How To Write

A Winning Scientific Paper

hen presented with hundreds of tech-

nically excellent research papers,
how does one choose the twenty “best™?
This is the dilemma faced by a small num-
ber of hard working judges for the IEEE
EMBS/Whitaker Foundation Student Pa-
per Competition each year.

Entries to the Student Paper Competi-
tion (SPC) are in the same format as all
other papers submitted to the IEEE EMBS
Conference. When embarking on writing
a paper for the SPC, you should first obtain
an Author’s Kit. You should also request
the special instructions for the SPC.

Each SPC paper is reviewed by at least
five judges who score it in three major
categories: Structure of the Report (30
points). Composition (30 points). and
Technical Merit (40 points), for a maxi-
mum possible score of 100 points. The
structure of the report refers to the proper
use of the standard sections in a scientific
paper. Composition refers to proper use of
grammar, spelling, punctuation, sentence
and paragraph structure, and tense. It also
is concerned with the ease with which the
message can be read and understood.
Technical Merit takes into account the
completeness of the work and the substan-
tiation of the results.

It is essential to obtain an Author’s Kit
and to closely follow the Instructions for
Authors. Since the publication will be di-
rectly photographed from what is submit-
ted, it is crucial that the paper strictly
adhere to type sizes and tvpe faces, margin
sizes, and the layout of the title, authors’
names and institutions. In a short paper,
the subject should be well defined and on
a narrow topic: there is not enough space
to do justice to a broad topic. Regardless
of length limitations, in a good quality
paper all parts of the paper are concise.

Performing good science is only part of
the role of a scientist. An equally impor-
tant part is telling people about it. There
are several considerations that should be
kept in mind when you are writing about
your scientific work. The most important
of these is 10 remember your audience.
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Your own research work is so familiar to
you that you will tend to make some very
common mistakes. For one, in the labora-
tory you probably use jargon terms to
describe your work. Jargon has no place
in a scientific paper. Another common
error is to assume that your audience
knows all of the details of past work in
your particular topic. A well defined sci-
entific paper format is needed to ensure
the clarity of your report.

Engineering literature often contains pa-
pers that are concerned with design rather
than pure science. The emphasis in such a
paper is the design itself. Since the design
must be tested to demonstrate its efficacy,
the same layout that is used for a scientific
paper also applies to a design paper.

Sections of a Paper

The layout of a scientific paper is fairly
standard and is divided into five distinct
sections: Abstract, Introduction, Materials
and Methods, Results, and Discussion.
While specific variations to this formula
may exist. the general layout is commonly
found throughout all branches of science
and engineering.

The paper begins with an Abstract. As
the name implies, the entire paper is sum-
marized, or abstracted, in one paragraph.
Typically, the important points of each
section of the paper are contained in two
to three sentences. The length of the Ab-
stract is often specified in the Instructions
to Authors of a particular publication.

The Introduction is the section in
which the background and the signifi-
cance of the topic are described. The In-
troduction is the section that provides
enough information for the audience to
place the current work in perspective. The
Introduction describes the problem that is
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being addressed by the paper and then
discusses pertinent prior work upon which
the current work is based. The majority of
the references to other work should be
made in this section.

The section following the Introduction
is usually called Materials and Methods.
This section contains a complete descrip-
tion of the procedures used to perform the
current study. The description must have
sufficient detail so that others could dupli-
cate the experiments. If some of the meth-
ods are commonly used and have been
reported elsewhere, their descriptions can
be minimized with appropriate references.
It is sometimes useful, however, for the
reader to have pertinent details of the ref-
erenced methods repeated in the current
paper. Major materials and equipment
should be described with a model number
and manufacturer’s name. Also place the -
location of the manufacturer in parenthe-
ses (city and state or country).

The Results section follows Materi-
als and Methods. Its sole purpose is to
report the results of the studies de-
scribed in the previous section. A com-
mon mistake is to discuss the results in
the Results section. This is not an appro-
priate place for such discussion; rather,
it is just a list of results and is often very
short. It is also unnecessary to describe
how the results were obtained since this
should have been covered in the Materi-
als and Methods section. The Results
section can reference tables and figures
as alternate ways of reporting the data.
Very often however, tables are over-
used. Besides taking up a lot of space,
they can contain more information than -
is necessary. It is usually unnecessary to
list the individual results from each sub-
ject in a study, when appropriate appli-
cation of statistics will generalize the
results from all subjects and provide a
more intelligible synopsis. Figures must
be legible and not cluttered with excess
detail. Lettering must be proportional in
size to the graphics, and be large enough
to read comfortablv.
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The contents of the Discussion section
are less well defined than the other sec-
tions. This is the author’s forum to discuss
whatever is pertinent to the work de-
scribed in the paper. There are certain
things, however, that every Discussion
section should have. It is appropriate to
start this section with a short summary of
what was shown in the experiment. Since
every expenment contains some experi-
mental errors, the sources and implica-
tions of these errors should be thoroughly
discussed in this section.

References to other work that are made
in this section are generally for the pur-
pose of examining experimental error.
These references need not be 1o work done
on the same topic but can be papers on
associated topics that use similar experi-
mental techniques. The end of the Discus-
sion section should close the paper and
leave the reader with the impression that
the story is complete.

