
Empirical Research in Software Engineering: A Literature Review 

 

Petr Pícha, Přemysl Brada 

Department of Computer Science and Engineering 

University of West Bohemia 

Pilsen, Czech Republic 

{ppicha, brada}@kiv.zcu.cz 

 

 
Abstract-Software engineering (SE) and the empirical research 

in this area have both become a large fields with significant 

bodies of knowledge as well as methodical problems. Mentions, 

descriptions and examples of these problems are spread 

throughout the literature, but only a handful of suggestions 

and attempts of their rectification are being presented. This 

paper summarizes the goals and history of the SE field and 

focuses on the empirical research area within it. It highlights 

the most frequent problems affecting empirical SE research 

efforts and their most promising suggested solutions. Both the 

problems and suggested solutions were collected from a 

carefully selected sample of research publications. The 

presented overview should serve as a starting point for 

researchers or other professionals trying to get the first broad 

and shallow insight into the context of SE empirical research, 

as well as a theoretical basis for subsequent research. 
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I. INTRODUCTION 

The field of Software Engineering (SE) has been 
developing since the 1960s, and has, therefore, amassed a 
substantial amount of knowledge. Even empirical SE 
research, which specializes in studies based on experiments 
and observation, is very rich and obtaining the full grasp of 
its topics and findings poses a significant challenge. 

The goal of this work was to perform a broad and 
shallow study of literature concerning the current state of 
Empirical Research in Software Engineering (ERSE). The 
motivation for this study was to obtain an initial 
understanding of the area as a prerequisite for further, 
deeper research on its particularities, details and various 
research methods and approaches. 

The challenge of the study was obviously the extent of 
the literature body obtained. Therefore, this paper focuses 
on summarizing the findings about ERSE and the SE 
discipline in general. It highlights their context, goals, major 
problems in conducting empirical SE research and some 
suggested solutions. 

The study will be useful mainly for researchers starting 
in the SE research field trying to gain a general overview of 
its content and context quickly and with minimal effort. 

In section II, we briefly describe the motivation for and 
design of the study. Section III speaks about similar papers 
included in the studied literature sample and the main 

differences between this them and this paper. Section IV 
presents facts and findings about ERSE and SE in terms of 
their goals and history. Section V describes the major 
problems of the field found in literature while Section VI 
mentions the proposed solutions to these problems. Finally, 
Section VII discusses the accuracy and relevance of this 
study. Section VIII summarizes the principal findings and 
explains their proposed usefulness for other researchers and 
other readers. 

II. STUDY CONTEXT AND DESIGN 

This section explains the main reasons for creating this 
literature review and its goals as well as a process of its 
execution. 

A. Reasons for the Study 

The main motivation for this study was to create a 
pivotal resource and knowledge basis for ERSE within the 
local research group (Reliable Software Architecture - 
ReliSA) at the University of West Bohemia. To establish a 
baseline before any particular studies could be conducted 
we needed to obtain an overview of the ERSE field itself in 
a broad, but not necessarily too detailed manner.  

In particular, we wanted to find out key information 
about the following aspects of ERSE: its context; 
methodologies and taxonomies used; leading experts, 
organizations and outlets; major SE problems studied in the 
research community and pitfalls of the research approaches 
both in general and in their particular steps (including ways 
to avoid or mitigate them). The literature review fitted all 
these goals as the best way to achieve them. 

B. Process of Study Execution 

The design of the study (meaning the process of 
literature gathering and exploration in order to extract the 
key information sought) breaks down to several steps. 

At first, the main sources of material were selected. 
These were the academically oriented part of the search 
engine Google - Google Scholar, and digital libraries (DL) 
of scientific publications, such as ACM DL, IEEE DL and 
Springer Link. The key expressions, such as “empirical 
research”, “software engineering experiment”, or “research 
in software engineering” were searched in these sources to 
get a preliminary set of publications and organizations. 
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Then, the websites of the organizations that occurred 
most frequently and seemed most promising were explored 
to widen the set of publications.  The relevance of the 
publications was determined mainly by reading their 
abstracts. 

The whole set of selected publications was sorted using 
a simple citation metric which takes the sum of the 
publication’s citation counts on Google Scholar and Web Of 
Science and divides this number by the age of the 
publication in years plus one (so that the papers published in 
the current year do not end up with count divided by zero). 

The next step was the actual reading of the materials. 
Mainly, only the papers were read; the books were omitted 
for reasons of the exceedingly long time required to read 
them. 

