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Preface

Times change. Today the need to communicate science information effectively
is perhaps more important than it has ever been, but the past decade has wit-
nessed a significant revolution in the manner in which we gather, process, and
communicate information. The twin technologies of the Internet and personal
computers have changed the way nearly everyone works (and plays).

In keeping with the spirit of change, we have extensively revised, updated, and
reorganized this third edition. Whether you are a first time author/speaker or a
seasoned professional in the biological or medical sciences, we hope you find this
step-by-step manual useful.

Because our preface message to you in the second edition still rings true for
us, we are including it here as well. Enjoy.

JRM
RWM
2007



Preface to the second edition

Mend your speech a little, lest it mar your fortune.

— Shakespeare

The catch phrase “Publish or Perish” — or its more upbeat variant, “Publish and
Flourish” — seems to have as much validity as ever in the minds of scientists
everywhere. The scientific community has long emphasized quantity and quality
of scholarly publications as a way to judge the eminence of scientists. Granting
agencies appear to do the same. Scores received by renewal applications for
National Institutes of Health funding for research in universities and hospitals
have been shown to correlate very strongly with the number of publications
resulting from NIH grants. Perhaps it is not surprising that the publication rate
of scientific information doubles about every 12 years (Stix, 1994), although few
of us will be likely to match the output of a Russian chemist whose scientific
productivity over 10 years totaled 948 papers, or about one publication every
four days!

All this writing . . . Does it really make any difference whether it is good,
bad, or ugly? We believe it does, and that it matters a great deal, for words are
tools of science no less than numbers are. Research is not complete until it is
communicated, and publication in a refereed journal is the fundamental unit
of scientific communication. The decision not only to write, but to make the
effort to write well, lies at the heart of scientific literacy. To most minds, sloppy
scientific writing indicates sloppy thinking, and both are disastrous to research
and research reporting.

The published word has remarkable persistence. A sloppily written or pre-
maturely published paper can haunt a scientist to the end of his or her days.
Over 30 years ago, an examination of the reasons why research grant applications
were turned down showed that 12% of the rejected proposals were not approved
because the investigators’ previously published work did not inspire confidence.
Despite vast technological advances, there is no reason to expect that scientific
writing is any less important today.

Still; we never set out to be writers. Few scientists do. During our graduate
training, we learned about statistics, research, experimentation; we were taught
to use instruments and techniques we have seldom encountered again. There
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was never a word of guidance on writing a scientific paper, nor did we notice that
this instruction was missing . . . at first. Once our working lives began we quickly
learned that while a plumber can make a comfortable living without writing
about his pipes, a scientist’s career is inextricably enmeshed with (some would
say enslaved by) the need to write. So, like most scientists, we have stumbled
along, learning writing skills by trial and error — now and then helped along by
a benevolent senior faculty member or a friendly colleague.

Now, as a new millennium begins, we find we have become that senior faculty
member and, hopefully, those friendly colleagues as well. This guidebook is one
outcome. Its goals are to help you to write effectively and efficiently, just as
we would if we could meet with you in person. Because it forms such a major
part of almost every scientist’s written communication, the research article in
a biological, medical, or veterinary medical journal is the book’s main focus.
However, the tips, techniques, and guidelines presented here apply to a variety
of other writing contexts, from review articles to the popular press.

The first edition of Successful Scientific Writing began as a brief manual
requested by graduate students and new researchers affiliated with the Univer-
sity of Georgia’s College of Veterinary Medicine, and their colleagues in human
medicine and the biological sciences. This edition has been reorganized and
expanded to offer increased guidance, additional examples, and more hands-on
exercises.

When you picked up this book, did you fear that it would center on split
infinitives, case and tense, and other matters that sound only too much like
English composition class? They will be covered — but we promise this won’t be
grammar class revisited. We do not aspire to present you with a comprehensive
reference work or stylebook, chock-full of detailed grammatical and stylistic rules
and obscure exceptions to them. Where such specialized information might be
desirable, we try instead to point you toward relevant resources.

Efficiency and effectiveness include far more than wordsmithing. While good
writing seems synonymous with a great deal of revising, rereading, and polishing,
we believe that effective scientific writing is not as difficult to accomplish as many
people try to make it. We hope to show you how to develop a strong organizational
framework for both the task and the document, how to access the literature more
effectively, and how to tailor your approach to your individual style. We have
shared a potpourri of techniques which have been useful in our own writing —
covering aspects as varied as overcoming writer’s block, using word processors,
and constructing tables and graphs. To illustrate the guidelines and suggestions,
we have provided abundant examples and exercises, many of which are based upon
actual manuscripts slated for publication in scientific journals in the biological
and medical sciences.

Our scientific community is rapidly becoming an international one, and
English is becoming a truly global language. New sections in this edition cover
using the Internet and email, and special tips when writers and readers have
different first languages. Because we are most accustomed to American spelling,
grammar, abbreviations, and punctuation, we have usually followed American
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conventions in these matters. However, we have tried to point out British equiv-
alents or alternatives whenever possible.

Any book can only do so much, especially in as personal an area as writing.
Learning to write skillfully is, always has been, and must continue to be a hands-
on experience. However, it needn’t be the random, slow, haphazard process that
typically occurs in academic circles. Whether you use this book as an alternative
to a formal course in science communication or to complement such a course, we
hope that you will find that studying and applying this material increases your
awareness of scientific writing style. Our goal is to help ease your approach to the
writing that your chosen profession in the sciences will invariably call upon you
to do.

w =

J.R.
J. M.
R.W.

=



Preparing to write

Find a subject you care about and which you in your heart feel others should
care about. It is this genuine caring, not your games with language, which will
be the most compelling and seductive element in your style.

— Kurt Vonnegut

Most of us were drawn to science because, like Vonnegut, we found a subject
we feel deeply about, not just because we wanted to write about it. However,
all scientists recognize that research must be made known if it is to have lasting
value. This is how science moves forward, with the shared word illuminating
each step of discovery for the sake of others that follow.

“Scientific writing” can be defined narrowly as the reporting of original
research in journals or more broadly to encompass other ways that scientists
share research information with one another, such as review articles, posters, and
slide-based presentations. (The term “science writing” is often used for writing
about science topics for the general public.) Whatever form it takes, successful
scientific writing must answer basic questions and address problems raised dur-
ing the dialogs that identify and define a given subject. It must be clear, concise,
and follow established formats. In many ways, its language forms a dialect all its
own.

What is the most efficient way to write a paper or presentation that successfully
covers all this? This book exists to help you tackle the task, step by step. In this
chapter, we suggest that you back up from actual writing, and start where your
research does — with a question. Learn the most effective ways of compiling
background information. For help defining, organizing, and planning the content,
use techniques borrowed from problem-solving strategies. Choose a journal so
that you have a goal and format. Finally, take charge of the whole project by using
the Process Approach.

SEARCH AND RESEARCH

Any time we reach past our own knowledge and experience to seek out, investigate,
and use materials beyond personal resources, research is involved. It may be
the study of a subject through firsthand observation and investigation, such as
carrying out a laboratory experiment, conducting a survey, or sifting through
statistical data. Or it may be the examination of studies that other researchers
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have made of a subject, as presented in books, articles, or scientific debates. Most
often it is an amalgamation of the two, for literature research and laboratory
research form a powerful combination.

The first substantial writing that many beginning scientists produce is either a
prospectus or progress report on their thesis, or dissertation research, or a short
journal article written jointly with their supervisor or major professor. Increas-
ingly, a detailed prospectus, including a literature review, is being requested
before research projects can begin. Likewise, in business and industry, a well-
written proposal often must precede approval for research projects, and its worth
can influence promotion and pay. In fact, one would be hard pressed to find
any scientific profession that would not require checking sources of information
about a specific subject, integrating this information with one’s own ideas, and
presenting thoughts, findings, and conclusions effectively.

Conducting a comprehensive literature review

Conducting a comprehensive literature review is undeniably a big job. Here are
a few general points of advice to help you coordinate your work, followed by tips
specific to conducting computer-based searches.

Organization is a journey, not a destination

A literature review means you’ll soon be handling an avalanche of papers — at the
very least, personal notes, photocopies, journal reprints, and printed copies of
electronic publications. It is essential to have some system in place to deal with
all the information that will be converging upon you.

What system is most effective? There is no one-size-fits-all answer. The pop-
ular press is brimming with suggestions, often coupled with explicit or implicit
promises of spectacular life results if one can only become properly organized
(for examples, see Aslett, 1996; Bolker, 1998). Seek out such materials if you
feel you need motivation, inspiration, or novel approaches, but maintain your
perspective. The secret to effective and efficient scientific writing isn’t simply in
getting organized. It is in wanting to get the job done and committing oneself to
do it. However, having a system from the beginning and consistently staying up
with it can go a long way to keeping that commitment on track.

Mind your Ps and Qs

Whether you photocopy journal articles, request reprints, or print potentially
helpful information from the Internet, you will soon amass a great many facts
and ideas couched in the words of others. The old advice from typesetting days,
“mind your Ps and Qs,” is worth remembering in this new context.

