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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.)



6 1 Preparing to write

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.



Choose a communication venue 13

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.
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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,



24 1 Preparing to write

RouNDWORM IN TURKEYS

Classification Conkrol Life cgc‘e s}‘aﬁes

: JTK N

A nemobcle, Ascaridia dissimilis E935 conlominale |ngesbd, halch  { arvae mature
litker in 28- 60 days

= —_—
Similarto  Looks like A poorl5 moinkained brooder house  Fenbendazole kills eggs

Ascaridia o smallworm 18 @ Source of contomiation

goll

Pep\oceliHer Heat-sterilize Harmless Smeﬂs bad
floor Fo birds

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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B.C. by Johnny Hart

[ MANKIND WILL NEVER MASTER THE ART OF COMMUNICATION | |

By permission of John L. Hart and Creators Syndicate, Inc.
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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 password so that permanent changes cannot be made. Even so, always save a
backup copy of the original draft before sharing it among collaborators.

When several individuals independently suggest revisions, it used to be nec-
essary to manually transfer such changes from paper to computer. Most word
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PEANUTS by Charles Schulz

" 1 JUST CAN'T
BELIEVE HOW

STUPID YOUR
STORIES ARE!

IN FACT 1 CAN'T
SEE ANYTHING 600D
AT ALL ABOUT
YOUR WRITING !

I HAVE NEAT MARGINS .

© 1934 United Feature Synaicate, Inc.
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processing programs have the ability to merge hidden text annotations and revi-
sions from different file copies of the manuscript onto a single master copy.

The ability to send even lengthy documents as attachments to email messages
makes collaborative typescript preparation easier than it has ever been. You can
correspond rapidly with colleagues around the globe, seek and give advice and
suggestions, and work together more closely than has ever been possible. Even
when you work on collaborative writing projects with the person across the hall,
you can send drafts back and forth between team members for comment, and
can receive and incorporate those comments electronically.

Save your work ofien, and always make backups

Computers do lose material — both during and after you’ve worked on it — and
you must take extra steps to safeguard yourself from this catastrophe. Dur-
ing every working session, save your document at regular intervals. If a power
failure or other problem causes the program to shut down while you are work-
ing, you can recover everything entered before the last save command. If your
program has the option of automatically saving documents, learn about this
feature.

For extra security, keep a backup copy in a separate location, or consider
emailing the file as an attachment to a colleague or yourself. Remember, there
are only two types of computer users — those who have lost files, and those who
will.

Spellcheckers, grammar and style analysis programs

I now can quickly spell hors d’oeuvres, which grates on many people’s nerves.
— Unknown

The incredible capabilities of modern word processing programs can have a
profound psychological effect, particularly because changes are relatively easy to
make, and mechanical aids such as spellcheckers and style checkers save a lot of
tedious effort. However, be somewhat wary and not too easily seduced by bells
and whistles. Some new tools can be a tremendous productivity booster, while
others can seriously distract one from the writing task at hand.
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Use computerized grammar checking programs wisely, if at all

Grammar checking or style analysis programs are now widely available either
as part of word processing programs or as separate software. However, unlike a
spellchecker, which is fairly mechanical and straightforward, a grammar checker
requires a great deal of personal judgment. Each word, phrase, or passage that it
questions must be considered individually to decide whether the program truly
has flagged an error. Sometimes, this is more time-intensive than relying upon
the grammar checker built into one’s own neural anatomy.

Style analysis programs are most helpful for picking up simple mechanical
problems, such as a missing parenthesis or quotation mark. Some will alert you to
commonly misused words such as affect and effect. They will identify redundant,
overworked, wordy, or trite phrases, and can help you detect noun-heavy passages
by counting prepositions. They also can pick up writing quirks, such as too many
short sentences or overuse of “to be” verbs. However, they flag only items that
can be detected by pattern-matching. For this reason, errors such as subject-verb
agreement — a particular problem in scientific writing — sometimes slip by. Logic
is completely beyond them, and they will approve a completely incomprehensible
document if it appears in a form that passes for Standard Written English.

To date, style analysis programs are not very closely targeted to biomedical
writing. They tend to flag a great many passages that do not need revision. For
example, they may question every instance of the passive voice, even when used
appropriately in scientific writing. Some programs allow you to disable the passive
voice rule and certain other rules, but many idiosyncrasies inherent to the topic
of your scientific paper will probably be questioned over and over again.

Writing experts stress that organization and coherence are the main deter-
minants of writing quality. These are beyond the scope of any available editing
program. Trying to use one of these programs while composing a first draft
wastes time and promotes writer’s block. The most efficient time to use a gram-
mar checking or style analysis program, if at all, is near the end of the writing
process, after the document has been shuffled into a reasonable organization and
polished to a reasonable degree of coherency, style, and grace. At this point, a
grammar checker can provide one more way to ferret out undetected mechanical
errors.

Use a spellchecker but never entrust it with everything

The ability to check spelling is one of the strengths and blessings of word process-
ing. Take advantage of it. More than that — make its use a regular habit. Profes-
sional writing requires perfect spelling. Many people view misspelled words and
typographical errors as signs of carelessness, lack of professionalism, or limited
intelligence — hardly the impression one wants to make on an editor or reviewer!

Run a spellchecker on every document that will leave your computer. It will
speed your work, improve its accuracy, and spare you from becoming delayed
by manual dictionary searches to check the spelling of seldom-used words. Most
spellcheckers have several built-in dictionaries in various languages. In the United
States, the main dictionary usually is called English Dictionary. However, there
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Exercise 2.1. Spelling and grammar programs

A. Enjoy these examples inspired by Anguished English (Lederer,
1987). Then rewrite the sentences to correct the errors a gram-
mar checker would miss.

1.
2.

Migraines strike twice as many women as do men.

Wanted: Worker to take care of cow that does not smoke or
drink.

As a baboon who grew up wild in the jungle, I realized that
Wiki had special nutritional needs.

The patient was referred to a psychiatrist with a severe emo-
tional problem.

. Inthe photograph, veterinarian Joe Mobbs hoists a cow injured

while giving birth to its feet.

About two years ago, a wart appeared on his left hand, which
he wanted removed.

People who use birth control methods that smoke are in danger
of having retarded children.

The woman wants to have the dog’s tail operated on again, and
if it doesn’t heal this time, she’ll have to be euthanized.

B. Find the errors that the spellchecker missed.

1.

10.

The young of the hoatzin, curious foul native to South Amer-
ica, are remarkable in having clawed fingers on their wings, by
moans of which they are able to climb about trees like quadru-
plets.

These imported trees are so profligate they are crowding out
the more fragile naive species.

The client has a congenial hip disease.

His prostrate gland problem had persisted for many years.
The animals that normally inhabit the pond were dyeing
because it had too much green allergy.

. The experimental group included three Great Dames and

eight puppies from a German Shepherd and an Alaskan Hussy.
She had a seizure, fell, and went unconscious. She was in a
comma, and she never woke up.

The pistol of a flower is it’s only protection against insects.
The doctor advised the patent to rest until the stitches were
out and that there would be a permanent scare.

Our Spellwriter has the power to check wards within a docu-
ment in as many as eight different languages, and this is only
the tap of the iceberg.
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"GaraierD, | TNK | KNow WHY WEVE
BEEN RECEIVING SO Few commissions.”

ScienceCartoonsPlus.com. Reprinted with permission.

are many differences between American, Australian, and British spellings of
English words. The customization feature will allow you to open one or more of
these variant dictionaries, either singly or simultaneously.

Spellcheckers can be used for more than their name suggests. Faced with a
word that is not in their dictionary, most spellcheckers will display a list of one
or more potential choices. This feature can be a tremendous time-saver when
one knows only approximately how to spell a word or when trying to think of a
word one cannot quite remember. Make a best guess, and count on being able to
recognize the word when it appears on the list.

At a command such as “change all,” most spellcheckers will correct a word’s
spelling throughout the entire document without further need for confirmation.
This feature can also be used like a “find and replace” command to change one
word to an entirely different one. (However, remember the potential for problems
will be the same.)

Use a spellchecker to catch repeated words or errors in spacing. The best
spellcheckers will do this automatically. This can be an important advantage, for
repeated words (such as this this) and run-on words (such as thisandthis) are easy
to overlook during proofreading.
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Ode to a Spell Checker

Eye halve a spelling chequer
It came with my pea sea
It plane lea marques four my revue
Miss steaks eye kin knot sea.

Eye strike a key and type a word
And weight four it two say
Weather eye am wrong oar write
It shows me strait a weigh.

As soon as a mist ache is maid
It nose bee fore two long
And eye can put the error rite
Its rare lea ever wrong.

Eye ran this poem threw it
Your shore reel pleased two no
Its letter perfect awl the weigh

My chequer tolled me sew.

—Arthur on Gnome

(Shamelessly hybridized
from several versions
circulating online)

J

N>

At the same time, recognize a spellchecker’s limitations. First, spellcheckers
don’t really check spelling. Instead, they compare the words in a document
with correctly spelled words that are stored in the program’s dictionaries. If the
computer cannot find a match, it flags the word as unknown. Because it operates
in this way, a spellchecker will not catch correctly spelled words used in the
wrong context. A word can be correctly spelled and still be wrong — as in the case
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of homonyms, or the use of a correctly spelled word with the wrong meaning or
tense. One cannot expect it to catch such errors as using their for there, nor can
it catch misspellings that form other words. For example, omission of one letter
changes underserved to undeserved, significantly changing the meaning. Nothing
can substitute for a final human proofreading.

Second, a spellchecker is only as good as the words entered in its dictionary.
Specialized terms, most names of people and places, and many commonly used
scientific abbreviations and acronyms are generally absent. The words in the
main dictionary of a spellchecker cannot be accessed; they are stored in a special,
compressed file format. (Furthermore, if an incorrectly spelled word were added
to this dictionary, the error could not be repaired.)

Building a user-accessible custom dictionary lessens the number of flagged
words that appear. Because searching a custom dictionary may take longer than
searching the main dictionary, savvy writers keep custom dictionaries short
by building them by subject. One for general correspondence might include
proper nouns such as street and city names; one for grant writing might contain
common governmental acronyms and agencies; still another might contain the
technical terms, Latin binomials, and proper nouns needed to spellcheck a
research typescript.

When you build a custom dictionary specifically for your scientific writing, be
sure the words are spelled correctly when you enter them. Useful authoritative
resources for specialized biomedical vocabulary include Stedman’s Medical Dic-
tionary (1995), Dorland’s Illustrated Medical Dictionary (2003), Handbook of Cur-
rent Medical Abbreviations (1998), and Medical Terms and Abbreviations (2002).
Seealso Smith ez al. (2001), Campbell and Campbell (1995), Holt ez a/. (1994), and
Jablonski (2004). If you regularly write papers replete with specialized medical
terminology, consider investing in medical dictionary software, which includes
both definitions and specialized spellchecking.

Proofread the final version on paper

Spellcheckers assume that if a word is correctly spelled, it is the correct word.
However, you may have chosen the wrong word. Thus, the last step should be
your own careful proofreading of a paper copy, and a read-through by the most
finicky person you know!

Itis not easy to proofread your own material well. By the time you have worked
on the paper for awhile, you are no longer as observant as you might be. You will
tend to read what you think is there, not what is actually on the page. One way
around this is to pair up with someone else. As one of you reads aloud from one
copy of the paper, the other should follow along on a written copy. If you must
go it alone, it is best if you can lay the material aside for a period of time before
proofreading it. A fresh start makes it more likely that errors or stylistic flaws
will be detected.

Guard your investment

Continue to save work frequently and make backups. The more time and energy
you have invested in a document, the more important it is to protect that
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investment. A bit of paranoia can be healthy. Keep a duplicate copy. Remem-
ber to update the backup file each time you make significant changes.

FOLLOW STANDARD STRUCTURE

By this point in life, you’ve undoubtedly seen enough scientific documents to
recognize that almost all of them follow a quite similar pattern, the so-called
IMRAD format — an acronym for Introduction, Methods, Results And Discus-
sion (Day and Gastel, 2006). Each main section is structured to address certain
questions, and together they shape a critical argument.

Happily, this fairly rigid structure usually makes scientific writing easier, not
more difficult. The next few pages offer a brief overview of what will be required.
When you plunge in and begin to write, refer back here as necessary for inspiration
and to stay on track.

Introduction

What is the problem, and why should anyone care? In other words, why was
this work done? Deal with these questions briefly, interestingly, and as simply
as possible. A well-written introduction should persuade colleagues and even
non-specialists to begin reading the paper’s text after their attention has been
attracted by the title, abstract, tables, and figures.

A three-part introduction works well. First state the general field of interest.
Concisely present what is already known about the subject of your investigation,
referencing the most important publications. Don’t try to mention everything,
unless you are writing a review article or a thesis. One to three paragraphs should
be enough for most journal articles.

Next, present others’ findings that will be challenged or expanded. Explain
how you are hoping to extend or modify what is already known or believed.
Provide support for your argument.

Finally, specify the question that the paper addresses, and how it does so.
This sentence is often phrased in hypothesis form. Indicate your experimental
approach. Point out what is new and important about your work. When appro-
priate, briefly summarize the answer(s) you found.

Materials and methods

This section may have any of several names. Materials and/or Methods, Exper-
imental Design, Protocol, and Procedure are some of the common ones. Some-
times it is divided into separately titled subsections, as well. Overall, it answers
a simple question — how was the evidence obtained?

Begin by listing the supplies that were necessary for your work, including
both animate materials such as experimental animals and inanimate ones such as
chemicals. Explicitly note that use of animals and human subjects conformed to
the legal requirements for the country in which the research was conducted.
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Next, specify what was done, and for what purpose. Chronological order
is a common way to proceed through this segment. Alternatively, parallel the
sequence in which you present results. A flowchart may be useful for readers.
Conclude with a discussion of any statistical procedures employed (but not the
tests” outcomes, which belong in Results).