After reading each paper, the referenced publications 
were checked for relevance and, if found useful, added to 
the set of useful publications with their citation metric value 
calculated.  

Whenever a significantly large subset of newly added 
papers originated from one organization previously 
unexplored, the website of the organization was checked 
and relevant papers were added as before. 

The whole process stopped at the point where we had a 
list of the top six reachable papers which remained 
unchanged after studying all relevant referenced 
publications, i.e., when the process stopped uncovering new 
significant papers.  

C. The Analyzed Literature Sample 

The end result of the process described in the previous 
subsection was a set of almost 90 collected publications, 
with a subset of 53 publications found both available and 
useful. The publication years of this subset range from 1986 
to 2014. 

In terms of outlet, in which these publications were 
published, most of them (approximately 72%) came from 
journals, magazines, newsletters and other periodic 
publications. Most significant contributions amongst them 
made Information and Software Technology (Elsevier), 
Transactions on Software Engineering (IEEE), Empirical 
Software Engineering (Springer), and Software (IEEE). 
Almost 21% of all the publication studies came from 
conferences, symposiums and meetings with International 
Conference on Software Engineering (ICSE), International 
Symposium on Empirical Software Engineering and 
Measurement (ESEM) and The Future of Software 
Engineering Symposium (FOSE) leading the list. The rest of 
the publications (roughly 8%) originated elsewhere, e.g., 
were a technical report or an available chapter of a book. 

On the level of the organizations from where the 
publications originated in the majority of cases 
(approximately 70%) at least one author was affiliated with 
Simula Research Laboratory (Lysaker, Norway), Keele 
University (UK), University of Maryland (USA), NICTA 
(National Information Communications Technology 
Australia – University of New South Wales, Sydney), Lund 
University (Sweden), or SINTEF (The Foundation for 
Scientific and Industrial Research, Trondheim, Norway). 

Other organizations included Microsoft’s ESE (Empirical 
Software Engineering Group), Karlsruhe Institute of 
Technology (Germany), Chalmers University of 
Technology (Gothenburg, Sweden), Carnegie Mellon 
University (Pittsburgh, USA) and other institutions from 
USA, Ireland, Canada, Norway, UK and France. 

III. RELATED WORK AND SIMILAR STUDIES 

This study certainly does not constitute the first attempt 
in the research community to assess the state and context of 
the SE field and ERSE area. This section mentions the 
similarly oriented studies closest to ours. It also highlights 
the differences and individual properties of our paper in 
relation to them. 

Glass et al. [1] discuss the history of SE research and 
then try to categorize 369 selected papers from 1995 to 1999 
on several levels. Perry et al. [2] try to assess the 
contemporary state and future (at the time) challenges of 
empirical studies in SE followed by describing the 
recommended structure of an individual study and concrete 
steps for assuring its quality. Sjöberg et al. [3] give the 
description of primary and secondary research methods 
followed by a vision for increased research quality for the 
future and suggestions leading to its fulfilling. Victor Basili 
published his study overview of the field in [4] including the 
nature of the discipline, research paradigms, vision and its 
attainability, goals of studies, types of studies and a 
description of a maturing process of the research. 

None of the mentioned (or other studied) publications 
deals strictly with summarizing the general context of SE 
and ERSE in terms of their goals, history, major problems 
and solutions. The main contribution of this particular paper 
lies in summarizing the problems and solutions on the level 
of the field and individual studies (not the concrete phases 
and steps while conducting research). In addition, the 
literature sample used in our study spreads through almost 
three decades. That makes its findings not only 
contemporary, but also a broad overview, since none of the 
above mentioned works describes all the problems and 
solutions included in this paper. 
 

IV. CONTEXT OF SOFTWARE ENGINEERING RESEARCH 

This section presents findings about SE, SE research and 
ERSE in terms of goals and history discovered throughout 
the studied literature. 

A. Goals of Research 

As in other scientific disciplines, the main goal of SE 
research is to contribute to the effectivity and provide 
knowledge for decision making in its respective field both in 
further research and in practice. However, the outcomes of 
the research can be used by several different types of 
audiences, such as common readers, other researchers, 
reviewers, meta-analytics, different kinds of committees and 
practitioners. While the resulting papers should ideally bring 
some level of benefit to them all, the authors may have to 
decide beforehand who is their target audience and how the 
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study should benefit them and adjust the study and its goals 
properly. 

