicates a sense of duty that is not as strong as ought. Ought is
said in conjunction with an expressed infinitive (“You ought not go to
that house”).

outbreak — A term often used (though considered imprecise) to describe
the sudden appearance of a disease or affliction of some kind. Sug-
gestions for more precise alternatives are: sudden occurrence, sudden
appearance, or sudden development.

owing to — see because of

palpation, palpitation — Palpation refers to examination by touch or
tapping; palpitation is a rapid flutter or throbbing (as in “heart palpita-
tions™).

pandemic — see endemic

Pap smear/test, PAP, pap — Pap smear and Pap test are named after
George N. Papanicolaou, and are thus always capitalized. PAP is used as
an acronym for several chemical subjects: “peroxidase-antiperoxidase”;
“protatic acid phosphatase”; “positive airway pressure”; and other labo-
ratory tests, procedures, and symptoms. It is therefore important that the
context makes clear the exact meaning of the acronym whenever it is
used. When the term pap appears in all lowercase, it usually means soft

food (such as baby food).
paper — see article

parameter — A variable to which a value can be given to establish the
value of other variables. (Parameter word should not be used as a
synonym for “variable”). Parameter can also be used to mean a
condition or quality that limits how something is performed or done.

part, portion — A portion is a specific part that is separated from a
whole (“I will have a small portion of mashed potatoes™). A part is a
subdivision of the whole and should be used in less specific instances.
For example, rather than “China forms a huge portion of Asia,” write,
“China forms a huge part of Asia.”

participant — see case
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partly, partially — Both partly and partially mean “to some extent,” but
partially also conveys a sense of incompleteness (“Finish your partially
eaten sandwich”) as well as a preference, favoritism, or bias for one thing
over another (“He is partial to that restaurant”).

pathology — Pathology is the scientific study of the origin, cause, and
development of diseases, disorders and abnormalities in humans, plants,
and animals, and the changes produced by them. It should not be used as
a synonym for “disease,” “abnormality,” or “disorder.”

patient — see case

peak, peek, pique — A peak is an apex (“I climbed the highest peak in
the Rocky Mountains™), a peek is a quick and secretive look at something
(“T couldn’t wait to open my present, so I peeked under the wrapping
paper”), and pique is to stimulate a feeling of interest or curiosity (“What
she said about Picasso’s paintings pigued my interest”).

penultimate — Penultimate means the second to last in a sequence.

people, persons — People refers to a collective group of individuals, or
persons, with something in common, be it community, ethnicity, or loca-
tion (“The people by the court house are waiting”). Persons is also a
collective term, but is less general and more specific (“Persons with
impaired vision sometimes use a guide dog”). Persons can also be used
when referring to a group consisting of a specific number of people
(“Five persons were taken into custody by the police™).

percent, percentage — Percent is the quantity of units in an amount of
units expressed in hundredths, which is represented by the symbol %
(25% is 25 units per 100 units). Percentage is a rate expressed as a
percent (25% is a percentage). The difference between 2 percents should
be expressed in percentage points (the difference between 25% and 30%
is 5 percentage points).

perform — see carry out

period prevalence — see incidence

peroration — see oration

person — sce individual
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persons — see people

persuade — see convince

pertain — see appertain

phase — see faze

phenomenon, phenomena — Phenomenon is an occurrence that is out of
the ordinary and stimulates excitement among people who observe it.
Phenomena is the plural form of phenomenon.

physician — see doctor

place on, put on — Both these terms are jargon. A patient is neither
placed on or put on a drug, but is prescribed or given medication.

point prevalence — see incidence

portion — see part

possible, practicable, practical — If something is possible, it is
theoretically capable of being carried out or done. If something is
practicable, it is capable of being carried out or done. If something is
practical is expected to be effective and useful.

practitioner — see clinician

precision — see accuracy

predominant, predominate — Predominant is an adjective that means
the most common or frequent, as well as the most important. Predo-
minate is a verb that means to be the most common or frequent, as well
as the most important.

preface — see foreword

prescribe, proscribe — Proscribe is to prohibit or denounce something.
Prescribe is to direct a course of action or to advise a medical remedy.

presumption — see assumption
prevalence — see incidence
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preventative, preventive — Preventative and preventive both mean to
stop something from taking place, but preventive is preferred.

principal, principle — As a noun, principal refers to the director of a
school, a character in a dramatic production, or someone acting on his or
her own behalf in a business transaction. A principle is a law, a precept,
or proposed assumption for a line of thought, assumed to be true for the
sake of argument.

prior to — see before

proved, proven — Proven should be used when something has been
established and made factual (“He was proven guilty”). Proved is the
past-participle form of proven.

provider — Provider can mean an organization that provides a service. In
science, it is commonly a health care professional or a medical insti-
tution. When using the term provider, include the specific type of pro-
vider meant (for example, “pediatric provider”).

psychotic — see catatonic
put on — see place on
quasi- — see bi-

radical, radicle — In chemistry, a radical is a group of atoms behaving
as a unit in a number of compounds. In medicine, radical surgery or
radical treatment means procedures directed at the root cause of a
problem or dysfunction (and not necessarily implying any danger or
severity). In mathematics, a radical is the root of a number or quantity.
In anatomy, a radicle is the smallest branch of a vessel or nerve.

radiography, radiology — Radiography is the process of making a
radiograph—an image created by the exposure of tissue to radiation such
as X-rays or gamma rays. Radiology is the branch of medicine that uses
imaging and radioactive substances to diagnose and sometimes to treat
disease. (See also film.)

rare, unique, unusual — Unique means one of a kind, unusual means
uncommon or out of the ordinary, and rare means seldom occurring.

reference — see allusion
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refrain, restrain — To refrain is to hold someone back from doing
something. To restrain is to keep something under control, or limit it.

regime, regimen — A regime is an established system of doing things in
a regular pattern; the term can also refer to a government (“The govern-
ment’s political regime was aggressive at best and oppressive at worst”).
A regimen is a program or schedule for the management or treatment of
something (“I am on a strict dietary regimen”).

regular — see common

relation, relationship — Relationship means the connection between two
or more persons. Relation means the connection between two or more
objects or things. See also association.

relegate — see delegate

reluctant, reticent — Reticent is not a synonym for reluctant. Reticent
means to be uncommunicative. Reluctant means to be unwilling, unco-
operative, or disinclined.

remarkable, marked — Remarkable is used to refer to an observation
that is significant; marked usually refers to observations or changes that
are measurable or noticed, but not necessarily significant.

renin, rennin — Renin is a renal enzyme that promotes the production of
the protein angiotensin. Rennin is an enzyme derived from calf rennet
that is used to curdle milk.

renounce — see denounce

repetitive, repetitious — Both terms mean “to occur over and over
again,” but repetitious has an association with tediousness, as though
something that is repetitious is tiresome.

repress — see oppress

reproducible, reproductive — Reprodicible means capable of being re-
peated, as in reproducible experiments or results. Reproductive refers to

biological processes or systems where organism produce offspring.

report — see describe
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require — see need

reticent — see reluctant

reveal — see demonstrate

sample — see aliquant

scatoma, scotoma — Scatoma refers to a tumor-like mass in the rectum
formed by the accumulation of fecal matter; scofoma is a “blind spot” in
the visual field or an area of diminished vision.

schizophrenic — see catatonic

section, slice — Section is used to refer to a portion of a radiological
image. Slice is used to refer to a cross-section or portion of tissue.

semi — see bi

semiannual — see biannual

sex — see gender

should — see ought

sight, site — see cite

significant — see desirable

since — see as

slew, slough, slue — Slew is an informal equivalent to many or several
and should be avoided. A slough is a marshy or swampy area of land.
Slue is a verb meaning to pivot around.

stanch, staunch — Staunch means to be loyal or dependable. Stanch is a
verb meaning to stop the flow of liquid, and is often used in regard to
bleeding.

