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consisting of a few brief paragraphs, each preceded by a standardized
subheading.) Many people will read the Abstract, either in the original
journal or as retrieved by computer search.

The Abstract should (1) state the principal objectives and scope of
the investigation, (2) describe the methods employed, (3) summarize the
results, and (4) state the principal conclusions. The importance of the
conclusions 1s indicated by the fact that they are often given three times:

once 1n the Abstract, again in the Introduction, and again (in more detail
probably) 1n the Discussion.

Most or all of the Abstract should be written in the past tense, be-
cause 1t refers to work done.

TI'he Abstract should never give any information or conclusion that is
not stated in the paper. References to the literature must not be cited in
the Abstract (except in rare instances, such as modification of a previ-

ously published method). Likewise, the Abstract should not include or
refer to tables and figures.

CHAPTER S
How to Prepare the Abstract

TYPES OF ABSTRACTS

T'he above rules apply to the abstracts that are used in primary journals and
often without change in the secondary services (Chemical Abstracts, etc.).
I'ms type of abstract is often called an informative abstract, and it is
designed to condense the paper. It can and should briefly state the prob-
lem, the method used to study the problem, and the principal data and
conclusions. Often, the abstract supplants the need for reading the full
paper; without such abstracts, scientists would not be able to keep up in

active areas of research. This is the type of abstract that precedes the body
of the paper (thus serving as a “heading”) in most journals.

Another common type of abstract is the indicative abstract (some-
imes called a descriptive abstract). This type of abstract is designed to

I have the strong impression that scientific communication 15 being

seriously hindered by poor guality abstracts written in jargon-

ridden mumbo-jumbo.
—sheila M. MciNab

DEFINITION

An Abstract should be viewed as a miniature version of the paper. lhe
Abstract should provide a brief summary of each of the main sections of

the paper: Introduction, Materials and Methods, Results, and Discussion.
As Houghton (1975) put it, “An abstract can be defined as a summary of
the information in a document.”

“A well-prepared abstract enables readers to identify the basic con-
tent of a document quickly and accurately, to determine 1ts relevance to

their interests, and thus to decide whether they need to read the document
in its entirety” (American National Standards Institute, 197956). The
Abstract should not exceed the length specified by the journal (com-

monly, 250 words), and it should be designed to define clearly what is
dealt with in the paper. Typically, the Abstract should be typed as a
single paragraph. (Some medical journals now run “structured” abstracts
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Indicate the subjects dealt with in a paper, much like a table of contents,

making it easy for potential readers to decide whether to read the paper.
However, because of the descriptive rather than substantive nature, it can
seldom serve as a substitute for the full paper. Thus, indicative abstracts
should not be used as “heading” abstracts in research papers, but they

may be used in other types of publications (review papers, conference

reports, the government report literature, etc.); such indicative abstracts
are often of great value to reference librarians.

An ettective discussion of the various uses and types of abstracts was

‘provided by McGirr (1973), whose conclusions are well worth repeating:

“When writing the abstract, remember that it will be published by 1tself,
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and should be self-contained. That is, it should contain no bibliographic,
figure, or table references....The language should be familiar to the
potential reader. Omit obscure abbreviations and acronyms. Write the
paper before you write the abstract, if at all possible.”

Unless a long term is used several times within an Abstract, do not
abbreviate the term. Wait and introduce the appropriate abbreviation at

first use in the text (probably in the Introduction).

ECONOMY OF WORDS

Occasionally, a scientist omits something important from the Abstract. By
far the most common fault, however, is the inclusion of extraneous detail.

A scientist once had some terribly involved theory about the relation
of matter to energy. He then wrote a terribly involved paper. However, the
scientist, knowing the limitations of editors, realized that the Abstract of
his paper would have to be short and simple if the paper were to be judged
acceptable. So, he spent hours and hours honing his Abstract. He elimi-
nated word after word until, finally, all of the verbiage had been removed.
What he was left with was the shortest abstract ever written: "£ =mc"."

Today, most scientific journals print a heading Abstract with each
paper. It generally is printed (and should be submitted) as a single par-
agraph. Because the Abstract precedes the paper itself, and because the
editors and reviewers like a bit of orientation, the Abstract 1s almost
always the first part of the manuscript read during the review process.
Therefore, it is of fundamental importance that the Abstract be written
clearly and simply. If you cannot make a good impression 1n your Ab-
stract, your cause may be lost. Very often, the reviewer may be perilously
close to a final judgment of your manuscript after reading the Abstract
alone. This could be because the reviewer has a short attention span
(often the case). However, if by definition the Abstract is simply a very
short version of the whole paper, it is only logical that the reviewer will
often reach a preliminary conclusion, and that conclusion is likely to be

the correct one. Usually, a good Abstract is followed by a good paper; a
poor Abstract 1s a harbinger of woes to come.

Because a heading Abstract is required by most journals and because
a meeting Abstract is a requirement for participation in a great many
national and international meetings (participation sometimes being de-
termined on the basis of submitted abstracts), scientists should master the
fundamentals of Abstract preparation.

When writing the Abstract, examine every word carefully. If you
can tell your story in 100 words, do not use 200. Economically and
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scientifically, it doesn’t make sense to waste words. The total commui-
nication system can afford only so much verbal abuse. Of more 1MpOI-
tance to you, the use of clear, significant words will impress the editors
and reviewers (not to mention readers), whereas the use of abstruse,
verbose constructions might well contribute to a check in the e o
box on the review form.

One experienced teacher of scientific writing sometimes told a story
designed to point up the essentials of good Abstract-writing. He in-
structed his students to take down only the key points in the story, which
of course 15 the key to writing good abstracts.

I'he story goes like this: One night a symphony orchestra was
scheduled to play the famous Beethoven’s Ninth Symphony. Before the
performance, the bass viol players happened to be chatting among
themselves, and one of the bass players reminded the others that there is a
long rest for the bass players toward the conclusion of Beethoven’s
Ninth. One bassist said, “Tonight, instead of sitting on the stage looking
dumb all that time, why don’t we sneak off the stage, go out the back
door, g0 to the bar across the street, and belt down a few?” They all
agreed. [hat might, when “rest” time came, they indeed snuck off the
stage, went to the bar, and knocked back about four double scotches each.
One bass player said, “Well, it’s about time we headed back for the
finale.” Whereupon another bassist said, “Not to worry. After we decided
to do this, I went up to the conductor’s stand and, at the place 1n the
conductor’s score where our rest ends, I tied a bunch of string around his

score. It will take him a few minutes to untie those knots. Let’s have
another.” And they did.

At this point, the teacher told the students, “Now, this story has
reached a very dramatic point. If you have put down the essentials, as you

would 1n a good Abstract, here is what you should have: It’s the last of
the Ninth, the score is tied, and the basses are loaded.”
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apparatus and materials are still available. If you have coauthors, it is
wise to write up the work while they are still available for consultation.