The Reference section is also an impor-
tant part of the paper. One of the most
common errors in paper writing is to not
use the appropriate reference format. All
citations included in this section should
have been referenced in the paper. Only
pertinent references are necessary, par-
ticularly in a short paper. The order of
references ditfers between publications,
so be sure to use the appropriate order as
described in the Instructions for Authors.

Statistics

Most often, the best way to report re-
sults is with the proper use of statistics.
Appropriate statistical measures serve to
generalize the set of individual data points
based on their probability distribution.
When culminated in a probability, or p
level of significance, the reader is given
the likelihood that the data show what was
expected. A very common mistake in re-
porting results is to leave the statistics at
an intermediate level. For instance, a
Pearson’s r correlation coefficient is often
used to tell the goodness of fit between
data and a regression or between two sets
of data. The value of r can vary from 0 to
1, with 1 representing perfect correlation.
However, how does one decide what is a
good value of r? The number of data points
effects the value of r.

Expressing correlation as a probability
corrects for the number of data points,
stating the probability that the two data
sets are uncorrelated. It is at this point that
an acceptable probability is determined.
Most often, acceptable levels of signifi-
cance are defined by the field in which
work is being done. For instance, in many
medical studies, a 5 percent (p < 0.05)
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level of significance is commonly used. In
engineering studies, the acceptable level
of significance is usually lower.

The statistical method used should be
described completely in the Materials and
Methods section. The description should
include the type of statistics used, the
number of degrees of freedom, which is
most often derived from the number of
samples already reported in that section,
and whether the probability is determined
from a one- or two-tailed population. If a
one-tailed population is used, an appropri-
ate justification must be given. In the Re-
sults section, only the p level should be
reported; the value of intermediate statis-
tical measures are usually of little interest
or value {o the reader.

Tense

Although at times it may seem awk-
ward, it is correct form to keep the same
tense in each section of the paper. “Shift-
ing from one tense to another gives the
appearance of uncertainty and irresolu-
tion” [1). In certain sections of the paper,
there is little choice as to what the tense
should be. Materials and Methods de-
scribes what work was done and must be
in the past tense. The Results section de-
scribes what results were obtained and
must be in the past tense. The Introduction
is a section that can have other tenses. In
describing the significance of the prob-
lem, the present tense can be used. When
describing past work of other investigators
the past tense would make more sense.
One of those tenses should be selected and
all sentences in that section should be tai-
lored to that tense. Similarly, in the Dis-
cussion section several tenses can apply.
The past tense is the most logical when
discussing the experiments and their re-
sults. The present tense could be used
when discussing current applications of
the study and the future tense would be
applicable if future improvements to the
studies were discussed. Once again, one
tense should be chosen for the entire Dis-
cussion and all of the sentences should be
appropriately structured to match that
tense.

Common Writing Mistakes

Here is a list of things to look for in
writing a paper:

Format: Does the layout match that
described by the Instructions forAuthors?
Is the correct format used for references?
Is the Abstract the proper length?

Checking: Use a Spell Checker and
make sure that words it does not recognize
are spelled properly before you accept or
include them in your personal dictionary.
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Read your paper. Spell-Checkers and
Grammar-Checkers are not infallable.
Words can be spelled correctly but used
incorrectly, and vice versa. Triple-check
vour equations and calculations. You are
responsible for the contents of your paper.

Sentences: Are all sentences well
structured with a subject and predi-
cate?Can long sentences be broken down
into two or more? When using “this” and
“it,” make sure that the reader knows what
vou are referring to; better vet, write it out.

Paragraphs: No paragraph should
have only one sentence. Can very long
paragraphs be broken down to improve
the transition of ideas?

Wording: Avoid overuse of specitic
words; look for synonyms. Never use the
same word twice in a sentence (except for
small words like “the’ or "a’). Avoid using
the same word twice in a paragraph. Are
you using jargon terms than can be
changed to more common terminology?

Tense: Is the tense within each section
consistent?

Overall: Have you clearly and con-
cisely introduced the problem, described
the experiments. reported the results, dis-
cussed the experimental errors, and dis-
cussed how the results have solved or
illuminated the problem?

Specific: The word data is plural (e.g.,
data are reported). Never use contractions.
Always write in the active voice (“We
performed these experiments” rather than
“These experiments were performed”).

Summary

Go to the laboratory and get your data.
Sit down at your computer, with your dic-
tionary, your style manual, your Instruc-
tions for Authors, and your notes within
reach, and start writing. Write your article
and print it out. double spaced, on paper
to read and make corrections. Do not be
concerned with the length of the paper at
this stage. Repeat the editing process as
many times as necessary until you are
happy with the result and it fits into the
page limit. At this stage have your
coauthors read it and make suggestions.
Print out the final copy and send it so that
it arrives by May 1, 1995. Good luck in
the IEEE EMBS/Whitaker Foundation
Student Paper Competition!

Dr. Gregory D. Lapin may be
reached at the Division of Neurology,
Evanston Hospital, 2650 Ridge Avenue,
Evanston, IL 60201.
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