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Background: Systematic Literature Reviews (SLRs) have gained significant popularity among Software
Engineering (SE) researchers since 2004. Several researchers have also been working on improving the
scientific and methodological infrastructure to support SLRs in SE. We argue that there is also an apparent
and essential need for evidence-based body of knowledge about different aspects of the adoption of SLRs
in SE.

Objective: The main objective of this research is to empirically investigate the adoption, value, and use of
SLRs in SE research from various perspectives.

Method: We used mixed-methods approach (systematically integrating tertiary literature review, semi-
structured interviews and questionnaire-based survey) as it is based on a combination of complementary
research methods which are expected to compensate each others’ limitations.

Results: A large majority of the participants are convinced of the value of using a rigourous and system-
atic methodology for literature reviews in SE research. However, there are concerns about the required
time and resources for SLRs. One of the most important motivators for performing SLRs is new findings
and inception of innovative ideas for further research. The reported SLRs are more influential compared to
the traditional literature reviews in terms of number of citations. One of the main challenges of conduct-
ing SLRs is drawing a balance between methodological rigour and required effort.

Conclusions: SLR has become a popular research methodology for conducting literature review and evi-
dence aggregation in SE. There is an overall positive perception about this relatively new methodology
to SE research. The findings provide interesting insights into different aspects of SLRs. We expect that
the findings can provide valuable information to readers about what can be expected from conducting

SLRs and the potential impact of such reviews.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Systematic Literature Review (SLR), more commonly known as
systematic review, has emerged as one of the most popular meth-
ods of Evidence-Based Software Engineering (EBSE) since Kitchen-
ham, Dyba and Jergensen reported their seminal piece of work on
bringing the evidence-based practice to Software Engineering (SE)
in International Conference on Software Engineering (ICSE) [21] in
2004. One of the evidences that the SLR has been gaining signifi-
cant attention from the SE researchers is that there is a large,
and continuously growing, body of published literature reporting
SLRs on different topics of SE. The number of reported SLRs has
grown so significantly that several researchers have also per-
formed tertiary studies (i.e. systematic review of the SLRs on a par-
ticular topic or area). Apart from conducting and reporting over
one hundred SLRs, SE researchers have also been focusing on

* Corresponding author. Tel.: +61 2 9376 2227; fax: +61 2 9376 2023.
E-mail addresses: dr.hezhang@gmail.com (H. Zhang), maba@itu.dk (M. Ali
Babar).

0950-5849/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.infsof.2012.09.008

improving the SLR methodology by, for example, providing the
techniques for designing the strategies for assessing the quality
of the reported primary studies included in a systematic review [9].

We have asserted that as the interest of SE researchers in SLRs is
increasing, so should be the need for providing appropriate meth-
odological guidance in designing, conducting, and reporting high
quality systematic reviews. Moreover, the lessons learned from
and experience reports of performing SLRs in SE have also been
published. A large majority of the reported SLRs in SE has been car-
ried out following the guidelines developed by Kitchenham and
Charters [18,20]. Some researchers have also reported their own
guidelines for SLRs [3] or have consulted the guidelines from med-
icine (e.g., [17,13]). While the available guidelines and lessons
learned reports are important and valuable, as they provide the
software engineering practitioners and researchers with useful
information about different aspects of systematic reviews, there
is a vital need for allocating more resources to study this research
methodology from different angles.

This paper reports our work aimed at building a body of knowl-
edge about different aspects of SLRs in SE. The work reported in
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this paper takes a multi-perspective view of the SLRs in SE over the
past 7 years (2004-2010). The key objective of the work was to
provide readers with a broad but real perspective of the adoption
of SLRs in SE and its related factors. The intension was to system-
atically study various aspects of adopting SLR as a research meth-
odology in SE and, more importantly, to gather and understand the
perceptions and experiences from the methodology users - system-
atic reviewers, as well as to enhance the communications among SE
researchers regarding SLRs and EBSE. To be specific, this study
makes the following contributions:

o [t provides a holistic status report on the adoption of SLRs in SE
research from various perspectives after 7 years’ practice.

o [t presents a systematic reflection of the methodology adoption
based on the methodology outcomes (SLRs) and their
producers.

e It also reports an initial comparison of the use and potential
value of two literature review methodologies in SE: Systematic
Literature Review (SLR) and Traditional Literature Review (TLR).