The first section of the text proper should, of course, be the Intro-
duction. The purpose of the Introduction should be to supply sufficient
backeround information to allow the reader to understand and evaluate
the results of the present study without needing to refer to previous
publications on the topic. The Introduction should also provide the ra-

tionale for the present study. Above all, you should state briefly and
clearly your purpose in writing the paper. Choose references carefully to
provide the most important background information. Much of the In-
troduction should be written 1n present tense, because you will be re-
ferring primarily to your problem and the established knowledge relating
to 1t at the start of your work.

sugeested rules for a good Introduction are as follows: (1) The In-
troduction should present first, with all possible clarty, the nature and
scope of the problem investigated. (2) It should briefly review the per-
tinent lhiterature to orient the reader. (3) It should state the method of the
investigation. If deemed necessary, the reasons for the choice of a par-

ticular method should be stated. (4) It should state the principal results of

the investigation. (5) It should state the principal conclusions suggested

by the resuits. Do not keep the reader 1n suspense; let the reader follow

the development of the evidence. An O. Henry surprise ending might

—Euripides make good literature, but it hardly fits the mold of the scientific method.
To expand on that last point: Many authors, especially beginning

authors, make the mistake of holding back their more important findings

until late 1n the paper. In extreme cases, authors have sometimes omitted

CHAPTER 10

How to Write the Introduction

A bad beginning makes a bad ending.

SUGGESTED RULES

Now that we have the preliminaries out of the way, we come to the important findings from the Abstract, presumably 1n the hope of building

paper itself. Some experienced writers prepare their title and Abstract
after the paper is written, even though by placement these elements

come first. You should, however, have in mind (if not on paper or in the
computer) a provisional title and an outline of the paper you propose 1o

suspense while proceeding to a well-concealed, dramatic climax. How-
ever, this 1s a silly gambit that, among knowledgeable scientists, goes
over like a double negative at a grammarians’ picnic. Basically, the prob-
lem with the surprise ending 1s that the readers become bored and stop

reading long before they get to the punch line. “Reading a scientific
article 1sn’t the same as reading a detective story. We want to know from
the start that the butler did it” (Ratnoff, 1981).

write. You should also consider the level of the audience you are writing
for, so that you will have a basis for determining which terms and
procedures need definition or description and which do not. [f you do not
have a clear purpose in mind, you might go writing off in six directions
gy s . o REASONS FOR THE RULES

It is a wise policy to begin writing the paper while the work 1s still
in progress. This makes the writing easier because everything is fresh 1n
your mind. Furthermore, the writing process itself 1s likely to point to
inconsistencies in the results or perhaps to suggest interesting sidelines
that might be followed. Thus, start the writing while the experimental

26

The first three rules for a good Introduction need little expansion, being

reasonably well accepted by most scientist-writers, even beginning ones.
[t 1s important to keep in mind, however, that the purpose of the Intro-
duction is to introduce (the paper). Thus, the first rule (definition of the
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problem) is the cardinal one. And, obviously, if the problem 1s not stated
in a reasonable. understandable way, readers will have no interest in your
solution. Even if the reader labors through your paper, which is unlikely if
you haven’t presented the problem in a meaningtul way, he or she will be
unimpressed with the brilliance of your solution. In a sense, a scientific
paper is like other types of journalism. In the Introduction you should have
a “hook” to gain the reader’s attention. Why did you choose that subject,
and why is it important?

The second and third rules relate to the first. The literature review
and choice of method should be presented in such a way that the reader
will understand what the problem was and how you tried to resolve it.

These three rules then lead naturally to the fourth and fifth, the state-
ment of principal results and conclusions, which should be the capstone of

the Introduction. This road map from problem to solution 1s so important
that a bit of redundancy with the Abstract 1s often desirable.

SOME EXCEPTIONS

In some research areas and journals, scientific papers typically follow only
the first three rules. Thus, when looking at papers in your target journal as
models. see whether their Introductions state the results and conclusions.
[f they do not, you probably should not do so 1n your Introduction.
Also. in some fields, the Introduction commonly has a “funnel”
shape, moving from broad and general to narrow and specific. For ex-
ample, in the Introduction you may begin with information on the 1m-
portance of the overall topic being addressed, next summarize knowledge
about an aspect of the topic, then identify an unresolved question about
that aspect, and finally say how the current research addressed the
question. The approach resembles one you might use when a visitor
comes to your lab and you first provide background information and then
show what you have been doing. In essence, the reader of your paper 1s
visiting your research venue; an Introduction thus structured can provide

a helpful and hospitable welcome.

CITATIONS AND ABBREVIATIONS

If you have previously published a preliminary note or abstract of the work,
vou should mention this (with the citation) in the Introduction. If closely
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In addition to the above rules, keep in mind that your paper may well
be read by people outside your narrow specialty. Therefore, the Intro-
duction 18 the proper place to define any specialized terms or abbrevia-
tions that you intend to use. Let us put this 1n context by citing a sentence
from a letter of complaint that an editor once received about an adver-
tisement in the Journal of Virology. The ad, which announced an opening
for a virologist at the National Institutes of Health (NIH), concluded
with the statement “An equal opportunity employer, M & F.” The let-

ter suggested that “the designation ‘M & F' may mean that the NIH 1s
muscular and fit, musical and flatulent, hermaphroditic, or wants a mature
applicant in his fifties.”

related papers have been or are about to be published elsewhere, you should
<av <o in the Introduction. customarily at or near the end. Such references
help to keep the literature neat and tidy for those who must search 1t.
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CHAPIER 11

How to Write the Materials
and Methods Section

The greatest invention of the nineteenth century was the invention of

the method of invention.
—A. N. Whitehead

PURPOSE OF THE SECTION

In the first section of the paper, the Introduction, you stated (or should
have) the methodology employed in the study. If necessary, you also
defended the reasons for your choice of a particular method over com-
peting methods.

Now, in Materials and Methods, you must give the full details. Most
of this section should be written in the past tense. The main purpose of
the Materials and Methods section 1s to describe (and 1f necessary de-
fend) the experimental design and then provide enough detail so that a
competent worker can repeat the experiments. Other purposes include
providing information that will let readers judge the appropriateness of
the experimental methods (and thus the probable validity of the findings)
and that will permit assessment of the extent to which the results can be
ogeneralized. Many (probably most) readers of your paper will skip this

section, because they already know (from the Introduction) the general
60
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methods you used and they probably have no interest in the experimental
detail. However, careful writing of this section is critically important
because the cornerstone of the scientific method reguires that your re-
sults, to be of scientific merit, must be reproducible; and, for the results to
be adjudged reproducible, you must provide the basis for repetition of the
experiments by others. That experiments are unlikely to be reproduced 1s
beside the point; the potential for reproducing the same or similar results
must exist, or your paper does not represent good science.

When your paper 1s subjected to peer review, a good reviewer will
read the Materials and Methods carefully. If there is serious doubt that
your experiments could be repeated, the reviewer will recommend re-

jection of your manuscript no matter how awe-inspiring your results.

MATERIALS

For materials, include the exact technical specifications and quantities and
source or method of preparation. Sometimes 1t 1S even necessary to list
pertinent chemical and physical properties of the reagents used. In gen-
eral, avold the use of trade names; use of generic or chemical names is

usually preterred. This approach avoids the advertising inherent in the
trade name. Besides, the nonproprietary name i1s likely to be known
throughout the world, whereas the proprietary name may be known only
in the country of origin. However, if there are known differences among
proprietary products, and if these differences might be critical (as with
certain microbiological media), then use of the trade name, plus the name
of the manufacturer, is essential. When trade names, which are usually
registered trademarks, are used, they should be capitalized (Teflon, for

example) to distinguish them from generic names. Normally, the generic
description should immediately follow the trademark; for example, one
would refer to Kleenex facial tissues.