First, watch the Ps— print materials. It will be tempting to use these copies as a
substitute for taking notes. However, because of the way that writing and thinking
are related to each other, it is actually more effective if you can begin to digest
these written materials as you go along. Adopt a good note-taking procedure right
from the start. Take many more notes than you think you need and prune them
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later. Staple the notes to the print materials so they will remain together through
the inevitable subsequent paper-shufiling.

Second, watch the Qs — quoted material. To avoid unintentional plagiarism,
always write notes in your own words. Indicate their source. If you must quote
directly, use extreme care to identify quoted material either with quotation marks
or with the letter Q.

Use many different search strategies

Trace information in all directions through time and space. Each search strategy
has different strengths and weaknesses, and will uncover a somewhat different
set of information.

Later in this chapter, we will discuss computerized searches in some detail.
However, the idea of networking pre-dates computer-based searches. For exam-
ple, a time-honored search strategy called the Ancestry Approach starts by
acquiring a research report and examining its references to find other relevant
references. Through reiteration, researchers work their way back through the
literature until either the important concepts disappear or the studies become so
old they can be judged obsolete.

A more recent set of searching tools employs the Descendency Approach.
Citation indexes identify a publication’s offspring — those more recent books and
journal articles that reference the earlier work.

Make it easy to relocate relevant material

Write the full journal source on each photocopy or computer printout, if the
source is not printed somewhere on the page. For material obtained from online
sources, list the author, if available; title, document, file, or website; date of the
material; name of the database or other online source; date you accessed the
source; and the full electronic address or Uniform Resource Locator (URL).

It is particularly easy to forget how one actually located online material. To
minimize this problem, it is a good idea to set up an electronic bookmark that
identifies a location you may want to revisit. Over time these bookmarks will
accumulate into a customized list that makes it easy to locate and return to
particular sites.

Use email as a timesaving resource

Being transmitted in machine-readable form, email text can be printed, revised,
and sent back, or even incorporated directly into another computer file without
being retyped. These abilities can be used to your advantage in many ways.
References, abstracts, and even entire articles located in a particular database can
be directed to your personal email address. There you can download them, then
print or add them directly to your computerized literature retrieval system.

Conducting computer-based searches

The way in which we obtain information is changing rapidly. A decade or
two ago, most literature searching was done manually. Computerized literature
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databases were searchable only through a mainframe, searching software was
difficult to use, and online searching was expensive and limited in scope. Specially
trained librarians did most of the searching, and researchers paid telecommu-
nication charges for reaching the mainframe and were charged for each record
received.

Today, in many fields, a literature search that once took six months to a year
can often be done in less than ten minutes, and with far more thorough results.
Thousands of specialized databases exist around the world. Database software has
become increasingly user-friendly. Research libraries and even moderately sized
community libraries buy site licenses to various indexes, and offer their clients
free searching of CD-ROMs and mainframe-mounted indexes. The Internet
offers direct access to both new and old sources of information.

The upshot of this revolution is that you need to know how to conduct a
literature search yourself. Whether you consider this a blessing or a curse depends
on your approach to the task and your knowledge of available resources.

Compilations are there to help — use them!

Research bibliographies, research registers, reference databases, and citation
indexes are compilations constructed for the explicit purpose of providing rela-
tively comprehensive lists of published information related to a topic. They can
be some of your most valuable literature searching sources.

Each of these databases has limitations, however. Some contain only published
research; others, only unpublished research. As with searching the Internet, one
searches the database by specifying keywords; any mismatch between the seeker
and the indexer is likely to result in missed articles. There can be a long time lag
before references appear in an electronic index, because after publication the work
must be identified and catalogued into the reference database. Thus, physically
browsing for newly appearing information is still advisable. Furthermore, despite
their claims, none of the online databases access all relevant journals on a topic.
Use multiple sources.

Consult research bibliographies and research registers

Research bibliographies can be a great help and time-saver. They generally take
the form of nonevaluative listings of books and articles relevant to a particular
topic area, but it is even possible to find bibliographies of bibliographies. Research
bibliographies are often maintained by single scientists or groups of individuals,
rather than by a formal organization.

Prevalent in the medical sciences, research registers are databases of stud-
ies focusing on a common feature, such as subject matter, funding source, or
design. Prospective research registers are unique in attempting to include not
only completed research, but also research that is in the planning stage or is
still under way. Some research registers are more comprehensive than others;
whenever possible, determine how long a register has been in existence and how
the research included in the register got to be there.
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Locate and use reference databases and abstracting services

Reference databases (Table 1.1) are particularly fruitful sources of information.
Maintained by both private and public organizations, these services focus on
a specific kind of document (such as theses and dissertations) or field (such as
agriculture or medicine). At present, most include only titles and abstracts, but
full-text databases are becoming more prevalent and probably will be the norm

in the future.

Table 1.1. Examples of helpful Literature abstracting and indexing databases
available to biological and medical researchers. All are available in both traditional
formats and online from various vendors

Database Description

Agricola Covers all major areas of agricultural sciences.

Agricultural and Especially useful for genetic engineering and its
Environmental agricultural implications.

Biotechnology Abstracts
Bioengineering Abstracts

BIOSIS (Biological Abstracts)

Biological and Agricultural
Index

Books in Print

CAB Abstracts

Cambridge Scientific Abstracts

CINAHL (Cumulative Index
to Nursing and Allied
Health)

Current Contents

Dissertation Abstracts

Covers biomedical and genetic engineering and related
fields.

Widely used for literature in biology, agriculture, and
biomedicine. Includes five different indexes —
author, genus, biosystematic grouping from phylum
through family, concept, and subject. Records prior
to 1993 are formatted and indexed different from
records since that time.

Particularly useful for environmental and conservation
sciences, agriculture, veterinary medicine, and
related areas of applied biology.

Covers in-print, out-of-print, and forthcoming books
from North American publishers.

Excellent coverage for agriculture, veterinary
medicine, and biology.

Source of several particularly useful databases.

Particularly strong coverage of the nursing and allied
health professions literature.

Indexes recent articles in a variety of life sciences by
reproducing the tables of contents of numerous
journals. Authors’ addresses enable contact to
request a copy of the paper if the journal is
unavailable. Includes abstracts.

Provides complete abstracts of dissertations from U.S.,
Canadian, British, and other countries, plus select
coverage of masters theses.

(cont.)
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Table 1.1. (cont.)

Database

Description

General Science Index

Fournal Citation Reports (an
annual volume of Science
Citation Index)

Medical and Pharmaceutical
Biotechnology Abstracts
PubMed (MEDLINE)

Helpful place to start when working with a broad topic.
Includes both papers in selected technical journals
and nontechnical overviews, many of which are
written by scientists who have also published
technical papers on the same topic. (Locate the latter
by searching by author names in more specialized
databases.)

Lists indexed journals grouped by subject field. Ranks
journals by their relative “impact factors,” including
number of citations of a journal’s papers in other
publications during a given calendar year and other
statistics.

Covers human health, molecular biology, and
biotechnology.

The online counterpart to Index Medicus, and one of a

group of databases (MEDILARS = Medical
Literature Analysis and Retrieval System) produced
by the U.S. National Library of Medicine. Includes
all the medical and health sciences; unsurpassed for
preclinical and clinical medicine.

Widely used to locate other authors who have
mentioned a paper relevant to one’s topic.

Science Citation Index

Web of Knowledge Incorporates various searchable databases (including
Science Citation Index) from Thomson Scientific
(formerly Institute of Scientific Information [ISI]).

Zoological Record The most comprehensive index to zoological literature.

All major research libraries subscribe to numerous reference databases and
have reference librarians to help first-time users. Many databases are available in
more than one medium or format. The older media (print, microfilm, microfiche,
and more recently CD-ROMs) require physically visiting the library. Using
online reference databases can save considerable time and ensure a high degree
of accuracy. Furthermore, online reference databases are sometimes updated
more frequently than their CD-ROM or print equivalents. Some databases are
accessible only through licensed sites, such as a university library.

Individual vendors and reference database publishers provide detailed and
readily available instructions on database searching. Learn the shortcuts that
make can make your life easier. For example, database software usually has the
capacity to format reference citations in a variety of ways, representative of
the formats most commonly found in the scientific literature. Some database
software programs also can be integrated with many word processing programs
to format references automatically within a document and insert them during
typescript preparation. Become familiar with the most widely used formats in
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Table 1.2. Preliminary questions to ask about research design

The basic question Examples of ways in which it might be assessed

1. Do I know what I’'m doing? Have I drawn up a plan (a protocol) for what I
intend to do? Do the proposed studies cover all
the criticisms likely to be made? Are the statistical
methods valid?

2. Do my proposed experiments  If my experiments involve human beings or animals,

meet accepted ethical do they meet accepted standards? Could my work
standards? adversely affect the environment or the place
where I am doing field work?

3. What practical and political Is publication of my work likely to break any official
considerations need to be secrecy regulations? Could publication invalidate
addressed? a later application for a patent? Are collecting or

other permits required?