The key to a successful Methods section is to include the right amount of
detail — too much, and it begins to sound like a laboratory manual; too little, and
no one can determine what you actually did. For publication of a new discovery
to be “valid” or scientifically accepted, it must appear in a form so that a reader
could repeat the experiment. However, this really means not just any reader, but
a trained investigator with considerable experience. Once again, it is important
to know one’s audience. As an additional guide, frequently refer to examples
published in your chosen journal.

Increasingly, federally funded research in the United States is requiring studies
to be conducted in accordance with Good Laboratory Practice (GLP) guidelines
(Benson and Boege, 2002). The guidelines require preparation of standard oper-
ating procedures for all aspects of a project. Referring back to these procedures
can be very helpful, both when preparing Materials and Methods and when
documenting the data that were collected. Even when GLP guidelines are not
required for a project, using this research approach can facilitate the writing task.

If you have followed a widely known method, simply name the principles
on which it is based and cite the original publication or recent textbooks or
handbooks that give full details. If you made changes to a published procedure,
describe only the changes and reference the rest. Only if you have employed an
entirely new process or technique must you describe it in full. In this last instance,
you may wish to test the adequacy of your description by asking a colleague to
do an experiment while following the technique as your text describes it.

Results

This section should be relatively easy. What was found or seen? Decide on a logical
order for presentation (see Table 2.1). Present the results that have a bearing on
the question you are examining, but do not interpret them here unless your
journal combines Results and Discussion. Exclude irrelevant findings, but never
omit valid results that appear to contradict your hypothesis. Suppressing such
data is unethical, but when presenting them you may explain why you feel they
are anomalous.

Tables and figures are usually an integral part of this section. Don’t use the text
to parrot the information they contain. Readers can see the data for themselves.
Instead, point out salient features and note relationships between the various
results.

Discussion and conclusions

What do your findings mean? Why are they important? Discussion and Conclu-
sions sections exist to answer these questions. Often combined with each other
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Table 2.1. Common patterns for organizing material

Pattern Basis

Categorical Groupings of like items

Chronological Time sequence

Spatial Physical arrangement of entities

Functional How parts work

Importance Usually with elements in order of decreasing consequence

Problem-solutions  Predicament, possible answers, why each will/won’t work, usually
followed by specific recommendation

Specificity General to particular, or particular to general
Complexity Usually from simple to complex

Pro and con Both sides of an issue or decision

Causality Cause and effect

Deductive Conclusion first, then background leading up to it
Inductive Individual facts first, leading to conclusion

and sometimes with the Results as well, these sections generally parallel the
organization used in earlier sections of the paper.

Your task here is to interpret your results against a background of existing
knowledge. Explain what is new in your work, and why it matters. Discuss both
the limitations and the implications of your results, and relate your observations
to other relevant studies. State new hypotheses (clearly labeled as such) when
they are warranted. Include recommendations when appropriate.

When writing this section, watch for symptoms of megalomania. Avoid exag-
gerated or extravagant claims for your work. Carefully distinguish between facts
and speculation. Be wary about extrapolating your results to other species or
conditions. Rein in the natural human tendency to want to point out the short-
comings of another investigator’s report. Indicate what the next steps might be
to resolve any apparent conflicts. Frankly admit anomalies. Discuss any possible
errors or limitations in your methods and assumptions. And finally, don’t stack in
so many alternative hypotheses to explain the results that readers become buried
in the pile. Hailman and Strier (1997) state that as a general rule, the discussion
should never be the longest section in a paper.

Acknowledgments

Acknowledgments usually appear between the Discussion and Reference sec-
tions. (Note that some journals spell the title of this section with two “e”’s, others
with three.) Include any substantial help received from organizations or indi-
viduals, whether they provided grants, materials, technical assistance, or advice.
(Some journals specify that funding bodies be named on the title page instead.)
Concisely thank those who went out of their way to help, and describe their
contribution. Do not list people who did not contribute directly to the reported
work or those who did no more than their routine laboratory, secretarial, or office
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work. As a courtesy, ask consent from anyone you name; some journals require
signed permissions from everyone who is acknowledged.

References

In this section, include all the references you cited (specifically referred to) in
the text, tables, and figures, but not references that were only useful background
reading for you.

For your first draft, use the name-and-year (Harvard) system for citations
rather than a consecutive number (Vancouver) style. It is easier to compile a
final reference list from names than from numbers, and the Harvard system
minimizes the chances that reference citations will become scrambled during
reorganizations of the text.

There are literally hundreds of variations of literature reference style. Some
excellent computerized bibliographic programs are available to help you consis-
tently apply proper formatting to your final draft.

Note that some journals limit the number of references you can cite; check the
Instructions to Authors. One common restriction is 40 references for full articles
and 10 for brief communications, but some journals specify even fewer.

Abstracts and summaries

Abstractsare usually inserted right after the title page in the completed document.
They are easier to prepare when your document is finished, but a first draft now
may help you stay focused.

Some journals use the term “summary” to describe abstracts of their articles,
buta summary is not the same as an abstract. An abstract is an abbreviated version
of the paper, written for people who may never read the complete version. A
summary restates the main findings and conclusions of a paper, and is written for
people who have already read the paper. Include a summary only if the journal
requires it.

Abstracts come in several varieties. Informative abstracts include some dataand
are commonly used with documents that describe original research. They address
the same questions as the body of the paper, but briefly and without supporting
tables or figures. Indicative abstracts (also called descriptive or topical) contain
general statements about the subjects covered. Often used for review articles or
books, they usually can be created simply by turning the table of contents into
sentences.

Both informative and indicative abstracts are typically limited to between
100 and 250 words, and different points are emphasized in proportion to the
emphasis they receive in the text itself. They are generally written as a single
paragraph.

Structured abstracts are often longer, sometimes allowing as many as 400
words. These abstracts group series of points below headings such as Objec-
tive, Design, Setting, Patients, Treatment, Results, Conclusions, and Clinical
Relevance. Experts disagree whether structured abstracts are on the way to
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disappearance or are evolving into a new kind of publication, with the main
text available only in electronic form.

Staying within an abstract’s word count specifications is a challenge for almost
every writer. Be as brief and specific as possible, but write complete sentences
that logically follow one another. Use the third person, active verbs, and the past
tense unless it becomes unacceptably awkward to do so. The title and abstract
are always read together, so there is no reason to repeat words or paraphrase the
title in the abstract.

Write the abstract so that it can stand on its own merits, because many readers
of your abstract will never see your entire text. If possible, avoid citing others’
work here; when a citation is essential, include a short form of the bibliographic
details. Likewise, avoid unfamiliar terms, acronyms, abbreviations, or symbols;
if they must be used, define them at first mention in the abstract, then again at
first mention in the text. And finally, never introduce information in the abstract
that is not covered in the paper.

The title

From the moment when the first words are written, every document needs a rough
working title for identification purposes. However, a working title is rarely suitable
for the final paper. Refine it now. Is it interesting, concise, and informative? Is it
accurate enough for use in indexing systems and bibliographic databases? Will
potential readers be able to judge your paper’s relevance to their own interests
on the basis of the title alone?

Once again, it’s time to check your journal’s Instructions to Authors and to look
over the publications in recent issues. Note capitalization style, title length, and
general form. For journals in some fields, writers are being encouraged to use a
declarative title written as a sentence or fragment that includes what the paper
says, not just what it covers; in other fields, neutral descriptive titles remain the
norm. Sometimes, they coexist. For example, in the international weekly journal,
Nature, one can find both:

Declarative: Selective elimination of messenger RNA prevents an inci-
dence of untimely meiosis

Descriprive: Mechanism of DNA translocation in a replicative hexa-
meric helicase

Most journals prefer short titles, typically not over 100 characters (and some-
times considerably fewer), including the spaces between the words. This usually
works out to only 10-12 words. Delete trivial phrases (such as “Notes on” or “A
study of”), but do not use uncommon abbreviations or stack nouns and adjectives
together without their prepositions.

Poor: A Study of Chipmunk Muscle Tissue Ion Channel Amino Acid
Activation Parameters

Better: Amino Acid Activation of Ton Channels in Chipmunk Muscle
Tissue
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Most editors frown upon fanciful titles. Some also object to two-part titles,
with a main title and a subtitle. Titles that end with a question mark are seldom
acceptable.

Risky choices:

German Saxifrage Pollens are Superior to Those in Austria.

Does Saxifraga Pollen in Germany Resemble That in Austria?

Pollen Between a Rock and a Hard Place: German and Austrian Saxifrages

Widespread acceptability: Pollen Morphology of German and Austrian

Saxifraga Species

When writing a series of papers on a subject, title each separately. Numbered
series with the same title and differing subtitles are a headache to everyone, espe-
cially if the papers have slightly different sets of coauthors. Editors are unhappy
with the implication that acceptance of one paper obligates them to publish
successive ones. Readers, librarians, and cataloguers deal with unnecessary con-
fusion, especially if Part 4 is published before Part 2, or Part 3 is rejected entirely.
If you feel it is vital that everyone knows the papers are a series, link them by
mentioning the others in a footnote on the title page or by citing them in the
Introduction. If the typescript on hand is interdependent with another unpub-
lished paper, remember to include copies of that other paper for reviewers when
you send the document to an editor.

Exercise 2.2. Title choices

How could the following manuscript titles be improved? Explain the
reasons for your choices.

L.

Plantar’s Wart Removal: Report of a Case of Recurrence of Verruca
after Curative Excision

Characteristics of Columbine Flowers are Correlated with Their
Pollinators

Panda Mating Fails: Veterinarian Takes Over

Gleanings On The Bionomics And Behavior Of The East Asiatic
Nonsocial Wasps. III. The Subfamily Crabroninae With A Key To
The Species Of The Tribe Crabronini Occurring In Formosa And
The Ryukyus, Contributions To The Knowledge Of The Behavior
Of Crabronine Fauna, And Changes In The Taxonomic Position
Of Three Species Of Crabronini Occurring In Japan

Report of New Health Data Results from the 1999 National ASAP-
FYI-ERGO Health Study: Lung Cancer in Women Mushrooms
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Other title page items

Thetitle page really doesn’t need to be compiled until the final document is assem-
bled. However, for a psychological sense of completeness, writers often like to put
one on the first draft. Most journals specify what information should appear —
commonly, authors’ names, degrees, job titles, and the name and addresses
(postal and electronic) of the author to whom correspondence, proofs, and reprint
requests should be sent. Keywords and funding sources may be mandatory, and
some journals request a text word count.

Keywords or key phrases serve as reference points to indicate document con-
tents for indexing and cataloguing. Check your journal’s Iustructions to Authors
for their location in the typescript. The number of keywords that can be included
1s usually specified; three to ten are common limits.

If guidance from the journal is lacking, it is generally prudent to choose key-
words and terms from the Medical Subject Headings used in Index Medicus, or
from lists such as those published in Biological Abstracts and Chemical Abstracts.
Choose the most important and most specific terms you can find in your doc-
ument, including more general terms only if your work has interdisciplinary
significance. Unless the target journal specifies otherwise, words that appear in
the title do not need to be included among the keywords.

USE TENSE TO SHOW THE STATUS OF WORK

The use of present or past forms of verbs has a very special meaning in scien-
tific papers. Proper tense use derives from scientific ethics. The use of past or
present verb forms is a way of indicating the status of the scientific work being
reported.

Because of these conventions regarding tense use, a scientific paper usually
should seesaw back and forth between the past and present tenses. An Abstract or
Summary refers primarily to the author’s own unpublished results, and uses the
past tense. Most of the Introduction section emphasizes previously established
knowledge, given in the present tense. Both the Materials and Methods and the
Results sections describe what the author did and found. They appear in the past
tense. Finally, the Discussion emphasizes the relationship of the author’s work
to previously established knowledge. This section is the most difficult to write
smoothly because it includes both past and present tenses.

Use the present tense when a fact has been published

Generalizations, references to stable conditions, and general “truths” should be
given in the present tense. When scientific information has been validly published
in a primary journal, it likewise becomes established knowledge. Therefore, use
the present tense when writing about it. In this way, you show respect for the
scientist’s work. Similarly, when previously published work is mentioned, and
the author is cited parenthetically or by footnote number, the sentence usually
should be written in the present tense.
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Serological tests commonly are used for the diagnosis of 7. cruzi
infections.

Several recent reports (2, 3, 6) describe similar findings.

This phenomenon determines the absorption coefficient of the tissue
(Christensen et al., 1978).

In giving the author’s name non-parenthetically as a source of the information,
one can use either past or present tense for the verb that is linked to the author.
However, the part of the sentence that refers to the scientific work itself is still
given in the present tense.

Smith (1975) showed that streptomycin inkibits growth of the disease
organism.

The investigations of Graff (1932) show that the structure is a true
perithecium.

Jones (1978) does not believe that streptomycin is effective.

Boice (1912) did not believe that Diplococcus exists.

Use present perfect tense for repeated events

The present perfect tense is appropriate when observations have been repeated
or continued from the past to the present.

Nesting behavior has been studied under many environmental conditions.
These drugs have been shown to produce significant elevations in blood
pressure.

Use past tense to discuss resulls that cannot be generalized

Some results have been obtained under such specialized conditions that they
pertain only to the particular study being reported. Numerical data sometimes
fall into this category. Use the simple past tense of the verb that refers to the
scientific work.

Barber (1980) reported that 28% of the 396 wasps in his study showed
signs of parasitism.

It also would be correct to say “Barber (1980) reports,” but using past tense for
both verbs is somewhat smoother and more consistent.

Use the past tense for unpublished results

By this line of reasoning, the research being reported for the first time in the
paper you are writing will not be established knowledge until after it has been
published. Therefore, use past tense to describe what you have done.

In the study presented here, the drug killed 95% of the M. tuberculosis
bacilli.
Our data showed that few monarch caterpillars survived.
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When your paper is published, the results become established knowledge. Thus,
in citing your own previously published work, use the present tense, just as you
do for others’ work.