Experimental animals, plants, and microorganisms should be 1den-

tiied accurately, usually by genus, species, and strain designations.
Sources should be listed and special characteristics (age, sex, genetic
and physiological status) described. If human subjects were used, the
criteria for selection should be described, and an “informed consent”
statement should be included in the manuscript. Likewise, 1f human or
animal subjects were used, approval by the appropriate committee should
be noted.

Because the value of your paper (and your reputation) can be dam-

- aged 1f your results are not reproducible, you must describe research

materials with great care. Be sure to examine the Instructions to Authors
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of the journal to which you plan to submit the manuscript, because
important specifics are often detailed there. Below 1s a carefully worded
statement applying to cell lines and reagents (taken from the Information
for Authors of In Vitro Cellular & Developmental Biology, a journal of

the Society for In Vitro Biology):

MEASUREMENTS AND ANALYSIS

Be precise. Methods are similar to cookbook recipes. If a reaction mixture
was heated, give the temperature. Questions such as “how” and “how
much” should be precisely answered by the author and not left for the
reviewer or the reader to puzzle over.

Statistical analyses are often necessary, but you should feature and
discuss the data, not the statistics. Generally, a lengthy description of
statistical methods indicates that the writer has recently acquired this
information and believes that the readers need similar enlightenment.
Ordinary statistical methods should be used without comment; advanced
or unusual methods may require a literature citation.

And again, be careful of your syntax. A recent manuscript described
what could be called a disappearing method. The author stated, “The
radioactivity in the tRNA region was determined by the trichloroacetic
acid-soluble method of Britten et al.” And then there 1s the painful
method: “After standing in boiling water for an hour, examine the flask.”

Cell Line and Reagent Data

The source of cells utilized, species, sex, strain, race, age of donor, and
whether primary or established should be clearly indicated. The name,
city, and state or country of the source of reagents should be stated

within parentheses when first cited. Specific tests used for verification of
cell lines and novel reagents should be identified. Specific tests for the
presence of mycoplasmal contamination of cell lines are recommended. It
these tests were not performed, this fact should be clearly stated. Other
data relating to unique biological, biochemical, and/or immunoiogical

markers should also be included if available. Publication of results in
in Vitro Cellular & Developmental Biology 1s based on the principle that
results must be verifiable. Authors are expected to make unigue reagents
available to qualified investigators. Authors deriving or using cell lines are
encouraged to follow the UKCCCR Guidelines for the Use of Cell Lines
in Cancer Research in respect to validation of identity and infection-free

NEED FOR REFERENCES

In describing the methods of the investigations, you should give (or direct

cultures. readers to) sufficient details so that a competent worker could repeat the
experiments. If your method is new (unpublished), you must provide all of
VIETHODS the needed detail, If, however, the method has been published 1n a journal,

the literature reference should be given. For a method well known to

For methods the usual order of presentation is chronological. Obviously, readers, only the literature reference 1s needed. For a method with which

—
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however, related methods should be described together, and straight
chronological order cannot always be followed. For example, even if a
particular assay was not done until late in the research, the assay method
should be described along with the other assay methods, not by itself in a
later part of Materials and Methods.

HEADINGS

The Materials and Methods section often has subheadings. To see whether

subheadings would indeed be suitable—and, if so, what types are likely to
be appropriate- —look at analogous papers in your target jeurnal. When
possible, construct subheadings that “match™ those to be used 1n Resuits.
The writing of both sections will be easier if you strive for internal con-

sistency, and the reader will be able to grasp quickly the relationship of a

particular methodology to the related Results.

W ——
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readers might not be familiar, a few words of description tend to be worth
adding, especially if the journal in which the method was described might
not be readily accessible.

[f several alternative methods are commonly employed, 1t 1s useful to
identify your method briefly as well as to cite the reference. For example,
it 18 better to state “cells were broken by ultrasonic treatment as previ-
ously described (9)” than to state “cells were broken as previously de-

scribed (9).”

TABLES AND FIGURES

When large numbers of microbial strains or mutants are used in a study,

prepare strain tables identifying the source and properties ol mutants,
bacteriophages, plasmids, etc. The properties of a number of chemical

compounds can also be presented 1n tabular form, often to the benefit of
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both the author and the reader. Tables can be used for other such types of

information.

A method, strain, etc. used in only one of several experiments re-
ported 1n the paper generally should be described in the Results section.

It brief enough, it may be included in a table footnote or figure legend if

the journal allows.
Figures also can aid in presenting methods. Examples include flow

charts of experimental protocols and diagrams of experimental apparatus.

CORRECT FORM AND GRAMMAR

Do not make the common error of mixing some of the Results in this
section. There 1s only one rule for a properly written Materials and
Methods section: Enough information must be given so that the experi-
ments could be reproduced by a competent colleague.

A good test, by the way (and a good way to avold rejection of your
manuscript), 1s to give a copy of your finished manuscript to a colleague and
ask if he or she can follow the methodology. It is quite possible that in
reading about your Matenals and Methods, your colleague will pick up a
glaring error that you missed simply because you were too close to the work.
For example, you might have described your distillation apparatus, proce-
dure, and products with infinite care, and then inadvertently neglected to
define the starting material or to state the distillation temperature.

Mistakes in grammar and punctuation are not always serious; the

meaning of general concepts, as expressed in the Introduction and Dis-
cussion, can often survive a bit of linguistic mayhem. In Materials and
Methods, however, exact and specific items are being dealt with and
precise use of English 1s a must. Even a missing comma can cause havoc,
as 1n this sentence: “Employing a straight platinum wire rabbit, sheep
and human blood agar plates were inoculated . ..” That sentence was in
trouble right from the start, because the first word 1s a dangling participle.
Comprehension was not totally lost, however, until the author neglected
to put a comma after “wire.”

Authors often are advised, quite rightly, to minimize use of passive
voice. However, 1n the Materials and Methods section—as in the current
paragraph—passive voice often can validly be used, for although what
was done must be specified, who did it is often irrelevant. Thus, you may
write, for example, “Mice were injected with . ..” rather than “I injected
the mice with,” "A technician injected the mice with...,” or “A student

injected the mice with....” Alternatively, you may say, for example,
“We njected...,” even if a single member of the team did that part of
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the work. (Although beliel persists that journals prohibit use of first
person, many journals permit use of “I” and “we.”

Because the Materials and Methods section usually gives short,
discrete bits of information, the writing sometimes becomes telescopic;
details essential to the meaning may then be omitted. The most common
erTor 1S to state the action without, when necessary, stating the agent of
the action. In the sentence “To determine its respiratory quotient, the

organism was...,” the only stated agent of the action is “the organism,”
and we doubt that the organism was capable of making such a deter-
mination. Here is a similar sentence: “Having completed the study, the
bacteria were of no further interest.” Again, we doubt that the bacteria
“completed the study”; if they did, their lack of “further interest” was
certainly an act of ingratitude.

“Blood samples were taken from 48 informed and consenting pa-

tients . . . the subjects ranged 1n age from 6 months to 22 years” (Pediatr.
Res. 6:26, 1972). There 1s no grammatical problem with that sentence.
but the telescopic writing leaves the reader wondering just how the
6-month-old infants gave their informed consent.