Of course, there is the matter of subsequent research. 
The occurrence of one paper which brings great benefit to 
the field as a whole on some 10 pages is hardly imaginable. 
So the research in particular organizations (or several 
cooperating organizations) should be carefully designed and 
structured to support the preliminary vision and high-level 
goals. 

Much has been written about how the individual studies 
should be done and research papers structured 
[2][5][6][7][8][9][10]. Most of the findings in this area will 
be summed up in a future work; here were we would like to 
present just one of the more general ideas suggested in [3], 
which claims that the point of every study is (or at least 
should be) the exploration or description of the relations 
between four “archetype classes”. These classes are: Actor, 
Technology, Activity and Software System. In this context,  
Actor can be not only a person or a group of people but also 
another SW or HW system and so on. Furthermore, 
Technology class representative need not to be a piece of 
HW or SW exclusively. It can also refer to a technique, 
method, practice, diagram, model, guideline, etc. This seems 
to be a pretty straightforward, simple and achievable 
principle. 

B. Software engineering history 

Now, let us talk a bit about SE and ERSE history. The 
most useful, yet general and complex description of history 
was found in [1], which is the main source of the 
information presented here. 

The existence of SE can be traced back to the early 50s. 
The SE research (including ERSE) appeared almost 
simultaneously, although it was mainly ad hoc research and 
unfortunately, though much has been researched and 
discovered, there were very few outlets to present the 
findings in. This lead to the fact, that many of the findings 
from this era were published roughly 10 years afterwards.  

And so the real traceable history of SE research dates 
back to the late 60s when the first SE conferences were 
being held.  However, back in that time the SE was still just 
one part of the much larger Computer Science field, and did 
not begin to separate its presence in academia off from it 
until the early 80s. 

Of course, that was not the end of the genesis of the field 
that continues up until this day. For example, qualitative 
research (e.g., [11]), which is aimed more on how things 
work (especially important in SE, since the impact of the 
human factor on the field is very significant) than on causal 
links and numbers, did not really appear in noticeable 
measure until 10 to 20 years ago and still does not have very 
large volume compared to standard and more “technical” 
quantitative research. (There is a simple and useful 
differentiation between qualitative and quantitative research 
methods in [7].) 

V. PROBLEMS IN SOFTWARE ENGINEERING RESEARCH 

The studied literature identifies and describes many 
problems of SE research impacting both the field in general 

(presented in this section), or just one or more steps in 
particular studies (described in a future work). Many of 
these problems appear in more than one publication and this 
section summarizes and presents the ones that seem the 
most significant and frequently encountered. 

A. The Whole Field 

At the top of the list is probably the absence of any 
unified and universally recognized guidelines, 
methodologies, taxonomy and even terminology which 
could be used and followed while conducting studies and 
presenting the results in research papers. Some authors 
[2][5][6][7][12][13][14] try to come up with first 
suggestions or their own models for research or its 
evaluation, but no field-wide agreement has been reached so 
far. The result of this is an inconsistency of studies and 
papers throughout the research community, which leads to 
sort of isolation of the studies, that cannot be compared, 
widened, summarized by meta-analysis or theory building, 
followed up by other studies, or even properly disproved. 

A related problem is often mentioned little support in 
recognized authority which could come up with these so 
needed guidelines and methodologies, or at least support 
their development and mediate a discussion on them, or 
even make them a standard in the end. Examples from other 
fields given in literature include the Cochrane 
Collaboration and their Cochrane Database of Systematic 
Reviews (Australia; mentioned in [15]) in medicine, or the 
Human Genome Project (mentioned in [3]) in genetics. 
Some sort of comfort or hope lies in SWEBOK which 
describes issues related to SE but still does not include 
guidelines for research. 

Another problem is that not enough research in 
general. According to some (e.g., [3], [16]), too few studies 
are being conducted, presented and published in the SE and 
ERSE field. This is of course a matter of opinion, but the 
truth is the more studies undertaken the better. Even if their 
quality (further discussed later in this paper) is in general 
poor, the total number of good papers is higher in bigger 
overall amount than in smaller. There are some subareas 
where the current situation is even worse. 

One is qualitative research (already mentioned in 
Section IV), which is somewhat rare in itself in the SE 
field. Although the situation started to get better in recent 
years, as finally more and more qualitative research 
(described for example in [11] or [17]) is done, the pace is 
not fast enough. 

