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ABSTRACT 
Context: Systematic literature reviews have become common in 
software engineering in the last decade, but challenges remain. 
Goal: Given the challenges, the objective is to describe 
improvement areas in writing primary studies, and hence provide 
a good basis for researchers aiming at synthesizing research 
evidence in a specific area. 
Method: The results presented are based on a literature review 
with respect to synthesis of research results in software 
engineering with a particular focus on empirical software 
engineering. The literature review is complemented and 
exemplified with experiences from conducting systematic 
literature reviews and working with research methodologies in 
empirical software engineering. 
Results: The paper presents three areas where improvements are 
needed to become more successful in synthesizing empirical 
evidence. These three areas are: terminology, paper content and 
reviewing. 
Conclusion: It is concluded that it must be possible to improve 
the primary studies, but it requires that researchers start having 
synthesis in mind when writing their research papers. 

Categories and Subject Descriptors 
D.2 [Software Engineering] 

General Terms 
Documentation, Reliability, Experimentation, Standardization. 

Keywords 
Systematic literature reviews, research synthesis, systematic 
mapping studies, research methodology, guidelines, evidence. 

1. INTRODUCTION 
The number of systematic literature studies is increasing over the 
years as reported by da Silva et al. [4]. Given the increasing 
number of systematic literature reviews, the quality of them has 
been evaluated by Cruzes and Dybå [3]. Unfortunately, the 
authors conclude that many papers do not conduct any synthesis, 
and other syntheses are quite weak. According to the authors, only 

a few papers report a rigorous synthesis out 49 studies analysed. 
The authors conclude that limited attention is paid to synthesis. 
However, the ability to conduct a rigorous synthesis is heavily 
dependent on the primary studies and their quality that form the 
input to the synthesis. If the input to the synthesis is of low 
quality, then we cannot expect rigorous syntheses.  

Several authors report on the low quality in primary studies for 
synthesis purposes. This is further elaborated below in Section 2. 
Based on the observed low standard of syntheses presented in 
systematic literature reviews combined with the findings with 
respect to the quality of the primary studies, this paper presents 
some improvement areas with respect to primary studies. This 
relates to terminology, paper content and reviewing of papers. 

The remainder of the paper is outlined as follows. Section 2 
presents some of the related work in the area. In Section 3, an 
example is presented illustrating some of the challenges in 
analysing primary studies, in particular in relation to information 
missing in primary studies. Section 4 presents some improvement 
areas to hopefully increase the quality of primary studies with the 
objective to make them more suitable for synthesis in systematic 
literature reviews than all too many primary studies today. 

2. RELATED WORK 
Kitchenham et al. [9] introduced the concept of evidence-based 
software engineering ten years ago. The basis for synthesizing 
evidence from literature is to conduct systematic literature reviews 
as described in the guidelines by for example Kitchenham and 
Charters [10] and Wohlin [18]. However, synthesizing evidence 
has proven to be a challenge as reported by Guzman et al. [5]. 
Guzman et al. also point to the primary studies being a major 
concern when it comes to the ability to conduct synthesis. They 
mention aspects such availability, heterogeneity and quality. 
These conclusions are inline with those reported by Cruzes and 
Dybå [3] and da Silva et al. [4].  

Hassler et al. [6] report on a workshop where experienced 
researchers discuss some of the challenges with respect to 
systematic literature reviews. With respect to quality assessment, 
the highest ranked issues is the quality of the primary studies, 
which is also the second highest concern overall reported in 
Hassler et al. 

Brereton et al. [1] highlight the difficulty with primary studies 
when they state that the quality of the abstracts is too low, and 
hence in many cases it is impossible to judge the relevance of a 
paper for inclusion or exclusion in a systematic literature review 
based on the title and abstract. 
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The above observations are inline with our own experiences in 
conducting systematic literature reviews. Synthesis is a challenge, 
and it stems from both the challenges in performing synthesis as 
such, but without having high quality primary studies the 
prerequisites for conducting synthesis is not really in place. Thus, 
it can be concluded that higher quality primary studies are indeed 
needed. Next, this will be exemplified with an illustration from a 
systematic literature review in the area of global software 
engineering. 

3. EXAMPLE 
In 2010, Smite et al. [15] published a systematic literature review 
on empirical evidence with respect to global software engineering. 
The objective was to synthesize the evidence to better understand 
under which circumstances global software development works 
well and when not. This was perceived as important to be able to 
provide advice to industrial partners in a research project. 
Preceding the full-fledged systematic literature review was a pilot 
study resulting in some guidelines for reporting empirical research 
in global software engineering. It should be noted that Smite et al. 
[14] proposed the guidelines based on pilot study, which in itself 
indicates the state of the primary studies. 

Going back to the systematic literature review [15], four aspects 
perceived as important to be able to synthesize evidence were: 

• Global arrangements 
This refers to the setup of the collaboration. It includes 
aspects such as whether or not the arrangement is offshore 
insourcing or offshore outsourcing [16], and whether it was 
professionals in industry or student projects. This is 
important to know. It is quite different to conduct 
outsourcing to another company or working with another site 
of your own company, although in a different location, which 
may be far away. In 5% of the papers this was unclear. This 
is also closely related to the terminology used to describe the 
global setting as exemplified in Section 4.1. 

