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Towards clearer writing

M. Zeiger

Can the quality of writing in journal articles be im-
proved? The editors of The European Respiratory Jour-
nal believe the answer is "yes", so they have included
some suggestions on writing in their revised Instructions
to Authors (January 1993). These suggestions are based
on the notion that a scientific paper should tell a clear
story from beginning to end. This editorial explains these
suggestions, which are quoted below, and presents brief
examples, adapted from papers published in the Journal,
to illustrate them.

Introduction

State the question you asked (= hypothesis tested)
and the considerations leading you to formulate this
question. Give only pertinent references.

Why should the question be stated? The reason is that
the question is the anchor of the paper. For the story to
be clear, every sentence in the paper should relate to the
question. Thus, Methods tells what was done to answer
the question; Results tells what was found that answers
the question; and Discussion states and explains the an-
swer to the question, If the question is not stated, read-
ers have no clear idea of what the story will be about,
or what kind of answer to expect.

To give readers the clearest idea of the kind of answer
to expect, the question should be stated specifically. A
vaguely stated question is less useful. For example, "In
this study, respiratory function was measured in po-
lio survivors with acute respiratory muscle involve-
ment, those with only limb involvement, those with
bulbar involvement, and healthy age-matched controls,
during wakefulness and during sleep" [1]. This state-
ment tells what the authors did, not what they were ask-
ing. A specific question is clearer: "In this study, we
asked whether respiratory function during either
wakefulness or sleep is impaired differently in polio
survivors with acute respiratory muscle involvement,
those with only limb involvement, and those with
bulbar involvement". From this question, we expect the
answer to be either yes, respiratory function is impaired
differently in these groups, or no, it is not. The key el-
ement is the verb ("is differently impaired").

The question can be introduced with a question word,
such as "whether", as in "we asked whether..." or as a
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hypothesis to be tested: "In this study we tested the
hypothesis that...".

The question is not the first statement in the Introduc-
tion. Before stating the question, the Introduction should
lead readers to the question, by telling the story of what
is known about the topic of the research and what is not
yet known. In addition, if previous work suggested a
possible answer to the question, that work can also be
included before the question is stated. Finally, after the
question, the experimental approach used to answer the
question may need to be stated.

The Introduction should be as brief as possible. Its
purpose is to lead to the question, not to provide a com-
plete review of the topic.

Example 1: Introduction [2]

4 Inhalation of hypertonic saline aerosol induces bron-
choconstriction in many asthmatic patients’. # In some
patients, bronchoconstriction is followed by a refractory
period, during which a second hypertonic saline challenge
elicits much less bronchoconstriction®. € The cause of
this refractory period has not been determined. 2 Previ-
ous studies have suggested that the refractoriness after
hypertonic saline challenge cannot be attributed to pro-
tective catecholamines®, reduction in nonspecific airway
responsiveness after the first challenge®, or depletion of
mediators from airway mast cells* 5.,

E Another possibility is that cyclooxygenase products
such as prostaglandins D, and F, and thromboxane A,
are responsible for the refractoriness. * This possibility is
suggested by previous studies showing that refractor-
iness after exerciseS, or after ultrasonically nebulized
distilled water challenge’, can be reduced by pre-
administration of the prostaglandin synthesis blocker
indomethacin. € We therefore asked whether cyclo-
oxygenase products contribute to the refractoriness that
occurs after bronchoconstriction induced by hypertonic
saline aerosol. # To answer this question, we investi-
gated the effects of indomethacin on the development of
refractoriness to hypertonic saline in a group of nine
asthmatic subjects.

This Introduction tells a story that leads to the question.
Sentences A and B state what is known about the topic
of the research. C states what is unknown. D supports
C by mentioning possible answers that have been re-
jected. E states another possible answer, which implies
the question. F supports E by mentioning previous work
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that suggested this possible answer. G states the ques-
tion. H states the experimental approach.

Materials and methods

Study design

Provide a brief overview of the tests or experiments,
that is, the strategy for answering the question(s). In
this subsection, include the independent variable(s)
manipulated, the dependent variable(s) measured and
all controls. Do not include details of methods.

The study design subsection is the part of the Mate-
rial and Methods section that continues the story started
in the Introduction. This subsection tells the strategy of
what was done to answer the question, without the
"cookbook" details. "What was done" includes the inde-
pendent variable(s) manipulated, the dependent variable(s)
observed or measured, and all controls. It also indicates
what one experiment consisted of, and states when, and
for how long, each manipulation or measurement was
made. For studies that include several experiments, the
order in which the experiments were performed should
also be stated. The total number of experiments can be
included in the study design subsection, although alter-
natively, the number can be stated in the preparation
subsection (if the same number holds for all experiments),
or in the data analysis subsection.