4. How will I record the work How will I record what I read? How will I record
as it proceeds? what I do? How will I ensure that my records are

complete? How will I ensure that I can access the
records again when I or others need them?

your discipline and select the most up-to-date and versatile tools available. Take
the time to master them.

Consult citation indexes and Dissertation Abstracts

Citation indexes are a unique kind of reference database that identifies and groups
together all newly published articles that have referenced (cited) the same earlier
publication. Citation indexes limit entries to references in published research,
both journals and books, but are quite exhaustive within these categories.

Academia houses a great deal of potentially valuable but largely unpublished
material in the form of doctoral dissertations and masters’ theses. Although
many reference databases contain abstracts of dissertations, Dissertation Abstracts
focuses exclusively on them. Both the printed and the computerized versions
include records dating back to 1861. Increasingly, the full text can be purchased
and printed. Alternatively, you may need to use interlibrary loan services to
obtain a photocopy from the university at which the dissertation research was
conducted.

Learn to use keyword search terms and apply Boolean logic

Most literature retrieval services are really matchmakers (Table 1.2). They have
some provision for searching a subject by way of keywords — brief terms chosen
(usually by a study’s author) to describe the major topics included in the docu-
ment. To find the document, one must specify the same keyword that the author
has chosen (or a part of it; see “wildcard characters” later in this chapter).
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Language gets much of its meaning through context, however. As a result,
typing in keywords during an Internet search without specifying their context or
relationships can lead to strange, frustrating, or humorous results. To improve
the outcome, use a special system called Boolean logic to specify the relationships
between search terms.

Boolean logic is named for George Boole, a mathematician who lived in the
middle 1800s. It really is just a highbrowed way of describing three logical choices:

I want this one AND that one
I want this one OR that one
I want this one but NOT that one

Search tools let you apply Boolean logic in various ways. A common variation
allows you to choose from a menu of options that describe the Boolean logic, such
as “all of these words,” “any of these words,” and “must not contain.”

Suppose you wish to undertake a comparative study of types of skin cancer.
By specifying carcinoma AND melanoma, you would retrieve all the hits
(entries computer-matched to your search) in which both types of cancers appear
in the same document, but none that mention only one. For a comprehensive
search on both kinds of skin cancer, you would specify carcinoma OR
melanoma. Either or both terms would appear in each document that is
retrieved. Alternatively, perhaps you want more information on skin cancers, but
know that because of its potential deadliness, there will be hundreds of entries
on malignant melanoma. To narrow the results, you could specify carcinoma
NOT melanoma. Any document about skin cancer that mentioned melanoma
would be omitted from the list of retrievals.

With another system called Implied Boolean, you use “logical operators” —a
plus sign in place of AND and a minus sign in place of NOT. The signs abut the
front of the word, with no space between them. Precede this with other search
terms you want to have it coupled with. For example, type plastic facial
+surgery to get results for facial surgery and plastic surgery but not for the
words plastic or facial alone. Use a minus sign in front of a word to ensure that a
word does not appear in hits. For example, poisoning -food would yield
information on poisoning without including entries on food poisoning.

Plan an effective search strategy

For efficient use of time and energy, carefully define the scope of your literature
review right at the beginning. How extensive do you want it to be? Do you want
to get a broad list that includes records even slightly related to your topic, or
just a few most relevant ones? To what extent do you need to rely upon informal
channels versus formal ones?

Then, be prepared for a bit of trial-and-error. Identify a limited number of
concepts that may be useful to describe the research question at hand, and choose
terms and accompanying logic that seem to define them. Precision is imperative.
Searching for instances of a broad term like ecol ogy would be akin to drinking
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from a fire hose, summoning thousands of hits. The list that is returned often
will display the total number of items found, but only show them in batches.

Run a computerized search using your initial set of terms, and look over a
sample of the records it retrieves. Are they mostly relevant? If not, revise your
search. To increase the number of records, expand the lists of terms connected
by OR. To retrieve fewer records, narrow the search by adding terms or concepts
connected by AND or (very carefully) by NOT logic. Most databases will let you
define a time period or subject area for your search; many Internet searches still
will not. Another useful capability of some online databases is the option of using
an index tree or thesaurus. The vocabulary is arranged hierarchically, allowing
the searcher to scroll through the list and select topics to broaden or narrow
search parameters as desired.

When you are satisfied with the records obtained from one information chan-
nel, but feel you do not have everything that you need or want, begin all over
again with another. The results will probably be different.

Handle search results wisely

Exercise care and vigilance when entering reference citations into your per-
sonal database. While it can be tempting to add bibliographic references directly
into your personal database from the literature cited sections of review articles
and other publications, avoid doing so. Never incorporate a reference into your
database until you have actually verified its accuracy and appropriateness.

Using the Internet wisely and well

As a successful writer, you will find yourself using the Internet repeatedly. This
vast interconnected system of smaller public and private networks lets users com-
municate around the globe, finding and sharing information, offering commercial
services, and opening vast information resources.

Remember two things, however. First, the Internet is an ever-changing entity.
Printed material pointing to specific sites is sometimes outdated before it is even
published, and finding something useful once doesn’t mean you will be able
to locate it again. The secret to dealing with this vast, chaotically organized
resource and its instability is learning to understand how it works and how to use
specialized tools designed to facilitate your scientific writing efforts.

Second, the Internet has no gatekeepers. Material can be, and is, posted by
anyone who cares to do so. This form of publishing lets everyone have a voice,
and it provides for a wealth of information. However, just because something
appears — even on a really fantastically professional looking page — doesn’t mean
that the information necessarily is credible.

Evaluate Web entries carefully

As Gurak (2000) points out, one or more of the following characteristics indicate
a credible site:
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Exercise 1.1. Search strategy and Boolean logic

This is an exercise in thinking logically, not in finding answers on the
Web. Here are ten publication titles. Use them to answer the questions
below.

A. Trap-Nesting Wasps And Bees: Life Histories, Nests, And Asso-
ciates

Behavior Of Three Florida Solitary Wasps

Winged Warriors: Insects In The Garden

A Cluster Of Bees

The Wasps Of The Genus Pisonopsis Fox

Beeswax, Twine, and Time: The Art of Candlemaking

Cowfly Tigers: An Account Of The Bembicine Wasps Of British
Guyana

Honeybees Attacked At Their Hive Entrance By Philanthus Wasps
A Life History of Stinging Insects

A Comparative Study Of The Nesting Habits Of Solitary Bees
And Wasps

I oEEgOW

Write the number(s) corresponding to the title(s) that would be retrieved
for each of the following Boolean statements.

1. Wasps AND Bees 2. Wasps NOT Bees
Bees NOT Wasps 4. Wasps OR Bees

5. When using terms in a subject directory, you will usually get
only relevant titles. When using terms in a search engine, you
should expect a mixture of relevant and irrelevant titles. If you
were searching for Wasps OR Bees using a search engine, which
of the above titles would probably be retrieved but have little to do
with them?

6. When you search one of the better subject directories, you search
not only titles but annotations written by a staff person. Which
of the above titles would be missed by a search engine using the
keywords Wasps OR Bees, but might contain relevant information
that would be retrieved by a good subject directory?

¢ It is an online version of a reputable published source, such as a news-

paper, major media source, or an academic or professional journal
¢ Itincludes a list of works cited
e Itis affiliated with a reputable educational or research institution

* The authors of the site are identified, with information about how to

contact them
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If most or all of these characteristics are present, you can be fairly confident
that the site is likely to be credible.

The Internet and especially the World Wide Web are undeniably valuable tools.
However, there is a common misconception that with their arrival, literature
searching has become a breeze. Reality is closer to a description by Gould (1998,
p. 8):

If you keep in mind that the Internet just came out of the trees and got into
the knuckle-walking stage of its evolution, you will be able to appreciate what
is there, and reduce your frustration at working in this very young medium.

Subject directories and search engines

What if you don’t know what information is out there, or where it is located? In
general, there have been two different approaches to searching for information
on the World Wide Web — subject directories and search engines. However, like
everything else in the online universe, the clear-cut division between subject
directories and search engines is changing. Many newer searching tools include
both.

Keywords are used with both approaches, but in somewhat different ways.
Subject directories are specialized websites that select other sites and organize
them under broad subject headings; no two directories categorize their materials
in the same way, and each directory covers only a small subset of the entire
Internet. To use subject directories most effectively, choose broad, inclusive
keywords because unique terms will often yield no results. Keep in mind, however,
that failure to find information does not mean it does not exist. The directory
simply may not have picked it up for indexing.

Search engines, on the other hand, are software programs that consist of
comprehensive indexes of the Internet. One of the most popular of these,
Google, is rapidly becoming a verb as well (as in, “google it”). However,
there are many others. You can find a catalog of them, listed by category, at
<search.cnet . com>. Their (nearly impossible) goal is to index every word
of every Web page in their databases, but even the biggest search engines index
only 60-80% of the Web (Gould, 1998). Search engine databases are created by
computer programs — variously called robots, spiders, webcrawlers, or worms —
that work constantly to collect and index Web pages.