• Perspectives of analysed studies 
The perspectives relate to whether the paper discusses 
collaboration in general or if the analysis is conducted from a 
specific perspective, for example from an originator of the 
global collaboration or the supplier of the work. For 
example, when subcontracting to a company located far 
away, it is important to know whether the study is conducted 
from the perspective of the originator or the company being 
subcontracted to. In 10% of the papers, this was unclear.  

• Success evaluation 
If building on evidence from literature, it is of course 
important to know whether the actual global collaboration 
was successful or not. Unfortunately, 20% of the papers do 
not report on whether the collaboration was successful or not. 

• Reasons for starting global collaboration 
Different companies have different reasons to setup global 
collaborations, and hence a company considering going more 
global would of course primarily like to build on the 
experiences from those that went global for similar reasons. 
However, this is only reported (or it is irrelevant) in about 
half of the papers. 47% of the papers did not report the 
reason for going global despite it being judged as relevant by 
the researchers [15]. 

The limited information points first of all to the need for authors 
to improve their presentations, but reviewers knowledgeable in 

the area should also be able to identify that some important 
aspects are missing in the presentation, although the primary 
responsibility lies with the authors.  

In summary, the above shows that the context for many of the 
different studies is unclear, which complement the findings 
reported in Section 2. Assuming that the reporting of the four 
aspects above is independent, then only 36% of the papers report 
on all four ((1-0.05)*(1-0.10)*(1-0.20)*(1-0.47) = 36%). 

Given that many sources point to the need of higher quality 
primary studies, a number of aspects to improve with respect to 
primary studies are presented next. 

4. IMPROVEMENTS FOR SYNTHESIS 
Unfortunately, papers are all too often written with out really 
having synthesis in mind. It is time to change. If assuming that 
authors would like others to find their papers, read them, and cite 
them, then it is time to become more consistent in the way 
research in software engineering is presented. Improvements with 
respect to primary studies may be divided into three areas: 
terminology, paper content and reviewing. 

4.1 Terminology 
Terminology is far from easy. This can be divided into two main 
problems areas: 1) the same word is used, but the interpretation is 
not the same, and 2) different words are used, but the same 
concept is meant. An example of the former became evident when 
trying to compare two systematic maps on the same topic [17]. 
The authors of the two maps both looked at testing of software 
product-lines. However, they used the word testing slightly 
differently, which meant that some papers included in one of the 
maps were considered non-relevant by the authors of the other 
systematic map. An example of the use of different words can be 
taken from the area of global software development. When 
conducting two systematic searches [7] for papers with respect to 
global software development and agile development with the 
objective of comparing different search procedures, it was found 
that the authors of one paper used the term “cross-continent” 
development. When conducting a snowballing search [7], the 
paper was found and it was clear that it should be included. 
However, it was not found when searching in the databases, since 
the used wording is very uncommon, and hence it was not 
included in the search strings. This illustrates some of the 
difficulties with terminology. Jalali and Wohlin [8] present the 
actual results from the systematic literature review. The following 
is needed: 

• More consistent use of terminology – look at standards, and 
other papers in the area to ensure a more consistent usage of 
terminology, 

• Terminology and taxonomies are needed to support other 
researchers. It is important that terminology and taxonomies 
are community based and not pushed onto the community. 
Smite et al. [16] present one example when they made a 
survey among experts in the area to try to come to a 
consensus regarding words to use. 

4.2 Paper content 
It may seem obvious that papers must have the right content, but 
given the example in Section 3, it is apparent that in too many 
cases authors do not write for synthesis, and hence they do not 
provide the information actually needed. Shaw [13] provides 
some general guidelines for writing research papers in software 



engineering. However, there are some specific needs that deserve 
to be highlighted from a synthesis point of view. First, the 
information must be such that it becomes easy to judge whether a 
paper should be included or excluded in a systematic literature 
review. Secondly, if a paper is included then it should be easy to 
extract the information needed, and finally it must be possible to 
synthesize the actual data extracted (with data extracted from 
other papers). Thus, it is both writing for understandability of the 
paper being examined, and for being able to conduct the synthesis. 
These aspects are of course not independent. The needs are as 
follows: 

• Titles should be as precise and informative as possible. The 
authors should think “synthesis”. If conducting a synthesis in 
the area of my paper, would the researchers 1) find it and 2) 
be able to include it based on the title. 

• Keywords describing and positioning the paper are 
important. The standards from publishers are often not very 
helpful for a systematic literature review. If allowed, it is 
important to add keywords useful for a systematic literature 
review that could complement the title. 

• The abstract should be written last and very carefully. The 
authors should have synthesis in mind when writing the 
abstract. Potentially, structured abstracts may be used as 
suggested by Budgen et al. [2], and even if not writing a 
structured abstract formally, it is recommended to have the 
headings in mind when writing the abstract. The journal of 
Information and Software Technology uses the following 
five headings in their structured abstracts: context, objective, 
method, results and conclusion. These five subheadings have 
been used in the abstract of this paper too. 