In order to minimise the potential limitations of applying single
research method, this research combined multiple empirical re-
search methods, and integrated them systematically. For the re-
ported research, we employed semi-structured interviews, tertiary
study (using SLR methodology), and questionnaire based surveys.
The use of mixed-methods approach enabled us to effectively build
the evidence upon each other for our goals.

Unlike other ‘roadmap’ or ‘overview’ papers, this paper presents
and summarises the evidence we collected from the real state of
SLR’s adoption in SE and the responses from the methodology users
without author’s subjective inputs. Hence, it is expected to enable
readers to make their own conclusion based on these reflections
with a minimised bias.

This article is an extended version of the conference paper pub-
lished in ESEM 2011 [36]. Compared to the original version, the up-
dates and enhancements made in this article are thorough. To be
specific, this version (1) includes more description of research
method, i.e. design, data collection, and implementation; (2) up-
dates the tertiary study by replicating the search of SLRs by the
end of 2010; (3) updates the impact analysis with the latest cita-
tions collected for the SLRs by 2010; (4) reports effectiveness of
SLRs; (5) reports review types in terms of systematic review and
mapping study; (6) reports quality assessment and roles in SLRs;
(7) updates the related work with comparison with the latest ter-
tiary studies in SE; (8) more in-depth discussion about the findings
from this study; and (9) improves data presentations.

The rest of this paper is structured as follows. Section 2 sets the
research context related to EBSE and SLRs, and defines our research
scope and objectives. We enumerate the multi-perspective re-
search questions, and describe our mixed-methods research design
and implementation in Section 3. Sections 4-6 address the preli-
minary answers to the research questions about SLR’s adoption
in SE respectively. They are followed by the interpretation and dis-
cussion in Section 7. In the end, we conclude our study in Section 8.

2. Research context and objectives
This section introduces the context and motivations of the re-

ported research by discussing the role of EBSE and SLRs in SE.
We also define the scope of the reported research.

2.1. EBSE and systematic reviews

The main objective of EBSE is reported to be improving decision
making for selecting software development technologies (i.e.

methods, approaches, and tools) by gathering, evaluating, and syn-
thesising current available evidence from research. EBSE is ex-
pected to narrow the gap between research and practice by
placing emphasis on scientific rigour as well as practical relevance
of research [11].

Systematic reviews are predominantly used for following EBSE.
An SLR is “a means of evaluating and interpreting all available re-
search relevant to a particular research question, topic area or phe-
nomenon of interest” [11,20]. One of the main goals of a
systematic review is to ensure that the review is methodical,
repeatable, and thorough. An SLR also attempts to minimise the le-
vel of bias that can be prevalent in Traditional (ad hoc) Literature
Reviews (TLRs).

There are an increasing number of SLRs being performed in SE
since 2004. SE researchers have also provided methodological sup-
port by developing guidelines for performing SLRs [20,3] and have
reported lessons learned in order to share knowledge and experi-
ences [4,10]. Several researchers have also identified the areas for
improving the published guidelines and the needs for supportive
techniques (e.g., [38]). The increasing trend to use SLRs highlights
the need for providing appropriate knowledge and training in dif-
ferent aspects of SLRs [30]. That means SE researchers need to allo-
cate significantly more resources to develop suitable support
system for guiding SE researchers on how to design, conduct, and
report high quality systematic reviews in SE and practitioners on
how to assess the quality and results of published SLRs on a topic
that interests them. At the same time, there is also a need for
understanding the use and adoption of systematic reviews in SE
and any challenges that researchers are facing while using this
methodology.

2.2. Research scope and objectives

Systematic reviews claim rigour and relevance as their
strengths and promise to provide the mechanism needed to assist
practitioners to adopt appropriate technologies and to avoid inap-
propriate technologies [21,11]. However, this research is not aimed
at exploring the use and adoption of systematic reviews by SE
practitioners. Rather the focus of the reported research at this stage
is the SE research community.

There are two main reasons that exclude the external validation
of SLRs from our research scope at this stage. First, as SLR was
introduced to SE as a new research methodology in 2004, many
practitioners in software industry have yet to know this research
methodology well (this is also true even for many SE researchers).
Second, though many SLRs have been reported in SE in the recent
years, the number of explored topics and questions are still limited,
and the distribution of SLRs over these topics is not even. The tech-
nology practitioners may be unable to freely find an SLR, which ex-
actly matches their own interests or questions at present. Given
these two constraints, we are not in a position to properly examine
the SLRs’ external relevance at this stage.

