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Introduction 
Much of the scientific literature is badly written. 
The reasons for that have been elegantly 
described by Leslie Sage, a senior editor at 
Nature journals. In 2003 she wrote “As 
scientists, we generally receive no training in 
how to write a good paper. We learn by 
example when we read the literature, but as 
most papers are badly written that simply 
perpetuates the problem” (Sage, 2003). Over 
recent years there has been increasing interest 
in promoting good scientific writing through 
undergraduate and graduate curricula, 
workshops, and articles on writing in the 
scientific literature. A large body of information 
and guidelines from different sources is also 
available on the internet. Some institutions 
even provide special services to their busy 
academic staff. One such example is the 
service dedicated to scientific writing and 
editing provided by the Department of Surgery 
at the University of California, San Francisco 
(Derish et al., 2007).  
 
The quality of scientific writing has two main 
aspects. The first is the organization of the 
material and the development of the 
information in the different sections. The 
second is the scientific writing style, which in 
my experience is the bigger problem. This 
article will deal with the first aspect, with the 
intention of dealing with the second aspect in a 
future article. The views expressed here are 
based on two types of sources. The first is my  

 
 
 
direct experience as an editor at a research 
institute and with a scientific journal, and the 
second is the knowledge I have gained from 
reading articles, books and editorials about 
scientific writing over the past several years.  
 
The title 
The function of the title is not only to inform but 
also to serve as a “hook” to catch the readers’ 
attention (Polton and Grant, 2012). Scientists 
search the scientific literature by scanning 
many titles, screening several abstracts, and 
reading a few articles. It is on the merits of the 
title that the scientist decides to proceed to the 
abstract and possibly to the paper. A title that 
does not attract the reader and/or does not 
accurately reflect the contents of the paper will 
diminish the chances of the paper being read 
by those who would otherwise find it relevant. 
That is a great failure, because the value of 
publishing research lies not in publication as 
such, but in other scientists reading it, 
benefiting from it, and possibly citing it. 
 
The title has to provide sufficient information 
about the contents, which means that it should 
be long enough. On the other hand, long titles 
are less attractive and can be cumbersome to 
read. The author has to achieve a good 
balance between title length and information 
content and also to ensure that the title is easy 
to read. There are many awkward titles in the 
literature. One example is a paper published in 
Clinical Cancer Research with the following 
title: “Familial breast cancers without mutations 
in BRCA1 or BRCA2 have low cyclin E and 
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high cyclin D1 in contrast to cancers in BRCA 
mutation carriers” (Aaltonen et al., 2008). This 
title is informative, but it challenges reading. 
 
Titles can be classified as declarative, stating 
what the paper is about, or informative, stating 
the main result in the form of a sentence. 
Declarative titles provide little information. 
Titles beginning with “The effect of …” or “The 
function of ….” or “A study on …” are better 
avoided for that reason. Robert J. Arceci, 
editor-in-chief of Pediatric Blood and Cancer, 
emphatically counsels against the use of 
declarative titles, especially those that make a 
strong statement. In a 2004 editorial he wrote 
“Strong declarative statements may help to sell 
newspapers, but they tend to overemphasize 
or inflate conclusions and are usually not 
appropriate for scientific publications” (Arceci, 
2004). 
 
An informative title does not have to be too 
specific by strictly summarizing the main result. 
In the words of Kevin Plaxco, “If your work can 
be generalized then do not limit the breadth of 
your potential audience by being overly 
specific in the title” (Plaxco, 2010). While in 
principle this is good advice, one must be 
careful not to make any overgeneralizations. 
The generalization should not go beyond the 
limits of a firm and reliable conclusion drawn 
from the results.  
 
The abstract section 
The abstract is a mini paper of 150–300 words 
lacking literature citations, references to figures 
and tables, and discussion. It comes in two 
major styles. The unstructured abstract 
consists of a single paragraph, whereas the 
structured abstract is divided into sections 
reflecting the divisions of the paper. The 
sections of structured abstracts and their 
arrangement vary from one journal to another, 
and authors should ensure that they comply 
with the journal style. Structured abstracts 
leave no room to wonder about what should go 
where. 
 
On the other hand, some general rules can be 
given for writing an unstructured abstract. It 
starts with brief background material followed 
by a clear statement of the aims. This is 
followed by a brief mention of the 
methodological approaches, after which the 
main results are given. One or two sentences 
at the end state the conclusion. This means 
that the unstructured abstract is structured 
internally into introduction, aims, methods, 
results and conclusion. However, these 
internal divisions are not absolutely fixed. In 

particular, the author can alternate between 
methodology and results to present successive 
sets of results. However, the introductory 
material stays at the beginning and the 
conclusion at the end. 
 