When you provide keywords to a search engine, it will attempt to honor
your request with a ranked list (“hit” list) of sites. However, because so much
information is available, it is common to get overloaded with results that mix triv-
ial or irrelevant results with the pertinent ones. Search engines attempt to help
with this problem by applying ranking algorithms or formulas that determine the
order in which the results are displayed. Small differences in these algorithms
have a major effect on the results obtained, even when you use identical search
terms. Thus, it is a good idea to use multiple search engines, rather than relying
on the results from only one.

To use search engines effectively, choose very specific keywords and combine
them in an appropriate syntax to take advantage of advanced search features.
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The more uncommon the word or phrase, the more manageable the number of
retrievals will be, and the fewer irrelevant documents that will appear.

Tapping other informal and formal
communication channels

There are many ways to tap into the vast stream of scientific information that
exists in the world. Some are informal and unmediated; others are formal, with
explicit rules that restrict the kind or quality of information that is admitted into
their system.

Ifliterature searching were courtship, informal channels would be face-to-face
dates, but formal channels would be blind dates arranged by friends. To carry
the analogy further, the serious suitor eager for the best match should try every
appropriate avenue (Cooper, 1998).

Consult the invisible college

A colleague down the hall passes along an article he feels would be of interest.
A reviewer notes a relevant paper that the author has missed. A student reads a
post on an Internet chat group that starts her thinking of a new interpretation
for her research.

The term “invisible college” has been used widely to describe informal but
systematic ways like these that scientists arrange in order to stay in contact
with colleagues who are working on similar problems. In the past, the lines
of communication occurred primarily one-on-one, but with the advent of the
Internet, they now are also maintained through a newsgroup or a computerized
mailing list management program (technically a “listserv” but often anglicized to
“listserve”). Anyone can join most such mailing lists or newsgroups by sending
a simple command to their host computer. Special topic groups can be found in
printed directories, in Internet directories, or by searching the Internet.

Formal channels involve third parties with an element of judgment

Formal scientific communication has four major channels — professional confer-
ence presentations, personal journal libraries, electronic journals, and research
report reference lists. Formal channels of communication all insert an element
of judgment into the system. To enter information into them, researchers must
follow explicit rules that restrict the kind or quality of information that is admit-
ted into the system. The classic example of a formal communication channel
is an article published in a refereed scientific journal. It must follow specific
requirements, and both editors and reviewers judge its acceptability.

Although their selection criteria for presentations are sometimes less strict
than that required for journal publication, the conferences periodically held by
professional societies are also formal communication, because they accept only
presentations structured to their topic area. For information to enter the system,
the researcher must be a member of the society and be aware of the meeting, and
the research generally must pass at least a weak peer review.
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Currently, many journals appear in both paper and electronic forms. However,
due to the storage capacity and favorable economics of computer technology,
experts predict a future switch to solely electronic editions (Peek and Newby,
1996; Walker, 1998). As a whole, electronic journals straddle the world between
informal and formal communication channels. Some evaluate submitted articles;
others do not. In evaluating electronic articles, this is important information to
have.

Your research: the big picture

A book like this one is not the place for a detailed procedural catalog of all the
productive ways of doing research. Conducting a research study is undeniably a
big job. Presumably you are being guided through that task by various mentors.
However, some guidelines can always be useful, even if only as reminders.

Regularly assess your research design, progress, and direction

Begin by asking yourself some important questions about your plans for the
research itself (Table 1.2). Seck advice on these matters. If necessary, modify
your plans accordingly.

At regular intervals, pause to check the direction your work is taking. Force
yourself to sit down and describe your progress in writing. The discipline of mar-
shaling words into formal sentences will compel you to think about it more clearly.

CHOOSE A COMMUNICATION VENUE

Although peer-reviewed formal research publication is the major emphasis of
this book, it is only one of many ways scientific data can be shared. The way
scientists transmit their work to one another has changed more in the past two
decades than at any time since the first appearance of scholarly journals back in
the late seventeenth century.

Publication in a peer-reviewed scientific journal feels like such an important
step that it can be tempting to rush to this phase — or to run from it in fear.
How can one know when a study is actually ready to be shared through formal
publication? Or whether it should be published at all? And if it isn’t ready yet,
what can be done with it in the meanwhile?

Is the research ready for formal publication?

Consider your research ready to be written up for publication when the results
and conclusions fulfill at least one of these requirements:

* They are reasonably consistent, reproducible, and complete

* They represent significant experimental, theoretical, or observational
extensions of knowledge

* Theyrepresentadvances in the practical application of known principles

* They take knowledge of the subject a step further
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In other words, are you fairly confident that the outcomes of your study are new,
true, and meaningful? If yes, go for it! If the answer to all these questions is no,
delay publication efforts. Sometimes, a topic that originally looked worthwhile
turns out to be a dud or simply unsuitable in its present form. Don’t throw away
the data — just defer writing a paper based on them until further work has been
done.

If you decided not to publish this work, don’t hide it (or yourself) in a closet.
Perhaps at the moment you simply need to consider a different venue for sharing
this information.

Formal publication: the message determines the medium

Where scientific material appears is almost as important as what it says. Con-
versely, where it appears ideally should be determined by what it says. Thus,
before going any further, a savvy writer asks four questions.

*  What message do I want to convey?

*  What format is most appropriate for my message?
*  Who will be interested in my message?

*  Where should this paper be published?

You may be able to answer these questions by yourself, but for an extra margin
of safety, discuss them with a more experienced colleague. All of us can suffer
from the normal human failings of inflating the importance of a message and
overestimating the size and nature of its potential audience.

What message do I want to convey?

By this point, you should be able to answer this question in some detail. In
essence, it can be rephrased as: “What is my research question, and what is (or
probably will be) my answer?”

This is not the same as asking the “purpose” of the research. That phrasing can
lead to some tremendously circular and meaningless statements: “The purpose
of my research was to obtain data so I could publish them in order to get my
degree so I could do more research and publish some more . . .”

What format is most appropriate for my message?

Most of us are justifiably interested in recognition for our work. The way in which
a study is presented and published can determine the nature of that recognition,
and in fact whether we receive any recognition at all.

For a scientist to receive professional credit for being the first to discover
something new, it is not sufficient just to be the first to perceive or detect it — he
or she must be the first to publish the information “validly,” i.e., in a very specific
way. This distinction is most important in (but not restricted to) the taxonomic
sciences, in which the naming of new organisms hinges on a strict system of
priority of valid publication.
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What does “valid” publication mean?

“Valid” scientific publication has several essential components. It is (1) the first
publication of research results (2) in a form whereby peers can assess the obser-
vations, evaluate the intellectual processes, or repeat the experiment and test
its conclusions, (3) appearing in a primary journal or other source document
(4) that is readily available within the scientific community. In addition, (5) the
scientific paper contains certain specified kinds of information (6) organized in
a certain stylized manner, i.e., it has a certain format. This is not to imply that
other publication is “invalid” for any other use than this very special purpose of
establishing priority of discovery.

Research paper types and validity

Though they may be designated by slightly different sets of names, research
papers in the biological and medical sciences fall into four general categories —
research articles, case histories, reviews, and case-series analyses — and shorter
variants with such titles as research notes or brief communications. Each category
is most appropriate for different sorts of messages.

Research articles and case histories are the usual avenue for valid publication
of original results. Both types of papers are based on one’s own experiences. A
research article generally presents new data obtained through experimentation
or observation. A case history usually covers such subjects as a unique, previously
undescribed syndrome or disease, new information on an illness, an unsuspected
causal relationship, or an unexpected outcome such as a possible therapeutic
or adverse drug effect. The study may be retrospective (analyzing previously
accumulated data) or prospective (with a design that pre-dates data collection).

Satisfying a requirement for valid publication, research articles and case his-
tories have a specific set of defining characteristics. Both are structured with dis-
tinctive sections that parallel the sequence of a critical argument. They present
a question (sometimes formally stated as a hypothesis). They marshal evidence
to support various possible answers to the question. Finally, they attempt to
persuade the reader of the truth of a particular choice of answers.

Review articles and case-series analyses, on the other hand, cover principally
other scientists’ discoveries rather than one’s own. This is not to downplay their
importance, nor to suggest that they are in any way “invalid” or second-rate.
Reviews, such as those found in the “Annual Review of . . .” series, perform a
valuable role by synthesizing the results of a search through literature or other
records. Reviews can be particularly valuable to someone entering a subject for the
first time, and for communication between scientists. They can also introduce new
ways of looking at a topic, and point out flaws or gaps in scientific understanding
or in the published literature.

The structure and format of reviews and other summary analyses are less
standardized than those of a research article. If there is a “methods” section,
it often states the manner and extent of the search. If a series of cases is being
included, it often tells what records were accessed. The organizational sequence
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of these papers depends on the topic. Commonly, items are covered either in
chronological order, from general to particular, or from frequent occurrence to
rare. Both reviews and case-series analyses may yield new insights, hypotheses,
and understanding, and in that sense they also constitute “valid” original research.