Hence, the objective of the reported research is to carry out an
internal validation of SLR methodology within SE research commu-
nity. Unlike in medical discipline, researchers are expected to be
the main users of SLR methodology and evidence-based practice
in SE. Therefore, an internal validation of this methodology should
necessarily start within SE research community, particularly the
literature reviewers irrespective of whether or not they have used
SLR.

This research has been motivated by an increasing recognition
of the need and importance of providing methodological and tech-
nological infrastructures for maximising the exploitation of poten-
tial benefits of EBSE in general and SLRs in particular. We assert
that any such effort would greatly benefit from a good understand-
ing of the use, value, experiences and challenges involved in
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performing SLRs in SE. Thus, we decided to systematically study
the adoption and use of SLR methodology in SE using multiple
(mixed) research methods such as tertiary study and surveys
(interviews and online questionnaires).

2.3. Tertiary studies on systematic reviews in SE

As SLR is a relatively new research methodology in SE, merely a
very limited number of tertiary studies were reported. In terms of
their research questions, we summarise two important series of
tertiary studies and their relations to this research.

Kitchenham and her colleagues conducted a continuous tertiary
study to provide an overview of the systematic secondary studies
(i.e. systematic reviews, mapping studies and meta-analyses) re-
lated to EBSE in 2007 [19] and 2009 [23]. Later, by following the
same research questions, da Silva et al. updated this thread of ter-
tiary study until the end of 2009 [7]. These three reports identified
120 SLRs in total. Whereas, with the same research questions gi-
ven, we found there exist different selection criteria applied by
the two groups of authors. As a result, some excluded studies in
[19,23] (with the reasons reported) were selected as SLRs in [7].

Cruzes and Dyba performed another tertiary study to assess the
types and methods of research synthesis in systematic reviews in
SE [6]. They restricted their search scope and selection criteria with
purpose to investigate the SLRs explicitly influenced by EBSE
[21,11] and the SLR guidelines [18,20].

However, these tertiary studies merely focused on the SLRs
published in SE. Our research sought both systematic reviews
(SLRs) and traditional reviews (TLRs) as a basis for investigating
the methodology adoption and impact. We also covered the meth-
odology users’ (SE researchers’) perceptions and experiences,
which are also important for a new methodology adoption and
improvement. Hence, our study is able to provide a more holistic
view of SLR methodology adoption in SE.

In addition, compared to the SLRs identified in the other tertiary
studies [19,23,6], our research systematically produced a more re-
cent and thorough list of the SLRs available to SE researchers and
practitioners. Table 1 shows the difference of search scope and re-
sults between our tertiary study and the previous ones.

Given the above limitations, a timely research on investigating
and reflecting the methodology adoption of SLR in SE to the present
is considered to be necessary. Instead of an amended tertiary study
of [19,23], this research is a systematically designed empirical
study by combining evidence-based practice (tertiary study) and
typical empirical methods (surveys).

3. Research methodology
3.1. Research questions

As the intended post-mortem review of the past 7 years’ adop-
tion of systematic reviews in software engineering, we investi-

gated this methodology from a multi-perspective. The research
questions discussed in this paper are as below.

RQ1. What is the value of SLR for SE? Why did (or did not) SE
researchers do SLRs?

RQ2. What SE topics have been addressed by what types of SLRs?
What has the influence of SLRs been in SE research?

RQ3. How did SE researchers perform SLRs (in terms of, for exam-
ple, rigour and effort)?

After the implementation of the research design (described in
the rest of this section), the above questions are answered in the
following sections.

3.2. Research design

The research design in this study applied a sequential explor-
atory strategy, i.e. a mixed-methods research design that is charac-
terised by the collection and analysis of qualitative data followed
by the collection and analysis of quantitative data [5]. Its purpose
is to use quantitative data and results to assist in interpreting, con-
firming and enhancing the qualitative findings when answering
the research questions. To be specific to this research, we first gen-
erated the preliminary findings based on the qualitative data gath-
ered by interviewing a small but representative sample of the
methodology users, then confirmed and enhanced our understand-
ing about the adoption of systematic review by surveying a larger
number of SE researchers and reviewing relevant secondary
studies.

This research explicitly distinguishes two types of literature re-
views: systematic (literature) reviews and traditional (literature) re-
views, which are carried out in an informal or ad hoc style.
Accordingly, the literature review performers can be grouped as
systematic reviewers, who use the SLR methodology for performing
literature reviews; and traditional reviewers, who undertake the
traditional (narrative) style literature reviews.