And, of course, always watch for spelling errors, both in the manu-
script and 1n the proofs. We are not astronomers, but we suspect that a
word 1s misspelled in the following sentence: “We rely on theatrical

calculations to give the lifetime of a star on the main sequence” (Annu.
Rev. Astron. Astrophys. 1:100, 1963).




CHAPTER 12
How to Whrite the Results

Results! Why, man, I have gotten a lot of results. I know several

thousand thines that won't work.
—Thomas A. Edison

CONTENT OF THE RESULTS

So now we come to the core of the paper, the data. This part of the paper 1s

called the Results section.
Contrary to popular belief, you shouldn’t start the Results section by

describing methods that you inadvertently omitted from the Materials and

Methods section.
There are usually two ingredients of the Results section. First, you

should give some kind of overall description of the experiments, pro-
viding the “big picture,” without, however, repeating the experimental
details previously provided in Materials and Methods. Second, you
should present the data. Your results should be presented in the pasl
tense. (See “Tense in Scientific Writing” in Chapter 30.)

Of course, it isn’t quite that easy. How do you present the data? A
simple transfer of data from laboratory notebook to manuscript will

hardly do.
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Most 1mportantly, 1n the manuscript you should present representa-
tive data rather than endlessly repetitive data. The fact that you could
perform the same experiment 100 times without significant divergence in
results might be of considerable interest to your major professor, but
editors, not to mention readers, prefer a little bit of predigestion. Aar-
onson (1977) said it another way: “The compulsion to include every-
thing, leaving nothing out, does not prove that one has unlimited
information; it proves that one lacks discrimination.” Exactly the same
concept, and 1t 1s an 1mportant one, was stated almost a century earlier by
John Wesley Powell, a geologist who served as President of the Amer-
ican Association for the Advancement of Science in 1888. In Powell’s

words: “The fool collects facts; the wise man selects them.”

HOW TO HANDLE NUMBERS

If one or only a few determinations are to be presented, they should be
treated descriptively in the text. Repetitive determinations should be given
in tables or graphs.

Any determinations, repetitive or otherwise, should be meaningful.
Suppose that, 1n a particular group of experiments, a number of variables
were tested (one at a time, of course). Those variables that aftect the
reaction become determinations or data and, 1f extensive, are tabulated or
eraphed. Those variables that do not seem to affect the reaction need not
be tabulated or presented; however, 1t 1s often important to define even

the negative aspects of your experiments. It i1s often good insurance to
state what you did nor find under the conditions of your experiments.
Someone else very likely may find different results under different
conditions.

IT statistics are used to describe the results, they should be mean-
ingful statistics. Erwin Neter, who was Editor-in-Chief of Infection and

Immunity, told a classic story to emphasize this point. He referred to a
paper that reputedly read: “33/4% of the mice used in this experiment
were cured by the test drug; 334 % of the test population were unaffected

by the drug and remained in a moribund condition; the third mouse got
away,

STRIVE FOR CLARITY

The results should be short and sweet, without verbiage. Mitchell (1968)
quoted Einstein as having said, “If you are out to describe the truth, leave
elegance to the tailor.” Although the Results section 1s the most important

m e — — e —

e ——

————— T —— e c— o — e e e— e e o [ e— s i — e ———— T — fa 020w e——— m— s — — ——_ e




68 How ro Write and Publish a Scientific Paper

part, it is often the shortest, particularly if it is preceded by a well-written
Materials and Methods section and followed by a well-written Discussion.
The Results need to be clearly and simply stated because 1t 1s the

Results that constitute the new knowledee that you are contributing to
the world. The earlier parts of the paper (Introduction, Materials and
Methods) are designed to tell why and how you got the Results; the later
part of the paper (Discussion) is designed to tell what they mean. Ob-
viously, therefore, the whole paper must stand or fall on the basis of the

Results. Thus, the Results must be presented with crystal clanty.

CHAPTER 13

How to Write the Discussion

AVOID REDUNDANCY

Do not be guilty of redundancy in the Results. The most common fault 1s
the repetition in words of what is already apparent to the reader from
examination of the fieures and tables. Even worse is the actual presen-
tation, in the text, of all or many of the data shown In the tables or figures.

This grave sin is committed so frequently that 1t 18 commented on at
length, with examples, in the chapters on how to prepare tables and 1l-
lustrations (Chapters 16 and 17).

Do not be verbose in citing figures and tables. Do not say "It 1s clearly
shown in Table 1 that nocillin inhibited the growth of N. gonorrhoeae.”

Say “Nocillin inhibited the growth of N. gonorrhoeae (Table 1).” It is the fault of our rhetoric that we cannot strongly state one fact
Some writers go too far in avoiding verbiage, however. Such writers without seeming fo belie some other.
often fail to provide clear antecedents for pronouns, especially "it.” Here —Ralph Waldo Emerson

is an item from a medical manuscript: “The left leg became numb at
times and she walked it off. ... On her second day, the knee was better,

and on the third day it had completely disappeared.” The antecedent for
both “its” is presumably “the numbness,” but the wording in both in- The Discussion is harder to define than the other sections. lhus, 1t 18

stances seems a result of dumbness. usually the hardest section to write. And, whether you know 1t or not,
many papers are rejected by journal editors because of a faulty Discussion,
even though the data of the paper might be both valid and interesting.

Even more likely, the true meaning of the data may be completely ob-
scured by the interpretation presented 1n the Discussion, again resulting 1in
rejection.

Many, if not most, Discussion sections are too long and verbose.
As Doug Savile said, “Occasionally, I recognize what 1 call the squid
technique: the author is doubtful about his facts or his reasoning and

retreats behind a protective cloud of ink™ (Tableau, September 1972).
Some Discussion sections remind one of the diplomat, described by

Allen Drury in Advise and Consent (Doubleday & Co., Garden City, NY,
1959, p. 47), who characteristically gave “answers which go winding and
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winding off through the interstices of the English language until they
finally go shimmering away altogether and there is nothing left but utter

confusion and a polite smile.”

COMPONENTS OF THE DISCUSSION

What are the essential features of a good Discussion? The main compo-
nents will be provided if the following injunctions are heeded.

. Try to present the principles, relationships, and generalizations shown
by the Results. And bear in mind, in a good Discussion, you discuss—
vou do not recapitulate—the Resullts.

2. Point out any exceptions or any lack of correlation and define un-
settled points. Never take the high-risk alternative of trying to cover

up or fudge data that do not quite fit.

3. Show how your results and interpretations agree (or contrast) with
previously published work.

4. Don't be shy; discuss the theoretical implications of your work, as
well as any possible practical applications.

5. State your conclusions as clearly as possible.

6. Summarize your evidence for each conclusion. Or, as the wise old
scientist will tell you, “Never assume anything except a 4% mortgage."

Much as the Methods and the Results should correspond to each other, the
Introduction and the Discussion should function as a pair. At least 1m-
plicitly, the Introduction should have posed one or more questions. lhe
Discussion should indicate what the findings say about the answers.

Failure to address the initial questions commonly afflicts Discussions. Be

sure the Discussion answers what the Introduction asked.

FACTUAL RELATIONSHIPS

In simple terms, the primary purpose of the Discussion is to show the
relationships among observed facts. To emphasize this point, the story

may be told about the biologist who trained a flea.