Use the present tense to refer readers to your figures and tables

Even though these are new and unpublished material, they are explanatory aids,
not research itself. Discussion of the research itself remains in past tense, but
directives appear in present tense.

Antibodies occurred in 11% of our mice, as Table 1 indicates.
See Figure 3, which illustrates the six-fold increase in leukocytes found
in the study population.

BUILD MOMENTUM - AND KEEP IT!

There ain’t no rules around here! We’re trying to accomplish something!
— Thomas Edison

Ready to begin “really” writing? It’s time to work with — not against — your
natural habits, for you’ll find that the key to success is building up a head of
steam with a steady sense of progress that propels you on toward completion.

Start in the place that makes sense for you

When it comes to writing style, are you basically a rabbit or a turtle? As Michael
Alley explains:

Rabbits hate first drafts. They despise juggling the constraints of writing with all the
elements of style. So, in a first draft, they spring. They write down everything and anything.
Rabbits strap themselves in front of their computers and finish their drafts as quickly as
possible. Unfortunately, their first drafts are horrendous, sometimes not much better than
their outlines. Still they’ve got something. They’ve put their ideas into a document, and
they’re in a position to revise.

Turtles, on the other hand, are patient. Turtles accept the job before them and proceed
methodically. A turtle won’t write down a sentence unless it’s perfect. In the first sitting,
a turtle begins with one sentence and slowly builds on that sentence with another, and
then another. In the second sitting, a turtle then goes back to the beginning and revises
everything from the first sitting before adding on. It usually takes a turtle several sittings
to finish a first draft, but the beginning and middle are smooth because they’ve been
reworked so many times. Revision then entails looking at the document from an overall
perspective and smoothing the ending. (Alley, 1996, pp. 241-242)

Few writers are strictly one or the other, of course, but you’ll be most efficient
if you determine which approach best fits your general style and personality. If
you have turtle tendencies, ease into the first draft by starting with the section you
feel is the most straightforward. (For many people, it is Materials and Methods.)
If you are a rabbit type, begin with the Introduction and just plow right on,
quickly getting as much information written as possible.



Build momentum — and keep it!

51

Exercise 2.3. Tense use

Indicate preferred tense use in the sentences below. If you feel that a
sentence is correct as it stands, simply note the fact.

1.

10.

Work by Matthews (2007) showed that Vespula nests readily in
the laboratory.

Bird size shows an increase in our study with width of wooded
habitat, as Figure 2 indicates.

Beal (1960) also observed that size increased with meadow width.

In our study we find that there are significantly fewer antibody-
producing cells in copper-deficient mice than in copper-
supplemented mice (see Fig. 3).

In a study by Sengelaub and Finlay (1981), the average costal
width for normal animals was 0.81 mm.

Conover and Kynard (1981) reported that sex determination in
the Atlantic silverside fish was under the control of both genotype
and temperature.

Recently published work by Fruchter et a/. (1) characterizes the
ash from the Mount St. Helens eruption of 18 May 1980.

Many researchers have confirmed that the balance of hydrostatic
and osmotic pressures in the capillaries is a very delicate one.

ABSTRACT: The cell-to-cell channels in the insect salivary
gland are probed with fluorescent molecules. From the molecu-
lar dimensions, a permeation-limiting channel diameter of 16-20
angstroms is obtained.

SUMMARY: Germinal and somatic functions in Tetrahymena are
found to be performed separately by the micro- and macronuclei,
respectively. Cells with haploid micronuclei are mated with
diploids to yield monosomic progeny.

Set a realistic goal for each sitting. Don’t stop until you’ve reached it, even if
you become pressed for time and must “cheat” by finishing the section in outline
form. Reachinga goal isalmost guaranteed to give you a feeling of accomplishment
that will help keep your momentum going. But don’t stop here. Before you finish,
write a few sentences of the next section. Psychologically, this makes it easier to
start writing next time. Some writers claim it even helps to stop in mid-sentence
or mid-thought!
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Minimize distractions any way you can

While you are writing, it is worth making the effort to remove or escape from
as many distractions as possible. Because each sentence in a scientific paper
depends so much upon those around it, losing momentum usually leads to losing
one’s train of thought. Try to find a time and place when you can be relatively
undisturbed.

Inevitably, from time to time your thoughts will tend to fly off in surprising
directions while you are immersed in your work. Don’t try to remember one set
of ideas while working on another. They will either sidetrack you, or flutter off
and never be recaptured. Keep a note pad near your work. Pen unrelated ideas
onto a list when they occur, and deal with them later.

Watch what you eat. This tip may seem frivolous to those who have never been
involved in a really lengthy writing project. However, as Alley (1996) points out,
writing makes people restless, and that often makes them hungry. The wrong
choice of snacks can derail your writing momentum. If you must eat, choose
foods that require only one hand, don’t stain papers, and don’t make you thirsty
or (worse yet) sleepy.

Keep the text simple, but somewhat organized

Write as simply and conversationally as possible. Remember those readers who
will not be specialists in your area of research, and may not be reading in their
native language. Imagine that you are describing your work to an interested friend
in another scientific discipline. At this stage, don’t worry too much about details
of style or grammar, however. These things can be fixed at the revision stage.

Readers need a story line — a beginning, a middle, and an end, with clear links
between each step. Insert headings to guide the way, especially if the paper is long.
Follow your outline or other organizational aid, but treat it as a life jacket, not a
straitjacket. As you write, new insights may come to mind and some previously
identified topics may become irrelevant.

When really pressed for time, spend more time on

the first drafi, not less

A caveat is in order here. When you are in a hurry, be conservative. Take the extra
time to develop a first-draft structure your coauthors or other readers can easily
follow. Work steadily and quickly, and get the whole thing on paper in as rational
an arrangement as you can. There may be no time to cut, paste, and rearrange.
There may not even be time to polish. It’s admittedly a horrible thought, but it
would be even more horrible to have the paper in bits and pieces when the clock
strikes!

Write around missing information

A common cause of lost momentum is the missing word. It’s on the tip of your
tongue, but after five minutes spent looking in the dictionary you still can’t find
it, and you’ve ground to a halt as a result. Write the name of your favorite sports



Build momentum — and keep it! 53

team, your significant other, or simply “???” in its place, and keep on going. Your
subconscious will bring it to the surface later. When that happens, don’t forget
to use the “search and replace” command in your word processing program to
find your space-holder and insert the word where it belongs.

If you can’t find the sentence to express an idea, you may not have fully formed
the idea yet. Again, leave a space-holder, and keep on writing. Think about it later,
perhaps when you are exerting yourself physically; many writers and researchers
feel that exercise sharpens their processing of ideas.

Recognize the signs of bogging down

At some point in the writing process, you may feel overwhelmed. It can be an
intense emotion, but be reassured that most writers experience these feelings as a
very natural reaction to the magnitude of their task. Words rarely flow effortlessly
all the time for anyone. Professional writers struggle, just like you do. Everyone
also experiences times when their writing efficiency seems to decline or die.

Instead of quitting altogether when such feelings strike, switch to writing a
different section. Alternatively, begin to write (or talk) about precisely why you
are bogged down — surprisingly, this exercise often will free you. If you stop when
you are stalled, it can become an excuse to avoid starting up again.

Deal constructively with writer’s block

It’s a writer’s worst fear. The deadline is fast approaching. You sit down to write
and absolutely nothing useful happens . . . You chew your pencil or tap a rhythm
on the computer console, stare out the window, get up for a drink of water, decide
to run an errand or shop for groceries . . . The inspiration to write has vanished.
You have writer’s block. Or do you?

Those who write about writing debate whether writer’s block — particularly in
scientific writing — is a real phenomenon or just a bit of folklore used to explain
garden-variety distraction and provide an excuse to stop working. Whatever
may ultimately be decided, a great number of solutions fortunately have been
suggested. Many of them sound like the ideas we’ve already mentioned. Here are
a few other imaginative suggestions:

e Alley (1996) suggests that writer’s block can arise because many of us
are inhibited by hidden voices, such as criticism from our eighth grade
English teacher or our department manager. He proposes drowning
them out with classical or jazz music.

* Even when you can’t get a word down on paper, Shortland and Gregory
(1991) point out that you might find that you could easily talk to friends
about your topic. Write down what you would say, much in the manner
of a rambling letter to a close friend. (Or, as a colleague suggests, record
your conversation, and listen to it for ideas.) It will become easier to keep
going once you have words on paper instead of still in your mind, and
you may even make your story more understandable to your audience
than it would otherwise be.
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For Better or For Worse
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FOR BETTER OR FOR WORSE © 2000 Lynn Johnston Productions. Dist. By
Universal Press Syndicate. Reprinted with permission. All rights reserved.

By permission of Universal Press

For particularly severe cases, Mack and Skjei (1979) recommend a tech-
nique called “kitchen-sinking it,” in which one repeatedly sits down and
writes nonstop for a fixed but short time (such as 15 minutes) about any
aspect of the paper’s topic. One ends up with “everything but the kitchen
sink,” but these bits can be revised and pieced together for a first draft. It
may be crude but it is a start, and this is often enough to get the writing
process flowing once again. Reading over this mixture helps promote a
focus on ideas.

In an interesting turnaround, Nelson (1993) suggests that, rather than
treating the symptoms, an author should view writer’s block as an asset —
the creative mind’s healthy response to an inner imbalance — and use
it as a stepping stone to new levels of creativity and artistic growth.
Presenting writer’s block as a constellation of problems with different
causes and treatments, Nelson offers ideas tailored to such situations as
beginner’s block, perfectionism, notes and plans that refuse to make a
book, and obsessive rewriting.
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e Ifyou feel the need for the structure and directedness of an entire pro-
gram with both short- and long-term solutions, see the Four-Step Plan
and Nihil Nimus approach developed by Boice (1990, 2000), a psy-
chologist who has spent most of his professional life coaching academic
writers in moderate but productive ways of writing.

Perhaps the most important defense against writer’s block is simply to keep
in mind that a first draft is a first draft. It will not go to the editor, the typescript
consultants, the printer, your department head, or perhaps not even the coauthors.
You are the only one who ever needs to see it. A first draft will have intellectual
faults and flaws in prose. You will have many chances to correct these later. Instead
of worrying about its imperfections, congratulate yourself. With the first draft
in hand, you have successfully completed the hardest parts of scientific writing!
Now, if at all possible, set it aside to “cool” a bit, and go work on something else.
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Visual support for the written word

Art, like morality, consists of drawing the line somewhere.
— G K. Chesterton

Whether or notone is prepared to call them art, visual aids can be vitally important
in presenting a scientist’s message. They summarize and emphasize key points
and reduce narrative length. They simplify information, and in this way enhance
understanding. They improve the conciseness and clarity of the narrative. And
finally, when carefully crafted, they add visual appeal.

Visual material supports the printed message. Picking up a classic research
paper, scientists often scan graphics such as tables and figures to see whether
the rest of a paper is worth reading. While they may not go on to study every
sentence, they almost always look at every illustration. For this reason, each visual
aid must contribute an essential part to the written or spoken story, and each must
be capable of standing on its own without reference to the text.

For two major reasons, it pays to start preparing visual aids as early as possible
in the writing process. First, because tables and figures present data in condensed
form and help clarify and support ideas, they make writing easier. Second, sooner
than you think, you’ll be asked to give an oral presentation on your research. While
the visual aids for a written document seldom are suitable for direct transfer into
a slide presentation, they undeniably will form the basis for that presentation.

In this chapter, we’ll present guidelines for various types of graphic aids for
the traditional research paper. In the next chapter, we’ll discuss ways to adapt
them for oral presentations and posters.

CHOOSING AND USING VISUAL AIDS

In the parlance of an editor, all illustrations in scientific writing are of two
types, tables and figures. Tables are familiar to just about everyone, being the
most used (and many say, overused) visual aid. Figures are anything that isn’t a
table. They may be numerically based (the many kinds of graphs), documentary
(photographs, machine print-outs), or explanatory (drawings, diagrams).
Paradoxically, while figures themselves are often overused, many types are
underutilized. Each type of figure has its own strengths and weaknesses. The brief
checklist given in Table 3.1 can help you determine which types of illustration
will be the most appropriate for a particular purpose, and this chapter presents
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Table 3.1. Choosing the most effective type of illustration for a given goal

To accomplish this

Choose one of these

To present exact values, raw data, or data
which do not fit into any simple pattern

To summarize trends, show interactions
between two or more variables, relate
data to constants, or emphasize an
overall pattern rather than specific
measurements

To dramatize differences or draw
comparisons

To illustrate complex relationships, spatial
configurations, pathways, processes, or
interactions

To show sequential processes

To classify information

To describe parts or electric circuits

To describe a process, organization, or

model

To compare or contrast

To describe a change of state

To describe proportions

To describe relationships

To describe causation

To describe an entire object

To show the vertical or horizontal hierarchy
within an object, idea, or organization

Table, list

Line graph

Bar graph

Diagram

Flowchart

Table, list, pictograph

Schematic

Pictograph, flowchart, block diagram

Pictograph, pie chart, bar graph

Line graph, bar graph

Pie chart, bar graph

Table, line graph, block diagram
Flowchart, pictograph

Schematic, drawing, photograph
Flowchart, drawing tree, block diagram

some tips for effective ways to use them. When you are considering a potential
visual aid, keep two questions in mind.

1. Does the form of this illustration suit its purpose?

Many illustrations transform numerical data into other shapes. Graphs and histo-
grams are examples. Developing these visual aids takes more conscious effort than
tables do, but they are often the most powerful way to express relationships. They
can illuminate ideas and trends that would be all but invisible to readers if the
same data were presented in conventional table form.

Documentary illustrations such as instrument tracings, photographs, and
micrographs offer primary evidence of the scientific observations presented in
the text. When carefully chosen for clarity and relevance, these visual aids can
be literally worth a thousand words.

Another category of illustrations includes explanatory materials such as maps,
charts, and line drawings. The less familiar with your work your potential audi-
ence is expected to be, the more strongly you should consider including these.
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2. Does the illustration fit the audience?