Our research design was based on one important assumption
that each of the (co-)authors of an SLR has participated in at least
one phase of the reported SLR (e.g., reporting review) as a system-
atic reviewer. A similar assumption has been made about the tra-
ditional reviewers.

Fig. 1 illustrates the used research methods and the connections
between them. In order to systematically investigate the use of
SLRs in SE, our research design incorporated multiple empirical re-
search methods: semi-structured interview, systematic literature re-
view (tertiary study), and questionnaire-based survey.

3.3. Research methods and data gathering approaches

We have mentioned that we decided to use mixed-methods ap-
proach based on the objectives of the reported research. Our re-
search design involved two main research methods, survey and
systematic review (tertiary study), and a set of suitable data gath-
ering approaches (i.e. semi-structured interview and question-
naire-based online survey). Survey research can use one or a
combination of several data gathering techniques such as inter-
views, self-administered questionnaires and others [25]. A survey
research method is considered appropriate for gathering self-re-
ported quantitative and qualitative data from a suitable number

Table 1

Comparison between our tertiary study with the previous ones.
Tertiary study Topic/purpose Search strategy Time span Incl. SLRs
Kitchenham et al. [19]  Tertiary study in SE Manual only January 2004-June 2007 20
Kitchenham et al. [23] Updating [19] Automated only January 2004-June 2008 33
da Silva et al. [7] Updating [19,23] Automated + manual January 2008-December 2009 67
Cruzes and Dyba [6] Research synthesis Automated + [19,23] January 2005-]July 2010 49

This research

Tertiary study in SE and identifying systematic reviewers

QGS-based (manual +automated) January 2004-December 2010 148
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Fig. 1. Research design and methods.

of respondents, i.e. a relatively smaller number in case of inter-
views and a larger number in case of questionnaire-based online
survey [24]. The collected data are more easily amenable for anal-
ysis by using simple as well as complex statistical approaches
depending upon the research questions and the survey instrument.
We decided to use semi-structured interviews and questionnaire-
based online survey as the data collection approaches.

We used semi-structured open-ended interviews to collect
qualitative data. One reason for choosing the interview as the data
gathering technique was to gather as much information as possible
from the interviewees as our target population, especially senior
researchers, were expected to be interviewed only once for this re-
search. Interviews are considered an effective mechanism of gath-
ering detailed information required to find the answers to the
questions that had motivated part of the reported research. The
open-ended nature of the questions within the structured nature
of the interviews was expected to help us to systematically collect
useful data for this research. It is considered that open ended ques-
tions allow for a variety of responses and fit better with the aim of
getting an ‘insider view’ of a situation [33]. Open ended questions
are also expected to help researchers to avoid introducing any of
his or her own preconceptions and protect the validity of the data
[33].

We designed our interviewing instrument with the intention of
keeping the discussion focused and using the interviewee’s time
effectively [27]. Our interviewing instrument consisted of a set of
open-ended questions carefully worded and arranged into six dif-
ferent sections. The structure of the interviewing instrument was
designed with the intention of taking each respondent through
the same sequence and asking each respondent the same questions
with essentially the same words. The benefit of using the open-
ended questions in an interview is that a researcher can obtain
data that are systematic and thorough [27]. However, such inter-
views may reduce the flexibility and spontaneity because the prob-
ing during the interview is kept limited. However, we planned to
address this limitation by using frequent probes during the inter-
views. Hence, we planned to focus not only on the ‘what’ questions
but also ‘how’ and ‘why’ probes in response to the answers to the
designed questions. Elaboration probes are used to keep an inter-
viewee talking more about a subject [27]. We also performed a

pilot test of our interview instrument and time estimation. Our
interviews were designed to take between 70 and 90 min.

At the beginning of this research, we started with exploring the
perceptions and experiences of systematic reviewers using semi-
structured interviews (the top-left in Fig. 1). The ‘preliminary find-
ings’ from the analysis of the data gathered through the first stage
of interviews were partly reported in [1].

The interviews were to be followed by a tertiary study for which
the research questions were supposed to be based on the ‘prelimin-
ary findings’. This phase was a systematic review of SLRs reported by
the middle of 2009. Different from the tertiary studies reported by
Kitchenham et al. [19,23], the search performed in this study had a
broader scope (seeking both SLRs and TLRs) and were later updated
till the end of 2010. Both types of literature reviews and their cor-
responding performers, i.e. systematic reviewers and traditional
reviewers, were identified and grouped after the searches (the ‘pop-
ulations’ in the centre of Fig. 1). We extracted and synthesised the
data from the identified SLRs only.