• In many cases, researchers perform selective reading when 
conducting systematic literature review. This means that the 
researcher focuses on some part of a paper to decide whether 
to include or exclude a paper. Depending on the research 
question in the systematic literature review, different parts of 
the primary studies/papers may be read. However, in 
particularly important parts are: 

o Introduction – it should clearly position the paper and 
help the reader to understand the contribution of the paper 
and its context. 

o Research question – the question(s) must be clearly 
formulated and cover the main contribution of the paper. 

o Research method – the method used conveys important 
information to the reader. Unfortunately, researchers do 
not use the terminology consistently, for example “case 
study” is often a misused research method. In many 
papers, the authors actually mean “example” or 
“illustration” and not a case study in the way it is defined, 
for example, by Yin [20] or Runeson and Höst [12]. 
Wohlin and Aurum [19] present a more in-depth 
discussion about the choice of research methods in 
empirical software engineering. 

o Context – the contextual information is very important 
when synthesizing research. Some results may only be 
valid in a certain context and hence it must be clearly 
presented. Petersen and Wohlin presented guidelines for 
context descriptions [11]. It is particularly important to 
include information about the study object and subjects. 

o Research results – the actual results are important to 
make clear, since they often form the basis for the data 
extraction with respect to the findings. The results must be 
clearly presented and any statistical analysis or other type 
of data analysis method must be clear to the reader to 
allow for synthesis. 

o Validity threats – validity is an important concern, since 
it gives some hints about, for example, the generalizability 
of the results. This means that it helps the researcher 
performing the systematic literature review to better 
understand the usefulness of the findings in a synthesis 
situation. 

o Conclusions – these must be clear and summarize the 
paper in a consistent and comprehensive way. 

o References – references form an important source of 
information when conducting a systematic literature 
review. From the reference list, it is possible to conduct a 
backward snowballing [18] to identify more relevant 
papers. Authors should ensure that references to seminal 
papers and original sources of information are listed in the 
reference list. Furthermore, the point of reference should 
explicitly state why a specific paper is referenced, and not 
only list papers in the area. The latter is a key point, since 
it would provide the reader of the paper with important 
information with respect to the likelihood of the 
referenced papers also being important or not to include in 
the systematic literature review.  

In summary, the requirements on authors are high to enable other 
researchers to effectively include the right papers in a systematic 
literature review. Authors must have synthesis in mind when 
writing their papers. It would benefit all parties involved, 
including the authors of the primary studies, the researchers 
conducting the systematic literature review and the research 
community as a whole. 

4.3 Reviewing 
Reviewing is an important activity with respect to research 
publications. Before submitting a paper for external review, 
authors ought to review their own paper. This is a good standard 
practice, but it would be good to not only doing a general read-
through, but actually have some specific items to consider. A 
checklist is recommended. One of the major items in the checklist 
ought to be to evaluate the writing in the paper from a synthesis 
point of view. 

Once a paper is submitted to a journal or conference, those 
involved in the evaluation of the submission should have 
synthesis in mind. Thus, editors, conference program chairs, and 
reviewers should as part of the evaluation consider whether or not 
the paper provides sufficient details, use a correct terminology and 
is presented in such a way that the paper will be useful for other 
researchers conducting a systematic literature review. 

In summary, a large responsibility must be put on those reviewing 
the primary studies. If researchers are concluding that the quality 
of the primary studies is insufficient, as reported by Hassler et al. 
[6], then the research community must raise the level themselves 
by conducting better reviews. The same researchers most often 
publish primary studies, review papers and conduct systematic 
literature reviews. 



5. CONCLUSIONS 
Anyone having conducted a systematic literature review is well 
aware that it is a large and challenging undertaking. Several steps 
in the process are challenging. Perhaps the most challenging step 
is the synthesis of evidence. It is challenging for several different 
reason. The actual synthesis as such is difficult, but the key 
problem making it difficult is the primary studies. Two recent 
papers [5] and [6] present similar findings, Guzman et al. [5] 
identified the primary studies and their quality as the main 
challenge with respect to synthesis, and Hassler et al. [6] report 
that one of the main barriers for conducting systematic literature 
studies is the quality of the primary studies. 

This paper has tried to address the concern regarding primary 
studies by pinpointing three areas that need improvement with 
respect to primary studies to facilitate synthesis of empirical 
evidence in software engineering. The areas are: terminology, 
paper content and reviewing. Some experiences from conducting 
systematic literature reviews have been reported in the form of 
recommendations to ensure that higher quality primary studies are 
published in the future. 

Finally, it is important to stress that this is a community problem. 
In many cases, it is the same authors writing primary studies that 
also conduct systematic literature reviews. Furthermore, the same 
researchers are also reviewers. Thus, the only way to get higher 
quality systematic literature reviews is that we, as a community, 
start thinking “synthesis” when writing research papers that later 
may be a primary study in someone’s systematic literature review. 

We must “write for synthesis” to be successful in synthesizing 
empirical evidence in software engineering.   
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