The study design subsection may also be called "Ex-
perimental protocol". For studies that are purely de-
scriptive, a study design subsection may not be needed.
For these studies, the experimental approach at the end
of the Introduction is usually sufficient to give an over-
view of the experiments,

Example 2: Study design subsection [3]

4 To determine whether superoxide anion production
induced by platelet-activating factor is increased in human
alveolar macrophages from smokers, # we incubated al-
veolar macrophages from each of 30 smokers and 18
nonsmokers separately in increasing concentrations of
platelet-activating factor, and € assessed production of
superoxide anions by measuring reduction of fer-
ricytochrome C. 2 Incubation at each concentration
lasted for 120 min. % Production was measured at 0, 10,
30, 60, 90, and 120 min. * As controls, we assessed
spontaneous production of superoxide anions in un-
stimulated alveolar macrophages (no platelet-activating
factor) from the same subjects and production of
superoxide anions in alveolar macrophages incubated with
the inactive precursor lyso-platelet-activating factor.

This study design subsection begins by repeating the
question the paper asked (A), thus continuing the story by
linking "what was done" with the question. Repeating
the question is especially useful in papers that have two

or more questions. Next comes an overview of what was
done: the independent variables studied (smoking group
versus nonsmoking group, platelet-activating factor) (B)
and the dependent variable measured (production of
superoxide anions) (C). B also includes the numbers of
experiments performed (30 for smokers, 18 for non-
smokers). Next, D states what one experiment consisted
of and how long each incubation lasted. E tells when
measurements were made. Finally, F describes two con-
trols: spontaneous production (essentially a baseline), and
incubation with the inactive precursor (a control for
platelet-activating factor).

What is not included in the study design subsection is
the cookbook details of how the experiments were per-
formed. For example, details of how the study subjects
were selected, how the macrophages were collected and
incubated, how production was assessed, and how pro-
duction from smokers and nonsmokers was compared are
given in separate subsections elsewhere in the Methods
section (Study subjects, Preparation of alveolar macro-
phages, Superoxide anion assay, and Data analysis, re-
spectively). Thus, the Methods section includes a certain
amount of repetition: the dependent and sometimes the
independent variables are mentioned both in the study
design and in the cookbook subsections.

The study design subsection should be as brief as pos-
sible, without sacrificing completeness. In particular,
repetition of steps within the study design subsection
should be avoided. For example, if each experiment is
repeated several times, each time with a different stimu-
lus, the steps of the experiment should be named once,
and then a statement can be added saying, "This experi-
ment was performed n times, each time using a different
stimulus, The stimuli used were...".

Results

Include only important results, i.e. results that help
answer the question. Present most data in figures or
tables, not in the text. Describe the prestudy condition
of study subjects or animals in Methods, not in
Results, Keep the Results section brief.

For the story begun in the Introduction and Methods
to continue in the Results section, important results, ie.
the results that help answer the question, should be placed
at the beginnings of paragraphs, as in Example 3 below
(sentence A). Supporting details (B), if needed, and con-
trol results (C) can be stated after the important results,

Example 3: Beginning of a Results section [3]

A Stimulating alveolar macrophages with platelet-
activating factor caused a greater dose-dependent increase
in superoxide anion production in alveolar macrophages
from smokers than in alveolar macrophages from non-
smokers, figure 1. @ The increase was greater at con-
centrations of platelet-activating factor above 10° M,
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figure 1, and at all time points measured, figure 2. € In
contrast to platelet-activating factor, the inactive precursor
lyso-platelet-activating factor did not alter the production
of superoxide anions from smokers' or nonsmokers' al-
veolar macrophages.

Figure legends, description of methods, and control re-
sults should not appear at the beginnings of paragraphs,
because they do not tell the story. Thus, Example 3
above should not begin by saying, "Superoxide anion
production in alveolar macrophages from smokers and
nonsmokers is shown in figure 1" (figure legend), or
"Superoxide anion production was measured in alveolar
macrophages from smokers and nonsmokers" (methods),
or "The inactive precursor lyso-platelet-activating factor
did not alter the production of superoxide anions from
smokers' or nonsmokers' alveolar macrophages" (control
result).

Data should be presented in figures or tables, where
they are easy to read. Data in the Resulis section make
the text unnecessarily long, and do not tell the story.
Therefore, instead of "The total number of cells'ml?!
bronchoalveolar lavage fluid was 35.4+5.8x10* in smok-
ers compared to 10.8+2.9x10% in nonsmokers (p < 0.05),
table 2", this sentence can say, "The total number of
cells'ml! bronchoalveolar lavage fluid was greater in
smokers than in nonsmokers, table 2".

The pre-study condition of the study subjects is not a
result, and thus belongs in the Methods section, not in
Results. Thus, the following sentences should be omitted
from the beginning of the Results section and added to
the subsection of Methods that describes the study sub-
jects: "The 18 nonsmoking and 30 smoking subjects
studied had a wide variety of diseases, table 1. All had
clearly localized lung disease, except for eight who had
no sign of lung disease after intensive diagnostic proce-
dures. The two groups had no differences other than their
smoking habits, table 2",

The Results section should be as brief as possible, so
that the readers can find and focus on the important re-
sults easily. "The more noise, the less message".

Discussion

At the beginning of the Discussion, state the answer
to the question asked in the Introduction (check that
the answer responds to the question), and briefly
sepport the answer with relevant results. Then, as
necessary, explain or defend the answer, explain con-
tradictory or unexpected results and discrepancies
with previous findings, describe limitations of the
methods and discuss possible implications. Emphasize
the new and important aspects of the study.