Based on the preliminary findings from the first stage interview,
we designed two questionnaires, one for systematic reviewers and
the other for traditional reviewers. The questionnaires were pub-
lished as web surveys after a short internal trial. The two groups
of reviewers, whose contact details were extracted from the ter-
tiary study, were invited to participate in the surveys. The gathered
qualitative and quantitative data were analysed respectively (the
rightmost in Fig. 1). In the meantime, the citations of the identified
SLRs and TLRs were collected for the impact analysis (the bottom-
right in Fig. 1).

Finally, the results gathered from different research methods
were put together to generate the findings: value and motivations
(by combining the reflection from the interviews and surveys); re-
view types, topics and impact (from the tertiary study and impact
analysis), and practice and experiences (from the surveys and ter-
tiary study). These findings provide the evidence-based answers to
the research questions of SLR’s adoption in SE.

3.4. Research implementation

According to the research design and methods, this study con-
sists of a number of steps, each of which was supported by one
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empirical method. They were sequentially connected to form the
research process. One step was based on its former steps, and the
outputs from one step might become inputs to the following steps.
In the rest of this paper, we use the label numbers in Fig. 2 to indi-
cate individual step of the research process.

This subsection describes the technical process of the imple-
mentation of our mixed-methods research project. We provide a
brief description of each research method and step carried out in
this program.

3.4.1. Semi-structured interviews

Based on the pilot literature search and our knowledge of the
researchers active in SLRs, we invited a number of researchers in
SE to participate in two stages of interviews. The invitees can be
classified into three categories: advocates who introduced SLR
methodology and evidence-based practice into SE and published
many SLRs, followers who were experienced SE researchers and
had participated in at least one SLR, and novices who were research
students when performing SLR(s) [1].

In the first stage, we invited 24 researchers, and 17 invitees
agreed to be interviewed (cf. [1] for details of the first stage of
the interview process). In the second stage, we further interviewed
nine more researchers (eight followers and one novice) identified in
the search of SLRs @. In total, 26 SE researchers were interviewed
and all the interviews were transcribed for analysis.

3.4.2. Tertiary study

After the first stage of interviews, we carried out a tertiary
study, i.e. an SLR that sought the secondary studies (SLRs and TLRs)
between 2004 and the middle of 2009. This tertiary study was later
extended @ till the end of 2010 and updated twice in 2011 (Janu-
ary and December) after the data analysis of the interviews and
surveys @,

3.4.2.1. Search for SLRs. We employed a Quasi-Gold Standard (QGS)
based systematic literature search approach [38], systematically
integrating manual and automated search, for identifying the SLRs
in SE. For manual search, we screened the publication venues re-
lated to empirical software engineering, EBSE, and premier SE ven-
ues, such as EMSE, ESEM, EASE, TSE, IST, ]SS, ICSE and IEEE
Software. It was followed by an automated search through five of
the major publishers’ digital library portals in SE [37]: IEEE Xplore,
ACM Digital Library, ScienceDirect, SpringerLink, and Wiley Inter-
Science. The search string used in automated search is as below,
but coded corresponding to the syntax of specific library’s search

1345

(software OR code OR program) AND (((systematic OR
structured OR exhaustive OR controlled) AND (review OR
survey)) OR (literature search) OR (meta-analysis) OR
(meta analysis) OR (mapping study) OR (scoping study)
OR (evidence-based) OR (evidence based))

It is the improved search string from the one used in [37]. When
applying this string in searching the SLRs in the QGS (from the
manual search), its quasi-sensitivity can reach 85%.

The search strategy was developed by the two authors. The first
author performed manual and automated search in order, followed
by a thorough checking done by the second author. All disagree-
ments on search and selection were solved by the two authors in
discussion.

Note that some secondary studies selected (as SLRs) in [19,23,7]
were not considered as SLRs in our tertiary study, as we followed a
set of stricter criteria (cf. [37]) to appraise if a study is an SLR. For
example [35], was excluded from our tertiary study as its random
sampling of ICSE papers may be not repeatable by other research-
ers, which may results in different conclusions.

3.4.2.2. Search for TLRs. Unlike SLRs, the publication of TLRs is much
scattered among venues. Hence we applied only automated search
to seek TLRs in SE published during the time span through the
above-mentioned five digital portals. The following search string
was used in searching TLRs.

software AND (overview OR state-of-the-art OR road-
map OR ((literature OR study) AND (review OR survey)))

The purpose of the search of TLRs is to find typical TLRs pub-
lished in SE, and further to identify representative population of
the users of traditional literature review for survey research and
impact analysis. Therefore, unlike the search of SLRs, the sensitivity
of the above search string was not evaluated because an exhaustive
search of TLRs is unnecessary for the research objectives.