-stomy, -tomy — -stomy is used to indicate a surgical opening (stoma)

into a part of the body (as in colostomy; appendicostomy, etc.). -tomy
refers to the operation or cutting itself (colotomy; appendectomy, etc.).
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strata, stratum — Strata is the plural form of stratum, meaning any of
several layers or levels of something.
structure — see anatomy
subject — see case
subsequent — see consequent
sufficient — see adequate
super-, supra- — Super- is a prefix meaning “in excess” (superinfection);
supra- is a prefix meaning “above or over,” usually physically or geo-
metrically (hence its preferred use in anatomy).
surgeries, surgery, surgical procedure — see operation
sympathy — see empathy
table — In the United States, to fable something means to postpone it or
remove it from an agenda; in Britain, it means to bring the matter up for
immediate consideration and discussion.
technique — see method
temperature — see fever
that, which — That is a relative pronoun used to identify or indicate
someone or something being talked about (“7hat building was built in
the gothic style”). Which is a relative pronoun that is used when adding a
clause that provides information about a subject or item already men-
tioned (“I went to the gym today, which was a big effort for me”). Which
is preceded by a comma, parentheses or dash, unless being used restric-
tively (“She found herself in a situation in which she was sad”).
theory — see conjecture
therefor, therefore — Therefor means “in return for” or “for it” (“I
returned my dress and received a refund therefor”)—a somewhat anti-
quated way of speaking. Therefore is a term meaning “because of” or “as
a consequence of” (“The bread is moldy; therefore I won’t eat it.”).

think — see believe
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titrate, titration — To titrate is the process of titration. Titration is the
measurement of the concentration of a substance through adding small
quantities of that concentration until a reaction occurs.

torpid, turbid, turgid — 7orpid means idle, dormant and sluggish (“My
dog is torpid”). Turbid means unclear, confused or opaque (“My teacher
gave a turbid response to my question.”) Turgid means swollen (“Her
fingers were turgid”’) and can also mean pompous (“He used so many
unnecessarily big words that I found his speech incredibly turgid”).

toward, towards — Both terms mean the movement of a person or thing
in the direction of another person or thing, but the preferred form is

toward.

toxic, toxicity — 7oxic means relating to or caused by a toxin or poison.
Toxicity is a measure or degree of being poisonous.

traditional — see conventional

transcript, transcription — A transcript is a written record of oration or
speech. A transcription is the act of making a transcript.

transplant, transplantation — In science, fransplant means to transfer
an organ or tissue from one body to another. Include the organ being
transplanted when using this term to describe surgery (“The patient is
having a liver transplant”). Transplantation is the term used to describe
the overall procedure in a non-specific way (“There were 20 transplanta-
tions at the hospital today”).

treatment — sece management

trillion — see billion

tubercular, tuberculous — 7ubercular means relating to or covered with
tubercles; tuberculous refers to the disease tuberculosis. (Often used
interchangeably.)

turgid — see torpid

type — see kind

typescript — see article
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ultrasonography, ultrasound — An ultrasound refers to the high fre-
quency sound waves that penetrate the body during an ultrasonography;
also, the procedure itself.

uninterested — see disinterested

unique — see rare

unorganized — see disorganized

unreadable — see illegible

unusual — see rare

-urea, -uria — -urea is used to specify a particular kind of urea, as in
“nitrosourea” (urea with a —NH group); -uria is used in relation to a
urinary condition, as is “nitituria” (nitrites in the urine), or “nocturia”
(the need to urinate during the night, interrupting sleeping).

use — see employ

useful — see desirable

usual, usually — see general

utilize — see employ

vaccinate — see immunize

valuable — see desirable

varying — see different

venal, venial — To be venal is to be easily persuaded, bought, and open
to bribery (“Judas was a venal disciple”). Venial means pardonable or
easily forgiven (“Laura argues a lot, but her other faults are venial”).
versus — See compare to

vertex, vortex — A vertex is the top of something, such as an organ; a

vortex is a whirled pattern as may be found in a fingerprint or a weather
pattern or a hair growth.
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vesical, vesicle — Vesical is an adjective that means “referring to or
affecting the urinary bladder; a vesicle is a small fluid-filled sac, blister,
or cyst in the body (“vesicular” when used as an adjective).

viscous, viscus — Viscous refers to the thickness of a fluid; viscus, the
singular of viscera, refers to any main organ in the abdominal cavity.

vocation — see avocation
voluminous — see compendious

wheal, wheel — A wheal is a raised, discolored patch on the body, often a
result if a blow or an allergic reaction to an injection or sting (a “wheal-
and-flair reaction”). A wheel is a round instrument.

which — see that
while — see although

who, whom — Who is used to ask a question about the identity of a
particular person or group (“Who is going to vote in this year’s elec-
tion?”). It is also used to give information about a particular person or
group (“This house was built by my father, who is an architect™). Whom
is an objective pronoun that can appear as the object of a verb (“I didn’t
get the name of that girl whom 1 met”) or the object of a preposition
(“This is my person with whom I’'m going to spend the rest of my life”).

who’s, whose — Who's is a contraction of “who is.” Whose is a posses-
sive (“Whose coat is this?”) and refers to things as well as individuals
(“The publishing house, whose book we are printing”).

worldwide — see global.

X-ray — This term appears in this form (which is preferred, in keeping
with the German provenance of the term, X-strahl), as well as in the
forms: x-ray, x ray, and X ray. In physics literature, X ray is most

frequently used.

your, you’re — Your is the possessive form of you. You re is a contrac-
tion of “you” and “are” (“You re a bully”).
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1.7 Jargon and Inappropriate Language

Words or phrases that may be easily understood in the course of
everyday conversation are often inappropriate and unsuited for scientific
writing. Scientific writing has its own preferred set of common scientific
words and concise general phrases that take the place of jargon that may
otherwise be confusing and unspecific.

The use of jargon in scientific writing depends on the author’s
readership. If the author is addressing people in his or her own field, it is
best to exclude jargon. The primary objective is to be as clear as possible
in order to insure that readers understand the language and phrasing of a
text.

A scientific text should not be filled with unneeded phrases. They do
not add information and they make a sentence harder to understand. For
example, “despite the fact that” should be omitted from a sentence and
replaced with “although.”

The following chart lists the preferred forms of scientific jargon as
well as the more concise form of commonly used phrases that are
unnecessarily long and wordy.

Jargon/Circumlocution Preferred Form

A majority of most

A number of few, many, several, some

Accounted for the fact that because

Along the lines of like

An increased number of more

An order of magnitude ten times

Are in agreement with agree

Are of the same opinion agree

As a consequence of because

Ascertain the location of find

At the present moment now

Blood sugar blood glucose

By means of by, with

Cardiac diet diet for a patient with
cardiac disease

Carry out perform, conduct

Caused injuries to injured

Completely filled filled
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Jargon/Circumlocution

Conducted inoculation

Chart

Chief complaint

Circular in shape
Commented to the effect that
Conduct an investigation into
Congenital heart disease
Definitely proved

Despite the fact that

Draws to a close

Due to the fact that

During the course of

During the time that
Emergency room

Exam

Expired

Fall off

Fewer in number

File a lawsuit against

For the purpose of examining
For the reason that

Future plans

Gastrointestinal infection

Genitourinary infection

Give rise to

Goes under the name of

Has the capability of

Has the potential to

Have an effect on

Heart attack

Hyperglycemia of 250 mg/dL

If conditions are such that
In a satisfactory manner
In all cases

In case

In close proximity to

In connection with

In my/our opinion

Preferred Form

inoculated experiments on
medical record

chief concern

circular

said, stated

investigate

congenital cardiac anomaly
proved

although

ends

because

during

while, when

emergency department
examination

died

decline, decrease

fewer

sue

to examine

because

plans

gastrointestinal tract
infection

genitourinary tract infection
cause

is called

can, is able

can

affect

myocardial infarction
hyperglycemia (blood glu-
cose level of 250 mg/dL)
if, when

satisfactorily, adequately
always, invariably

if

near

about, concerning

I/we think
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Jargon/Circumlocution

In order to

In regard to

In terms of

In the course of

In the event that

In the near future

In the vicinity of

In those areas where

In view of the fact that

Is in a position to

It has been reported by Smith
It is apparent, therefore that
It is believed that

It is often the case that

It is possible that the cause is
It is this that

It is worth pointing out that
It would thus appear that
Jugular ligation

Lab

Labs

The labs have not

Lacked the ability to

Large amounts of

Large in size

Large numbers of

Left heart failure
Lenticular in character
Located in, located near
Look after, take care of
The majority of

Make an adjustment to
Masses are of large size
Necessitates the inclusion of
Normal range

Of a reversible nature

On account of

On behalf of

On the basis of

On the grounds that
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Preferred Form

to

about, regarding

in, of, for

during, while

if

soon

near

where

because

can, may

Smith reported
apparently

[OMIT]

often

the cause may be
this

note that

apparently

jugular vein ligation
laboratory
laboratory test results
the laboratories have not
could not

much

large

many

left ventricular failure
lenticular

in, near

watch, care for
most

adjust

Masses are large
needs, requires
reference range
reversible

because

for

from, by, because
because
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Jargon/Circumlocution