Deciding which illustration format would be most appropriate or most informa-
tive is not only a matter of its purpose. One’s scientific discipline, the particular
dataset, and the intended journal and audience will also influence this decision.

Information that will be presented on a poster or presentation slide should be
prepared differently from that for a traditional research paper, for example. For
a fast-paced talk at a research meeting, simple tables showing small amounts of
numerical data would be desirable, whereas numerically complex tables would
be overwhelming. In a written document, however, that same data might be
summarized in the text or included within larger, more complex tables because
readers could examine them in a more leisurely fashion.

Tables

Everyone has seen scientific tables — not surprisingly, for they almost always are
a scientist’s best choice for complex data or parallel descriptions. Tables range
from informal in-text presentations hardly more complicated than a word list
to complex formal compilations spanning several pages. Tables are, in fact, the
single most over-used form of visual aid in scientific writing. Their use is so
widespread in most scientific and technical fields that some beginning writers
judge them to be an indispensable part of every scientific paper. Although most
of us find tables to be the easiest graphic aid to compile, they are not necessarily
appropriate for every paper.

Huawve the courage to prune extraneous material

In the process of conducting research we tend to construct rough tables to consol-
idate data or to summarize relevant information. The urge can be overwhelming
to import these tables wholesale into the document. Resist this temptation. The
fact that a table has been a useful organizational tool is not sufficient justification
for its automatic inclusion in the text. Nor should numerical data be included
solely because they were collected. Every study involves a certain amount of effort
spent in gathering data that later turn out not to be needed. Careful planning can
minimize this fact, but never eliminate it entirely.

Atsome point between the first draft and the final typescript, make a concerted
effort to decide which tables might be combined, which tables would be better
replaced by other illustrative materials, and which tables should be discarded in
favor of summarizing the data in the text.

Word tables and numerical tables have their place

All this having been said, we must stress that tables are sometimes the best illus-
trations for a scientific paper. Word tables present parallel descriptions concisely.
In medical writing, tables that appear in case series analyses provide a good exam-
ple of their appropriate use. In an oral presentation, a teaching article, or a review,
small tables of text (which function like figures) also may be used to emphasize
the main points or included as a handy reference like the example in Table 3.2.
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Table 3.2. A helpful word table

Cloned human gene products

Protein Used in treating
Insulin Diabetes

Growth hormone Pituitary dwarfism
Erythropoietin Anemia

Factor VIII Hemophilia
Interleukin-2 Cancer

Tissue plasminogen factor ~ Heart attack, stroke

Numerical tables provide a compact way of presenting complex information
in a format that invites comparisons that would be lost or incomprehensible in
narrative form. A useful rule of thumb (Bjelland, 1990) is to use a table when
putting data in the text would take at least three times as much page space as
presenting it in tabular format. This usually occurs when four or more sets of
data are to be presented.

However, thoughtful preparation makes the difference between a numerical
table that confuses and one that informs the reader. Tables that communicate the
quantitative aspects of data are effective only when the data are arranged so that
their significance is obvious at a glance.

Title Table 1. Effects of dietary supplementation on large laboratory animals.
Column headings h@f%dy Wt (kg) Life Span (yrs) > Box heading
Stub Vitamin-treated

Caffeine-treated Field
Row heading ~———> Contro}
Footnote > *One subject died of unrelated causes.

Fig. 3.1. Usual parts of a table and their names.

Understand how tables are constructed

In order to discuss table organization, it helps to know how table parts are named
(Fig. 3.1). The column headings are known collectively as the box heading, and
the group of row headings is called the stub. The field is the set of cells or spaces in



60 3 Visual support for the written word

Table 3.3. Wide table that would fit on a single-column page

Assay scores (range 0—4) determined for various MG
strains

MAb A59%9 F 6/85 tS-11 R S6 K503

8F7/F 4 4 4 4 3 3 0
4Gl/F 4 4 3 3 3 3 0

Table 3.4. Modification of Table 3.3 to fit one
side of a double-column layout

Assay scores (range, 0—4)

MG strains Mab 8F7/F MAb 4G1/F

A5969 4 4
F 4 4
6/85 4 3
tS-11 4 3
R 3 3
Sé6 3 3
K503 0 0

the table’s body that carries the numerical data, descriptive terms, or phrases that
illustrate the message carried by the table. A spanner or straddlerule is a horizontal
line used to indicate secondary column headings. A heading set above a spanner
subsumes the subheads set under the spanner. Numbers in table columns are
aligned on the decimal point. This is true even if the decimal point is implied
rather than actually being included.

Unless your journal regularly publishes tables on grids, forego this option. A
scientific table generally uses no vertical lines. Three horizontal lines run the full
width of the table — one beneath the title, a second beneath the headings for the
stub and the field, and a third below the field and before any footnotes.

Ttems are most easily compared reading down

In general, the independent variables in a table should be placed across the
horizontal rows, and the items in columns should be the dependent variables. This
ruleisbased on the simple precept that it is easier to compare like elements or work
with numerical data when reading down, rather than across. (Try subtracting one
number from another horizontally rather than in the usual vertical format, if you
need first-hand proof.)

Data in columns are usually more concise as well. For example, when a wide
table such as Table 3.3 is flipped so that the dependent variables are in columns,
the result (Table 3.4) is visibly more compact.
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Use space efficiently

Word processing software provides various table templates that greatly facili-
tate table formatting. Take the time to experiment with table shapes. Provide
enough spacing between rows and columns to create a perceptual order to the
data.

Most journals are printed in either a one-column or two-column format. Pub-
lications with a one-column format usually handle wide tables better than those
with a two-column format; the latter will generally try to fit smaller tables into
the width of a single column. Whenever possible, design tables (and figures, see
below) to fit the width of a single column of text. In most scientific publications,
narrow tables will stand a better chance of being printed close to the correspond-
ing text.

Straightforward but often overlooked strategies for minor condensing include
eliminating repeated words and economizing on heading lengths by judicious
use of abbreviations. The key word is judicious, however. If abbreviations are
overused, the table will no longer be understandable as a stand-alone product.
Tables 3.3 and 3.4 are cautionary examples.

When all entries in a column or row are identical, it is nearly always advisable
to drop that column or row. Instead, note the identical value in the text or in a
table footnote.

If major condensing seems to be needed, instead consider dividing the material
into two or more smaller tables. Consider whether the material in a complex table
really must be presented as one unit.

Steer clear of grossly oversized tables

Broadside tables — tables so wide that they must be printed at right angles to the
text —are an inconvenience to readers who must turn the journal sideways to read
them. Likewise, lengthy tables that spill over from one printed page to another
are difficult for printers to align and difficult for readers to use. Some journals
flatly refuse to print such tables.

Large compilations of data often include information that is nonessential to
the paper’s real purpose. Before altering the table’s format, ask (1) whether all
the information in the table actually is necessary, and (2) whether it must be
presented in its current form. Does the reader need to know individual test
results, or might summary statistics (such as mean, standard deviation, range, or
median) be sufficient?

Data are not sacred simply because they have been collected, no matter how
much work was involved in that collection. If you feel strongly that some readers
of your condensed table will be vitally interested in more details long after you are
able to provide them personally, consider placing your reams of data in permanent
storage. The editor of the journal in which reference to the deposited material
will be made can suggest arrangements for the deposit of such material. Detailed
information on how to access this adjunct material must be clearly given in the
acknowledgments section or as a table footnote.
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Drafi concise table titles

Unlike figure legends, which usually are listed together on a separate page from
the text in a typescript, table titles often are placed directly above each table. An
effective table title should include both the general subject and enough detail to
make sense without the text.

Too vague: Deer deaths in Wisconsin
Berter: Incidence of white-tailed deer fatalities in Wisconsin, 1995-2000

Some journals allow or require brief descriptions of methods, experimental
design, or statistical analysis after the table title; others treat such information
as a footnote below the table. In either case, keep them brief. They are generally
printed in smaller text and when lengthy are difficult to read.

When including a number of tables in one document, use the same terminology
and similar titles and headings. Sometimes, as in many clinical papers, the title
of the first table can be used to identify the main component of the results for
the sequence of tables, with shorter titles for the tables that follow. For example,
the first table in your review of 25 cases of puncture wounds might be titled
“Puncture Wounds of the Canine Abdomen: Clinical Features.” The second
table could be titled simply “Operative Findings and Postoperative Course.”

Help readers make comparisons by organizing tables logically

Remember, the reason for using tables is to help readers compare data, both
within and between tables. We’ve already noted that, because items can be more
easily compared down a column than across a row, it is best to place independent
variables in rows and dependent variables in columns.

To facilitate comparison between tables, be consistent in table presentation.
When the reader scans the column headings from left to right, and the stub
headings from top to bottom, some sort of order should be apparent in both.
Pre-treatment measurements, for example, might precede post-treatment ones;
disease symptoms could be arranged from mildest to most severe. If there is no
compelling reason for some other type of order, even listing material in rows or
columns by the size of the numbers will help readers make mental comparisons.

The poorestsort of arrangement appears in analyses where dataare arranged by
arbitrary numbering of experimental subjects. Unless the numbers are truly rel-
evant to understanding the results and some sort of explanatory code is included,
experimental designations (A-307, D-10, and PC-2069) mean nothing to anyone
but the investigator. In most cases, one can number the subjects by a conven-
tional numeric system if they must be noted individually in the text. If they do
not need individual mention in the text, omit subject numbers entirely in the
accompanying table.

Research on illustration effectiveness (Macdonald-Ross, 1977a, b) suggests
giving row and column averages as reference points. These averages can provide
a visual focus that allows readers to inspect the data easily. However, do not
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clutter up a table with columns of numbers that could easily be derived from
other columns by simple arithmetic.

Waich the details!

An effective table results from attention to a myriad of details. Study the format
used by your journal. Consult Instructions to Authors and recent journal issues for
table style, and mimic this style carefully. If the journal doesn’t specify details of
table style (and many do not), these details can usually be deduced from tables
that have appeared in recent issues.

Note the style of table numbers and titles, box headings, subheadings, field
entries, and footnotes. Check the use of horizontal and vertical rules. See where
and how sample sizes (n = 230) are reported, and remember to include them.
Without sample size information, your study may have little worth to others.

For numerical data, use decimals rather than fractions to express parts of
a whole number. Do not switch units of measure within a column. Instead,
restructure the table so that the second kind of unit and accompanying data
appear in another column. Alternatively, change one of the units to an equivalent
number of the other so that a single heading can apply to all.

Indicate units in column headings. If row headings designate numerical data,
include the appropriate unit of measure immediately after or below the headings,
either within parentheses or after a comma, depending on the journal’s style.

Fill all cells in the field. This can be done in various ways. One system is to
use ellipses (. . .) instead of dashes for a missing entry, ND for “not done,” and
NA for “not applicable” or “not available.” For maximal clarity, some writers also
append a footnote to the table to explain these abbreviations.

Finally, remember that with the exception of certain camera-ready produc-
tions, print journals generally require that you double-space the entire table,
including headings and entries in the text body. This requirement originally
arose to aid beleaguered typesetters, who also appreciate not receiving photo-
copied reductions. Electronic journals, by contrast, often make you essentially
become the typesetter; the final copy of the table will appear in whatever format
you submit, complete with any errors.

Figures

The general term “figures” encompasses all the graphic aids that are not tables.
Figures should be included in a scientific paper when they are needed for one
of three E’s: evidence, efficiency, or emphasis. Evidence is easy. If something of
visual interest occurs during a clinical trial or a case study, one naturally wants to
document it with a photograph. During a taxonomic study, an unusual structure
or notable range in a character’s expression seems to beg for illustration.
Efficiency implies that the figure is the most succinct and effective way to make
a particular point. In a scientific paper, for best efficiency one should generally
combine material rather than presenting a repetitious series of similar figures.
Draw several curves on a single graph. Combine diagrams to illustrate steps
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in a procedure. Illustrations well prepared for an oral presentation generally
present a relatively limited amount of information; they usually can and should
be combined for publication.

Emphasis, the third E, is a major reason for using illustrations in a spoken
talk. However, journal editors may consider emphasis alone to be insufficient for
a published paper. Most editors will stringently assess each figure’s usefulness in
communicating the message of the paper.

Prepare attractive figures, but beware of “‘glitziness”

Even a cursory look through the scientific literature will reveal that published
illustrations differ widely in their quality. Many details in format lettering and
labeling call for careful attention, and seemingly small things can make the dif-
ference between a so-so illustration and an excellent one. If professional graphic
artists and photographers are available, consult them, and provide them with
samples from the journal.

Increasingly, scientists are using their computers (with associated peripherals
such as scanners and laser printers) to prepare their own graphic illustrations.
If you decide to prepare the illustrations yourself, investigate the latest software
and printer requirements and learn how to use them.

Finally, watch out for what Peterson (1993) calls “glitziness.” It is easy to
become caught up in the capabilities of sophisticated graphics software. Some
truly beautiful illustrations are possible. However, be aware that they can present
a new set of communication pitfalls.

Pay attention to size and scale

Even when there is no overt attempt to deceive, it is possible to present a com-
pelling visualization that through choice of perspective can obscure or distort
data. For example, reducing the size of artwork for publication can do strange
things to scale. Reduction minimizes some flaws, but accentuates others. Use
computer software capabilities or a photocopier with reduction abilities to check
what a figure will look like after reduction.

A horizontal rectangle, with a longer horizontal than vertical axis, will usually
fit within the layout of a journal’s page. (A ratio of 2 vertical units to 3 horizontal
units is considered especially pleasing.) Vertical rectangles often need reduction;
whenever possible, reformat them to a square or horizontal rectangle.

After reduction of the illustration for publication, experts suggest that the
capital letters in written material on the illustration should be about 2.0 mm in
height. Lines for the x- and y-axes and trend lines in graphs should be no wider
than the width of the lines making up the letters. Points on curves in graphs
should not be so large as to merge upon reduction.