We identified a TLR by its usual structure which begins with
presenting the earlier work in a particular area and proceeds with
the most important past work up to the present [29], and the ap-
plied approach that does not use formalised methods of systematic
review [28]. In terms of our observation, TLR is often combined
with other research methods, such as survey, case study, or frame-
work development. We excluded papers with TLR section if the lit-
erature review was not the major contribution. All included TLRs
were grouped into two clusters: full TLR, which solely reports a lit-
erature review; and partial TLR, in which literature review is one of
the two major contributions reported. Apart from literature re-
view, the other possible contributions of the partial TLRs include

engine. typically, for example, conceptual model or framework,
Semi-structured Initial Semi-structured Qualitative
interview (Stage 1) analysis "] interview (Stage 2) analysis ¥ _RQ1
Researchers’
L @ | Prﬁlirginary | Quest o @ @; Qualitative & P perspectives
85 d survey | quantitative analysis
® ® -
Legend —»  Practice
|: P —
activity ‘L SLR reviewers TLR reviewers RQ2
Systematic SLRs N Data o| Updated Data synthesis || | Ly State
literature search 7| synthesis | SLR search (update)
N~ ~
@ ® ® RQ2
Iodat Research
TLRs | Updated Impact :
— | TLR search analysis > impact

| | |

|

| | |

Dec 2008 Mar 2009 Jul 2009

Dec 2009

Jul 2010 Jan 2011 Mar 2011

Fig. 2. Research implementation process.
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meta-model, case study, survey or interview, experience report,
guidelines, and taxonomy or ontology.

3.4.3. Questionnaire based surveys

Based on the preliminary findings from @, we carried out web-
based anonymous surveys using two questionnaires with compa-
rable questions for the systematic reviewers and traditional review-
ers respectively. The questionnaires! were developed by following
Kitchenham and Pfleeger’s guidelines for survey research in SE
[24]. We extracted the potential participants of the survey study
from the review studies (through the literature search @) as those
reviews were authored by researchers who could make up a sample
set very close to our target population. After an internal trial with
our colleagues and an external check by SE empiricists, the question-
naires were published online and remained open for gathering re-
sponses for a few months.

3.4.3.1. Survey for systematic reviewers. The SLRs identified by our
literature search @ were reported by 124 authors. In order to min-
imise the sampling error and selection bias of the survey study, we
maximised the sample size as close as possible to the target popu-
lation (systematic reviewers in SE) by extracting their contact
information from the publications. We found 4 authors without
email address in their papers. Though both authors of this paper
have also published some SLRs, we excluded ourselves from the
survey to prevent potential researcher’s bias. As a result, 118
(124-4-2) invitations to participate in the survey were distributed
to the identified systematic reviewers. We received 12 messages of
non-delivery due to unknown email addresses, and 3 auto-replies
that mentioned the invitees were unavailable during the survey
period.

We received 52 responses to the survey with a response rate of
50% (52/103). Only one author explicitly rejected our survey
invitation.

3.4.3.2. Survey for traditional reviewers. During the search of TLRs
@, we even found more authors of (full plus partial) TLRs than of
SLRs. However, after excluding the authors who had also reported
SLRs, we were left with 109 traditional reviewers. We extracted
their contact information from the publications, and sent out 98
(109-11) invitations to this survey to the authors of TLRs (11
authors without email addresses in their papers). We received 14
non-delivery messages and 2 auto-replies due to their
unavailability.

We received 27 responses to this survey and the resulting re-
sponse rate was 33% (27/82). There was again one author who
explicitly rejected our invitation.

As mentioned above, the survey questionnaires were designed
to collect both quantitative and qualitative data. The gathered
quantitative data were entered into MS Excel and MiniTAB for sta-
tistical analysis. The qualitative data from the surveys were coded
and analysed by the first author using NVivo, and further validated
by the second author.

As the surveys were anonymous, no respondents’ names and
their affiliations were collected in the questionnaires. Fig. 3 shows
the geographic distribution of the two groups of invitees to the
surveys.