What is a “primary journal or other source document that is readily available
within the scientific community”? Primary and secondary has nothing to do with
quality or importance. Rather, a primary journal is merely one that details first-
hand information reported by people directly involved with an action or event. A
secondary journal presents information that does not come directly from people
involved in the action or event. Rather, a person two or three steps removed from
the source reports the information. Some of these publications are significant
sources of communication among scientists and the educated public, particularly
now that the Internet provides increased accessibility to them.

Popular articles — secondary accounts designed to entertain as well as to
inform — may not adhere to the rigorous standards of regular scientific arti-
cles. They typically offer only a condensed overview of the methodology used
and a summary of the major findings, without presenting actual data. For these
reasons, popular articles do not generally constitute valid publication. However,
writing or providing consultation for popular articles based on validly published
scientific research should be an important part of a scientist’s outreach activities
to the wider community that supports his or her work.

Who will be most interested in my message?

Most of us have pretty healthy egos. We think our writing will merit the attention
of far more readers than it will in fact attract. This nearly universal failing can
lead to poor choice of a potential journal, and this poor choice can lead to delays,
requests for major revision, or outright rejection.

Two closely related, bluntly asked questions can help a writer find the most
appropriate audience.

So what? This question could be cast less abruptly in any of several
ways. What effect will my message have on concepts or practices?
Why should readers pay attention to it? Will it lead to widespread
changes in the way we view the world?

Who cares? One could also ask this question more mildly. Who will be
the most interested in this information? Will it be the specialists in
a small field? Most practitioners? The scientific world in general?

Be realistic. Don’t get caught up in contemplating a vast potential audience
that “needs” to know your information. (In this information-filled world, no
one should be expected to make brain-room for data simply because the facts
are currently unknown to him or her.) The more accurately you can answer
these questions, the more precise your journal publication options become. And
the more precisely you can target a journal, the better the chances for
publication.



Choose a communication venue 17

Table 1.3. Questions to ask when considering a journal for potential publication
of a scientific research paper

. What type of journal is it?

. Is the topic of my proposed paper within the journal’s scope?

. Is the topic represented in the journal frequently or only rarely?
. What is the size and type of the journal’s audience?

. What is the journal’s rejection rate?

. What formats are acceptable to the journal?

U= N B OV ST

. How long does this journal take to publish papers? (How much is editing phase?
How much is production phase?)
8. What is the quality of photographic (half-tones) and graphics reproductions?

So, where should this paper be published?

Even after all these considerations have been examined, a lot of choice remains.
There are tens of thousands of refereed scientific journals in current publication.
Within a single specialized area, they differ in such vital aspects as topic coverage,
format, promptness of publication, acceptance rate, page charges, and presumed
prestige. Their readership varies as well. For the greatest efficiency and the
best chance of acceptance and prompt publication, search early and well for
the best match of topic, journal, and audience you can possibly achieve. Some
surveys suggest that 80-90% of papers that are rejected from the author’s first
journal choice will eventually find a home somewhere if the author perseveres.
Nonetheless, one can only imagine how many hours are consumed during this
rewriting/re-submission process.

Refer to those abstracting services or indexes that you used to begin a literature
search, and use them to help identify potential avenues for publication. Did your
literature search indicate that one or more journals were the principal sources
of reports related to your research? At this point it is time to seek information
about the most promising possibilities you have uncovered (Table 1.3). Examine
current issues of periodicals in which others in your field have published. Note
that some journals with scientific society sponsorship may require that an author
or coauthor be a society member.

Evaluate journal suitability and impact

After you have identified a few promising possibilities, go to the library or Internet
and scan some recent issues. Check the table of contents. Look inside the front
or back cover. Nearly all will have two items of special interest — a statement of
the journal’s scope, and a variably titled set of editorial guidelines we’ve chosen
to call Iustructions to Authors or ITAs. Do they seem appropriate for the topic
and type of paper you will be preparing?

Generally, if a journal is regularly publishing a number of papers on topics
similar to yours, you stand a better chance of acceptance than if very few papers
related to your topic have appeared. However, stay open to considering journals
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outside your field. Editors today increasingly seem to be accepting papers on the
basis of their importance to the journal’s audience, rather than on the basis of
narrowly defined academic fields. If you feel your topic would be of more than
peripheral interest to the journal’s audience, it is quite appropriate to query the
editor.

Will your colleagues still see your paper if you publish it here? One way to
determine whether scientists in your field are reading this journal is to examine
journal citation reports through various databases such as ISI Web of Knowledge
(see Table 1.1). These reports indicate how many of a given journal’s papers
appeared in citations in other journals during a calendar year.

There is little doubt that the scientific community views journals as having
various degrees of “prestige.” Like beauty, much of this may lie in the eye of the
beholder because, despite repeated efforts, this has been a difficult matter to assess
reliably. It certainly is not simply a matter of circulation — some journals with
a high reputation in the scientific community have relatively small circulation.
Journal citation reports rank journals by their relative “impact factors.” Compar-
ing the impact factors for two or more journals in a particular field can give a sort
of “reality check” in the form of a quantitative clue as to their relative intellectual
influence.

A caveat is in order here: Most of us would like to think that the best choice
for each of our publications would be a prestigious large-circulation journal. We
pretty well know which these are, and we would love to build our reputation by
publishing in them. This is natural. However, remember that the match of topic,
journal, and audience is the critical issue. Because high profile journals often
receive thousands of typescripts per year, their rejection rates can run as high as
90%. Subjecting a paper to these lottery-like odds means a fairly sizable risk of
living in limbo for weeks (and probably months), before ultimately receiving a
rejection notice.

If, after conscientiously going through all of these steps, you still feel unsure
whether you have picked the right journal and the right format, it is acceptable
to email, write, or call the editor and raise the question. Frame your query
diplomatically. Don’t ask, “Will you publish my . . . ?” or “Will you publish a
review of the diagnosis and treatment of . . . ?” Instead, ask “Are you willing to
consider for publication a 50-page detailed review of the diagnosis and treatment
of ... ?” You may learn that the editor has just accepted such a review, or that the
journal never publishes reviews that long — a disappointment for the moment,
but an answer that can save you time and work.

If information regarding publication time is not indicated in Ilustructions to
Authors, it is also appropriate to query the editor politely about this matter,
requesting average and range of time from submission to publication. Most edi-
tors take pride in their continued efforts to try to reduce the time from submission
to publication.

Additional factors that might influence your journal choice include costs such
as page charges and Internet access fees. These vary widely.

If you are still not sure where your document will ultimately be sent, prepare the
typescriptaccording to the requirements outlined in Appendix 2 while continuing
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Exercise 1.2. Message, format, and audience

How would you answer these questions?

1. A 75-year-old woman brought to your clinic has contracted a rare
form of viral infection previously known to be associated primarily
with children. A quick library search shows that the oldest affected
person in the published literature was 62 years old. Should you
publish your new information?

2. Your supervisor suggests that you both review the records of the
last 50 cases of canine heartworm disease referred to your clinic
and coauthor a paper on the findings. You ask what question the
paper is going to answer. He is not trying to answer a question,
he says irritably. He just wants to report a summary of these data
because colleagues elsewhere will be interested. Does the paper
have a purpose? Does it have a message? What format would be
most appropriate?

3. The two of you proceed to analyze those 50 cases of heartworm
disease. Your analysis doesn’t yield any new important findings,
but does lend additional support to some previously published
views. Is it still publishable? If so, in what form?

4. You've written a concise, clearly worded summary of the genet-
ics of horn development in jackalopes. A series of examples from
the literature, combined with your own laboratory analyses and a
field-based population study, all point to the conclusion that a sin-
gle gene controls this trait. You reason that geneticists, veterinary
pathologists, and wildlife biologists all should know this important
new information. How many papers could justifiably arise from
your study?

5. You’ve gone back through psychiatric clinic records for the past 18
years, and made a startling discovery. Nearly 80% of all the children
hospitalized for manic depression had been previously identified
in school tests as being highly creative. Who might be the potential
audience for your message?

to consider journal possibilities. When you make your decision, check the /7As
to see whether they specify acceptance of the Uniform Requirements.

Avoid salami-slicing science

One final caveat —as your search begins to uncover a variety of specialized journals,
each may seem perfectly suited for reporting a different part of your data. Some
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studies do justify more than one report, particularly when different portions have
given rise to differing messages of interest to different audiences. However, given
the importance of publication in academic circles, one often can be tempted to
carve clearly related aspects of a study arbitrarily into more documents than is
really sensible. When all of the findings together yield a single message that can
be presented in a paper of normal length for the intended journal, they belong
together. There is no reasonable justification for what one writer (Lawrence, 1981)
has called salami science. (We would add that salami science tends to produce
baloney!)

Other ways to publish

In addition to the many new informal and formal communication channels men-
tioned earlier in this chapter, there have been changes in the way peer-reviewed
formal research is presented. In recent years, the lag time between acceptance and
appearance in primary publication has grown. A gap of one to three years now
sometimes exists. For work in highly competitive leading edge areas, this is no
small consideration. Variants such as research notes, short communications, and
research briefs have arisen to address the need for quicker, but less comprehensive
transmission of results.