If the size of the subject of a photograph is important, include a short scale
line to indicate dimensions. If possible, lay a centimeter—millimeter rule in the
field so that it will be visible in the finished photograph. Apply a scale to a
photomicrograph.
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Write and position legends carefully

Legends (explanatory titles or captions) are a vital part of every figure, not a
tacked-on afterthought. When readers turn a page, they look first at illustrations,
then at the legends. Each title should orient the readers toward the figure’s
meaning and enable them to identify its components without referring to the
text. It should also differentiate that particular figure from all other illustrations
in the paper.

Like a table title, a figure legend should be brief — 8§ to 12 words, as a rule of
thumb —and need not be a complete sentence. A good legend should contain only
enough detail for readers to understand the illustration; consign the necessary
minutiae to the text.

Too vague: Fig. 1. Graph of Relevant Data.

Over-specified: Fig. 1. Outcome of Multifactorial Analysis of Relation-
ship Between Symptoms, Chronology of Appearance, Diagnostic
Signs, Blood Work Constants From The Literature, Health Out-
come, and Other Parameters For Selected Group of Fifteen Adult
Ostriches.

Better: Fig. 1. Multifactorial Analysis of Health Records of Fifteen
Adult Ostriches.

For a classic research paper, the legend for a figure should never be included
within the figure itself. In the final version of the typescript, list the figure legends
(double-spaced) on a separate page at the end of the text. For a verbal presentation,
place the legend directly on each figure.

Graphs

Tables present results; graphs promote understanding of results and suggest
interpretations of their meaning and relationships. Most graphs are based on a
set of numbers, just as most tables are. But, because graphs are fundamentally
pictures rather than a set of numbers, information generally is easier for the
reader to grasp than if it were printed in columns.

Consider graphing data when you feel that the relationships are more vital to
your message than the actual numerical values themselves. Thus, you might use a
graph to present trends dealing with two related variables, one or more variables
changing through time, or data interesting for the magnitudes of differences
which might be related to unknown factors or experimental manipulations.

A graph always shows how one parameter varies relative to changes in another.
One factor may be controlled and varied (temperature, for example) while
some effect of this change is measured. Alternatively, the effect of changes in
some uncontrollable factor such as time may be measured. Temperature and
time in these examples are independent variables, which are usually plotted
in relation to the horizontal (x)-axis. The effect these changes have on some-
thing else (the dependent variable) is normally plotted in relation to the vertical

(y)-axis.
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Fig. 3.2. This effective line graph shows changes in rabies disease incidence
over time.

A range of software programs can produce sophisticated graphs with the
touch of a finger. Use them initially to construct various graphic presentations of
the data and consider the alternatives. Then modify such aspects as fonts, type
size, shadings, and symbols to produce visually dynamic illustrations. Remember,
however, that legibility and comprehensibility should remain the most important
criteria. For further help, see Robbins (2005).

Keep line graphs simple

Line graphs (Fig. 3.2) visually show continuous variables such as movements
over time. They range from straightforward visual representations of trends to
depictions of complex advanced statistical analyses.

Line graphs are probably the most popular of all graph styles in scientific
writing. Unfortunately, studies have shown that many readers lack the skills to
interpret them (Macdonald-Ross, 1977a). If you decide to use line graphs, keep
them as simple as possible. Limit the number of lines in any one graph. Visually
distinguish different lines by using different symbols, and label each line carefully.

Note that line graphs are appropriate only for continuous data. A false impres-
sion may be given if successive discontinuous data points on a graph are con-
nected. It is better to present such information as a bar graph or to leave the
points on the graph without connecting lines.

Reveal general relationships with bar graphs

Bar graphs (Fig. 3.3), also sometimes called column graphs, are used to present
discrete variables in a visually forceful way. They are a single axis graph used
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Fig. 3.3. This effective bar graph relates insect type to left and right turning
choices.

to compare size and magnitude of discontinuous data. They are superior to
circle and line graphs for showing relationships, magnitudes, and distributions
(Macdonald-Ross, 1977b). On the negative side, bar graphs generally provide a
relatively small amount of information while taking up a fairly large amount of
space.

The bars may run either vertically or horizontally, but are most effective when
they run in the direction in which people expect to see them. Thus, vertical bars
are usually used for such data as temperature and weight, horizontal bars for
distance, time, and speed. Whatever type of bar graph you choose, make the bars
the same width, and the space between bars or bar groups one-half of a bar width.

Subdividing bars by shading or cross-hatching adds another dimension of
information. Divided bar graphs, for example, can compare percentages of a
whole rather than relative size. In this, they function much like pie charts but
are less effective. Superficially similar to bar graphs, histograms are two-axis
graphs that typically show frequency distributions by use of a series of contiguous
rectangular bars.

Llustrate the relationship of parts to a whole with
divided-circle graphs

Most of the time bar graphs seem to be superior to circle and line graphs for
presenting information. However, divided-circle graphs (Fig. 3.4), also called pie
charts, are well suited for showing the relationship of a number of parts to the
whole.

Although divided-circle graphs make a striking visual display, they present a
fundamental problem — the impossibility of comparing areas. They are generally
used best as attention-getting devices, and even then, only when comparing five or
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Fig. 3.4. This effective divided-circle graph shows flower contributions to a
typical honeybee pollen load. To aid comparison, percentages are included.

fewer items. Pie charts are most effective when the segments are arranged by size,
with the largest slice beginning at twelve o’clock. Continue placing progressively
smaller segments clockwise. Note that some graphics software programs gener-
ate counterclockwise charts. Combine or exclude slices smaller than about 5%
(18 degrees).

Let pictographs show numerical relationships in a visually
symbolic manner

Pictographs are essentially bar graphs composed of pictures. They can be very
visually effective. Pictographs are of two basic types. In one, each symbol cor-
responds to a specific quantity (Fig. 3.5). In the other, uniformly sized symbols
each represent a given quantity with a key provided that explains their meaning
(Fig. 3.6). Often the precise actual numbers are posted at the end of each row or
column, since such graphs present an approximation.

Perhaps because their construction historically has fallen within the domain
of graphic artists, pictographs rarely appear in scientific writing, though they
might provide welcome variety. With the ease with which they can be constructed
using computer graphics software and clip art, they deserve wider use. They are
especially appropriate and effective for illustrating oral and poster presentations.
If you choose to use this type of illustration, remember that pictographs are most
effective when the symbols chosen represent the subject matter and are arranged
in a way that presents an organized message.

Limit logarithmic and scatter graphs to professional audiences

A logarithmic graph has a series of open and grouped vertical lines in which the
top and bottom of each group, called a cycle, is a decimal or multiple of ten. It is



Choosing and using visual aids 69

110
94

63

38

v,
NN R N

1985 1990 1995 2000

Number of Flowering Plant Species in West Suffolk County

Fig. 3.5. Inthis effective pictograph, the length of the flower stems corresponds
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v =10 cases of heart disease

1971-1980 vywwyw 50 cases
1981-1990 YyYyvyvyewywyewyy 80 cases
1991-2000 VYVYYYYYYVYYVYVYVYVYYVYYYY 220 cases

Increase in heart disease reported to the Wellheart Clinic during the past thirty years

Fig. 3.6. A pictograph that uses heart symbols to show disease incidence effec-
tively reflects the subject of the graph.

commonly but not exclusively used to compare data in which rate of change is
more important than quantity of change. (An exception sometimes encountered
in medical writing is the dose-response curve. Dose is logarithmically related to
response in terms of number of receptors stimulated.) A logarithmic graph also
is frequently used when the vertical range is so large that it is difficult to fit on a
normal graph. However, because nonscientific readers may not be familiar with
a logarithmic scale, they can find such graphs confusing.

Scatter graphs, which sometimes are charted logarithmically, use single uncon-
nected dots to plot instances where two variables (one on each axis) meet
(Fig. 3.7). The pattern of the dots expresses the relationship (a diagonal trend,
which is sometimes approximated by a line on the chart) or lack of a relationship
(random scatter) between the variables. Interpreting scatter graphs also can be
difficult for nonscientific readers.
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Fig. 3.7. This scattergraph shows that larger male wasps, as measured by head
width, have greater mating success.

If you choose to use either of these graphing techniques, it is imperative that
their significance be explained and discussed clearly in the text.

Keep graphs visually honest

Never finagle line fits, delete data points that do not fit the curve, or make data
points so large that almost any curve would pass through them. Never distort the
importance of a trend, tempting as this may be.

Begin at zero for the scales used for the axes of a graph whenever possible;
choose these scales carefully and mark them clearly. Sometimes, a valid trend
would disappear on a scale with a zero axis, and all the data points would bunch
up at the top. In this case, signal readers that the graph’s axis is not at zero, either
with a statement in the text or with a break in the axis.

If a point represents the mean of a number of observations, indicate the mag-
nitude of the variability by a vertical line centered at each point. State whether
standard error (SE) or standard deviation (SD) is used and specify number of
observations or sample sizes. Again, learning the capabilities of your graphing
software ultimately will simplify the task. Most programs have the ability to
insert such information automatically with a few keystrokes.

When two or more graphs or other figures are to be compared, draw them
to the same scale. Then, if possible, group them into a single illustration. To
minimize reduction during printing, place them one above the other rather than
side by side.

Remember the limitations of your data. The extrapolation of a line or a curve
beyond the points shown on a graph may mislead both the writer and the reader.
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As Winston Churchill is said to have remarked in another context, “It is wise to
look ahead but foolish to look further than you can see.”

Photographs and other documentary illustrations

Image-based illustrations document discoveries. For most people, this is the
first category that comes to mind when they hear that a paper has “figures.” The
photograph of a new organism, the print of gel banding patterns, the radiographic
image of a patient’s bone deformity . . . all would belong here, and in traditional
publishing, all would be submitted as a photographic copy. Happily, electronic
copy is now widely accepted, so all such illustrations usually can be scanned and
submitted as digital files.

When it comes to showing exactly what something looks like, nothing beats
the realism of a photograph. At the same time, the realism of a photograph can
be disadvantageous. It may include clutter, extraneous information, or compo-
nents you would rather not show. Happily, the ease by which digital images
may be altered makes it possible to fix such distracting components (and almost
inexcusable not to do so).

Photographs also will usually only show surfaces, not the components or
interior parts that a line drawing or diagrammatic exploded view can provide.
Sometimes a traditional drawing is still a better choice.

Obtain the best photographic documentation possible

Take a number of photographs. Focus sharply. Provide a plain, uncluttered back-
ground that does not draw attention away from the object you’re depicting. Be
alert to the distracting presence of miscellaneous items. Try a variety of angles.

Colored pictures usually are preferred for oral or poster presentations. How-
ever, most print journals still restrict photographs to black and white images
unless color illustration is essential for reasons of evidence, efficiency, or empha-
sis. For example, color could be vital in illustrations of faint rashes, subtle histol-
ogic stain colors, or multicolor scan images. Note also that journals that still
use nondigital images generally prefer color transparencies (slides) and color
negatives (negatives for color prints) rather than color prints.

Compose the illustration to help the reader

After a photograph has passed the tests of quality and message, it should be
tailored to give the reader as much help as possible. Crop the picture to a shape
suitable for the journal’s column dimensions without reduction in size while
retaining the highest possible resolution. Select the center of the field to coin-
cide with the center of interest. Affix letters and arrows identifying features of
interest. Keep any lettering horizontal and consistent in size, font, and con-
trast for easy reading. In the legend, include a key to any symbols used. In the
corner of the photograph, if appropriate, include a bar to represent a length
suitable to the scale. Finally, consider grouping related figures into a single
plate to fill an entire printed page, rather than scattering them throughout the
publication.
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Fig. 3.8. A typical drawing tree gazinta describes a relatively stable situation.

Explanatory artwork

Explanatory figures are those produced to communicate organization, illustrate
basic principles, or otherwise clarify text materials. This figure type includes both
drawings and diagrams — all of those flowcharts, diagrams, maps, algorithms, and
line art that some people characterize as “illustrations” as opposed to tables and
photographs.

The effectiveness of explanatory artwork depends upon how well it focuses
audience attention. This type of artwork must show the specific details of key
features while omitting others to minimize the distraction caused by extraneous
details. A common mistake in scientific writing is to present a figure that is much
more complex than the accompanying prose. When this is done, illustrations
confuse rather than inform readers.

What is a gazinta?

Bjelland (1990) uses the term gazinta, derived from the expression “goes into,” to
encompass those visuals that show the hierarchy and complexity of actions within
an object, idea, or institution. A gazinta shows organization and interaction.

One type of gazinta, the drawing tree (Fig. 3.8), is essentially static. It shows
the subassemblies that make up an assembly and the assemblies that make up an
object or an organization. In a drawing tree, all subassemblies of the same relative
importance or size appear on the same vertical level. As you progress from the
bottom to the top of the tree, the subassemblies become larger, more complex,
and fewer in number.

The other main type of gazinta, the block diagram (Fig. 3.9), depicts objects
or materials in action. The block diagram is one of the most often used visuals
in engineering and science to show how things interact with each other, be they
electrical, mechanical, chemical, biological, or some combination of these.

Bjelland (1990) considers block diagrams to be the most useful of all visual aids
for any type of technical writing, and recommends these guidelines. To reduce
confusion, show only major actions and interactions, and limit the number of
blocks to no more than 8 to 10. Use short functional names for each block, and
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Fig. 3.9. A typical block diagram gazinta depicts a procedure. Redrawn after
Rogoff, J. B. and S. Reiner, 1961.

use exactly the same name in the accompanying text. Keep the functional level
the same within a specific block diagram. If abbreviations or specialized terms are
used in the diagram, define them the first time they appear in the accompanying
text or include them in the table legend.

Indicate each flow with a different type of coded line, reserving solid lines for
the primary flow. Use arrowheads to indicate direction, which should flow the
way one would read standard printed information. In the text, use an order of
presentation that follows the direction of flow on the diagram and that carries
the flow through the entire diagram.