3.4.4. Impact analysis

The SLRs and TLRs in SE were systematically searched @ and
updated ® by the end of 2010 twice in 2011. In [36], the SLRs pub-
lished in 2010 were excluded from impact analysis due to the short
observation period for citations, which is no longer an issue in this

1 The surveys were published online at http://systematicreviews.org.
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Fig. 3. Geographic distribution of the survey invitees.

article. In order to avoid the citation for the contributions other
than literature review in the partial TLRs, we also excluded them
from impact analysis.

The impact analysis reported in this paper completely updates
the corresponding part in [36]. The citations received by all SLRs
and full TLRs published by the end of 2010 were collected through
Google Scholar in February 2012, which provided at least
13 months for observing the impact of the both types of literature
reviews published by the end of 2010.

4. Value and motivations (RQ1)

This section answers the RQ1 (What is the value of SLR for SE?
Why did or did not SE researchers do SLRs?) by synthesising the
advantages and strengths of SLRs valued by the methodology
users; presents the systematic reviewers’ motivators for perform-
ing SLRs and the de-motivators for “why did not traditional review-
ers do SLRs?”; as well as reflects the SE researchers’ opinion about
the effectiveness of SLR in SE. They are from the interviews © @
and the online surveys @ in this research.

4.1. Value of SLRs

The SLR guidelines [20] state several advantages (strengths) of
SLRs: (1) well-defined methodology with less bias, (2) effects
across a wide range of settings and methods, and (3) possibility
of performing meta-analysis. One obvious disadvantage (weak-
ness) of SLR is that it requires considerably more effort than TLRs.
Here we compare the reflections from the categories of literature
reviewers in SE with respect to the above mentioned claims.

We have analysed the qualitative data gathered from the
respondents to open-ended questions, which were used to mainly
capture the explanations for responses provided using the Likert
scale and different aspects of SLRs in SE. Our analysis of the re-
sponses to the question about the value of SLRs in SE reveals that
a large majority of the respondents, both systematic reviewers
(93%) and traditional reviewers (89%), identified several values of
SLRs; an overwhelming number of respondents were convinced
that SLRs provide a systematic way of building a body of knowl-
edge about a particular topic or research question. Other valuable
aspects of SLRs reported by the survey respondents were ‘more reli-
able findings based on synthesis of literature’, ‘repeatability’, ‘identifi-
cation of problem areas for new research’, and ‘a source for supporting
practitioners’ decisions about technology selection’. Our analysis also
showed that most of the claimed advantages of SLRs [20] were con-
firmed by the respondents of our survey.
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Table 2

Motivators for doing SLRs.
Motivator Adv. Fol. Nov.
New research findings and ideas from SLR 0 5 2
Clear statement and structure of state-of-the-art 1 3 1
Learning from studies and getting knowledge 1 2 1
Recognition from the community 0 3 0
Paper publication (e.g., motivated by IST) 0 1 3
Working experience 0 1 0
Learning research skills (SLR methodology) 0 2 0

Table 3

Reasons for not doing SLRs.
De-motivator Response
Did not know SLRs at the time of past literature review 14(52%)
Systematic reviews are time-consuming 10(37%)
Narrative review is more appropriate to my study 7(26%)
Other 5(19%)

When asked about the potential strengths of SLRs compared to
TLRs, most of the respondents reported similar concerns as men-
tioned in response to the question about the value of SLRs such
as a transparent and systematic approach, comprehensive and
traceable review of the available literature, identification of more
relevant sources of literature, and a basis of drawing reliable and
unbiased conclusions. We found that the responses from the tradi-
tional literature reviewers also identified similar strengths of SLRs
such as ‘well-defined process’, ‘objective selection of the papers’, and
‘traceable and reliable findings’. These findings identify some of
the value and strengths of SLRs perceived by the participants of
our surveys.

4.2. Motivators and de-motivators for SLRs

4.2.1. Motivators

Apart from the above-mentioned value and advantages of SLR in
SE, the systematic reviewers also shared their more specific moti-
vators. Table 2 enumerates the top motivators and encourage-
ments that SE researchers (advocates, followers and novices [1])
reported for doing SLRs during the interviews @ and @.

The most important motivators for conducting an SLR are ‘get-
ting new research findings and ideas from the results of SLR’ (based
upon an overview or synthesis of studies in a particular area/topic),
‘clear statement and structure of state-of-the-art’, and ‘learning from
studies and getting knowledge’, all of which are related to reviewer’s
research interests. The top motivator is further confirmed by 80%
of systematic reviewers in @ that SLRs sometimes bring them
new research innovations unexpectedly.