On two separate occasions
Original source

Orthopod

Owing to the fact that

Pap smear

Passed away

Past history

The patient failed treatment
The patient was diagnosed

The person in question

Plants exhibited good growth
Preemie

Prepped

Prior to

Produce an inhibitory effect on
Psychiatric floor

The question as to whether
Referred to as

Respiratory infection
Results so far achieved
Right brain

Serves the function of being
Smaller in size

Status post

Subsequent to

Surgeries

Symptomatology

Take into consideration
The fish in question

The question as to whether
The tests have not as yet
Therapy of [a condition]
Through the use of
Throughout the entire area
The treatment having been
performed

Two equal halves

Preferred Form

twice

source

Orthopedic surgeon
because, due to
Papanicolaou test

(or Pap test)

died

history

treatment failed

the patient’s illness was
diagnosed

this person

plants grew well
premature infant
prepared

before

inhibit

psychiatric department,
service, unit, ward
whether

called

respiratory tract infection
results so far, results to date
right side of the brain
is

smaller

after, following

after

operations, surgical
procedures

Ssymptoms

consider

the fish/these fish
whether

The tests have not
therapy for

by, with

throughout the area
after treatment

two halves
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Jargon/Circumlocution Preferred Form
Urinary infection urinary tract infection
Was of the opinion that believed

With a view to getting to get

With reference to was

With regard to about, concerning
With the result that so that

1.8 Bias-Free Language and Descriptions

Terminology and phrasing for issues regarding gender, sex,
disabilities, race, and ethnicity develop constantly in response to chang-
ing attitudes about what is considered appropriate and acceptable. It is
important to keep up-to-date on opinions regarding these issues and to
realize that even relatively recent style manuals may be inconsistent in
this area. For example, a manual from the late 1980s uses the term “men-
tally retarded” in its section on how one should avoid bias against
individuals with disabilities. This term is now out-of-date and is con-
sidered inappropriate and offensive in both everyday use and in scientific
writing. Using socially acceptable bias-free words and phrasing is vital to
any scientific writing, and because it is such a delicate area, it is neces-
sary to be as knowledgeable as possible about changes in appropriate
terminology.

i. Gender and sex. Avoid using pronouns that are social stereotypes or
habitually biased. Some sentences are clearly gender biased and should
be avoided. The sentence, “We will have a new president in eight years
and he will change the country,” is biased because of the assumption that
the new president will be male. Instead, write, “We will have a new
president in eight years and he or she will change the country.” To avoid
the pronoun altogether write, “In eight years, our new president will
change the country.”

Some terms with gender reference are considered widely acceptable
because of their non-gender specific definition. For example, “This
research provides new information on the development of humankind”
may be regarded as being habitually gender-biased because of the inclu-
sion of “man” in “humankind.” If this term is unacceptable to an author
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or his or her audience, an alternative to consider is, “This research
provides new information on the development of men and women
throughout history.” Avoid terms like “poetess” or “lady doctor” because
they imply that these occupations are normally male. “Poet” or “doctor”
adequately covers both sexes.

Only use man or men when referring to a single man or a group
made up of only men, and only use woman and women when referring to
a single woman or group made up of only women. If referring to a group
that includes both men and women, find a gender-neutral term. For
example, do not use the words spokesmen or spokeswomen unless the
entire group is made entirely up of men or women, respectively. Instead
use spokesperson, or, if the group is made up of both men and women,
use spokespeople.

Indicate the sexual orientation of a man or woman in the text only if
and when it is relevant. When referring to a specific group of men or
women, the terms gay men, gay women, or lesbians are preferred to the
umbrella term homosexuals. Do not use the term sexual preference
because it assumes that one chooses ones own sexual orientation, which
is scientifically questionable. Terms to describe the relationship between
heterosexual couples are the same as those used to describe the rela-
tionship between homosexual couples, e.g., companion, wife, husband,
partner, life-partner, girlfriend, boyfriend. Use of the terms same-sex
marriage and same-sex couple are considered an appropriate means of
referring to the status of a homosexual relationship.

ii. Race and ethnicity. The term race is a cultural construct without a
specific biological meaning. It is a term generally used when describing a
person’s physical traits, assuming that his or her physical traits fit in with
a larger group of people sharing those traits. It has been argued that racial
categories are not an acceptable way to define people because of
scientific evidence that argues that human races do not actually exist.
Because defining people by race can lead to generalization and stereo-
typing, it is important to accurately use the term and to qualify it when
necessary. Rather than use race to describe a social group or population,
use less ambiguous criteria such as country of birth, or self-description.
The race of an individual or group should not factor into scientific
writing on health related research. An individual’s genetic heritage can
help in understanding certain biological tendencies, but avoid using the
broader term of race in defining an individual’s medical history.
Categorizing an individual’s race is often only useful in providing
very general information, and therefore is not scientifically accurate. For
example White and Caucasian are both too broad a term to be used in a
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scientific text because they do not convey any substantial information
about an individual’s genetic history. If it is necessary to refer to racial or
ethnic groups (such as “White American”), terms should be capitalized.

Regarding ethnic or racial designations that are used in contexts
where that information is relevant to the scientific research or content of
the material, the AMA Manual of Style (Tenth Edition) offers the fol-
lowing guidelines:

* The term African American is preferred to black—though it should
be used specifically to refer to US citizens of African descent (and
should not be hyphenated).

» The term American Indian is preferred to the term Native Ameri-
can, though the latter is acceptable. A difficulty with Native American is
that the term is used by the US government to refer to Samoans, Alas-
kans, and Hawaiians, which are not what is generally meant when the
term is used. Authors should therefore feel a particular responsibility to
carefully identify their subjects and referents as clearly and as precisely
as possible.

* The terms Hispanic and Latinos are broad terms that may be used
to refer to people of Spanish descent or decent from Spanish-speaking
people of Mexico, South and Central America, and the Caribbean. How-
ever, the term Latino is generally understood not to refer to people of
Mexican or Caribbean ancestry. In cases where an ethnic designation is
necessary for conveying scientific information, authors should avail
themselves of precise terminology such as Mexican, Mexican American,
Cuban, Cuban American, Puerto Rican, etc.

* Ethnic identification through the use of exclusionary negatives—
for example, characterizing a group as “nonwhite”—has disquieting
connotations and should be avoided. The phrase people of color has
some acceptability in some circles, but should be avoided primarily
because of its vagueness. A term such as multiracial is also vague and
mildly dismissive, and should be used with the utmost of care.

iii. Age. Discrimination on the basis of age (known as ageism) is illegal
in many countries; reference to people that stereotypes them as less than
productive or legitimate members of society should be avoided. Thus,
referring to people as elderly or aged is inappropriate in serious writing
and should be avoided.
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iv. Disabilities. A disability (according to the Americans with Disabi-
lities Act (http://www.usdoj.gov/crt/ada/) is a physical condition that
“substantially limits a major life activity, such as walking, learning,
breathing, working, or participating in community activities.” Americans
as well as people of other countries have been slow to recognize that,

(a) people with disabilities so defined have often been some of
society’s most productive and beneficial members of society (a list that
certainly bears the name of a celebrated four-term president of the United
States); and

(b) the notion of a disability can be applied to a very large portion of
the population who are able to function well only because society has
already made accommodations for them.

It is therefore important that individuals with disabilities (of any
kind) not be demeaned or depersonalized in carefully constructed scien-
tific writing (or, for that matter, in any kind of written material.

Following are some guidelines on how to avoid such objectionable
formulations:

* Avoid referring to a disabled person only in terms of his or her
disability. Avoid such phrasing as “Smith is a diabetic,” because it iden-
tifies Smith only in terms of his disability. Instead write, “Smith is a
diabetic patient” or “Smith has a diabetic condition.” This phrasing
makes is clear that Smith is not defined only in terms of being a patient
with diabetes.

* Do not describe individuals with disabilities as victims, or in any
other way that might imply that their disability renders them helpless
(suffering from, afflicted with). Currently acceptable terms for disabilities
include blind, deaf, cannot hear or speak (instead of deaf-mute or deaf-
dumb), hearing loss, hearing impairment (instead of partially deaf), and
congenital disability (instead of birth defect).

* The term handicapped should not be used since it implies that a
person with a certain disability has disadvantages when compared with a
person without that disability.