After training the flea for many months, the biologist was able to gel
a response to certain commands. The most gratifying of the experiments

was the one in which the professor would shout the command “Jump,”
and the flea would leap nto the air each time the command was given.

The professor was about to submit this remarkable feat to posterity via
a scientific journal, but he—in the manner of the true scientist—decided
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to take his experiments one step further. He sought to determine the
location of the receptor organ involved. In one experiment, he removed
the legs of the fiea, one at a time. The flea obligingly continued to jump
upon command, but as each successive leg was removed, 1ts jumps be-
came less spectacular. Finally, with the removal of its last leg, the flea
remained motionless. Time after time the command failed to get the
usual response.

The professor decided that at last he could publish his findings. He

set pen to paper and described 1n meticulous detail the experiments ex-
ecuted over the preceding months. His conclusion was one intended to
startle the scientific world: When the legs of a flea are removed, the flea
can no longer hear.

Claude Bishop, the dean of Canadian science editors, told a similar
story. A science teacher set up a simple experiment to show her class the
danger of alcohol. She set up two glasses, one containing water, the other
containing gin. Into each she dropped a worm. 1he worm in the water
swam merrily around. The worm in the gin quickly died. “What does this
experiment prove!" she asked. Little Johnny from the back row piped up:
“It proves that if you drink gin you won't have worms.”

SlGNIFICANCGE OF THE PAPER

Too often, the significance of the results 1s not discussed or not discussed
adequately. If the reader of the paper finds himself or herself asking “So
what?" after reading the Discussion, the chances are that the author be-
came so engrossed with the trees (the data) that he or she didn’t really
notice how much sunshine had appeared in the forest.

The Discussion should end with a short summary or conclusion re-
cgarding the significance of the work. We like the way Anderson and
Thistle (1947) said it: “Finally, good writing, like good music, has a
fitting climax. Many a paper loses much of its effect because the clear
stream of the discussion ends 1n a swampy delta.” Or, in the words of

1. 5. Elot, many scientific papers end “Not with a bang but a whimper.”

DEFINING SCIENTIFIC TRUTH

In showing the relationships among observed facts, you do not need to
reach cosmic conclusions. Seldom will you be able to illuminate the
whole truth; more often, the best you can do 1s shine a spotlieht on one
area of the truth. Your one area of truth can be illuminated by your data; if
you extrapolate to a bigger picture than that shown by your data, you may

. Y

= B




) ) I A A G A e I e ' G G T N I e ey 0 ey G

72 How to Write and Publish a Scientific Paper

appear foolish to the point that even your data-supported conclusions are

cast into doubt.
One of the more meaningful thoughts 1in poetry was expressed by Sir

Richard Burton 1n The Kasidah:

All Faith 1s false, all Faith 15 true;
Truth 15 the shattered mirror strown
In myriad bits; while each believes
His little bit the whole to own.

CHAPTER 14

How to State the
Acknowledgments

So exhibit your little piece of the mirror, or shine a spothght on one
area of the truth. The “whole truth” is a subject best leit to the i1gnora-
muses, who loudly proclaim 1ts discovery every day,

When you describe the meaning of your little bit of truth, do it
simply. The simplest statements evoke the most wisdom; verbose lan-

guage and fancy technical words are used to convey shallow thought.

Life is not so short but that there is always time enough for courtesy.
—Ralph Waldo Emerson

INGREDIENTS OF THE ACKNOWLEDGIVIENTS

The main text of a scientific paper 1s usually followed by two additional
sections, namely, the Acknowledgments and the References.
As to the Acknowledgments, two possible ingredients require con-

sideration.

First, you should acknowledge any significant technical help that you
received from any individual, whether in your laboratory or eisewhere.
You should also acknowledge the source of special equipment, cultures,
or other materials. You might, for example, say something like "l hanks
are due to J. Jones for assistance with the expertments and to R. Smith for
valuable discussion.” (Of course, most of us who have been around for a
while recognize that this is simply a thinly veiled way of admitting that
Jones did the work and Smith explained what 1t meant.)

Second, it is usually the Acknowledgments wheremn you should ac-

knowledge any outside financial assistance, such as grants, contracts, or
fellowships. (In these days, you might snidely mention the absence ot

such grants, contracts, or fellowships.)
73
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BEING COURTEOUS

The important element in Acknowledgments is simple courtesy. There 1sn’t
anything really scientific about this section of a scientific paper. 1he same
rules that would apply in any other area of civilized hife should apply here. If
you borrowed a neighbor’s lawn mower, you would (we hope) remember to

say thanks for it. If your neighbor gave you a really good 1dea for landscaping
your property and you then put that idea into effect, you would (we hope)
remember to say thank you. It is the same in science; 1f your neighbor (your
colleague) provided important ideas, important supplies, or important
equipment, you should thank him or her. And you must say thanks in print,
because that is the way that scientific landscaping is presented to 1ts public.

A word of caution is in order. Before mentioning someone 1n an
Acknowledgment, you should obtain permission from him or her. Often,
it is wise to show the proposed wording of the Acknowledgment to the
person whose help you are acknowledging. He or she might well believe
that your Acknowledgment is insufficient or (worse) that it 1s too effu-
sive. If you have been working so closely with an individual that you
have borrowed either equipment or ideas, that person is most likely a
friend or valued colleague. It would be silly to risk either your friendship

or the opportunities for future collaboration by placing in public print a
thoughtless word that might be offensive. An inappropriate thank you can
be worse than none at all, and if you value the advice and help of friends
and colleagues, you should be careful to thank them 1n a way that pleases
rather than displeases them.

Furthermore, if your acknowledgment relates to an idea, suggestion,
or interpretation, be very specific about it. If your colleague’s input 1s too
broadly stated, he or she could well be placed in the sensitive and em-
barrassing position of having to defend the entire paper. Certainly, if your
colleague is not a coauthor, you must not make him or her a responsible
party to the basic considerations treated in your paper. Indeed, your

colleague may not agree with some of your central points, and it 1s not
eood science and not good ethics for you to phrase the Acknowledgments
in a way that seemingly denotes endorsement.

We wish that the word “wish” would disappear from Acknowiedg-
ments. Wish is a perfectly good word when you mean wish, as in “I wish
you success.” However, if you say “I wish to thank John Jones,” you are

wasting words. You may also be introducing the implication that “I wish
that I could thank John Jones for his help but it wasn’t all that great.” "l
thank John Jones™ is sufficient.
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How to Cite the References

Manuscripts containing innumerable references are more likely a

sign of insecurity than a mark of scholarship.
—wWilliam C. Roberts

RULES TO FOLLOW

There are two rules to follow in the References section, just as 1n the

Acknowledgments section.
First, you should list only significant published references. Retfer-

ences to unpublished data, abstracts, theses, and other secondary mate-
rials should not clutter up the References or Literature Cited section. If
such a reference seems essential, you may add it parenthetically or, in
some journals; as a footnote in the text. A paper that has been accepted
for publication can be listed in Literature Cited, citing the name of the
journal followed by “In press” or “Forthcoming.”