Writing variants such as abstracts, transactions, conference proceedings, local
bulletins, posters, newsletters, websites, and other such outlets are often viewed as
commanding less prestige than classic journal articles, and thus may be considered
less important to career advancement. Admittedly, they are not peer-reviewed,
and can be ephemeral in nature. However, they offer much more immediate
communication with fellow specialists, and can be particularly valuable in helping
one stake an intellectual claim in a rapidly changing field of study.

At conferences in many fields of study, the use of posters to present new
research has burgeoned in recent years. See Chapter 4 for more information on
this important avenue of scientific communication.

Consider giving an oral presentation

Spoken presentations are overwhelmingly common in the scientific and technical
professions. They take many forms, from conference presentations, departmental
seminars, and job interviews to classroom presentations, brown-bag lunches, and
public talks. Treat each opportunity with respect. Each has its own role to play
in a scientist’s life, equally valuable in its own way to communication through
formal peer-reviewed publication.

At a point partway through your study, seek out an opportunity to present
your research orally or in poster form at a public forum such as a laboratory
meeting, a departmental seminar, or a scientific conference whose proceedings
are limited to abstracts. The comments and questions you receive will help you
determine where more work might be needed to fill gaps in your arguments and
observations.
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Oral presentations can be more than merely way-stations on the track to
eventual publication of new information. A well-designed and well-delivered
oral presentation of ongoing work can be one of the most effective forms of
communication experiences available to both the speaker and the audience.

With the burgeoning popularity of computer-based presentation software such
as Microsoft~ PowerPoint™, temptation has strengthened to treat oral presen-
tations as though they were simply spoken versions of a typescript. In its worst
iteration, the speaker is simply a reader, parroting text directly from the screen
as it is projected. Don’t even consider such a route. See Chapter 4 for guidelines
and tips on effectively presenting material orally.

PLAN TO SUCCEED
Failing to plan is planning to fail.

All of us, when confronted by a writing deadline, face the temptation to skip the
organizational phases of writing. This is akin to leaving on a trip to unknown parts
without a road map! Professional writers are quick to point out that organizing
one’s thoughts at the outset will save time in the long run, and will result in a
more effective document.

Organize and plan your message

Whenever the subject of organization comes up in the context of writing, people
picture an outline — the most widely used technique for placing ideas in linear
sequence for a written document. However, organization has both a thinking and
a writing stage, and half of any writing effort is taken by the thinking stage. At
the thinking stage, outlining is actually less effective than any of a number of
other, lesser-known activities, including brainstorming and clustering. You may
wish to try out the procedures mentioned below, and see which best contributes
to the unity of your document and eases the writing task.

If you find one or more of these techniques to be helpful, you will probably
discover yourself using it freely and often. Some journalists use clustering to
take notes during interviews, for example, developing a concept map as the
responder talks. Technical writers report that these methods help minimize the
edit-rewrite—edit-rewrite syndrome common in many commercial and academic
situations. After capturing key points onto a concept map, issue tree, or cluster
diagram, these writers translate the points into an organized list rather than a
complete sentence draft. Only after approval of this version by supervisors do
they go on to produce a full-sentence version.

To compile possibilities, consider brainstorming (random topic lists)

When you truly have no idea where to begin, try brainstorming. Brainstorming
is a problem-solving technique in which one person or a group suggests as many
ideas as possible about a given problem or situation, concentrating on quantity
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Things to mention about laryngeal neoplasia:
it's pretty rare.
It causes breathing troubles.

I'm glad | don't have it.
Radiographs usually show soft tissue masses.
Surgery is usually used to correct it.

It can be malignant or benign.

Surgical techniques should be described.

My patient recovered from it.

About 10 cases have been described from companion animals.

Fig. 1.1. A list compiled by brainstorming includes a variety of ideas.

rather than quality; the result is a random topic list composed of brief notes
compiled quickly without much concern for order (Fig. 1.1).

Ideas on a brainstorming list often overlap. Some are general and some are
specific. Some may be earthshaking, others silly. This is not only acceptable,
but necessary and desirable. Avoid making judgments during this stage. This
powerful idea-generating technique works best when the brain functions in an
unrestricted manner.

After an exhaustive set of ideas has been listed on paper, evaluation and organi-
zation can begin. Use arrows or numbers to suggest an appropriate arrangement
such as chronological order or order of importance. Consider the points in light
of the potential audience, desired outcome, and publication constraints. Now the
list can be rearranged, edited, and structured into a functional outline, if desired
or required.

To suggest organization, try clustering (concept maps)

When you know what ideas you want to include, but are unsure about how to
put them together, consider the technique called clustering. Midway in com-
plexity between topic lists and outlining, this approach has been developed and
refined more-or-less independently by various information-management experts
in fields such as computer software development and data processing. As a result,
the approach has many names and variations, but all involve a process — generally
called clustering, brain writing, or branching — that results in web-like charts
called concept maps, pattern notes, idea wheels, or bubble charts. For the visu-
ally oriented person, these charts can be an extremely effective way to organize
information.
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To begin clustering (Fig. 1.2), write the paper’s main subject in the center
of the page and circle it like the hub of a wheel. Think of major ways in which
you could subdivide this subject, and write these ideas on the page at intervals
around the circled main hub. Circle each of these second-level hubs (or bubbles,
if you prefer that terminology), and draw lines or arrows connecting them to the
central subject. Think about each of the second-level subjects. Near each one,
add any details, examples, or further divisions. Circle these too, and draw lines
connecting them to their respective subjects. Continue this process until you run
out of ideas. When you see repetition, simply rearrange the pattern of spokes. If
the pattern reaches the edge of the page, turn the spoke into another wheel hub,
and start the process over to subdivide your ideas further.

After all of your ideas are clustered on the page, you may wish to go back and
add numbers and letters to show the logical order. The numbered arrangement
of these linked clusters can be used as a guide in organizing your writing and
your final document.

To assess balance, develop an issue tree

An issue tree (Fig. 1.3) appears similar to an outline, and it looks more like
the roots of a tree than its branches. These quibbles aside, an issue tree (Flower,
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Fig. 1.3. Anissue tree is a flexible tool for assessing balance in the treatment of
a subject.

2000) can help check the balance of your treatment of a subject. Because it is more
flexible than a formal outline, an issue tree is easy to rework during the organizing
process and for a visually oriented person, it can seem less intimidating than other
choices.

To develop an issue tree, write the main point at the top of a page. List sub-
points under this main point. They may be phrased in any way that is comfortable,
from single words to sentences or fragments. Then list sub-points below these, in
decreasing order of importance. Connect all of these various levels with branching
lines in a cascading manner.

As you explore topics, you may find that one branch begins to grow and
spread across the page, almost excluding the others. Perhaps this material is an
unnecessary digression. If so, this can be corrected at this early stage, before you
have invested hours in drafting a narrative. Alternatively, the other branches may
need more detail. Ask yourself questions about the subject of each branch: “How
do I know this? Why is it important? Does it contribute to the whole picture?
What evidence do I have for this?” Be as complete as you can.

To develop the paper’s framework, consider an outline

Outlining is a time-honored technique, but it is important to remember that
outlines serve two distinct purposes — to help organize one’s thoughts, and to
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help organize one’s written words. Some writers who find them useful for one of
these purposes may find them less helpful for the other. Thus, the first decision
should be whether to draw up an outline at all. You know your own personality
best.

If you decide to use an outline, the next decision is what kind. Outlines come in
many types, from sketchy affairs that are little more than lists to full-blown formal
documents. Some extremely methodical writers first construct a topic outline to
specify the order of the paper’s sections, then develop a sentence outline to specify
the order of the paragraphs within each section. Then and only then do they sit
down to actually write. This is the time-honored formal outline system. Many
of us subverted this process even back in English composition class, and wrote
our required outlines only after the paper was finished. We either didn’t know or
didn’t care that, when we treated the outline as an afterthought, we negated most
of its potential usefulness as an organizational tool. However, we did intuitively
recognize that a working outline differs from a final writing outline, and only a
masquerade could make them appear the same.

To discard the entire outlining process is to throw the baby out with the
bath water, however. You may wish to consider developing an informal working
outline, for your eyes only. In the early 1970s, a survey of members of the Society
for Technical Communication found that ninety percent of those who responded
used such a topic outline of words, phrases, and sentences. Only five percent used
either a formal sentence outline or no outline at all. Likewise, some organizations
require formal topical outlines for their publications. Even in the absence of
specific requirements, formal topical outlines often turn up as tables of contents
in finished typescripts. With no apologies, these are produced after the document
is written, revised, and edited.

Outlining is a fairly mechanical process, and most word processing programs
have this capability. With automatic outlining, it will be dynamically updated each
time the document is restructured. When the typescript is finished, this outline
can be used to generate a table of contents and/or index, if needed. (Without an
outline, headings still can be marked in the document so that a word processing
program can compile a table of contents from them. This is more tedious than
the outline-based method, but it still is faster and more consistent than compiling
such a table by hand.)