* Avoid use of metaphors or figures of speech that are insensitive to
disabled people: this includes such formulations as “blind to the truth,”
“turn a deaf ear,” “lame excuse,” etc. (Some publications go so far as to
also discourage use of the term double-blind experiment. Authors are
advised to ascertain the policy of the particular publication for which
they are writing.)
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The previously cited AMA Manual of Style offers the following help-
ful table with alternatives to problematic phrases and terms:

To be Avoided: Instead Use:
the disabled; the persons with disablities
handicapped

disabled child; mentally
ill person; retarded
person

diabetics

asthmatics

epileptic

AIDS victim; stroke victim

crippled; lame; deformed;
disfigured;

deaf; blind

child with a disability; person
with mental illness; person with
an intellectual disability; person
with an intellectual disability
(mental retardation)

persons with diabetes; study
participants in the diabetes
group; diabetic patients

people/children with asthma;
asthma group; asthmatic child

person affected by epilepsy;
person with epilepsy;

epileptic patient

person with AIDS; person who
has had a stroke

physically disabled

deaf person; deaf community;
hearing impaired; vision impaired

The table above may well be found wanting by advocates for the
disabled community, which only serves to show how much more is in
need to be done to sensitize society to the values and standing of the
disabled in society—and in literature of all kinds.
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Chapter 2. Preparing the Manuscript

Virtually everyone involved in science, no matter at what level and no
matter in what discipline, is called upon from time to time to com-
pose and submit for publication a piece about science. Researchers wish
to communicate their findings and observations to colleagues; theo-
reticians wish to share their hypotheses and insights with others in the
field; administrators and clinicians wish to propose new experimental or
clinical programs; and the scientific community at large feels a respon-
sibility to educate the public and maintain a high level of awareness and
literacy among all segments of the population. All this demands a sophis-
ticated communication structure with which all practitioners become
familiar, and which the most successful members of the scientific com-
munity master.

Writing directed at the public, either to educate or to influence poli-
cy, must be accessible to that readership. It is widely held today that the
same is true of all scientific writing: the need to be clear, engaging, and
persuasive is no less vital at the highest levels of scientific discourse than
it is in popularizations of science. In both venues, the competition for the
attention of the readers one wishes to reach is formidable, making every
effort to make the reader want to read what has been written a necessity.

The previous chapter focused on principles for writing clearly and
for effectively conveying information to a reader. Later chapters will
focus on the details of English usage (Chapter 3), the conventions
regarding citations and references in scientific writing (Chapter 4), and
the rules regarding copyright and permissions (Chapter 5). Part Two
will examine the practices and conventions of specific disciplines. This
chapter examines the various avenues open for publication and the rules
and practices for submitting material for publication in each case.

2.1 Types of Science Writing
2.1.1 Technical versus Nontechnical Science Writing

We first distinguish between two broad classes of writing about
science: “technical” and “nontechnical.” The former is embedded in the
infrastructure of a discipline and is in reality the means by which re-
searchers and investigators in a field become aware of the work of their
colleagues. This makes it difficult for an uncredentialed author to have
something published in a technical science journal—not simply because
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it is presumed that only a professional could produce work suitable for
such a publication and the professionals it serves, but also because
readers of such a publication are primarily interested in what progress is
being made in their field by their colleagues

For this reason, at the highest level of technical scientific public-
cation, the science journal, articles are reviewed by respected profes-
sionals in the field—called “referees”—to determine if the author has (a)
made a contribution to the field that others may wish to read and take
note of; and (b) has done so competently and in accordance with the
standards of the discipline at the moment of submission.

There are various kinds of technical science publications, as we shall
soon see, but they all have one thing in common: they require the appro-
val of a practitioner, the “review” of a “peer’—hence the term “peer
review”—to validate the work as worthy of the attention of others work-
ing in the field. The pathway of an article that appears in a peer-reviewed
journal is therefore a complex one, involving preliminary judgments by
the editorial staff as to whether the work is within the scope of the
journal; whether it comes from a credible source; whether it is clearly
written; and whether it makes its point and presents its findings cogently.
It is then passed on to professionals in the field for review—respected
journals will insist that every article must be approved by at least two
referees—and the article may then pass several times between reviewers,
editors, and the author until it is deemed acceptable for publication.

Publications that are not peer-reviewed are not considered technical
scientific publications. While the authors of material that appears in
those publications may be eminent scholars and researchers in the field,
and the pieces that appear there may be valuable as explications of areas
of science, the articles are not part of the ongoing conversation that rep-
resents the advance of research and knowledge in the field.

How does one evaluate whether a given journal is indeed peer-
reviewed to the standards set forth by the governing professional bodies
of a discipline? Generally, this can be determined by seeing whether the
journal’s articles are indexed or the abstracts of its articles are published
in the services that are maintained specifically for this purpose. Journals
listed and referenced in such services as Index Medicus, Chemical Ab-
stracts, Current Physics Index, etc., have been examined by a respected
scientific society or organization and are considered to be properly peer
reviewed. The Index service thus serve the dual purpose of monitoring
the advance of the discipline as portrayed in its papers, and of apprising
researchers in the field of what new developments may be germane to
their own work. The cooperative nature of academic publishing is the
core of modern scholarship and research, and informs the practices,
values, and ethical standards of scientific publishing.
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i. Formal and stylistic distinctions. The differences between technical
and non-technical science publications translates into marked differen-
ces in the form of material submitted (and eventually published) in each
sort of publication. Articles submitted to technical science journals must
exhibit proficiency in the support disciplines of the subject—mathe-
matical, taxonomic, physiological, chemical, etc.—to the standards of the
discipline as then practiced. This has given rise to the criticism that jour-
nals of science do not allow for the introduction and evaluation of radical
and creative ideas that may not conform to the conventional wisdom of a
discipline.

The scientific community respond to this concern in two ways: First,
within the confines of the technical journal, efforts are made to allow for
innovative approaches to problems in the form of opinion articles, sub-
ject review articles, editorials, and the correspondence sections of jour-
nals. Some disciplines have entire publications devoted to such material
to encourage the free expression of what would normally be regarded as
speculative and imaginative “musings” at the cutting edge of a field.
Until humankind can be certain it knows all there is to know, such work
will be essential to the growth and advancement of science.

Second, and more important, however, is the fact that journal articles
in many disciplines are in reality the surface layer of a wide and complex
process in which scientists discuss with colleagues the details of current
issues in the field. Many such discussions become part of the proceed-
ings of meetings and colloquia at which such material is first aired. The
frequent acknowledgement of the response from the audience who first
hears a paper delivered and of the suggestions of colleagues, readers,
reviewers, and students are not simply a matter of courtesy; it is a vital
part of the scientific process. There may be instances in history where a
lone thinker created a brilliant theory in isolation with hardly any contact
with or influence from insightful respondents, but the advance of science
over the past two centuries is the result of the sharing of ideas and the
increased communication among members of the scientific community.

ii. Determining the audience. Before beginning the writing process, it is
only reasonable that the author asks at what audience the material is
being directed. Philip Rubens, in his classic, Science and Technical
Writing, presents an extensive program for analyzing the audience for a
piece of writing. To some, his program may be more than can or should
be performed for more than a few pieces in the course of a researcher’s
career, but the essentials of the program offer sensible advice that a
writer (not only of science, of any kind of material) ought to consider at
the very outset. Being clear about whom one aims to reach increases the
likelihood that one’s ideas will be communicated effectively.
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Some factors that an author does well to consider in this regard are:

* The educational level of the audience and its professional back-
ground. Material directed at professionals working in related or
nearby areas may require more elaboration and support than ma-
terial meant for those working in the same area as the author.

* The proficiency of the audience in English. While science writ-
ing at any professional or technical level should avoid language
that cannot be understood by a generic, competent speaker of Eng-
lish, special care needs to be taken if the intended audience will not
be native English speakers.

The reading context—the conditions under which the material
will be read. In this sense, it is not only important to consider what
the physical conditions under which the work will be read will be,
but what the reader’s expectation will be; what he or she hope to
derive from the piece. An instructive piece on a technique, a piece
of equipment or a matter of policy will each have different tones
than a hypothesis regarding a perplexing phenomenon, or a report
on the results of an experiment.

2.1.2 Types of Technical Science Writing

Although there is no formal classification for scientific writing, in
most instances it is fairly clear what form and in what sort of publication
for which a piece of science writing is most appropriate. For most scien-
tists, keeping abreast of the key journals in one’s field occupies a signi-
ficant portion of a scientist’s work day.

The more productive researchers are looking for two things as they
pour over these publications (or peer at the computer screens, if they are
reading the papers in electronic form): they are looking for advances in
the specific problems that riddle any area of research as colleagues grap-
ple with these problems in institutions all over the world. They are also
paying careful attention to the “thrust” of the journal as a whole—the
directions the consensus of practitioners are taking and the avenues they
are exploring, as well as the sort of material (its tone and its content) that
is gaining the attention of the editors and reviewers of the journal as a
reflection of the direction the field as a whole is moving.

Some (even in the scientific community) have been critical of this
practice as antithetical to the spirit of free inquiry that is so cherished a
part of the modern intellectual tradition. Yet, without contact and com-
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munication with others working in the field, science become insulated
and insular—the private ruminations of an isolated mind, instead of the
contributory ideas of a member of the community. As we shall see, sci-
ence literature as presented, promoted, and preserved in journals, offers
many different possible avenues for researchers and theoreticians of
many stripes, so that no good or novel idea ever need go wanting for a
fair airing and an attentive audience.