Second, check all parts of every reference against the original pub-

lication before the manuscript 1s submitted and perhaps again at the proof
stage. Take it from an erstwhile librarian: There are far more mistakes 1n

the References section of a paper than anywhere else.
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CHAPTER 16

How to Design Effective Tables

A rabuiar presentation of data is often the heart or, better, the brain,
of a scientific paper.
—Peter Morgan

WHEN TO USE TABLES

Before proceeding to the “how to” of tables, let us first examine the
question of “whether to.”

As a rule, do not construct a table unless repetitive data must be

presented. There are two reasons for this general rule. First, it is simply
not good science to regurgitate reams of data just because you have them
In your laboratory notebooks; only samples and breakpoints need be
given. Second, the cost of publishing tables can be high compared with
that of text, and all of us involved with the generation and publication of
scientific literature should worry about the cost.

It you made (or need to present) only a few determinations, give the
data in the text. Tables 1 and 2 are useless, yet they are typical of many
lables that are submitted to journals.

Table 1 is faulty because two of the columns give standard condi-
tions, not variables and not data. If temperature is a variable in the

3.
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Table 1. Effect of aeration on growth of Streptomyces coelicolor

Temp ("C) No. of expt Aeration of growth medium Growth”
24 5 + 78
24 5 = 0

—

i A5 determined by optical density (Klett umts). |
Symbols: +, 500-ml Erlenmeyer flasks were aerated by having a graduate student blow 1nto the

hottles for 15 min out of each hour: —, identical test conditions, except that the aeration was
provided by an elderly professor.

experiments, it can have its column. If all experiments were done at the
same temperature, however, this single bit of information should be noted
in Materials and Methods and perhaps as a footnote to the table, but not in
a column in the table. The data presented in the table can be presented in
the text itself in a form that is readily comprehensible to the reader,

without taking up space with a table. Very simply, these results would
read: “Aeration of the growth medium was essential for the growth of

Table 2. Effect of temperature on growth of oak
(Quercus) seedlings”

#

Temp (7C) Growth n 43_11 (mm)

50
40
30

-2

—10
J

0
0
0
0
0
0
10 0
20 [
30 8
40 1
0
0
0
0
0
0

50
60
70

s()
90

100

e ——— e —
rr

“Each individual seedling was maintained in an individual round pot,
10 cm in diameter and 100 cm high, in a nch growth medium containing

509% Michigan peat and 50% dried horse manure. Actually, it wasn't

“50% Michigan™; the peat was 100% “Michigan,” all of 1t coming from
that state. And the manure wasn’t half-dried (509); it was all dried. And,
come to think about it. I should have said “50% dried manure (horse); |

didn't dry the horse at all.
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Table 3. Oxygen requirement of various species of Streptomyces

Growth under aerobic Growth under anaerobic

Urganism conditions” conditions
Strepltomyces priseus +4- i
8. coelicolor T B
8. nocolor = g
S. everycolor + -
S. greenicus = 5
S. rainbowensky - %

“See Table 1 for explanation of symbols. In this experiment, the cultures were aerated by a shaking
machine (New Brunswick Shaking Co , Scientific, NJ).

Streptomyces coelicolor. At room temperature (24°C), no growth was
evident in stationary (unaerated) cultures, whereas substantial growth
(OD, 78 Klett units) occurred in aerated cultures.”

Table 2 has no columns of identical readings, and it looks like a good
table. But 1s it? The independent variable column (temperature) looks
reasonable enough, but the dependent variable column (growth) has a
suspicious number of zeros. You should question any table with a large
number of zeros (whatever the unit of measurement) or a large number of

100s when percentages are used. Table 2 1s a useless table because all it
tells us 1s that “The oak seedlings grew at temperatures between 20 and
40°C; no measurable growth occurred at temperatures below 20°C or
above 40°C.”

In addition to zeros and 100s, be suspicious of plus and minus signs.
Table 3 1s of a type that often appears in print, although it is obviously not
very informative. All this table tells us is that “S. griseus, S. coelicolor,
5. everycolor, and S. rainbowensky grew under aerobic conditions,
whereas S. nocolor and S. greenicus required anaerobic conditions.”
Whenever a table, or columns within a table, can be readily put into
words, do i1t.

Some authors believe that all numerical data must be put in a table.
Table 4 is a sad example. It gets sadder when we learn (at the end of the

Table 4. Bacteriological failure rates

MNocillin K Penicillin
5/35 (14)° 0/34 (26)

"Results expressed as number of failures/total, which is then
converted to a percentage (within parentheses), P--0.21.
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footnote) that the results were not statistically significant anyway
(P =0.21). If these data were worth publishing (which seems doubtful),
one sentence in the Results would have done the job: “The difference
between the failure rates—14% (5 of 35) for nocillin and 26% (9 of 34)
for potassium penicillin V—was not significant (£ = B.21):"

In presenting numbers, give only significant figures. Nonsignificant
figcures may mislead the reader by creating a false sense of precision; they
also make comparison of the data more difficult. Unessential data, such
as laboratory numbers, results of simple calculations, and columns that

show no significant variations, should be omitted.
Another very common but often useless table is the word list. Table 5

is an example. This information could easily be presented in the text. A
good copyeditor will kill this kind of table and incorporate the data 1nto
the text. Yet, when copyeditors do so (and this leads to the next rule
about tables), they often find that much or all of the information was
already in the text. Thus, the rule: Present the data in the text, or in a
table, or in a figure. Almost never present the same data 1n more than one

way. Of course, selected data can be singled out for discussion in the text.

HOW TO ARRANGE TABULAR MATERIAL

Having decided to tabulate, you ask yoursell the question: “How do I
arrange the data?” Since a table has both left-right and up-down dimen-

sions, you have two choices. The data can be presented either horizontally
or vertically. But can does not mean should; the data should be organized

so that the like elements read down, not across.
Examine Tables 6 and 7. They are equivalent, except that Table 6

reads across. whereas Table 7 reads down. To use an old fishing

Table 5. Adverse effects of nicklecillin 1n
24 adult patients

No. of patients Side effect
e
14 Diarrhea
5 Eosinophilia (> 5 eos/mm”)

Metallic taste”

Yeast vaginitis®

Mild rise in urea mtrogen
Hematuria (8-10 rbe/hpf)

e e LY

“Both of the patients who tasted metallic worked 1n a zinc mine,
“The infecting organism was a rare strain of Candida aibicans that

causes vaginitis in yeasts but not in humans.