The other is theory building [3][18][19][20][21], which 
suffers from subsequent issues from incorrect conclusions 
(mentioned in [5]), ignoring negative results (mentioned in 
[22]), research questions not being insightful enough 
(mentioned in [2]), misused statistical methods (described, 
e.g., in [23], [24]) and poor quality of studies in general 
(many of these problems are mentioned in following 
subsection B) which, of course, makes it difficult to prove 
hypotheses and build theories, which are necessary for 
establishing some ground on which to build further 
activities in the field. 
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The next problem often discussed and mentioned is the 
gap between practice of the field and academia (or the 
research community in general). This results in research not 
covering the real needs of the industry and in return not 
applying the findings of the research in practice. This has an 
immediate link to the next issue (next paragraph), but 
another statement found in [1] linked to this talks about so-
called “assimilation gap”, which refers to the time frame in 
between the first acquisition of a new technology (tool, 
technique, method, practice, model, etc.) and its 25% 
penetration into software development organizations in 
practice, and according to [1], is nowadays 9 to 15 years 
wide. 

A large amount of research is purposeless as 
mentioned, e.g., in [2]), meaning its being done simply for 
something to be done without the aims and goals of the 
research corresponding to or reflecting on the needs of the 
practice. The cause of this, apart from the above mentioned 
gap between industry and academia, is the fact that often a 
major evaluation criterion of researchers (including the PhD 
students) is the quantity of published papers and citations. 
And so, if the researchers have no experience or relationship 
with the actual practice in the respective field, they end up 
doing research just for its own sake. 

The last big issue of the field as a whole is the lack of 
resources, both financial and personal. The ERSE still 
struggles to get sufficient support from governments, 
industry or other entities, such as different kinds of 
initiatives and foundations. The comparison with other 
fields, especially medicine, is often given in the literature 
studied [3]. 

This concludes the problems of the field in general. 
Other listed problems refer more or less to the issues that the 
individual studies and papers suffer from. 

B. Individual Studies 

The main problem concerning individual studies is low 
quality (see, e.g., [25]), relevance (meaning significance of 
results) and usability (also called impact – factor of 
research being interesting for the field; [8]). Many studies 
suffer from misusage of statistical methods, which are 
often poorly understood by IT practitioners [23]. They also 
often just present results or state conclusions with improper 
or no validation and evaluation whatsoever, as mentioned 
in [8][12][15][16][26][27].  

Another contributing factor is incorrect conclusions 
drawing (see, e.g., [5]), fishing for results (presenting 
insignificant results so that there is something to publish) 
and mostly ignoring negative results (as mentioned, e.g., in 
[22]).  Although not positive (in terms of proving the 
hypothesis or showing something is wrong with the studied 
phenomenon), such results still need to be published or 
made public at the very least to prevent other researchers 
from repeating the same thing once it has been proven 
meaningless. Furthermore, these results can still be followed 
by validation studies, replication studies (see, e.g., [28]), 
qualitative studies shedding light on what went wrong, etc.  

The follow-up studies are often difficult to conduct for 
one more reason and that is publishing study results 

without the input data used. This, of course, has its source 
in the fact that the data are mostly industrial by origin and as 
such considered sensitive and in need of keeping them 
confidential, which is unfortunately something SE 
researchers can hardly influence or overcome (as 
mentioned, e.g., in [29]). 

Last but not least, in reference to the above mentioned 
gap between industry and academia (subsection A), the 
researchers are often given no choice but to use students as 
subjects in their studies. The reasons are obvious: students 
are easily available and their usage is cheap [9][22][30]. 
But, of course, practitioners tend to dismiss the results of 
such studies as irrelevant or not representative of reality 
instead of considering the results and if found interesting 
trying to supply replication study with their own people. 

VI. SUGGESTED SOLUTIONS TO THE PROBLEMS 

This section deals with solutions to the problems in 
Section V, suggested in the studied literature. 

As many publications compare the state of SE and ERSE 
to other disciplines with longer history and more stable 
infrastructure, the first suggested course of action is 
patterning our field after, such other disciplines (e.g., 
[26][31]) like medicine, psychology and sociology (both for 
their overlap with IT in SE and long tradition of qualitative 
research), information systems, or computer science. This 
could potentially bring some “order” to the “chaos” and 
establish a platform for a developing more field-specific 
empirical research framework. 