2.1.2.1 Scientific Journals

Science journals cover a wide spectrum of areas of scientific re-
search and do so in a variety of styles and methods. It is important for
anyone planning to submit a work to a journal to be familiar with the
scope and practices of the journal as well as with the requirements the
journal’s editors place on any author submitting anything for considera-
tion. It is important to realize that most people involved in the journal—
from the editors to the reviewers to the referees to the publishers—are
involved as an expression of their interest and support of a discipline.
Members of a journal’s editorial board usually serve without payment,
and referees spend their time reviewing and assessing articles simply as
part of their membership in the community of scientists seeking to ad-
vance a body of knowledge.

i. Journal style matters. The requirements that a journal lays down for
material submitted is designed to expedite what is at its core a complex
process. A typical journal may have several hundred articles under evalu-
ation at any given time, and each published piece may undergo a dozen
reviews and revisions until the reviewers and editors feel the piece meets
the standards of the publication and warrants publishing.

It is therefore no more than common courtesy that the author adhere
in detail to the manuscript and submission requirements of the journal to
which one is submitting a paper. Any deviation from the protocols about
which the journal has apprised prospective authors impedes the process
not only for that author, but for the journal as a whole. Even so simple a
matter as typing two spaces after a period—a practice common in
typescript, but an unnecessary practice for published material—can add
time and work by an already strapped journal staff.

ii. Common Sections of a Science Journal

Though there is no established typology for scientific papers, they
can be generally characterized as falling into one of several categories,
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which gives rise to science journals typically containing several sections
in which papers of similar type are gathered. Practiced readers of these
sections in virtually all journals recognize that there is a wide latitude
given to determining what is appropriate for any given section of a
journal—perhaps more leeway than one might find in any popular media
outlet (such as a newspaper).

Following are the main sections of a science journal and the kinds of
articles and papers that one is apt to find in them:

a. Original articles and research. The mainstay of science journals
are the reports on the experiments and observations that are ongoing
continually in laboratories, universities, and in the natural environment
all over the world. Since these papers report on experiments, observa-
tions, and finding that have actually taken place, it is vital that these
papers be precise and that they conform to the form and structure that
readers of such papers have come to expect. This is known as the
“IMRAD?” structure (short for “Introduction; Method; Results; And Dis-
cussion”), which will be analyzed in detail in Section 2.2.1.6, below.

Readers of such papers are evaluating elements of the presentation
that go far beyond the plain meaning of the text: they are assessing the
propriety of the method; the bias of the researcher; legitimacy of the con-
clusions; the possibility of alternative explanations or of peripheral fac-
tors that may have caused the result or skewed the observations reported.
Moreover, the possibility of replicating an experiment, verifying an ob-
servation, and corroborating (or disproving) a finding, elements at the
core of the scientific method (as well as its ethos), are subverted all too
easily when the report of what happened does not conform to what col-
leagues expect of such a report, and to how others in the field have
reported their findings.

In light of this, most serious scientific journals will simply return a
paper purporting to report on an experiment that does not clearly follow
the “template” by which others in the field evaluate new information. For
this reason, educators have determined that students wishing to pursue a
career in any scientific discipline must learn this format and become
adept in its use and fluent in its language, even as undergraduates.

b. Review articles. Journals will frequently publish articles in which
a respected practitioner offers a summary of recent work in the field and
an assessment of how certain problems are being addressed. These
papers are intended to be surveys of the work of many researchers and
theoreticians in the field, and will often present conflicting ideas and
gaps in the ongoing research program of the discipline, without promot-
ing the author’s individual opinion or personal bias. Like the referees of
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research papers, authors of review articles are expected to suspend their
own agendas (personal as well as professional) in performing this impor-
tant service. Review articles may be seen as the discipline’s periodic
“step back,” to take stock of the accumulating data and to make some
sense of the field’s research strategy in broad perspective. A review
article will often point to neglected areas of investigation or point out
some obvious (but unnoticed) flaws in the program the community of
researchers is pursuing, or opportunities that are being overlooked.

In medical science, such articles take the form of “consensus state-
ments” that summarize the cumulative clinical experience of physicians
and researchers and provide clinical guidelines for what may be con-
sidered prudent and sensible courses of therapy or treatment. No assump-
tion is made that any such presentation is final or definitive; the history
of medical science is replete with the overturning of conventional wis-
dom. But neither is the review article an opportunity to advance a pet
theory or an approach favored by the author in opposition to the prepon-
derance of opinion in the field. Without compromising his or her own
position, the review article endeavors to present the current state of
affairs fairly, fully realizing that future research may well lead in a diffe-
rent direction—perhaps even closer to the opinions held by the author.

c. Theoretical papers. Within any discipline, there are bound to be a
set of observations and findings (sometimes a large set) that elude expla-
nation and defy logical consistency. A theory or explanation may have
already been put forth to reconcile these problems and explain difficul-
ties within the principles by which the majority of practitioners and re-
searches abide—or perhaps it is a theory or explanation that calls upon
members of the discipline to reevaluate a cherished principle and consi-
der an alternative because of how effectively it resolves certain difficult-
ties. Whatever the case may be, theoretical articles are most effective
(and are most likely to find an audience) if they are couched in the
context of the principles of the discipline they address, not lying outside
what researchers in the field have come to regard as foundational.

Contrary to a popular notion, scientists are interested in and receptive
to novel formulations and new ideas—more so, one may argue, than the
general public—provided the foundation for these ideas is presented in
the context of what is known and in a language that is understood. Theo-
retical articles in science must therefore be mindful of precisely where
the argument deviates from the conventional, and where it rests on what
is believed to be the case. Such articles are an important part of any jour-
nal’s offerings, and they are often written by some of a discipline’s most
creative—and disciplined—thinkers.
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d. Notes on method; case studies. Like the theoretical article, jour-
nals will often publish papers that present new methods in the labora-
tory—either in the performance of an experiment or procedure, or in the
analysis of the data collected. These reports (in the medical literature
they may take the form of “case studies,” in which an exhaustive report
is presented on a course of treatment or the progress of a disease) allow
the wider community of researchers to benefit from the laboratory,
clinical, and experimental experience of other scientists, even when the
focus of their research lies in a direction other than their own.

e. Editorials; opinion pieces. Again contrary to a widely held stere-
otype, scientists are not without opinions and beliefs that are “non-
scientific.” These beliefs may involve moral issues that relate to the
conduct of research, or about the application of a therapy or the results of
a projected course of research. Being human, however, makes scientists
as subject to their intuitive and judgmental faculties as anyone else, but
with the following important proviso: they may never relinquish their
commitment to sober consideration of the facts or abandon the empirical
underpinnings of the scientific enterprise. This means that editorials and
opinion pieces that are published in science and medical journals are
vetted and scrutinized as thoroughly as a research article or an article
advocating a course of medical treatment—because often, such pieces do
just that.

In fact, opinion in science journals often flows both ways, in that
readers are encouraged to respond by correspondence to articles, includ-
ing opinion pieces and editorials, as part of the review process of the
journal. Such interaction becomes one of a journal’s most provocative
features and often stirs new ideas and lines of research. (See Section
2.1.2.2, Communications, below, immediately following this section.)

f. Other types of material. Journals have increasingly seen fit to
include material that once lay outside their scope (nearly always
submitted in response to an invitation from the editor), including:

» Memoirs of important figures or about important episodes in the
history of a discipline. These may include appreciations of a neglected
researcher, teacher, or thinker whose work is belatedly appreciated.

* News of interest to professionals in the field, particularly as it
affects working conditions and public appreciation of the profession.

* Reviews of books and other media relating to the discipline, both as
as professional contributions and as a measure of public perception.

* Pieces on the cultural impact of the discipline and vice versa, in-
cluding art, poetry, literature, as well as reports on the state of the disci-
pline elsewhere and in light of national and international affairs.
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2.1.2.2 Communications (Letters and Responses)

An important part of the peer review process is the response
professionals in the field have to the papers that appear in the journal,
particular those that express opinions and allow for differences of
opinion. Whereas such contributions were once considered secondary to
the main work of a journal, they are now viewed as vital elements in the
intra-professional communication that the journal sees as its responsi-
bility to encourage and facilitate. No doubt the ease with which people
can communicate today via the internet or by telephone has resulted in
scientists maintaining close communication with colleagues in distant
lands more than ever before. Yet, for the most part, such communication
remains private and, as a consequence, the “marketplace of ideas” is de-
prived of the contributions of many who might have corresponded with
the journal, which may have published their correspondence.