How to Design Effective Tables &9

Table 6. Charactenstics of antibiotic-producing Strepromyces

Determination S. flucricolor S. griseus 5. coelicolor 8. nocolor

Optimal growth -10 24 28 02
temp ("C)

Color of mycelium Tan Gray Red Purple

Antibiotic produced Fluornicillinmycin  Streptomycin - Rholmondelay®  Nomycin

Yield of antibiotic 4,108 78 2 ()
(mg/ml)

“Pronounced “"Rumley™ by the British.

expression, Table 6 is “bass ackward.” Table 7 1s the preferred format
because 1t allows the reader to grasp the information more easily, and it is

more compact and thus less expensive to print. The point about ease for
the reader would seem to be obvious. (Did you ever try to add numbers
that were listed horizontally rather than vertically?) The point about
reduced printing costs refers to the fact that all columns must be wide or
deep 1n the across arrangement because of the diversity of elements,
whereas some columns (especially those with numbers) can be narrow
without runovers in the down arrangement. Thus, Table 7 appears to be
smaller than Table 6, although 1t contains the same information.

words 1n a column are lined up on the left. Numbers are lined up on
the right (or on the decimal point). Table 7, for example, illustrates this
point.

lable 8 1s an example of a well-constructed table (reprinted with
permission from the Instructions to Authors of the Journal of Bacteri-
otogy). It reads down, not across. It has headings that are clear enough to
make the meaning of the data understandable without reference to the

text. It has explanatory footnotes, but they do not repeat excessive ex-
perimental detail. Note the distinction here. It is proper to provide enough
information so that the meaning of the data is apparent without reference

Table 7. Characteristics of antibiotic-producing Streptomyces

Yield of

Optimal Color of Antibiotic antibiotic

Organism egrowth temp (°C) mycelium produced (mg/ml)
3. fluoricolor ~10 Tan Fluoricillinmycin 4,108
S. griseus 24 Gray Streptomycin 78
5. coelicolor 28 Red Rholmondelay” 2
-3 hocolor 92 Purple Nomycin ()

e

“Where the flying fishes play.
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Table 8. Induction of creatinine deaminase in Clostridium sp. strains
XP32 and XP56

Clostridinm Clostridium
sp. strain XP32 sp. strain XP36

N source” - — — —_—
Sp act 3p act

Total (U/mg of Total (U/mg of

enzyme” protein) enzyme protein)
Ammonia .58 0.32 0.50 (.28
Glutamic acid 5.36 .48 2.18 0.61
Aspartic acid 2.72 0.15 1.47 0.06
Arginine 3.58 2.18 3.38 2.19

Creatinine 07.30 58.40 104.00 58.30

“The inoculum was grown in glucose broth with ammonium sulfate, washed twice, and then

transferred into the media with the N sources listed above.
"Enzyme units in cell extract obtained from ca. 10" cells.

Courtesy of the American Society for Microbiology, Journals Department.

to the text, but it is improper to provide in the table the experimental
detail that would be required to repeat the experiment. The detailed
materials and methods used to derive the data should remain 1n the
section with that name.

Note that these tables have three horizontal rules (lines) but no
vertical rules. Virtually all tables are constructed this way. Occasionally,
straddle rules (as below “sp. strain XP32” and “sp. strain XP56” in
Table 8) are used. Vertical rules normally are not used 1n tables.

EXPONENTS IN TABLE HEADINGS

[f possible, avoid using exponents in table headings. Confusion has re-
sulted because some journals use positive exponents and some use neg-
ative exponents to mean the same thing. For example, some have used
“cpm x 10" to refer to thousands of counts per minute, whereas others
have used “cpm X 107" for the same thousands of counts. If it is not
possible to avoid such labels in table headings (or in figures), it may be
worthwhile to state in a footnote (or in the figure legend), in words that

eliminate the ambiguity, what convention 1s being used.

FOLLOWING THE JOURNAL'S INSTRUCTIONS

Instructions to Authors commonly include a section about tables. Betore
preparing your tables, check the Instructions to Authors of your targel
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journal. These instructions may indicate such itemns as the dimensions of

the space available, the symbols or form of lettering for indicating foot-
notes to tables, and the word-processing tools to use in preparing tables.
[.ooking at tables 1n the journal as examples also can aid in preparing
suitable tables.

Traditionally, journals have asked authors to submit each table on a
separate page at the end of the text. In addition, some journals have said to
identify 1n the margin of the text the first mention of each table, for
example by writing “Table 3”7 and circling it. This procedure helps make
sure that the author has indeed cited each table in the text, in numerical
crder. It also indicates to the compositor, at the page makeup stage, where
to break the text to insert the tables. Today, some journals ask authors to
imbed tables in the text near their first mention. To determine whether

tables should be placed within the text or at the end (and how, if requested,
to indicate their placement), consult the Instructions to Authors.

TITLES, FOOTNOTES, AND ABBREVIATIONS

The title of the table (or the legend of a figure) is like the title of the paper
itself. That 1s, the title or legend should be concise and not divided into
two or more clauses or sentences. Unnecessary words should be omitted.

Give careful thought to the footnotes to your tables. If abbreviations
must be defined, vou often can give all or most of the definitions in the
first table. Then later tables can carry the simple footnote: “Abbrevia-
tions as 1n lable 1.7

Note that “temp” (Tables 1, 2, 6, and 7) 1s used as an abbreviation for
“temperature.” Because of space limitations in tables, almost all journals
encourage abbreviation of certain words in tables that would not be
abbreviated 1n the text. Capitalize any such abbreviations used as the first
word 1n a column heading; do not use periods (except after “no.,” which
might be misread without the period). To 1dentify abbreviations that your

target journal considers acceptable in tables, you can look at tables
published in the journal. Also, some journals list in their Instructions to
Authors the abbreviations that can be used without definition in tables
that they publish.
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importance to the data. Thus, in the search for credibility, there is a
tendency to convert a few data elements into an impressive-looking graph
or table. Don't do it. Your more experienced peers and most journal
editors will not be fooled; they will soon deduce that (for example) three
of the four curves in your graph are simply the standard conditions and
that the meaning of the fourth curve could have been stated in just a

few words. Altempts to dress up scientific data are usually doomed to
failure.

It there 1s only one curve on a proposed graph, can you describe it in
words ! Possibly only one value is really significant, either a maximum or
a minimum; the rest is window dressing. If vou determined, for example,
that the optimum pH value for a particular reaction was pH 8.1, it would
probably be sufficient to state something like “Maximum vyield was
obtained at pH 8.1.” If you determined that maximum growth of an
orgamism occurred at 37°C, a simple statement to that effect is better
economics and better science than a graph showing the same thing.

If the choice is not graph versus text but graph versus table, your
choice might relate to whether you want to impart to readers exact nu-

merical values or simply a picture of the trend or shape of the data.
Rarely, there might be a reason to present the same data in both a table

CHAPTER 1/

How to Prepare Effective Graphs

A good illustration can help the scientist to be heard when speaking,

to be read when writing. It can help in the sharing of information 60
with other scientists. It can help to convince granting agencies 1o
fund the research. It can help in the teaching of students. It can help
to inform the public of the value of the work.
—Mary Helen Briscoe
40 TOTAL NO. OF
PATIENTS

WHEN TO ILLUSTRATE

[ NO. OF INFECTIONS
[n the previous chapter, we discussed certain types of data that should not

be tabulated. They should not be turned into graphs either. Basically,

eraphs are pictorial tables, 20

The point is this. Certain types of data, particularly the sparse type or
the type that is monotonously repetitive, do not need to be brought to-
gether in either a table or a graph. The facts are still the same: Preparing
and printing an illustration can be time-consuming and expensive, and

you should consider illustrating your data only if the result is a real

service to the reader.
This point bears repeating because many authors, especially those | Figure 1. Incidence of hospital-acquired

who are still beginners, think that a table, graph, or chart somehow adds infections.
92

AVERAGE NO. OF
DAYS IN HOSPITAL

14

0
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and a graph, the first presenting the exact values and the second showing 100 -

a trend not otherwise apparent. (This procedure seems to be rather com-
mon in physics.) Most editors would resist this obvious redundancy,

however, unless the reason for it was compelling.
An example of an unneeded bar graph is shown in Fig. 1. This figure 80 B

could be replaced by one sentence in the text: “Among the test group of
56 patients who were hospitalized for an average of 14 days, 6 acquired

infections.”
When is a graph justified? There are no clear rules, but let us examine

some indications for their effective use.