Sometimes authors find it difficult to compose 
an abstract within the required word limit. This 
is frequently caused by the author trying to fit 
in most or all of the results. In such cases, the 
author should resist the temptation to meet the 
word count limit by linguistically compressing 
the sentences to a degree that makes them 
almost unreadable, and instead concentrate on 
selecting the most important results. The value 
of the abstract does not lie in describing all the 
results but in providing sufficient information for 
the reader to decide whether the contents are 
relevant to his or her interests. 
 
The introduction section 
The introduction informs the readers what and 
how the authors hoped to contribute to the 
body of knowledge and seeks to convince 
them of the scientific value of the aims. In 
order to do that, this section starts by placing 
the research in its context by providing some 
background information about the topic of the 
research, starting from general issues and 
moving on to more specific matters. As the 
authors describe what is known, they should 
also point out the gaps in knowledge that are 
relevant to their work. The aim of this 
development is to arrive at the gap in 
knowledge that the authors planned to fill, 
namely, the aim of the research, which 
commonly terminates the introduction. 
 
Putting the research work in context relies on 
reporting published findings. The goal is not to 
provide a literature review of the subject, but to 
start from the generalities of the topic and 
progress with increasing specificity towards the 
research question so that the scientific 
significance of this question becomes clear.  
 
An editorial in Journal of Small Animal Practice 
(Polton and Grant, 2012) states that the 
introduction “requires a comprehensive review 
of the published literature pertinent to the 
current subject”. As becomes clear from 
subsequent text in that editorial, this statement 
means that a comprehensive review should be 
undertaken before writing the introduction, 
something with which I agree fully. But the 
introduction itself should be brief, because a 
lengthy introduction loaded with references will 
submerge the main theme of the introduction in 
a sea of information, and will quite likely not be 
read right through anyway. An introduction 
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should live up to its name by providing 
sufficient, relevant and up-to-date information 
to introduce the aims of the research.  
 
Some authors end the introduction with a brief 
description of the main results. Indeed, some 
journals ask for this. But many scientists do not 
favor this option for various reasons. Kevin 
Plaxco (2010) explained his objection to 
presenting results in the introduction by 
drawing an analogy with novels. Authors of 
scientific research are like novelists in wanting 
to be read and cited, and like novelists, they 
should not spoil the climax of their story “by 
spilling the beans on the first page.” However, 
it is universally agreed that the beans have to 
be spilled at the end of the abstract to provide 
a preview of the results, and research articles 
are generally not read from beginning to end 
like a novel. My objection to stating the main 
results in the introduction is the redundancy 
inherent in restating the results mentioned in 
the last part of the abstract. In my opinion, 
unless the journal requires it, the results should 
be kept out of the introduction.  
 
The materials and methods section 
The guiding principle for writing this section is 
that it should be sufficient not only for the 
readers to understand what was done, but to 
enable repetition of the experiments in an 
identical way. That means providing the 
necessary details of materials and 
experimental procedures.  
 
Common laboratory reagents can be 
considered identical regardless of their 
sources. But the properties of biological 
reagents vary from one producer to another, 
and the sources of such materials have to be 
reported. These include cell lines, antibodies, 
cytokines, enzyme inhibitors, special stains 
and a variety of other special reagents, as well 
as experimental animals.  
 
When the work includes humans, there should 
be a clear description of where they were 
recruited and how they were selected, 
including any statistical sampling procedures 
used. The basic parameters of gender and age 
and relevant demographic data are reported, 
and the inclusion and exclusion criteria are 
clearly defined.  
 
Experimental procedures are described in 
detail. Groups, treatments, and experimental 
steps and conditions are described in full. 
However, when a published procedure is used, 
it is not necessary to describe all the details, 
but the source should be cited. Moreover, to 

orient the reader and put the results in context, 
the procedure is described briefly, but any 
modifications of the cited procedure are 
described in full. Statistical tests used to 
analyze the data are described in sufficient 
detail to enable analysis of similar raw data, 
and levels of significance are defined. 
 
The results section 
It is frequently said that the results should be 
written to tell a story, and that is a useful 
analogy to keep in mind. But that does not 
mean that the results have to be written in the 
chronological order in which the experiments 
were done. Continuing with the analogy, many 
stories are not written chronologically. As 
readers, we are interested not in the 
chronological order of the experiments but in 
understanding the new knowledge these 
experiments generated. The results are best 
arranged in a logical order that clearly explains 
the findings. Admittedly, if the work was well 
planned and did not meet major obstacles, the 
order would be the same. However, some 
experiments fail, new experiments might be 
introduced to investigate unexpected results, 
and shortcomings in the experimental design 
might come to light.  If the experimental path 
leading to the results was difficult, one should 
not make the path of the reader difficult as 
well. One simple and effective way of deciding 
on the order in which to present the results is 
to place the components of the results (figures, 
tables and brief summaries) on a table and 
shuffle them around until a logical and effective 
order is found. 
 