Journals are attempting to address this by incorporating e-mail cor-
respondence in their pages (in print and online), without compromising
the review process that has routinely been applied as assiduously to
correspondence as it has been to all other contributions.

Correspondences also play an important role in the development of
an idea or an approach. Many landmark theories, explanations, and con-
cepts saw their first light in a correspondence—a letter to the editor—of
a journal. The form gives an author an opportunity to propose an idea
before it is supported by the full complement of data and mathematical
formalism. With journal correspondence reviewed, researched and foot-
noted nearly as thoroughly as an article, it is not surprising to see corres-
pondences listed on professorial publication lists.

2.1.2.3 Manuals and Handbooks

Another way in which the proliferation of the internet has altered
people’s reading habits, and with it publishing, is the renewed interest
(and utility) of two related types of publications: one is the sharply
focused instructional guide, which we place under the rubric of “manual”
and which is a blood descendant of the manual that accompanied compu-
ters and electronic equipment; and the other is the “handbook”—a multi-
authored collection of, again, highly focused chapters on very specific
subjects, usually pitched at a level of advanced researcher or graduate-
level student.

The internet has given readers the possibility of getting small por-
tions of information virtually instantly, but has not (as yet) solved the
problem of eye-fatigue when reading long tracts on screen. Until then,
highly focused specialized volumes will be the preferred way of publish-
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ing material directed at a professional readership. While omnibus
reference works are virtually extinct, such handbook volumes (in all aca-
demic areas, but especially in the sciences) have found an appreciative
readership.

2.1.2.4 Monographs, Books, and Proceedings

The presentation of a sustained argument or a thorough analysis of a
subject still warrants a book-length treatment, so that scholars remain in
need of academic book publishers (intellectually as well as profession-
ally).

One may distinguish three types of book of interest to the academic
author or scientist:

* Monograph. A scholarly work by a single author (as opposed to a
volume with contributions by several authors) on a specific subject (as
opposed to a survey history or a volume that covers a field completely).
Monographs are frequently organized as a series on a general subject
with titles on specific subject within that general area. There is a pre-
sumption that monographs are peer-reviewed (by the general editor or by
the editorial board), but more often than not, the invitation to the author
(or the acceptance of his or her work in the series) is determined more by
the author’s credentials and reputation than by the quality of the work.

* Books. A more general notion, a book covers a larger subject area
than a monograph (though where the line of demarcation lies is by no
means clear), and is selected for publication (by whatever procedure
practiced by the publisher) independent of any series or publishing pro-
gram. In the minds of many scholars and scientists, monographs are
small and books are large, though counter example to both impressions
abound. The fact that a single or a few titles in a monograph series
ultimately stand out as of particular merit and are then republished and
remain in print while the rest of the series lapses out of print should
indicate that the distinction between a monograph and a book is fairly
arbitrary.

* Proceedings. A book in which fairly precise articles covering nar-
row areas of a general subject are collected, presumably because they
were delivered at a meeting or conference (though the paper may not
have actually been delivered, nor is it certain that the conference ever
took place); or in honor of a colleague (in celebration of an anniversary
or birthday—a “Festschrift”); or a collection of papers—either invited
especially for this publication, or assembled from previously published
material, such as journals— on a subject of current interest to scholars or
scientists.
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Setting aside the commemorative aspect of such collections, the
practice serves to make the work of important researchers in the field
(past, present, and future) available to a wider audience. It has often been
the case that individual essays in a collection has been republished often
because it was deemed a seminal paper in the field. But whether such
collections are published as free-standing volumes or as supplementary
issues of a journal is frequently a decision made for reasons having little
to do with the importance of the collection.

See Appendix I for references on the mechanics and practices of
publishing that are relevant for academic and scientific authors.

2.1.2.5 Textbooks. The importance of textbooks in modern education—
lower, middle, and higher—has not been dimmed by the internet as much
as it has by the economics of publishing. Several million dollars are
invested in the creation of a new textbook, and since textbooks that
become mainstays of the educational system have guaranteed sales and
undergo periodic revision in new editions, that investment may well
prove to have been a wise one if the textbook becomes popular. Unfor-
tunately, chance and good fortune are as operative in this field as they are
in many areas of publishing, so that the best textbook in any field does
not always become the leader, or even in the running.

It is unfortunate that a set of criteria have not emerged for the pro-
duction of textbooks, though each new season brings enhanced design,
graphics, and features—a host of “bells and whistles”—that are aimed at,
not the edification of the student, but impressing the instructor, teachers,
librarians, and purchasing agents for school districts, in hopes of pro-
curing lucrative orders. As a result, areas of science that are capable of
presenting an “attractive package” have encouraged administrators to
schedule courses in those subjects beyond their importance in the
curriculum or the discipline, while other areas of greater importance have
not been the focus of educational attention simply because the textbooks
available are not attractive to students and instructors.

There will be those who dismiss this analysis as attributing shallow
values to the educational establishment. Consider, however, the large
expenditure of energy and resources of the promoters of pseudoscientific
theses in creating and disseminating attractive text-books with the veneer
and accoutrements of legitimate science instruction as a cornerstone in
their efforts to introduce their ideas into the educational marketplace.
Those activities should underscore the importance of well-designed,
accurate, precise, and engaging instructional material, beginning with
textbooks, as an important enterprise within any scientific discipline.
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2.1.3 Types of Nontechnical Science Writing

It is only recently that programs devoted to teaching the craft and art
of science writing have been introduced to the curricula of major univer-
sities in the United States and around the world. This has been done in
recognition of the need for better training of those entrusted with inform-
ing the public of recent scientific discoveries. This salutary development
stands in contrast to the general difficulties being experienced in pub-
lishing as a business and as a cornerstone of modern culture.

One difficulty that science writers experience is finding publications
to write for, a situation not helped by the difficult straits in which news-
paper and magazine publishing find themselves. Yet, every challenge is
also an opportunity, and science writers are going to have to open up
some venues to science writing that may have been closed or limited in
the past. Creating prose that captures public imagination and interest
while clarifying scientific principle and research now becomes a vital
element of the public discourse and education, and science writers must,
we would argue, play a vital role in that enterprise.

2.1.3.1 The Popular (“Mass”) Media

When speaking of “mass” media, we mean publications available to
the general public with no formal training and without any institutional
membership requirement (such as would be required for a technical
journal). As such, any outlet that reaches a public without restriction
should be looked upon as a suitable platform to reach a readership. Older
models of racks filled with magazines must give sway to new models
that now have an electronic complexion.

Not every scientist or science writer can capture the Op-ed pages of
major newspapers, but a well-crafted and interesting piece on a scientific
development—particularly one that relates to a subject in the general
news—will find an outlet and an appreciative reader somewhere.

Following are some practical guidelines for science writers and
researchers on approaching and “breaking into” nontechnical media.

i. Newspapers and newsletters. Establish an ongoing relationship with a
local newspaper so that you may be counted on as providing an article on
a scientific development of local interest. These may have to be done
without payment, but it will establish your credentials and reliability as a
source. In the current marketplace, and bearing in mind the objective of
educating the public, no publication should be considered too small or
unworthy of attention.
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ii. Magazines and nontechnical periodicals. Though there are fewer
magazines devoted to being published, there is greater interest among the
editors of general interest periodicals in subjects relating to science.
Whether the writer is a practicing scientist or a science journalist, editors
seek material about institutions, laboratories, task forces, and groups
devoted to a accomplishing a specific task (such as the creation of more
efficient fuels from vegetation), or the examination of a specific pheno-
menon (such as the monitoring of the severity of Gulf Coast hurricanes
over the past decade), or the work of a task force in addressing a pressing
public need (such as the monitoring of inner-solar system asteroids for
possible bodies on a collision course with earth). All of the examples
given here were the subjects of cover stories of national trade magazines
(see Appendix I for references), written by science journalists without
advanced degrees in science, but about serious efforts and projects being
undertaken by agencies, research institutions, or academic departments.

iii. Web sites and electronic media. It is a truism that the internet is the
new forum where individuals interested in specific subjects (any subject
at all) find outlet to converse and communicate with interested parties.
No science communicator can afford to ignore this important venue. Sci-
ence blogers have proliferated, but the nature of the internet is such that
even with the number of such blogs numbering in the tens—even
hundreds—of thousands, the technology allows interested readers to find
their work and engage them in back-and-forth communication.

iv. Pamphlets and booklets. The internet has also made self-publishing
a viable possibility, both economically and procedurally. It is not only
possible to produce books using templates provided on the websites of
publishers, but it is also possible to market publications that are pro-
duced on-demand, minimizing the outlay of capital required for manu-
facturing, warehousing, and fulfillment. (Again, see Appendix I.)