Guide readers through sequential processes with algorithms

An algorithm, often written out as a flowchart, is a logical sequence of steps
for solving a problem. Examples of algorithm use include such varied items
as decision charts, taxonomic keys, income tax forms, and medical treatment
guidelines (Fig. 3.10).

Algorithms have an important place in biological and medical communication,
and deserve to be more widely used. Once people become familiar with their
use, they generally find algorithms quicker and easier to follow than narrative
instructions.

Study their use in your respective discipline, and follow style guidelines. For
additional help, consult Wheatley and Unwin (1972). Remember that an algo-
rithm’s strength lies in its clarity, so it must be kept free of clutter and extraneous
detail.

Use traditional drawings to focus on essentials

Not surprisingly, pen-and-ink artwork has long been an integral part of techni-
cal communication, particularly in the biological and medical sciences. Carefully
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Fig. 3.10. This algorithm shows the steps involved in screening dogs for canine
heartworm infection.

prepared two- or three-dimensional renderings of an object are often clearer than
a photograph and thus preferable to it. The major advantage of drawings is that
you can control the amount of precision while deleting extraneous details. Draw-
ings also permit unique perspectives such as cutaway, blow-up, and exploded
ViIews.

Several computer graphics packages are on the market. Some are very good,
but there is a vast difference between creating artwork on a computer and creating
it with pen and ink on paper. For some people, producing their own drawings is
exhilarating. If you are not one of them, employ a graphic designer or professional
artist. For best results, communicate carefully and allow sufficient lead-time for
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the project. Remember that artists aren’t technical experts. Sketch your ideas,
explain your terms, provide correct spellings, and check everything carefully for
errors during preparation of the artwork.

EXAMINING YOUR CHOICES

Visuals must mesh with your text, like two gears that drive a machine. They
must work in concert, each dependent on the other, to describe an object, a
process, or a concept.

— H. Bjelland (1990)

Now that you’ve considered your choices and prepared a number of possible
visual aids, it is time to reflect on some questions that concern them all.

Is this illustration really necessary?

Any use of illustrations should begin with this question. Sometimes, scientists
thoughtlessly include excessive illustrations, merely because they have them.
Often aline or two of text would give the same information far more economically.
Do readers really need to see a pie chart showing the same data that you’ve already
presented in a table? Do they need to see a “typical” chicken afflicted with a well-
known disease?

Am I pushing the limits?

Because illustrations cost more to reproduce than text, some publications strictly
regulate their number, size, and type, and may even assess a surcharge for each
figure or table. Knowing this at the outset can save time and money; check
Instructions to Authors and format in the journal itself. Reduce the odds of editorial
requests for last-minute revision by not pushing the limits unnecessarily.

An oft-stated general rule is that a scientific document should include no
more than one table or illustration per 1,000 words of text. (Use the word count
feature of a word processing program.) Another general guideline says to use no
more than one table or illustration per four pages of double-spaced typescript
text.

Some print journals accept only tables and line drawings (such as diagrams
and graphs). Others also accept black-and-white photographs, which are then
photographed again through a screen grid to produce dots that make up a printed
image called a half-tone. Half-tones are usually of lesser quality than the originals
because the printing process may transfer the image several times with some loss
of clarity at each transfer.

If you feel a need to include colored pictures or graphics, be sure to inves-
tigate the journal’s policy. Few print journals will publish color illustrations
without passing at least part of the cost on to the author. On the other
hand, electronic publications can easily include colored illustrations at no extra
cost.
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Exercise 3.1. Table and figure choices

The choice of a format in which to present data is a judgment call. What
would you use for the examples below? Your choices need not match
ours if you feel you have sound justification for them.

1. You’ve gathered aseries of data concerning serum electrolyte values
and acid-base variables for patients with Rocky Mountain spotted
fever. How should you present this information?

2. You’ve examined mortality rates for male and female cats with
thyroid disease in individual states of the United States. Should
you use a table, graph, or figure?

3. You’ve measured maximum systolic blood pressure after giving
white rats various doses of epinephrine, and have measured changes
in their blood pressure throughout a two-week period. You also have
a really nice photograph of one of your control rats. What should
you publish, and in what form?

4. Inacase series study, you have collected data from a physical exam-
ination of animals at admittance, from observations during the
course of the illness, and from final autopsies. You’ve decided to
present the data in a table; how should they be arranged?

5. You have written a paper about a new species of a bacterial pathogen
implicated in a case of pneumonia. You have a chest roentgenogram
showing typical findings of pneumonia, and an electronmicrograph
of newly discovered structural details of the bacterium’s flagellum.
Should you include either or both in your paper?

6. You have identified a genetic syndrome that appears in members of
a canine lineage as a Mendelian autosomal dominant trait. Should
you present your evidence as a table, a graph, or text?

7. You have researched deaths from mycoplasmal diseases in turkeys
and ducks, and found a significant difference in mortality rates.
How should you show this difference?

Is each illustration independent but integral to the text?

Each table or figure should be a complete unit of communication, containing
enough information so that a reader can grasp its essential message without
referring to the text. For this, the title must be adequate, the headings complete
and explanatory, and the data arranged logically. All symbols and images within
the graphic aid should be explained. If necessary for understanding, experimental
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details should be given in the legend. If appropriate, matters such as degree of
magnification and type of stain should be included.

Do not take chances on losing readers to frustration. During the editing
stages, show your illustrations to someone who knows little or nothing about
your research. Then listen, and be prepared to address the sometimes-surprising
questions your illustrations may raise.

Paradoxically, while visual aids must be independent of the text, they also must
be indispensable to its story. As mentioned before, readers almost always look at
illustrative material first. Good visual materials should spark reader interest, and
interested readers will have questions. To be effective, use the text to answer these
questions. The text, in turn, must refer specifically to each table and figure by
number and clarify why the information is needed. The statement that “Table 1
gives results” falls short in this regard, and simply wastes space. Instead, use
the text to summarize or explain, as in “Affected animals had significantly lower
weights (Table 1).”

Consider the set of tables and other illustrations in a document as a sequence.
Together, they should tell a story — the message of the paper. However, avoid
saying “as shown in the table above/below” because the position and page number
of a table is not determined until typesetting by the printer.

Are figures labeled carefully and completely?

Scientific illustrations have two sorts of identifiers. One appears in public — the
table titles and figure legends that identify them in the printed material and
explain their importance. The other is their private label, a code assigned to
travel with them to be sure they end up in the right place. Mistakes occur when
the identifiers do not correspond well.

This can be a particular problem with conventional printed journals that
require paper (“hard copy”) submissions, because they tend to store and process
illustrations separately from text. Tables and figures can be misplaced during
handling and are particularly vulnerable to loss, a costly situation. As soon as an
illustration is prepared, photograph or scan it, and identify both the original and
the copy with your name, a short version of the article or report title, and a unique
number. Check the Instructions to Authors for the mechanics involved; some jour-
nals require adhesive labels whereas others prohibit them, for example. To avoid
the embarrassment of an incorrectly oriented figure, include the word ¢0p, accom-
panied by an arrow. Never write on the illustration itself; the writing can show
through on the front. When it comes time to send your paper off to an editor or
publisher, you will place hard copies of figures in a separate oversized envelope,
and label the envelope with your name and a short title for the paper. These will
be put into a larger envelope that also contains your typescript. You should plan
to keep any original artwork and at least one duplicate set of all illustrations.

With digital submissions, it is easier to become complacent about these safe-
guards because the illustrations exist as electronic copy that can be included in
the text file. However, in addition to the computer file that contains the illustrated
text, it is still good form to include a separate file with a copy of each illustration.
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Label each digital illustration with both its number and a short identifier, and
append the file type. Unless the Instructions to Authors specify another format,
here is an example to consider:

Figure legend: Fig. 2. Outcomes of 158 courtship pairings of Melittobia
digitata males with females of the long-winged form.

Hardcopy label: Gonzalez, Courtship ms. Fig 2. Pairing flowchart.

Digital file label: Gonzalez Courtship Fig2.jpg
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Visual support for the spoken word

How can I know what Ive said until I see what ’m saying?

Visual communication has both a verbal component — usually visual presentation
of the written word — and an illustrative component such as drawings, diagrams,
photos, and charts. Although both elements have long received attention in
the context of the primary research article, scientific writing instruction has
tended to treat other avenues of visual communication as a relatively minor
afterthought. The implicit assumption has been that oral presentations and
posters, for example, involve only minor repackaging of a written document
and its supporting graphics. In recent years, however, this assumption has been
challenged by new developments that have increased the status of visual com-
munication and given it a surprisingly powerful role to play in modern scientific
exchanges.

First, there is an increased understanding that when people look at a visual
pattern, they process it differently than text (Gurak, 2000). Humans read each
word of text and decipher it, but they quickly and efficiently perceive visual
information as a unit. (How many times have you tried to assemble something
and after puzzling over the written instructions, found yourself turning to the
diagram?)

Second, communication has become increasingly international, with the
outcome that science and technology must be accessible to people across a
variety of languages. The use of symbols rather than written words can make
concepts understandable around the world. At the same time, web publishing
has given visual communication much greater force and international presence.

Last, but equally important, graphics are no longer the domain of paid spe-
cialists. Visual materials have become easy and inexpensive to produce, and in
response, people tend to use them more. Presentation software makes it relatively
straightforward to generate graphics that once took hours or days to create.

As a consequence, visual communication has become a basic part of almost all
effective scientific presentations. With this widespread use, there has come the
realization that while in some ways, the process of choosing and using visual aids
is the same regardless of whether they will support a written or a spoken text, in
other ways, it differs markedly.

79
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ORAL PRESENTATIONS

PowerPoint is both the most professional and the most boring means of giving
a presentation. (There is an interesting contradiction to be explored here.)
— M. Alley and K. A. Neeley (2005a)

From time to time you undoubtedly will be called upon to make an oral presen-
tation to colleagues, administrators, or a general audience outside your special
area of expertise. Nearly every such presentation uses some type of visual aid.
Traditionally the most popular has been the 35-mm slide, followed by over-
head transparencies, flipcharts, films, videotapes, and even filmstrips and the old
schoolroom standard, the chalkboard or marker-board.

Increasingly, oral presentations are being accompanied by computer-based
visuals, and several excellent supporting software programs now exist. By far the
most popular of these at present is Microsoft PowerPoint®, which is estimated to
have at least 250—-400 million users around the globe (Alley and Neeley, 2005b).

It is difficult to overstate the impact that PowerPoint has had upon presen-
tations in academia, business, and professional societies, where it now is being
used to make an estimated 20 — 30 million presentations every day. Few scientists
have escaped becoming familiar with the now nearly universal PowerPoint slide:
a phrase headline supported by a bulleted list. In fact, the name PowerPoint
is rapidly becoming a generic synonym for bulleted lists and “presentations.”
Part of the program’s popularity is undoubtedly the ease with which the default
templates allow a busy person to construct and deliver an outline-style talk.

In response to this popularity, we’ll concentrate on electronic presentation
software in this chapter. However, we’ll also remind you of alternatives and
present some background on a PowerPoint controversy that has arisen.

Media choices for oral presentations

Oral presentations come in many forms, from a simple classroom talk at the
chalkboard to a glitzy multimedia computer-based presentation accompanied by
abundant handouts and web-based video clips. The world’s current fascination
with technology has led presenters inexorably toward presentation software.
However, it is important to realize that other options continue to be available,
and for some situations may still be a better choice.

In fact, the very popularity of PowerPoint has raised problems. Presentations
can be so predictable and generic that for the audience, all presentations begin to
look and feel the same. Everyone present is lulled into complacency, including
the speaker. When PowerPoint takes front-and-center stage in a presentation, a
speaker easily can lose the opportunity to connect with his or her audience. At
one time or another, probably all of us have had the sense that the text-dominated
slides in such a presentation are serving more as notes for the speaker than as aids
for our own understanding. When full sentences are projected on the screen (Fig.
4.1) while the speaker reads them verbatim, the results can be especially deadly.

Additional problems have arisen as speakers stretch the limits of this presen-
tation software, trying to use a single set of slides not only as speaker’s notes and
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HONEY FACTS

m Honey is significantly sweeter than table sugar and has
attractive chemical properties for baking.

m Liquid honey does not spoil. Because of its high sugar
concentration, it kills bacteria by osmotic lysis.

m Natural airborne yeasts cannot become active in it because its
moisture content is too low.

m Natural, raw honey varies from 14% to 18% moisture content.
As long as the moisture content remains under 18%, virtually
no organism can successfully multiply to significant amounts
in honey.

Fig. 4.1. What not to do: full sentence points on a presentation slide. The only
thing worse would be to subsequently read them verbatim to the audience.

slides the audience will see, but also as handouts to be studied after the talk and
as a substitute for a written paper. Seldom can this all be done simultaneously
and well.

Simple choices still work well

The simplest of visual aids for a spoken talk is a chalkboard, whiteboard, or large
paper pad (flipchart). From the presenter’s point of view, the downside of these
simple aids is that they can be difficult to prepare in advance. However, from the
audience perspective, this is an advantage because a live performance is always
more interesting to observe than a prepackaged one. The most effective way to use
these aids is selectively. Intersperse face-to-face commentary with written items.

Midway between a live and a packaged approach is the overhead projection
transparency. Not too long ago, one of these projectors was in almost any work-
place, conference room, or classroom. It will be a shame if they are totally eclipsed
by laptop-based presentations. Overheads are easy to use, require few technical
connections, and don’t crash or suffer other computer hang-ups.

Even more important from a pedagogical standpoint, transparencies can be
developed in advance, but easily and simply modified with a wipe-off marker
during the talk. (One should note that there are ways for the manually dexter-
ous user to do this with PowerPoint, too, but not as simply or intuitively.) By
underlining, circling important points, or writing words in the margins, you can
give your presentation extra life. If this is done in response to audience input,
listeners will be drawn closely into your talk and feel a stronger connection with
you than you would ever attain with a canned approach.