A typical topic outline consists of short phrases linked in a way that shows
the sequential order and relative importance of ideas. The alphanumeric sys-
tem (Fig. 1.4) alternates numbers and letters, and usually also uses degrees of
indentation to indicate descending levels of headings.

Another type of outline is based on a numeric or decimal system (Fig. 1.5).
Entries may be indented sequentially or all placed flush left. Decimal outlines are
widely used in government and military publications. However, they can appear
pretentious, and alphanumeric outlines are generally easier for readers to grasp.

Standard grammar books usually present specifically prescribed heading styles
and rules of indentation. If your outline must pass outside review and critique,
careful attention to such outlining conventions will help you gain approval. With
either alphanumeric or numeric outlines, strive for consistency and balance. Use
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Sonographic Evaluation of the Cranial Mediastinum in Small Animals
I. Introduction
A. Two techniques were previously used to assess mediastinum condition.
1. Radiography was the first technique developed.
a. Its advantage lies in its widespread use.
b. Its disadvantage is that it is an insensitive technique.
2. Computed tomography (CT) was the next technique to be developed.
a. It has two significant advantages over radiography.
(1) The technique clearly defines margins.
{2) It indicates the relative opacity of masses.
b. Its clinical disadvantage is that it is not widely used.

B. Sonography is a powerful new technique now being tested in clinical trials.

Fig. 1.4. An alphanumeric system is evident in this excerpt from a detailed,
sentence-based outline.

Pathogenicity of Two Field Strains of Infectious Bursal Disease Virus (IBDV)
1. (or 1.0). Description of IBDV
1.1. Causative agent of Gumboro disease of young chickens
1.11. Produces severe changes in Bursa of Fabricius
1.12. Results in immunosuppression
1.2. Classification
1.21. Member of Birnavirus group
1.22. Nonenveloped icosahedral virus
1.23. Two serotypes (I and 1)
2. (or 2.0). Timeliness of IBDV research
2.1. 1BD emergence as a major poultry disease problem
2.2. Increase in subclinical IBD cases

2.3. Many broiler farms losing money to this disease

Fig. 1.5. A decimal-based numeric system, such as the one in this selection
from a phrase-based outline, is often used in government and industry.
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Exercise 1.3. Organizing ideas

Reorganize the following outline of ideas, using a concept map or an
issue tree.

ABUNDANCE OF SAND FLIES

A. Determining population dynamics
1. Aspirating flies from resting sites
a. 6 ft high tree holes (most were here)
b. Ground level
2. Light traps at different levels

B. Determining offspring age
1. Laboratory studies
a. Maximum age, 5 weeks
b. 50% mortality by 2 weeks
2. Field studies
a. Most were 2-3 weeks old
b. Youngest found, 1 week old

either complete sentences or just phrases or words, but never mix them. Each
level also should always have two or more parts. If only one element appears,
incorporate its information into the heading immediately above it.

Avoid plagiarism

Countries and cultures differ as to whether the tangible expressions of an author
are “intellectual property” requiring permission and acknowledgments for the
use of them. In Chapter 8, these issues are discussed more fully.

Here, let us just note that, if you are accustomed to using other sources freely
without clear documentation or permission, you need to be very careful to adjust
to the system of documentation used in the United States. Use of intellectual
property by others can be considered theft. It is unethical and even illegal if it is
not clearly documented or if permission is not obtained.

It is also unacceptable to use too much information from a single source, copy
material directly from the Internet, or to use a great many of your own words from
an earlier paper without referencing that paper. These uses are also considered
plagiarism.

Use the Process Approach to take charge

Has this ever happened to you? Under pressure of a deadline, you must write a
paper, but you just can’t quite get started and aren’t sure quite where to begin
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anyway. Days pass, and your guilt increases. Finally, a couple of days before the
deadline, your adrenaline kicks in . . . you throw words together in whatever
way you can, writing into the wee hours of the morning, then print a copy and
hurriedly send it off or turn itin. Not your best effort, you mutter, but considering
how little time you had, not too bad, either!

This is an old, sad story. We all have fooled ourselves like this at times. We
know in the back of our minds that time spent on revision would have improved
that hastily written paper immensely. But . . . it might take more work, and we’re
not even quite sure where to begin. What if fiddling around just made the paper
worse? What if we ran out of time half-way through? What if . . . ? Maybe it
would be easier to keep on making excuses.

There is a way to win new control over your writing. It’s called the Process
Approach. A process is a directed activity in which something changes. Some-
thing is always happening — work is being done, a product is being formed, an
end of some kind is being achieved. To describe or organize a process, you must
analyze its stages.

Applied to writing, the Process Approach involves methodically breaking the
task into discrete stages, and tackling each stage in the most systematic, efficient,
and effective way you can determine. We believe that this way of approaching
the task will make the writing process more efficient, effective, satisfying, and
perhaps even enjoyable, compared with your previous scientific writing efforts.
(For this reason, you’ll notice that this book follows a Process Approach, as well.)

You have already met the initial steps in the process. The first is planning,
gathering, and organizing information. The next stage includes organizing your
thoughts with such devices as outlines, bubble-charts, and (perhaps surprisingly)
tables and figures.

Chapter 2 will help you begin the “real” writing, guiding your first draft. To
help you do this efficiently, we’ll discuss productivity tools and their pitfalls.
We recommend that you write the first draft in a standard format and fairly
conversational style, working as continuously as possible, without stopping to
fine-tune anything. Then it should be set aside to “cool” for a bit, so that it can
be revised more dispassionately.

Visual aids such as tables, figures, graphs, and other artwork take the stage
early and play a strong part in this approach. The writing pause that occurs
between the first and second draft is an excellent time to pay further attention to
their creation and use. Chapter 3 details ways to develop strong visual support
for the classic research paper, and Chapter 4 suggests approaches to create and
deliver a strong visually supported oral presentation.

Revision, an essential part of the process, follows. Although word processing
has softened the distinction between writing and editing drafts, it still is helpful
to think of the revision process as a series of tasks of successively smaller scale.
The first revision (Chapter 5) concentrates entirely on organization, logic, and
broad matters such as clarity, readability, and brevity. Only after these matters
have been considered do we finally pay attention (Chapter 6) to word choice and
style, and then (Chapter 7) to the fine points of grammar, punctuation, and such.
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Finally (Chapter 8) we give the typescript its last polish and send it off to the
journal editor or publisher.

Know when to stop

Writing is only one part of a scientist’s work. There comes a time when a writing
project must be declared finished so that life can move on.

Revision can be taken too far. We knew a successful artist who would occasion-
ally become so possessed by the urge to “touch up flaws” that we learned to hide
the brushes so she couldn’t completely obliterate her artwork! The same thing
can happen with scientific papers.

When in doubt, apply a cost—benefit analysis —a well-known maxim that seems
to apply to a great many endeavors, including revision, states that 20% of the
effort is responsible for 80% of the results, and the remaining 80% of the effort
only produces an additional 20% of the results.

Keep tasks in perspective

Each chapter in this book presents suggestions and guidelines for dealing effi-
ciently with another of these sequential stages. However, along the way, even
a relatively brief handbook like this one presents what can seem like an over-
whelming myriad of details. A checklist may help keep you from losing sight of
the forest among the trees. Consider adding additional columns with target dates
for finishing each step and for the dates of their actual completion.

We can’t resist one final word of advice . . . Above all else, keep both your sense
of perspective and your sense of humor. Important as they may be, don’t let the
mechanics of writing the paper overbalance the intellectual challenge of pursuing
a question that truly interests you and analyzing the science that forms the basis
of your research. The excitement of pursuing, developing, and expressing ideas
is one of the finest satisfactions of research and scholarship.
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Composing a first draft

Writing is an adventure. To begin with, it is a toy and an amusement. Then it
becomes a mistress, then it becomes a master, then it becomes a tyrant. The last
phase is that just as you are about to be reconciled to your servitude, you kill
the monster and fling him to the public.

— Winston Churchill

Writing is usually portrayed as hard, mindless, joyless work. Great authors, it is
said, must suffer from a sort of “creative madness” and work in mindless binges
under endless pressures of deadlines, exhaustion, and criticism. Writing is said
to be stressful, unpleasant, and disliked. Yet, if this were really the sole route to
successful writing, why would anyone choose it?

Yes, itis true that stress is associated with writing that is delayed and then forced
under deadlines. However, there are more attractive and productive alternatives
to writing in tedious, joyless ways. In this chapter we’ll guide you along. We’ll help
you deal promptly with matters of authorship, both to minimize the potential for
misunderstandings and to guide collaboration and any division of responsibility.
Recommendations for ways to use word processing tools will help you write more
proficiently, avoiding pitfalls while becoming adept at using efficiency-enhancing
features. We’ll show you how to ease the writing task by paying attention to
standard format conventions. We’ll share tips on ways to build your writing
momentum and deal constructively with the dreaded writer’s block.

Soon, your hardest work will be finished. You’ll have successfully completed
a very effective first draft!

DEAL WITH MATTERS OF AUTHORSHIP

Increasingly, scientific research involves collaboration, often across several dis-
ciplines. All contributors should receive credit for their particular contributions
to the research, usually by being included as a coauthor. Joint authorship can
be either a blessing or a curse, however, depending upon when and how it is
approached (LaFollette, 1992).