The clearest way to finish the story started in the Intro-
duction and continued in the study design subsection of
Methods and in Results is to state the answer to the ques-
tion at the beginning of the Discussion, as in sentence
A of Example 4 below. The beginning is the most

prominent position, so putting the answer at the begin-
ning ensures that readers will see it. The answer should
be identified, for example as in the first six words of
sentence A, so that readers do not think the answer is
something previously known.

Example 4: Beginning of a Discussion [4]

4 This study in dogs shows that rapid rewarming of
peripheral airways, in itself, does not exacerbate airway
obstruction induced by cool dry air challenge. ® In the
seven dogs studied, the increase in peripheral airway re-
sistance after cool dry air challenge was not different
when the airways were exposed to warm humid air rather
than cool dry air during recovery, ...etc.

In addition, the answer should be supported briefly with
relevant results, as in sentence B. Summarizing relevant
results pulls the story of the paper together for the reader,
especially in papers that have more than one question.
Thus, readers do not have to re-read the Results section,
or look back at the figures or tables, to find out which
results support the answer.

It is important that the answer responds to the ques-
tion asked in the Introduction. If the question and an-
swer are different, the story of the paper is not clear (and
the author appears not to understand the paper). In Ex-
ample 4 the question was "whether rapid rewarming of
peripheral airways exacerbates airway obstruction induced
by challenge with cool dry air".

In the middle of the Discussion, topics should be
organized in a logical progression, beginning with topics
most closely related to the answer. The logic of the
organization should be indicated at the beginning of
the paragraph. Thus, readers can read the first sentence
of every paragraph in the Discussion and follow the story.

In the Discussion started in Example 4 above, the
authors went on to explain a discrepancy with previous
findings on the same topic (C, efc.). Then they discussed
implications for humans (D, E, etc.). Finally, they
applied the findings to a related topic (F, G, etc.). This
progression is indicated at the beginning of the paragraphs
(Example 5).

Example 5: Middle of a Discussion [4]

€ The exacerbated airway obstruction during warm
humid air recovery reported by others'® 17 might be ex-
plained by differences in experimental design, ...etc.

D 1t is possible that the airways of asthmatic subjects
are rewarmed more rapidly than were the airways in our
dogs. E However, our data suggest that this is unlikely,
. 8IC.

F Increased bronchial blood flow resulting from rapid
airway rewarming after cooling has been proposed as the
cause of the exaggeraied fall in FEV, in asthmatic adults
after exercise. However, evidence from two other
studies, as well as from our present study, does not
support this proposal, ...efc.
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In other Discussions, the progression of topics will be
different. For example, discrepancies with previous
findings are not always the topic most closely related to
the answer.

The Discussion can end either by restating the answer
to the question, or by indicating the importance of the
work, for example, by stating an implication or a specu-
lation. The ending for the Discussion in Examples 4 and
5 does both. The restated answer should be the same
as the original answer, as in Example 6. In addition, both
the ending and the answer should be identified, as in Ex-
ample 6 ("In summary" and "this study in dogs shows
that"). Similarly, the implication or speculation should
be identified ("We speculate that").

Example 6: Ending of a Discussion [4]

H In summary, this study in dogs shows that rapid
rewarming of peripheral airways, in itself, does not
exacerbate airway obstruction induced by cool dry air
challenge. 7 We speculate that rapid rewarming of
peripheral airways, in itself, also does not exacerbate air-
way obstruction induced by cool dry air challenge in
asthmatic human subjects.

By starting with the answer to the question, organiz-
ing the remaining paragraphs in a logical progression
beginning with topics most closely related to the answer,

and indicating the logic of the organization at the begin-
ning of each paragraph, the Discussion emphasizes the
new and important aspects of the study. Repeating the
answer at the end of the Discussion, when this is done,
also emphasizes the new and important aspects of the
study.

These, then, are some suggestions for telling a clear
story in a scientific paper. If papers submitted to the
Journal follow these suggestions, the quality of writing
should be noticeably improved, and even those readers
who are not specialists in the field should be able to un-
derstand the paper on first reading.
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EDITORIAL NOTE

Attentive readers of our Journal will have noted
that our 1993 Instructions to Authors have been chang-
ed to conform better to the excellent teachings of
Mimi Zeiger on writing biomedical research pap-
ers (see also Book Review, this issue). In recent
months, several authors of manuscripts in a final state
towards acceptance for publication have already
been advised to reshape various parts of their paper,
in order to make the "story" of their study more evid-
ent,

We are now pleased to publish an editorial in which

Mimi Zeiger further indicates means for achieving
the goal of "clearer writing", and offers valuable
suggestions for changes in the various parts of orig-
inal articles. To illustrate her points, she felt free
to use examples derived from manuscripts recent-
ly published in our Journal. The authors have
kindly agreed to let her remodel some parts of
their paper, and we are grateful for their co-operation.
We have no doubt that our readers will - as we do -
appreciate the clarity and usefulness of Mimi Zeiger's

teachings. (PV).