For some oral presentations, particularly those that require many photographs,
35 mm slides are still a good choice, either in a simple carousel projector or
imported into a computerized presentation as digital copy. Audiences tend to
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enjoy the movie-like atmosphere. However, they may get drowsy sitting in dark-
ness, and disconnect with you and your message. Avoid giving one long slide
show. Instead, dim the room lights only enough so that slides can be seen
while some light is still focused on you. Show slides in batches, with breaks in-
between where you turn away from the projector and connect directly with your
audience.

Teleconferencing and such: real-time but cyberspace

Teleconferencing (also known as interactive television or I'T'V) connects presen-
ters and an audience in another location. Popular both as a way to save travel
costs and as a way to provide distance education to students in different physical
locations, it shares similarities with face-to-face oral presentations. However, a
good teleconference is more than simply a camera aimed at a presenter. Ask for
advice from professionals, and take it.

Close cousins to teleconferencing include multimedia modules and computer-
based training (CBT), but these relatives are not live presentations, and thus they
lack the real-life interactions that occur between a presenter and an audience.
They are more akin to conventional writing, spiffed up with heavy use of graphic
aids and specialized computer capabilities.

The choice to use computer-driven presentation software

Rather than automatically turning to PowerPoint or its kin when you are asked
to speak before a group, begin by learning what is expected and customary for
this particular presentation. Consider your audience and purpose. Perhaps you
will even find that presentation software would be overkill. If so, choose one of
the other presentation formats. A presentation doesn’t have to be PowerPoint to
be professional.

As we urged in the context of written works, with presentation software it’s also
important to know when to quit. Don’t overdo the technical features. Audiences
welcome a simple layout with well-planned color and graphics.

Developing a traditional text-based oral presentation

Though PowerPoint and its kin have eased the mechanics of preparing slides,
they are but a tool, and in actuality the process of preparing an effective oral pres-
entation hasn’t changed all that much. First, a presentation must be designed
according to sound communication principles and techniques. Then, slides are
created to outline an introduction, main points, and a conclusion. Transitions,
graphics, and other aids to understanding are inserted in appropriate places.
The talk is given a trial run before a small group of interested individuals
who (one hopes!) will give appropriate input to help the presenter polish any
rough edges in the talk. Then the presentation is practiced, much as one always
would have done in the past, but now it is accompanied by an electronic slide
show.
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First, organize your material

All the technical expertise in the world will not be enough if a talk is poorly
organized. If you want an audience to follow along, you must provide a road
map. This is as true for spoken exchanges as it is for written ones. When you are
planning to use computer-based text-heavy graphics, it is doubly true.

Talks can be organized on a deductive or inductive pattern. With deductive
organization, you present your bottom line (conclusion, solution) at the onset.
Then, you provide the background and information that led you to this conclu-
sion. Inductive organization is more or less the opposite of deductive. First, you
give a general sense of the main topic, then present specific instances or examples
as evidence, leading to the conclusion that you state at the end.

Deductive organization is probably the more common approach to scientific
presentation, with good reason. This scheme helps audiences understand and
follow a speaker, because they can see clearly how supporting material fits into a
bigger picture. In contrast, even a well-done inductively organized presentation
can be difficult to follow. For this reason, we recommend avoiding this approach
unless you are sure it is the only possible alternative. For example, inductive
presentations are sometimes useful if you know the audience might not readily
agree with your conclusion unless they are led through the train of thought
leading up to it.

Other organizational systems less commonly used in oral presentations also
may be worth considering. Refer back to Table 2.1.

Pay special attention to transitions and your conclusions section

Transitions play a particularly important role in a well-done oral presentation.
When people read information, they can always turn back a few pages if they
forget something. As a speaker, you have to remind your audience where you are
headed as you advance through the presentation.

Conclusions are also even more important than in paper copy, because they are
the part of the talk that people remember best. To create a solid organization, con-
struct the conclusion at the same time as you create the introduction. Conclude by
succinctly reminding your audience about the points you have made and why you
consider them to be important. (Do not introduce new ideas or new topics, how-
ever.) When appropriate, restate an appeal for action, and/or provide resources
for further information. Don’t just say, “well, that’s all I have for you today.”

Remember to use a transition to lead to your conclusion, just as you did for
the rest of the talk. It can be simply the time-honored bridging phrase, “In
conclusion . . .” Other possibilities include “Let me close with a few final ideas”
or “Where does this leave us?”

Follow simple guidelines

The “how” of slide production is less important than the “what.” The mechanics
of using text-based presentation software are fairly straightforward, and rely
heavily on default templates to guide you through the steps involved. Follow the
suggestions in Table 4.1, and it will be hard to go wrong.
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Table 4.1. Creating an effective electronic presentation (based on material from
University of Georgia Center for Teaching and Learning)

Area of concern Guidelines

Content Include only one idea, point, or comparison per slide.
Present concisely worded material in outline form.
Include some interactive elements (e.g., questions, polls) to keep
audience engaged.

Format Limit slide titles to 2—5 words.
Use horizontal orientation rather than vertical.
Left-justify text and left-align bullet points.
Use color with caution.

Graphic aids Use charts or graphics rather than data tables.
Place graphics off-center to the left (leaves more room for
text and leads eye to text).
Simplify graphics.
Things to avoid Complex drawings lifted directly from paper publications.
Extraneous or excessive information.
Lengthy data tables.
Gratuitous sound effects and slide transitions.
Slides read directly to the audience.

Back up plan Know at least two ways to advance the slides, in case one

method doesn’t work.

Know how to black out the screen to draw audience attention
back to you.

Know how to get directly to any slide in the presentation.

If technology fails, spend no more than 5 minutes maximum
trying to fix it.

Be prepared to speak directly to the audience without any aids.

Visual elements of text, tables, and figures

Simplicity is classy.
—R. R. H. Anholt (2006)

Appropriate typefaces, fonts, and other text features are all part of communicat-
ing visually, whether you create an overhead, a 35 mm slide, or a presentation
software screen. Once, these decisions were the domain of graphic artists, print-
ers, and typographers. Today, with personal computers, even children use fonts
and typesetting. However, few people use them effectively.

Terminology

Mainstream type fonts are of two basic kinds, serif and sans serif. A serifisa “foot,”
one of the crosslines at the bottom or top of a letter such as I. Serif fonts have
these crossbars; sans serif fonts do not. Helvetica and Arial are two common sans
serif typefaces; the block strokes that form their letters are straight up and down.
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Type also comes in two kinds of dimensional spacing: monospace and variable
width (proportional). With monospace fonts such as Courier, every letter occu-
pies the same amount of space, just as they did on an old typewriter. Proportional
typefaces have letters of varying widths, more akin to traditional printing styles.

Most conventionally published journals use a proportional serif font style such
as New York or Times for their basic text. (Electronic journals often use only
sans serif fonts.) Serif fonts are often considered the most readable, because
the serifs help guide the eye from letter to letter. Serif typefaces include the
oldest type styles, and thus are the most familiar. They are also considered more
formal.

Type size is based on points, an old system of measuring type that has carried
over into the digital age. For most typefaces, the size in points approximates the
distance between the tops of the tallest letters (which may be either the capitals or
the lowercase letters with ascenders, like b and h) and the bottoms of the letters
with descenders, like p and q. For this reason, a given point size may change in
measurement when a different font is selected.

How to choose typefaces and fonts for oral presentations

Historically, with conventional printing, fonts were expensive. Each font was an
actual physical device that the typographer purchased. For any given typeface,
most typographers had four basic fonts (regular, bold, italic, bold italic). Today,
with computerized printing, the choices are endless, and fonts and typefaces can
be easily changed with a simple click. But such easy choices bring with them the
temptation to mix and match so much that you end up with a mishmash that
distracts the audience so that they miss your message.

Unless specified otherwise by the group sponsoring your presentation, the
following conventions are generally accepted. (The same guidelines should follow
for handouts, the printed materials you may wish to distribute as part of your
message.)

Stay within one family of typefaces, or use one family for the body copy
and another for the headings. For example, consider using Helvetica bold for
headings, Times New Roman for body copy, and plain Helvetica for captions and
labels on charts and graphs.

Use primarily plain text fonts. Avoid ALL CAPS and use italic and bold
sparingly.

How big should my text be?

Type size should be appropriate for the room layout and audience, which means
generally larger than you first think is right. Swinford (2006) suggests basing
text size on the “8H rule”— the maximum viewing distance should be no more
than eight times the height (H) of the screen. If you then keep your font size at
least 1/50th the height of the screen, your text will be legible at the maximum
viewing distance. (In PowerPoint, this translates to an absolute minimum font
size of roughly 14 points in a font such as Arial or Helvetica. If the text seems
too small, it should be increased to roughly 28 points.)
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For large rooms, some experts suggest 30 point boldface sans serif type. Never
use less than 14 points, even for a small conference room.
Make all headings at least 2 points larger than the body text.

Simplify tables and other numerically based visual aids

A table is a good visual device to show choices between categories of information.
However, in print format, users can refer repeatedly to tables if they need to
reference information; during an oral presentation, they can’t.

Spreadsheets or tables containing too much information have the potential to
become the worst type of visual aid possible. Audiences simply cannot assimilate
all of those columns and rows. Furthermore, overloaded tables can be difficult to
read on a screen. Never ever plan to include such material with the comment, “I
know you can’t read this, but . . .”!

If you must share complex information in table format, make a simpler version
for the talk and bring along handouts of more complex or detailed tables for your
audience to review later if they wish.

Bar charts, line graphs, and pie charts need similar simplification. Watch
not to use too many different types of shading and screening to separate their
components. When these visual aids are kept simple, clear, and easy to read, they
can pack a lot of information into a concise format. Again, save complex details
for handouts.

Include other illustrative materials

Well-chosen drawings, diagrams, photographs, and other illustrations capture
audience interest and attention, and can help explain complex ideas. Adding
them to your text message can enliven a presentation and make information
more understandable. Unfortunately, illustrations drawn from material prepared
for print publication can suffer from too much detail for effective use in an oral
presentation. Simplify whenever possible. If the larger picture is necessary, briefly
orient the audience to it. Then isolate the relevant portion, enlarge it, and present
just that part.

Proportion and scale: the shape of graphics

In general, graphics should be greater in length than in height unless the nature
of the data suggests otherwise. Tufte (2001) suggests that graphics be about 50%
wider than tall. He uses the horizon as an analogy; our eye is naturally practiced
in detecting deviations from the horizon, he says, and graphic design should
take advantage of this fact. Furthermore, horizontal graphics can more easily be
labeled. It is easier to write and read words that stretch horizontally from left to
right, rather than vertically.

Give your graphics a test run

Before you spend a lot of time refining a particular visual aid, make sure it
reproduces well in your visual medium. Sometimes a chart or table doesn’t look
the same when it is copied into presentation software.
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At times a graphic may look good on a small computer screen, but be too
detailed when projected. Remember, if you present too much information, people
won’t understand any of it. Ideally, test your visuals on a sample audience. What
looks clear to you may be confusing to others.

Pay attention to details. Is your graphic of an appropriate size? Remember, it
must be large enough for the room in which you’ll be presenting. Are all the axes
and parts labeled? Does the graphic itself have a short, clear informative title?

Don’t expect the audience to know what to look for. Point out the important
features with appropriate indicators such as type of a different color, use of bold
type, highlighting, or arrows.

Finally, if the material is not wholly your own, include a reference stating
where you obtained this information. A simple author and source citation will
usually suffice. Use a smaller font size than other text.

Use color wisely

Like fonts, charts, and other visual communication, color was once a scarce com-
modity. Color printing was expensive, and color overheads required hand appli-
cations of color overlay material. New technologies have simplified the technical
aspects of using color, but wise color use is still a complex issue. Judge each
situation on its own merits; just because you can use color doesn’t mean you
necessarily need to.

Do your homework. If you will be speaking to an international audience, be
sure to note that certain colors take on different meanings in different cultures.
Red means prosperity in China but implies death in many African countries. An
Internet search almost certainly will yield the background you need. If you will
be speaking to an organization, company, or industry group, you may be required
to use a specified color palette and/or format template. Check in advance.

Instead of relying solely on color to make your points evident, build in some
redundancy. Remember that an estimated one of every 10—12 men has some
type of color perception problem. (Blue—green and red—green combinations are
particularly problematical.) If you are presenting a line graph, for example, define
the lines both with color and with line thickness or pattern.

When using colors to differentiate text and backgrounds, note that despite the
many instances of white text on blue you may have seen, audiences generally prefer
dark text on a light background rather than the reverse. Avoid either white text
on yellow fills or dark colors on dark backgrounds or fills. Aim for contrast, but
avoid a stark white background because when projected, its brightness sometimes
gives people headaches.

The PowerPoint controversy

As PowerPoint use has become ubiquitous, an acerbic backlash to its use has also
gained momentum. Use of the program’s default slide design, in particular, has
been blamed for everything from the Space Shuttle Columbia disaster (Tufte,
2003) to economic losses in the business community (Simons, 2004). Editorials
have asked “Is PowerPoint the Devil?” (Keller, 2004) and “Does PowerPoint
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Make You Stupid?” (Simons, 2004). As outlined by a host of critics, Power-
Point’s short phrase headings and bulleted lists limit the amount of detail that
can reasonably be presented. They create many layers of hierarchy, and these ulti-
mately obscure logical connections (or the lack of them) between the facts used
to make an argument. Their use oversimplifies and fragments the subject matter.
Other criticisms include the fact that bullet points may leave critical assumptions
unstated, and that the format gives an illusion of preparation, whether or not it

is justified (Bell, 2004).

“Intelligent use”

Supporters who defend PowerPoint generally agree as to the validity of the
criticisms. However, they endorse the program itself as an extremely efficient
timesaving, enabling tool that can be used poorly or well. An intelligent approach,
these advocates say, is to avoid simply slipping mindlessly into what everyone else
is doing. Among the most vocal advocates of “intelligent use” is Cliff Atkinson
(2005). He views PowerPoint not as a presentation method, but as a medium —
an entirely new category of mass communication in which, almost like a second
language, it takes a significant effort to become fluent.