L)
-

WHEN TO USE GRAPRHS

.. N
-

Graphs are very similar to tables as a means of presenting data in an
organized way. In fact, the results of many experiments can be presented
either as tables or as graphs. How do we decide which is preferable? This
is often a difficult decision. A good rule might be this: If the data show

pronounced trends, making an interesting picture, use a graph. If the
numbers just sit there, with no exciting trend in evidence, a table should be . A

satisfactory (and perhaps easier and cheaper for you to prepare). lables i
are also preferred for presenting exact numbers. -~

Examine Table 9 and Fig. 2, both of which record exactly the same

Negative cultures (%)

20 &

data. Either format would be acceptable for publication, but Fig. 2 clearly 2 4 A q
seems superior to Table 9. In the figure, the synergistic action of the 'twu— Biication of irestmant

drug combination is immediately apparent. Thus, the reader can quickly (weeks)

grasp the significance of the data. It also appears from the graph that |

streptomycin is more effective than is isoniazid, although its action is Figure =. Effect of streptomycin (O), isoniazid (A), and streptomycin plus
somewhat slower; this aspect of the results is not readily apparent from isoniazid (0O) on Mycobacterium tubercutosis.

the table.

| HOW TO PREPARE GRAPHS
Table 9. Effect of streptomycin, isoniazid, and streptomycin plus

soniazid on Mycobacterium tuberculosis® Early editions of this book included rather precise directions for using

graph paper, India ink, lettering sets, etc. Graphs had been prepared with

___l—-_—_I—__

| Percentage of negative cultures at: these materials and by these techniques for generations.
Treatment” —1 rﬁ:—m 2 wk Now we live 1n a world revolutionized by the computer. However,
R R B the principles of producing good graphs have not changed. The sizes of
?:;?i??fcin 2 ig ]1; 15 the letters and symbols, for example, must be chosen so that the final
E:"E[:H;mycin . Aaaie 30 60 80 100 published graph 1n the journal 1s clear and readable.

H-

— | The size of the lettering must be based on the anticipated reduction
“The patient population, now somewhat less so, was described 1n a preceding paper (61). that will th flick This b 4]
"Highest quality available from our suppher (Town Fharmacy, Podunk, [A). dl Will occur 1n the publisiing process. 15 1aclor becomes especially
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important if you are combining two or more graphs mnto a single illus-
tration. Combined or not, each graph should be as simple as possible,
“The most common disaster in illustrating 1s to mnclude too much 1n-
formation in one figure. Too much information 1n an illustration confuses
and discourages the viewer” (Briscoe, 1996).

Figure 3 is a nice graph. The lettering was large enough to with-
stand reduction during printing. It is boxed, rather than two-sided (com-
pare with Fig. 2), making it a bit easier to estimate the values on the

right-hand side of the graph. The scribe marks point inward rather than
outward.

300

% OF CONTROL

A
100 L& A C 2
L ™ D
0 20 40 60 80 1.00

SPERMIDINE (mg/ml)

Figure 3. Effect of spermidine on the transformation of B. subtilis BR 151.
Competent cells were incubated for 40 min with spermidine prior to the addition

of 5 pg of donor DNA per ml (@) or (.5 pg of donor DNA per ml (A). DNA

samples of 5 pg (©) or 0.5 pg per ml (A) were incubated for 20 min prior to the

addition of cells. (Redrawn from Fig. 1, in: Clark, P. O., and F. R. Leach.
Stimulation of Bacillus subtilis transformation by spermidine. Mol. Gen. Genel.

178:21-25, 1980. © by Springer-Verlag 1980. With kind permission of Springer

Science and Business Media.)
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If your paper contains two or more graphs that are most meaningful
when viewed together, consider grouping them in a single illustration. To
minimize reduction, place the graphs above and below each other rather
than side by side. For example, in a two-column journal, placing three
eraphs 1n an “above and below” arrangement allows each graph to be
one or two columns 1n width. It the graphs appear side by side, each can
average only one third of a page wide.

Whether or not you group graphs in such a composite arrangement,
be consistent from graph to graph. For example, if you are comparing
interventions, keep using the same symbol for the same intervention.
Also be consistent 1n other aspects of design. Both conceptually and
aesthetically, the graphs in your paper should function as a set.

Do not extend the ordinate or the abscissa (or the explanatory let-
tering) beyond what the graph demands. For example, if your data points
range between 0 and 78, your topmost index number should be 80. You
might feel a tendency to extend the graph to 100, a nice round number;
this urge 1s especially difficult to resist if the data points are percentages,
for which the natural range is 0 to 100. Resist this urge, however. If you
do not, parts of your graph will be empty; worse, the live part of your
eraph will then be restricted in dimension, because you have wasted
perhaps 20% or more of the width (or height) with empty white space.

In the example above (data points ranging from 0 to 78), your ref-
erence numbers should be 0, 20, 40, 60, and 80. You should use short
index lines at each of these numbers and also at the intermediate 10s (10,
30, 50, 70). Obviously, a reference stub line halfway between (0 and 20
could only be 10. Thus, you need not letter the 10s, and you can then use
larger lettering for the 20s, without squeezing. By using such techniques,
you can make graphs simple and effective instead of cluttered and con-
fusing.

oYMBOLS AND LEGENDS

If there 1s a space in the graph itself, use it to present the key to the
symbols. In the bar graph (Fig. 1), the shadings of the bars would have
been a bit difficult to define in the legend; given as a key, they need no
further definition (and any additional typesetting, proofreading, and ex-
pense are avolded).

[f you must define the symbols in the figure legend, you should use
only those symbols that are considered standard and that are widely
available. Perhaps the most standard symbols are open and closed circles,

triangles, and squares (C, A, O, @, A, B). If you have just one curve, use
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open circles for the reference points; use opén triangles for the second,
open squares for the third, closed circles for the fourth, and so on. If you

need more symbols, you probably have too many curves for one graph,
and you should consider dividing it into two. Different types of con-
necting lines (solid, dashed) can also be used. But do nor use different
types of connecting lines and different symbols.

As to the legends, they should normally be provided on a separate
page, not at the bottom or top of the illustrations themselves. The main
reason is that the two portions typically are processed separately during
journal production. Consult the Instructions to Authors of your targer
journal regarding this matter and other requirements for graphs.

CHAPTER 18

How to Prepare
Effective Photographs

Life is not abowt significant details, iliuvminated tn a flash, fixed
forever. Photographs are.
—Susan Sontag

PHOTOGRAPHS AND MICROGRAPHS

If your paper 1s to be illustrated with one or more photographs, there are

several factors to keep in mind.

The most important factor to worry about, however, 1s a proper ap-
preciation of the value of the photographs for the story you are pre-
senting. The value can range from essentially zero (in which case, like
useless tables and graphs, they should not be submitted) to a value that
transcends that of the text itself. In many studies of cell ultrastructure, for
example, the significance of the paper lies in the photographs. As noted in
Chapter 6, if photographs (such as electron micrographs) are of prime
importance to your story, you should choose a journal with high-quality
reproduction standards.

As with graphs, the size (especially width) of the photograph 1n
relation to the column and page width of the journal is extremely 1m-