When presenting the results, it is better to 
hand them to the readers rather than drop 
them in their laps. Readers in general do not 
read the methods section before going through 
the results. That can explain why some 
journals place the methods section after the 
discussion. In any case, the results should be 
handed to the readers by prefacing each set of 
results with a very brief statement of the aim of 
the experiment and the experimental approach 
used. One or two sentences suffice. Delving 
straight into the results without such a prelude 
can leave the reader confused.  
 
When the results and the discussion are 
separate sections, the former is obviously 
dedicated to presenting rather than discussing 
the results. Nevertheless, this rule need not be 
applied with absolute stringency. If the author 
judges that a particular experiment can be 
understood better by referring to a previous 
finding or to a previously used procedure 
(published or unpublished), there is no harm in 
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including such information. However, this 
should be viewed as an option to be used with 
discretion. More importantly, the results section 
should be strictly factual and avoid conjecture 
and speculation (Cetin and Hackam, 2005). 
 
The results commonly include tables and 
various types of figures. The construction of 
tables and figures deserves a separate 
treatment, but one important matter should be 
pointed out here. Figures and tables should 
neither be ignored nor dealt with in detail in the 
text. It is not enough to simply point to those 
items with statements such as “The results are 
shown in figure 4.” On the other hand, one 
does not reiterate all the data presented in 
figures and tables. The text should highlight 
the important results in figures and tables and 
leave the reader to look up the other details. 
  
The discussion section 
A discussion is not just a summary of results 
interspersed with reports from the scientific 
literature. It is a logical argument, supported by 
the literature, by which the authors seek to 
convince the readers of the meaning and 
validity of the results, and their contribution to 
scientific knowledge. The discussion is written 
in the reverse direction of the introduction. In 
other words, the discussion starts from specific 
issues (the results) and proceeds to more 
general matters towards the implications of the 
reported results.  
 
The discussion starts with a brief summary of 
the results and then goes on to interpret them 
in relation to each other and in relation to what 
has been published. It also interprets them in 
relation to any proposed hypotheses or 
models. If the authors believe that their results 
can be used to generate a new hypothesis or 
modify an existing one, this is the place to do 
it. If the topic has a mechanistic aspect, which 
is increasingly common nowadays, that aspect 
has to be addressed to some extent even if the 
research did not investigate a mechanism. 
Obviously, these aspects of the discussion 
deal with matters that are not firmly known and 
involve a certain degree of uncertainty. This is 
evident in any discussion from the abundant 
use of “hedging” terms, such as “might” and “it 
is possible.” It also involves a certain degree of 
extrapolation, as in the use of terms such as 
“indicates” and “suggests.” Both the 
uncertainty and the extrapolation cover a wide 
range, and it is important to inform the reader 
whether one is stating a firm interpretation, 
proposing a hypothesis, or merely speculating. 
My experience tells me that some people who 
are not native speakers of English do not have 

a firm grasp of the shades of meaning of such 
terms, and it is worthwhile to take out the time 
to sort them out. 
 
When referring to other published findings, it is 
neither scientifically nor ethically acceptable to 
cite only publications that support the results 
being reported. Moreover, the discussion 
should not be restricted to superficial 
comparisons and contrasts but should seek to 
explain inconsistencies and controversies. 
Attempting to resolve differences can be more 
fruitful than seeking support. Also, unexpected 
findings should be pointed out and 
explanations suggested. 
 
The implications of the results should be 
discussed in relation to the body of knowledge, 
and where applicable, to translational 
research, clinical application, or possibly even 
commercial exploitation. But this should be 
done with great care. Some authors run foul by 
being overzealous about the future prospects 
of their findings. This is commonly spotted by 
reviewers, but it is better to avoid that.  
 
No research work is perfect, and the 
discussion should also address the limitations 
of the work. Limitations can be due to 
omissions in planning, technical or financial 
limitations, or various other factors. Knowledge 
of the limitations and how they affect the 
results sheds more light on the results and 
helps other researchers who might undertake 
similar research to avoid pitfalls and perform 
more effective experiments.  
 
The conclusion section 
The conclusion can and frequently does 
provide a very brief summary of the main 
result, but it should also go well beyond that. It 
should explain what the results all together 
mean and the scientific significance of the 
findings. This involves making generalizations, 
and again the authors should avoid 
overgeneralization. The conclusion can also 
indicate a direction for future research. Open-
ended suggestions for future work are 
worthless, because anyone can write “Future 
research on this topic is required” and apply it 
to any paper. A more focused and somewhat 
specific suggestion of experiments that can be 
undertaken to deepen or extend knowledge of 
the topic would be more meaningful. 
 
Final words 
Though guidelines and rules exist for scientific 
writing, this activity is an art rather than a 
science, and arts are never mastered 
overnight. Improving writing skills is better 
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seen as a lifelong effort that revolves around 
reading about how to write and keeping what 
one has learned in mind when sitting at the 
keyboard. This does not take up much time, 
but it requires considerable discipline. 
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