These advocates urge presenters to learn how to override the program’s
defaults and start developing slides in styles that better address the needs of the
audience and the specific nature of the material being presented. (This task may
or may not become easier as newer, more sophisticated versions of presentation
software arrive on the scene.) They also urge that a presentation be understood
as a total experience of which slides are just one part, paying thoughtful attention
to non-slide aspects of design, structure, and delivery.

Alternative Design

Michael Alley and various colleagues have been leaders in the search for a more
effective slide format to substitute for PowerPoint’s bulleted text approach. As
part of this search, Alley and Neeley (2005b) undertook a four-year study that
involved interactive critique sessions of more than 400 technical presentations.
The result was an approach the two researchers call simply “Alternative Design.”
It includes the guidelines shown in Table 4.2.

The two most striking differences between traditional PowerPoint slides and
Alternative Design are the use of a full sentence headline and the inclusion of
supporting graphics in every slide. The contrast is striking when slides of both
types are placed next to one another (Fig. 4.2). (Note also the difference between
both of these slides and the same subject matter in Figure 4.1.)

When a speaker uses alternative design, it appears that the use of a sentence
headline (rather than the traditional phrase) better directs the audience toward
the slide’s main point, both during the presentation and later when the slides
are used as a set of notes. Furthermore, presenting details in a visual graphic
(rather than with a bullet list) makes them more memorable. Although it sounds
counterintuitive, this and other research shows that audiences actually pay more
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Table 4.2. Guidelines for alternative slide design (based on Alley and Neeley,
2005b, Atkinson, 2005)

Style State each slide’s main assertion in a sentence headline. (If you can’t
phrase an assertion, omit the slide.)
On every slide, include supporting evidence presented in a visual way
(image, graph, table, etc.).
Avoid bullet lists and merely decorative images, including PowerPoint
background art.
Include visually oriented “mapping slides” to keep audience oriented.

Layout Limit blocks of text, including headlines, to one or two lines.
Left-justify the headline in the slide’s upper left corner.
Limit lists to two, three, or (rarely) four items.
Instead of bullets and sub-bullets, use vertical white space and indention
to indicate separations and subordinate points.
Present listed items in parallel grammatical construction.
Avoid sub-lists, if possible.
Be generous with white space.

Typography  Use the bold version of a sans serif typeface such as Arial, Helvetica, or
Comic Sans MS.

Choose an appropriate type size for the room, generally 32—44 points for
slide title, 28-32 points for slide headlines, 18-28 points for body text,
and 14 points for reference listings.

Avoid any text in all capital letters.

Timing Limit number of slides so that at least 1 minute can be spent on each.
In a longer presentation (such as a 1-hour seminar) spend even more
time per slide.

attention when less written information appears on a slide (Atkinson, 2005;
Mayer, 2001).

If the alternative approach is better, why doesn’t everyone use it?

Alley and Neeley (2005b) believe the answer lies in both practical reasons and
emotional resistance. Practical hurdles include the challenges of writing a succinct
sentence headline, finding or developing visual aids, and overcoming PowerPoint
default settings. To overcome these hurdles, they suggest understanding one’s
subject more fully, employing digital and computer graphics programs, and using
alternative slide design templates downloaded from the Web.

It may be harder to answer the challenge posed by resistance to trying some-
thing that is out of the norm. In workshops given to faculty, graduate students,
and professionals, only about half of the participants were willing even to try
using the alternative design (Alley and Neeley, 2005b). The sentence headlines
on the slides — the aspect that differs most between alternative and traditional
design — were more apt to be a sticking point for participants than the visual
evidence. Three months later, 45% of the survey respondents were still using
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HONEY FACTS

B significantly sweeter than
table sugar

B moisture content
14% — 18%

B bacteria and fungi killed
by osmotic lysis

B fermentation at moisture
>18.6%

(a)

High sugar concentration prevents honey spoilage
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Fig. 4.2. The subject of Fig. 4.1 presented in two better ways: (a) As a tradi-
tional text-heavy presentation slide with illustrative graphics and a background
template. (b) As an alternative design slide with full topic sentence headline and
supporting graph.

visual aids for most of their slides, and 37% reported using them on all of their
slides.

Sometimes presenters stick with the norm because they feel doing some-
thing different will risk their acceptance by listeners. However, Alley and Neeley
(2005a) found that their audiences were quite amenable to the change. In their
survey, 66% of audience members were somewhat or mostly receptive to the
alternative design, and only 4% were somewhat or mostly adverse.
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Base choices on effectiveness rather than mere convention

Even when a new idea has observable merit, its acceptance is enhanced by a
“critical mass” of supporters who make the others feel willing and perhaps even
slightly pressured to try the new idea. Alley and Neeley’s (2005) solution is
to teach the method explicitly in their own academic classes and require it for
graded assignments. We hope you will be inspired to try this alternative approach
as well. While it is probably not the ultimate best answer for presentations, it is a
significant step forward. Compared to the default bullet-point presentation, this
alternative approach better follows established principles of effective presenta-
tion, is more original, and when well done, is generally more responsive to the
audience’s needs.

SPEAKING IN PUBLIC: THE HUMAN FACTOR

When at a loss how to go on, cough.
— Greek proverb

By now it should be clear that actually giving a talk is only part of an oral
presentation, because every oral presentation has three major facets: content,
design, and delivery. The quality of each of these aspects affects both the overall
quality of the presentation and the extent to which the other aspects can be
realized. For example, a confident delivery is much easier when you have good
content and good organization. On the other hand, if the design of the talk is poor,
even if the delivery is polished, it will be difficult for the audience to understand
the content. We’ve presented guidelines for content and design. We’ve tried to
help with the background work of researching, organizing, and preparing for
your talk. In this section, attention turns to delivery — the human elements in the
way a spoken presentation actually occurs.

Control nervousness

It is often said that people rank speaking before a group as one of their biggest
fears, and this may well be true. Most of us have relatively little experience with it
and the potential for embarrassment seems high because speaking occurs in real
time, so mistakes can’t be sucked back in for correction. The physical symptoms
of nervousness — butterflies in one’s stomach, pounding heart, squeaky voice —
are familiar to most of us as well. They are a result of adrenaline released by the
body to escape an uncomfortable or threatening situation. First let’s consider
ways to get this under control. Then we can turn our attention to other aspects
of delivery.

Keep your composure

Thankfully, nervous reactions can be controlled or minimized in two powerful
ways. The first is to change one’s state of mind. The other is to prepare, organize,
and deliver the presentation in ways that reduce anxiety.
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Exercise 4.1. Slide presentation format

A. Organize this text in traditional slide format with a short-phrase

title and bulleted sentence fragments.

“Carbon dioxide dissolves readily in water and forms small quan-
tities of carbonic acid. The salts of carbonic acid and simple car-
bonates usually account for the largest part of the electrolytes in
aquarium water. This means the absorption of carbon dioxide by
plants is closely linked to the complex system of aqueous carbonic
acid and carbonates.”

Organize this text in Alternative Design format. Suggest a graphic
aid that would be helpful.

“Twenty-one species in the order Crocodylia are known around
the world. Of these, only the American Alligator and the American
Crocodile are native to the United States. However, a third species,
the Spectacled Caiman, has been introduced in extreme southern
Florida.”

Match the numbered and lettered items to identify optimal visual
elements for an effective computer-generated slide.

1. Good font for body text a. All capital letters

2. Preferred typeface for b. Complex spreadsheet
headings c. 14 point type

3. Minimum type size for d. San serif font such as Arial
body text or Helvetica

4. Good type size for e. Vertical
projection in large room f. Serif font such as Times

5. Worst kind of slide graphic

10.

Preferred graphic
orientation

Preferred color
combination

Alternative Design slide
title

Best kind of slide graphic

Worst style for headings

New Roman
g. White letters on blue
background

h. Decorative image with
sound effects

i. 28-30 point type
j. 24 point type

k. Visually based support for
the title’s claim

1. Horizontal

m. Dark letters on a light but
not white background

n. Complete sentence
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Although it may not feel like it, state of mind is a choice. You can dwell on
personal shortcomings, or you can take an optimistic, enthusiastic view about the
excitement of talking about something you enjoy to an audience that is on your
side and wants you to succeed. As Gurak (2000) points out, your audience can’t
tell whether you are nervous inside, but only whether you show it outside. She
notes that anxiety and confidence are a cycle. Feeling anxious causes you to lose
confidence and losing confidence causes you to feel anxious. However, feeling
confident lessens anxiety, and lowered anxiety increases confidence.

A speaker actually should feel some intensity in order to be alert and enthusias-
tic. This is far better than sounding tired and bored with the entire presentation!
Don’t let these feelings frighten you. Confidence will soon take over if you are
well prepared.

Take concrete action to be well prepared

The decisions you make about content and design will help convert your high
adrenaline level to enthusiasm. Whenever you have a choice, select a subject
that you know well. Be extremely well prepared. Develop interesting, organized
visual aids so that people’s eyes will be on them, not just on you. (But don’t plan
on hiding behind them!)

Put together a particularly interesting introduction and conclusion. Rehearse
them to the point of near memorization. A well-mastered introduction will pro-
vide your talk with a solid framework to get you beyond your initial nervousness;
most people find that after the first few moments of speaking, their anxiety low-
ers significantly. The well-mastered conclusion will leave your audience with
a good impression even if you should stumble somewhere in the body of the
presentation.

Don’t memorize anything word for word, however. For one thing, it can sound
stuffy and insincere. For another, if you forget one word or phrase, you will lose
your place — and probably your composure. Instead, memorize the outline’s key
points, along with key words you want to use. You will sound polished and
professional, yet natural.

Expect the best but prepare for the worst

Have a backup plan for any technology you plan to use. No matter what tool
you choose to use, it can fail you at some time in some way. Even the simple
chalkboard can turn out to be missing its chalk. Decide what you will do if the
computer fails to work. Bring an extra bulb for the overhead projector. Check
the batteries for the projector’s remote control. Become so familiar with your
handouts that you can speak solely from them if all else fails. As the old saying
goes, “you’re only paranoid if you’re actually wrong.”

Whether you have written notes, a set of transparency sheets, or a tray of
35 mm slides — any time your talk depends on more than one of something,
number them! Accidents happen; things get dropped. You know the rest.
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Practice with the equipment as well as with the talk itself. If your choice
involves a projector, know where the on/off switch is, and where a spare bulb is
located (often in a small compartment on the side or bottom). Figure out how to
focus the equipment and zoom to fit screen size. Check the range of the remote
control. Try out the microphone in advance, so you won’t need the famous
“testing-testing-one-two-three” drill once the audience is seated and ready to
begin.

Before your talk is scheduled to start, familiarize yourself with the room and
the equipment. (If talks are back to back, perhaps you can get into the room over
the lunch hour, during a break, or on the previous day.) Pay attention to such
aspects as room size, how the lights and projector are controlled, and where you
will be expected to stand relative to the audience. If possible, try out the pointer,
the remote control for slide advance, and the microphone. The equipment may
not be identical to that you practiced with.

Finally, as your ultimate backup plan, be prepared to give your presentation
on your own, with no technology or visual aids. Knowing you are able to do so
brings a measure of confidence and security that is hard to match.

Delivering the speech or presentation

At this point, you have constructed a slide set you are proud of, organized your
material carefully, psyched yourself into a positive frame of mind, and practiced
your talk before a small but helpful audience. Now it’s time to consider the
mechanics of actually giving the presentation.

Several general tips can improve presentations with any visual medium. For
starters, look at the audience. Don’t talk to the projector, the screen, or the board
on the wall. Casually move around the room, if possible; don’t pace, but don’t
stand in the same location for the entire talk. Remember, your primary role is
not to be a robot imparting information, but a human being making a connection
with the audience.

Use your visual aids effectively. Whenever possible, reveal information sequen-
tially. With PowerPoint, design slides so that bulleted points appear as you talk
about them. If you must put material on a chalkboard or whiteboard in advance,
see if there is a pull-down projection screen mounted above it. If so, consider
writing the points in reverse order; by raising the screen gradually, you can reveal
points as needed. With transparencies, place the entire sheet on the platform and
then cover it with paper, sliding the paper down line by line to reveal each new
point; switch to a new transparency only when you are ready to have the audience
look at it.

If you are using a remote and it won’t move the slides forward, first check to be
sure you’re pointing it at the remote receiver, not at the screen! Then try moving
forward; you may be too far away from the receiver for the remote to pick up the
signal. If this fails and you’re using a computer, note that keyboard keys (usually
the right and up arrow keys and several others) can be used to advance the slides.

During the talk, if your mind momentarily goes blank, don’t panic. As Swinford
(2006) reminds us, silence is golden — it is all right to look at your slides and
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Table 4.3. Suggestions for ways to handle questions

Situation Possible responses

You don’t know the answer. Say simply that your research has not supplied an
answer to that question. Suggest how you would
investigate the question. Offer an educated
speculation on the topic. Offer information on a
closely related area. Ask the questioner his or her
thoughts.

Question is too complicated. Acknowledge that it is a difficult question. Give the
beginning part of an answer, and suggest more
discussion afterwards.

Questioner seems hostile. Stay cool. Accept the question with a smile,
followed by a serious, professional reply that is
related to the subject.

Questioner asks repeated Make a positive comment about the complexity of
questions or wants extended the subject, and suggest you meet to discuss the
discussion. matter further after the session.

Questioner interrupts during Respond courteously, answer as briefly as you can,
your talk. and return to the prepared speech.

collect your thoughts. Don’t keep talking when you’re doing it. Although the
silent moment will seem long and awkward to you, the audience will find it to be
natural.

Handling questions

Always plan to end your formal presentation with some time left for questions.
Be patient — they may take a moment or two to begin. It is all right to fill the
awkward-feeling pause by saying in a relaxed manner something like, “While you
are coll