Another suggestion was to include practitioners and 
statisticians into the research activities (as mentioned in 
[5][9]). This would significantly improve the situation 
concerning the gap between academia and industry, 
purposeless research, misuse of statistical methods, 
validation and evaluation of the results. The problem here is 
of course the above mentioned resources issue. 

The resources could be brought by initiatives and 
organizations (see, e.g., [9]) established for these purposes 
and also for the purposes of stabilizing the terminology, 
taxonomy, methodology and guidelines, as well as theory 
building and authority foundation. Of course, to establish 
such authorities and initiatives, community-wide 
cooperation towards these goals is essential, but once done 
this should have major impact on research quality and 
effectivity, thus fulfilling the purpose of research in the first 
place (section IV). A way to collaborate on the community 
level through social networking is described in [32]. 

But before that can be done, the lower-level cooperation 
needs to appear and grow. Research organizations such as 
universities, institutes and even companies should strive to 
build relationships on a common goal of research and 
improvement [2][3]. Furthermore, each research entity 
should have some degree of long-term focus on a particular 
topic (or topics, depending on size and manpower), and 
conduct not isolated studies, but whole families of studies 
surrounding the topic [2][28]. The similar topic focus 
among several entities should supply the common ground 
for the above mentioned cooperation. 
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In terms of individual studies one more issue has to be 
mentioned and that is the insightfulness of research 
questions (see, e.g., [2]). The importance of this is that if 
you do not have research questions or hypotheses insightful 
enough, you undermine your studies from the very 
beginning. And although you may still finish the studies and 
present your results, such studies are hard to follow up on, 
replicate or include in meta-analysis (see, e.g., [33][34]), 
rendering them isolated, and therefore, useless. 

The last main suggested solution looks to the future in a 
different way. Instead of trying to change the field, current 
researchers, practitioners and their mindset, the solution lies 
in the upbringing of good researchers from the very 
beginning – of course through education. The literature 
[2][35] suggested special SE research courses at colleges 
and universities to try to prepare students with research 
aspirations for the obstacles and circumstances of such a 
career and to teach them the basic knowledge on how to do 
research properly. This would, however, better be 
premeditated by establishing proper, unified and universally 
acknowledged methodologies and guidelines (mentioned 
before), or else every education entity will end up teaching 
their students something different and the resulting chaos 
will be little to none better than the current one. 

VII. DISCUSSION 

Here, we discuss the usage and relevance of this work. 
As it is a simple literature review we do not claim that the 
information presented is fully comprehensive and accurate. 
Much wider and deeper analysis would be needed for a 
statistically valid study. 

Through the course of this paper, we often talk about SE 
research, while the topic should be mainly ERSE. This is 
caused by the broad and shallow nature of this study. In its 
high-level context, the separation of empirical research off 
from SE research in general is difficult and probably not 
feasible to some degree. Nevertheless, the findings apply to 
both areas in most cases and where not, it is impossible to 
describe the issues of ERSE without the wider context of SE 
research. 

Lastly, this presented paper does not cover the full 
breadth of the studied material and findings. As future work, 
we plan to address the methodology and taxonomy aspects 
of ERSE, various types of studies, suggested steps in 
conducting and describing the studies in papers and of 
course basic techniques, principles, pitfalls, and frequent 
mistakes made in each of these steps. 

VIII. CONCLUSIONS 

This literature review summarized and described 
information and findings discovered throughout the studied 
publications concerning SE and ERSE in this field. 

The studied literature sample consisted of 53 papers and 
articles published from 1986 to 2014, coming from major 
journals and conferences in the field and spread throughout 
the world in their origin. The key problems in the area of SE 
research, as found through this study, are overall insufficient 
quality, relevance and impact. The steps towards mitigation 
and avoidance of these problems are being taken throughout 

the respective community, although it is a long-term and 
slow process. 

The general advice for improving the research quality 
includes rigorous study design and description (correct 
usage of statistical methods, drawing of conclusions, 
insightful research question, validation and evaluation), 
including statisticians and as much of practitioners 
participation (or at least industrial data) to the research as 
possible, education of researchers through specialized 
courses, establishing authorities and financial support 
systems, and using other scientific disciplines as a pattern. 

Our hope is that this review helps especially other 
scientists starting in the ERSE field as a base of general 
knowledge and overall overview. In addition, the findings 
can be used as an information basis for both further and 
more detailed research and conducting individual empirical 
studies in the field of software engineering. 
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