Is this a major development in the world of publishing? Well, yes
and no: no, insofar as it is severely limited in terms of penetration of the
marketplace; but yes, in that it provides a means for a writer (particularly
of non-fiction) to reach a precisely targeted audience. One result is that
scientists and science writers have established a loyal and growing
readership by publishing small, focused publications—pamphlets and
booklets—on specific subjects in science and technology.

v. Trade publications: books and chapters. Finally, the route of
traditional publishing—through agents, editors, and packagers, etc., de-
scribed in sources reference in Appendix I—is still available, though
becoming increasingly more difficult with each passing day.
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2.2 Manuscript Preparation and Submission Requirements
2.2.1 Journals

Though we have taken pains to emphasize in the foregoing pages
that science writing for a general non-professional audience is an impor-
tant activity for the members of any discipline to undertake and to regard
as part of their responsibility (we would go as far as to say a sacred part)
as members of their discipline, we focus here on the science journal,
where the cutting edge of work and the results of scientific research are
shared with colleagues in the community.

We note, however, that much as a researcher requires years of
training, practice, and experience in the laboratory or at the blackboard
developing those skills that make one capable of engendering original,
productive, and effective science, so must the writing skills required for
effective communication at this advanced level be honed and developed
through years of practice in writing material at all levels. For those in the
scientific community who do not share this mission (and who would
rather “stick to their knitting”), it should nonetheless be clear that the
clarity and effectiveness of the most technical scientific paper will
benefit from an author’s experience and skills in the native and elemental
elements of writing that any form of writing experience may provide.

2.2.1.1 Submitting to Science Journals

The papers that appear in every issue of science journal (meaning, a
peer-review science journal) have undergone a complex process of
review, consultation, revision, and reevaluation that is itself a remarkable
achievement of modern science. (A chart outlining the process, adapted
from the very useful Authors’ Guide of the American Meteorological
Society, appears on the next page.). The very first piece of advice that
one can give an author seeking to submit a paper for publication to a
science journal is for that author to become familiar with the process and
with the practical and mechanical requirements of the specific journal
being considered. The process is simply too complex to allow for latitude
in this regard (and still permit the journal to function).

i. About peer review. The process of peer review actually begins well
before any paper is submitted; it begins with the selection of the editorial
board of the journal, chosen for being leading, respected, and active
practitioners of the discipline and researchers in the field. The first level
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of responsibility for reviewing a paper falls upon the members of this
board, who will either accept that responsibility on themselves and per-
sonally review the paper, or advise the editor of colleagues who may be
called upon (in the name of the journal’s sponsoring organization or sim-
ply in the name of the board and its members) to review the involved
review of the paper.

When a reviewer has been assigned (and a serious review process
calls upon the review of at least two, preferably three competent pro-
fessionals in the field), the reviewer (also known as “referees” or “asses-
sors”) will assess the paper on the basis of several criteria, each a
fulfillment of responsibilities a reviewer has to various parties in the
process, among which are the following:

a. Is the paper relevant to the journals’ scope and area of
concentration? (This is in keeping with the reviewer’s responsibility
toward the journal’s sponsoring institution and publisher.)

b. Does the paper make a valid contribution to the field? (How
valuable or useful a contribution it might be has yet to be determined by
what use others may make of it; reviewers have enough experience with
findings suddenly and unexpectedly becoming useful to make such a
determination.)

c. Is the presentation clear, concise, and well organized? (The
reviewer is asked to be considerate of his or her colleagues’ time.)

d. Are the paper’s point and conclusions, as well as its support
material, original when so claimed, or properly attributed and
referenced when derived from other work? (This is the responsibility
the reviewer has to other researchers and workers in the discipline.)

e. Does the paper use proper mathematical techniques and nota-
tion, as well as consistent and approved units (preferably, or at times
by journal policy, exclusively SI units) units and nomenclature?
(This will make the work accessible to researchers in the field, especially
those who may wish to replicate and corroborate findings and observa-
tions. These considerations are particularly important when statistical
inferences are made or when other areas are applied to finding from
disciplines in which the author may not have expertise or credentials.)

f. Are the mechanical elements of the paper—title; abstract;
indexing terms or key words (if required; references; notes; tables;
graphics; etc.—in keeping with the guidelines and policies of the
journal? (These elements will expedite the review and editorial process.)

ii. Responsibilities and ethics. In addition to professional responsibi-
lities, there are ethical matters that need to be addressed, primarily by the
journal’s editorial management, which acts as the representatives of the
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sponsoring institution or the publisher. An editor of a journal in a
discipline must thus be aware of what is going on in the community of
scientists that make up that discipline and be on the lookout for possible
ethical violations among reviewers. The Tenth Edition of the AMA
Manual of Style devotes nearly 20-percent of its over 1000 pages to
“Ethical and Legal Considerations” and to issues of editorial and
institutional responsibility as an indication of how important these issues
are in scientific publishing.

The very useful Publication Handbook and Style Manual of the ASA-
CSSA-SSSA offers guidelines for ethical conduct by reviewers. A re-
viewer must recuse himself from reviewing a paper if the answer to any
of the following questions (or questions like them) is “yes”:

a. Have you had significant and acrimonious disagreements with the
author (or any of the authors of a multi-authored paper) in the past?

b. Are the authors and your co-investigators on any other research
project (or serve together on any professional committee)?

c. Have you and the authors jointly published a paper or work of any
kind on any subject in the past five years?

d. Are you a close personal friend or relative of any of the authors?

e. Were you consulted by the author regarding this paper or the work
behind it, or did you previously review the work for another journal?

e. Are you currently working in the same area of research as the sub-
Jject of the paper, so that you might be considered a competitor and may
thus gain some advantage by having access to the paper and its findings?

f. Are you not competent to review the paper, generally or in detail—
or are you unable to devote the time necessary for personal reasons?

These last two questions pose some problems to journal editors
because there may well be certain areas of science in which only a few
researchers are well-enough apprised of all work in the field to review a
paper, and thus are very likely to know, and possibly even be friendly
with, those few colleagues in the field to whom they may converse.

It is assumed that reviewers will maintain the confidentiality of any
paper submitted for review, and will refrain from contacting the author
directly with regard to any matter concerning the paper, no matter its
import. This at the very least violates the presumption that the author is
unaware of the identity of the reviewer during the consideration process.

Periodically, various scientific disciplines have attempted to institute
a “double blind” system where the reviewer is unaware of the identity of
the author as well. In practice, however, with so thorough a system of
communication connecting scientific communities the world over (itself
a development considered salutary to the furtherance of science), it is
nearly impossible to ensure that a reviewer would be unaware of the
identity of at least one of the authors of any paper submitted for review.
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2.2.1.2 Technical Requirements

There may yet be a few journals that accept submissions by hardcopy
typescript, but increasingly, science journals insist on electronic submis-
sion of papers. (That many of the guidelines and author instructions of
science journals, once available in print, are now available only online is
indicative of how thorough a trend this is.)

In addition to the standard word-processing programs used in con-
temporary computer-based communication, each scientific discipline has
developed “authoring tools” that may be used to format papers in a man-
ner that is more likely to yield a paper in conformity with rules and stric-
tures of specific journals in that field.

In the chapters below, such programs are identified and guidance is
offered in accessing and using them to create papers. It is worth noting,
however, that any paper that is submitted to a journal should be reviewed
by someone conversant with these programs and with the varied require-
ments of individual journals. (Many departments employ such profess-
sional assistance in the person of a “documentation manager,” who is
responsible for this area as well as making certain that grant proposals,
compliance reports, and other official documents adhere to their stylistic
requirements.)

i. Commonly accepted formatting programs. In the event an author
does not use an institutional formatting program such as those offered in
mathematics, physics, geoscience, and biomedical sciences, it is still ad-
visable (if not often required) that papers be submitted as both a word-
processing document and as PDF, to make certain that what is being
submitted is being read correctly by the computers at the receiving
office. (Those experienced with computers know that even when the
machine, operating system, processing program—even the fonts are
identical in the recipient office, transferring material from machine to
machine can create variations in the final product due to variations in
font editions and interaction with other programs on the machines. Since
a PDF file provides a faithful picture of what the page actually looks like
as it goes to press, such a file is useful in resolving unwanted variations
that arise as a result of the transfer.)

ii. Range of submission requirements. For journals that accept submis-
sions in manuscript form, the general practice is to require five copies of
the manuscript for the sake of proper review and vetting. Virtually all
journals will insist that submissions are in a state of completion before
the submission will be acknowledged as received or sent on to the next
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steps in the publication process. Delay in meeting these requirements
may have a profound effect if questions of priority should arise at a later
date, so that editors are hesitant to even read a submission to see if it is
appropriate to the journal until the minimal submission requirements are
met. (The situation is not unlike that which obtains in most trade
publishing houses, where an unsolicited manuscript that is unrepresented
by a recognized agent will generally not even be opened, let alone read,
because it makes the house liable to later claims of appropriation of
intellectual property by authors whose work was rejected simply for
being substandard.)