Discuss authorship before starting the first drafi

Reach an explicit consensus on authorship as soon as you possibly can. Except
possibly for the issue of plagiarism, nothing in the world of scientific publication

31
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is more likely to breed hard feelings and wreck friendships than a disagreement
over authorship.

As defined by the International Committee of Medical Journal Editors (2006),
decisions on authorship should be guided by a simple ethical principle — any
author listed on the paper’s title page should take public responsibility for its
intellectual content. No one is likely to be able to take such responsibility unless
they have taken part in the research and in writing the paper or revising it for
accuracy of content. Participation solely in data collection or solely in the writing
of the grant that funded the research does not necessarily justify authorship.
Nor does general supervision of the laboratory group qualify one for authorship
unless the supervisor contributed to the conception and design of the research
or to the analysis and interpretation of the results. Don’t lose your job over this
issue, however! Most research today is necessarily done by teams, with some
contributions being intellectual and others practical. Often, all contributors are
listed as authors.

Check the Instructions to Authors. Some ITAs require an explicit statement,
signed by all the coauthors, to the effect that each author has contributed sig-
nificantly to the paper, understands it, and endorses it. Further discussion of
authorship can be found in the on-line version of “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals” (excerpted in Appendix 2).

Agree on the order of authors’ names

Why does it matter in what order names appear on the title page of a typescript
or published paper? One reason is that the order implies the authors’ relative
contributions. The first name to appear is generally assumed to be the individual
who played the largest part in the study. This person is called the senior author.
In some laboratories, the head of the laboratory, department, or research team
1s automatically included on any paper coming from the laboratory. In various
science disciplines, the last author by convention is the head of the laboratory
where the research was done.

Visibility isasecond reason. If several people have worked together on a project,
and you are not one of the first three authors named, be prepared for your name
to be invisible in other authors’ articles. In reference lists (and sometimes in text
as well), journals typically print all the names up to some arbitrary number (three
or six are common choices). Beyond this number, they usually include only the
first one or three names, and use ez a/. for the rest.

When many people all have contributed more or less equally to the research,
alphabetical or reverse alphabetical name order is sometimes used. Alternatively,
if more than one paper logically comes from a cooperative project, authors some-
times rotate as first author on successive publications.

Many research reports result from the efforts of large cooperative teams. Per-
haps the greatest number of coauthors on a single publication to date is the 488
individuals from 39 institutions for an article in Physical Particle Physics! For
other examples of unwieldy multi-authorship, see Yang (1995).

Although authors generally would like to see their individual names appear,
when this many people are involved, editors may like to see authorship credited
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by group titles. Rather than listing the names of individuals, none of whom
can really take responsibility for the whole, the group could coin a designation,
such as “The National Cooperative Atherosclerosis Study.” A footnote would
list group members, and each could legitimately list the paper on their personal
résumés.

Let authorship guide collaboration, and vice versa

An early decision about authorship allows the work of writing to be divided
accordingly. When several people are collaborating on a typescript, one’s first
temptation may be to simply assign a section to each and compile the sections.
This poses potential problems — including illogical strategy, weak transitions,
and inconsistencies in language, to name a few of the more common.

An alternative method of dividing responsibility that often works better is to
designate the best writer in the group as coordinator. Assign this person the
responsibility for the outline, introduction, summary or abstract, and conclu-
sions. Divide responsibility for the other sections among the remaining authors.
Set clear deadlines for each step of the writing. Communicate often and clearly,
using email for speed and efficiency if possible.

When the rough drafts are collected, give the coordinator the license to change
any section in order to make it flow smoothly into the whole. Then give all
contributors the opportunity to comment on the collated draft. Before submitting
the final version to a journal, be sure to have all coauthors read and approve it.

PRODUCTIVITY TOOLS AND PITFALLS

My computer is down. I hope it’s something serious.

— Graffito

Word processing programs have become incredibly sophisticated, with all manner
of developments that at least theoretically ease the mechanics of writing. At the
same time, however, they have robbed reluctant writers of some of their best,
most time-honored excuses, and introduced new pitfalls for the unwary. Think
about them as you write your first draft; once again, knowledge is power.

Use word processing to write more efficiently

The words come out of you like toothpaste sometimes.
— Garrison Keillor

With a computer and appropriate word processing software, even young chil-
dren can type, revise, and print text with minimal effort. By all means, use the
computer to compose your scientific paper, right from the beginning. While the
typescript is on the screen, insert and delete words or passages and rearrange
text without repetitious retyping. With a single command, change a word or a
spelling throughout the manuscript. From the first draft to the last, word pro-
cessing will save hours of time. In addition, most journals are now accepting elec-
tronic submissions, either as disk copy, through an email attachment, or directly
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downloaded to a website. This is a welcome development for everyone involved,
saving time and money and decreasing the probability of errors creeping into the
final publication.

Master the tools that will make your writing life simpler

Human beings are creatures of habit, but new habits can be surprisingly difficult
to cultivate. Each of us has our private glitches in this regard. You may know that
almost nothing in a word-processed typescript need be numbered, alphabetized,
or sorted manually — yet you persist in typing in the numbers manually in your
lists. Or you may be aware that the software includes a thesaurus, but you’ve
never bothered to use it.

Stepping outside your comfort zone to master new techniques is a matter of
attitude. In general, these features are included because a great many people have
found them useful. Will you be one of them? Probably, but you will never know
unless you take the time to try them.

Use automatic formatting to save time and ensure consistency

When mastered, features such as automatic formatting, styles, and templates
can be used to design a look for almost any purpose, from a letter, typescript,
or journal article to an address list. Merrily type away and the computer will
format the material, automatically handling such mundane details as paragraph
indentation, hyphenation, pagination, and heading styles.

Automatic formatting can save considerable time when used on lengthy refer-
ence lists, in particular. An additional advantage of automatic formatting becomes
evident if that format later must be modified. One simple change to the document
style sheet will update all occurrences of text formatted with a given style.

Some journals require that lines of text be numbered in the left margin to
allow editors to refer authors to specific passages. In the past, this required the
use of special paper, and changes in text necessitated retyping the entire type-
script. With the proper command, word-processing programs now will number
lines automatically as the document is printed, either page by page or from the
beginning of the typescript to its end.

Use hidden text for notes

Using this feature can speed the writing of a first draft because it allows the
equivalent of secret parenthetical notes throughout the typescript. Characters
formatted as hidden text do not appear on the screen (or in print) without a
specific command. They are equivalent to notes jotted in the margin. The hidden
text feature is also extremely useful for dialog between coauthors that does not
affect the typescript itself.

Hidden text can be used for special commands that mark entries for a table
of contents and index. This can be especially useful when one wishes to index
a concept rather than specific words. (An index also can be based directly on a
search for the occurrences of specific words, a less powerful technique but one
that is still faster than the old handwritten index-card method.)
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Use special features to make sweeping changes easily on the screen

For example, become familiar with the “search” or “find” feature. Not only can
you find and change words or characters throughout the typescript with a single
keystroke, you can also use these features to standardize format and to instantly
locate and scroll to specific sections of the typescript.

This feature is often combined with a “replace” option, which can be very
handy but needs to be used with care. For example, suppose you wished to
replace the word “one” with “two” throughout your typescript. Since such a
short word often happens to be part of another word, you would find all sorts
of interesting but nonsensical words peppered throughout the text. Questioned
would now be questitwod; telephone, relephtwo; done, drwo. This predicament can
be largely avoided by specifying “whole words only” or typing a space before and
after the word in the “find” box. (However, with the spacing option, if the word
begins a paragraph it may now be missed.)

If your word processor has a thesaurus feature, use it to help make your prose
more varied and interesting. Turn to it if you experience a mental block and
can’t come up with the right word. Try a possible synonym and let the thesaurus
suggest and substitute alternative choices.

Resist premature cosmetic work

Because it is so easy to make superficial changes, it is tempting to make each draft
technically perfect, with every comma in place, every word spelled correctly, every
margin perfectly aligned. Then, because the paper looks so good, one becomes
rather hesitant to change it further, even though the basic structure may need a
major overhaul. A paper like this can be compared to a beautifully painted house
with termites — lovely outside but unsound within. Trust us — it’s unlikely to fool
editors and reviewers.

Furthermore, because the manuscript looks so good, many people find it dif-
ficult to throw away unnecessary material. If you find you’ve strayed off course,
and ended up with more verbiage or material than you really need, cut out the
extra, no matter how hard you worked at it. Some writers save their trimmings
in a separate “orphan” file. Adopting a similar approach could be useful in case
you change your mind later.

Use tools that ease collaboration

Much of modern day science is collaborative, resulting in typescripts that pass
through many hands. Coauthors may work on the same draft concurrently or
write different sections that are then circulated among them. Insist that everyone
“track changes,” a feature that will clearly mark suggestions and revisions, as well
as identifying their source should it be necessary to revisit them.

There will also be times when you will want to write-protect a document with
a pass