2.2.1.3 Submission Methods

i. Electronic submission. It is today virtually impossible for an author to
submit a paper to any serious (and seriously indexed) journal without
first contacting the editor and apprising him or her that the author has a
paper that he or she wishes to submit for consideration. This is generally
done through a query letter, and if the editor is satisfied that the author is
a serious researcher in the field, an FTP site address, user name, and
password (usually valid for a specific author and paper, and possibly for
a limited time, to ensure the security and integrity of the site) to which
the author may download the paper and all relevant materials.

On the following two pages is a checklist that details the
requirements that authors are expected to meet in submitting papers to a
science journal for publication. Note all these requirements are in addi-
tion to submission of a complete paper, meaning, with no gaps in the text
and no missing tables, graphics, or images necessary for completion of
the body proper of the paper. In some instances, an editor will initiate the
review procedure with the complete text in hand, but with only some of
the additional requirements set forth in the checklist fulfilled, but never
without some statement by the author (in a written communication or an
e-mail) that these requirements are forthcoming. The acknowledgment of
the editor of receipt of the paper will, in such cases, include a statement
that acceptance of the paper for consideration is provisional until all
author requirements are met.

ii. Camera-ready copy. In the past, submission of papers in camera-
ready form was appreciated by editors insofar as it expedited the compo-
sition process and allowed for quick turn-around and publication. Today,
however, with the composition aided by advanced and widely-available
publishing programs, camera-ready submissions are discouraged because
they add time and work to the review and publishing process.
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2.2.1.4 Manuscript Checklist for Authors

(The checklist below is adapted from J4MA Instructions to Authors, with
notations on the requirements that may be in force for other journals.)

1. Authors are asked to read the instructions, which is on the journal or
society website. For JAMA, the website is: http://manuscripts/jama.com.
In some cases, authors are required to sign a waiver (or acknowledge via
e-mail) that they have read the instructions and will comply with them,
holding the publication blameless in the event the paper is not published
due to their failure to abide by some provision.

2. A cover letter must be included as a separate attachment.

3. A corresponding author of the paper must be designated and corres-
ponding addresses and all available contact information (postal address;
telephone and fax numbers, e-mail address) must be provided.

4. The full names, degrees, institutional affiliations, and e-mail (or a
postal address) for all authors of the paper.

5. A word count of the paper, exclusive of the title, the abstract, refe-
rences, and legends of any figures and tables—included on the title page.
(Usually, papers longer than 7500 words, or 26 double-spaced manu-
script pages, require the permission of the editor for submission.)

6. An abstract of the paper that conforms to the journal’s standards.

7. The pages of the manuscript must have ample margins; the text must
be double-spaced, with only one space after a period; and the right justi-
fication must be ragged. The word processing program must use no
unusual or unnecessary fonts; must not have hyperlinks embedded in the
text unless expressly permitted by the editor; must not have graphics
(diagrams, tables, drawings, maps, schematics, photographs, etc.) in the
body of the text. These should be presented on separate sheets (or files),
with legend material on a separate sheet or file keyed to the graphic, and
the location of the graphic in the text clearly indicated in the paper itself.

8. References must be checked for accurate format, conforming to the
practices of the journal; should be cited in numerical order in sequence in
the text. Most journals prefer the automatic footnote feature of many
word processing programs not be used; notes should be indicated with
bracketed numbers and notes should appear on a separate sheet(s) or file.
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Author checklist, continued
9. Provide each table with a title—a brief phrase of 10-15 words—and a
legend that briefly explains what the table purports to show.

10. Each author must sign and submit (by mail) a copyright transfer form
and any other forms that the journal requires regarding authorship contri-
bution and responsibility.

11. Each author must sign and submit (by mail) any form the journal
requires regarding conflict of interest, financial disclosure, or disclaimers
of any kind as may be required by institutions where research was
performed. No journal that requires such documentation will allow a
paper to go to press without these forms duly executed and on file.

12. An affidavit signed by the corresponding author that all necessary
permissions have been obtained in writing and that all individuals or
institutions named in the Acknowledgments section has also granted
written permission to be so named.

13. A statement from at least one author that he or she has had full access
to and takes personal responsibility for the accuracy of all data included
in the paper.

14. A statement regarding all sources of funding for the study, or any
material support (fellowship; grant, financial support, research facilities,
etc.) that contributed to the work or provided an opportunity to conduct
research.

15. A statement of the role funding institutions or sponsors of the
research had (if any) in the design or conduct of the research and in the
interpretation of the data collected.

16. Written permission from any source of unpublished data.

17. Any institutional review, ethics compliance statement, or waiver.

18. Original tables, drawings, or graphics, unless expressly permitted by
the journal editors. All material submitted should (ideally) be original.

19. Informed consent forms from any individuals who participated in the
study, plus written consent forms for use of images or descriptions.

20. Clinical trial identification numbers and the registration site URL.
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2.2.1.5 The Parts of a Scientific Paper

Researchers and professional scientists (if they are to be successful)
learn to regard the architecture of a scientific paper the same way
architects look at the physical restrictions of a building: as the structure
within which the creative expression of the individual’s art and tempera-
ment is given free reign. Just as walls create and define space, the parts
of a scientific paper and the structure of its text provide the common
language through which the scientist may communicate an astounding
array of information and ideas. Though the strictures and guidelines may
be dictated and derived from the practical needs of editors, reviewers,
and publishers (just as architects must deal with pesky requirements of
building codes, client needs, and gravity), they provide a context within
which the most creative and earth-moving (and people-moving) ideas
may be expressed.

In this section, we examine the features of a scientific paper; in the
next we will examine more closely the structure of the expository section
of the paper—the text.

i. Query and cover letters. Since the first written communication of an
idea to the world is in the private communication of that idea to an editor
of a journal, it is advisable that that relationship begin with a direct state-
ment to the editor—in the form of a “query letter”—of the intention and
desire on the part of the author to submit a paper on a given subject. In
the query letter, an author should be asking an editor if there is any
interest on his or her part in seeing the paper—is the subject of the paper
appropriate to the scope of the journal? Is the author aware of papers
published previously by the journal that would indicate the paper
contemplated by the author would be of interest to the journal’s reader-
ship? The editor certainly would be, and may either suggest a better,
more effective form in which the idea the author wishes to express may
be presented—a correspondence; a note; a letter to the editor; a review
article—or else another journal or venue where the idea would be more
appropriate and thus more widely appreciated.

At the very least, the author should express the desire to have that
paper published in a cover letter accompanying the submission (which
readers will note is a requirement on the author checklist above).

ii. Proposal. It is sometimes advisable that the author provide the editor
with a proposal in which the salient points and much of the support
material for the paper is presented. A proposal gives an editor an initial
opportunity to assess the professionalism of the author and the general
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contours of the work behind the paper and the main points the author
wishes to make. In a way, a proposal to submit a paper is a way of
bringing the editor into the process of creating the paper in the first place,
involving an individual in that process who is going to be an important if
not decisive factor in determining if and how the paper is published.

iii. Title Page.

The opening page of a paper—the “title page”—contains several
elements that prove to be critical to both the likelihood that a paper
submitted will be published by a given journal, and that the paper will be
read by readers who will be able to use and appreciate the work, or who
may be important to the professional life and career of the author. Each
element of the title page must be fashioned with care. Before examining
these elements in detail, we list them:

* the title, which will often be accompanied by an explanatory

“subtitle” that explains and expands on the title;

* the “author statement” (or “byline”);

¢ the author affiliation;

* an abstract (summary) of the paper;

* bibliographic references (either numerical from an index
prepared by the discipline, or in the form of “keywords” under
which the paper will be indexed and cited in citation services);

* acknowledgments (of formal, institutional support—personal
acknowledgements of the assistance and support of individuals
are best placed in the footnotes of the paper proper);

* footnotes (regarding the authors contact information, the
availability of reprints, the authors to whom comments should be
sent and the means to do so—see below);

¢ “footline” elements regarding the journal title, its volume and is-
sue number, copyright notice, and any DOI (see below) and
internet source identification coding.

a. Title. The title of a paper should be as straightforward and as un-
adorned as possible; it is generally the first opportunity to apprise a pros-
pective reader of the content of the paper, and many professionals will go
on to examine the abstract only if intrigued and interested in the subject
of the paper as presented in the title.

There are two general styles of title: the “headline style” announces
the subject as a tit