4.2.2. De-motivators

Table 3 shows the responses to the surveys @ when the tradi-
tional reviewers were asked “why did not you apply SLR methodol-
ogy to your previous literature review?”. About 50% of the
respondents ‘did not know SLR methodology when they did the past
(ad hoc) literature reviews’. One quarter of them believed that a nar-
rative review was more suitable for their previous study. Among
the 5 respondents chose ‘other’, three of them thought ‘the study
area is relatively small' and/or ‘insufficient data were available’, for
which SLR might not be suitable.

Further, when the traditional reviewers were asked “if you could
go back and redo your literature review (survey), would you carry out
an SLR instead of traditional (narrative) literature review?”, 74% of
the respondents (traditional reviewers) gave positive answer, and
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Fig. 4. Numbers of new SLRs per year.

showed their intent to carry out an SLR in their future literature
reviews.

4.3. Effectiveness of SLRs

Over half of systematic reviewers (53%) believe that SLRs in SE
can be as effective as in other disciplines. About 22% of the respon-
dents were more pessimistic about this questions. The remaining
respondents were ‘not sure’.

The traditional reviewers also showed their confidence in SLR’s
effectiveness in SE. About 50% of the respondents replied ‘yes’, even
they had not tried SLR methodology themselves. Only 11% of the
respondents replied ‘no’ to this question.

5. Reviews and impact (RQ2)

This section addresses the RQ2 (What SE topics have been ad-
dressed by what types of SLRs? What has the influence of SLRs been
in SE research?) by summarising the SLRs reported by review type
(systematic review or mapping study), topic (research area) and
reporting year. This question also investigates the SLR methodol-
ogy diffusion and impact in SE. The evidence has been mainly ex-
tracted from the tertiary study (@, ®, and @), and also
generated through the impact analysis ©, i.e. citation analysis
based on the number of time a paper has been cited since its
publication.

5.1. SLRs reported in SE

Our systematic search (2 and ®) found 148 SLRs? reported in
160 publications between 2004 and 2010. Note that the search found
a number of SLRs also reported as grey publications (e.g., technical
reports and theses). However, the number of SLR publication only
counts the peer-reviewed articles. Fig. 4 shows the number of new
SLRs in SE per year has been continuously increasing since its intro-
duction to SE. There were two significant jumps of the number in
2007 and 2009, and a slight drop in 2010.

As mentioned in Section 3, our tertiary study applied a system-
atic literature search method (QGS-based search [38]) and stricter
criteria in carefully identifying SLRs compared to the previous ter-
tiary studies [19,23,7]. As a result, some secondary studies in-
cluded in those previous reviews were not considered as SLRs in
this research. For instance, in [7] some selected reviews conducted
systematic search only but missing most of the other necessary
elements (normally required in an SLR protocol), e.g., research

2 The full list of SLRs in SE is available at http://mendeley.com/groups/965201/
systematic-reviews-in-software-engineering/papers/.
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questions, selection criteria, and/or attributes for data extraction.
In addition, some review studies were incorrectly identified as
SLRs, but they are in nature other review styles, e.g., [12] reported
an integrative review [32] instead of an SLR.

5.2. Review types

The SLR guidelines [20] classify SLRs, to be exact systematic sec-
ondary studies, into four different types: (conventional) systematic
review (CSR) that identifies, analyzes and interprets all available
evidence related to specific research question(s) in an unbiased
and repeatable manner; (systematic) mapping study (SMS, or scop-
ing study) that is a broad review to identify what evidence is avail-
able on the topic (rather than specific research question); meta-
analysis (MA) that is a form of systematic review where research
synthesis is based on quantitative statistical methods; and tertiary
study (TS) that is a review of secondary studies. In total 148 SLRs,
we identified 72 systematic reviews, 72 mapping studies, 3 tertiary
studies, and 1 meta-analysis.

Interestingly, our systematic search found exactly equal num-
ber of systematic reviews and mapping studies reported in SE.
However, when looking into the detailed trend of these two dom-
inant review types over the past years (shown in Fig. 5), it can be
observed that the number of mapping studies has grown faster
than systematic reviews in the past years.

Two formats are suggested for reporting SLRs in the guidelines
[20]: technical report or a section of thesis, and journal or confer-
ence paper. In this research, we merely selected the peer-reviewed
SLR publications. For article types, we found the SLRs were pub-
lished in common peer-reviewed formats, i.e. journal (or transac-
tion) article, conference (full or short) paper, workshop paper,
poster, and book chapter. The most published article types of SLRs
are journal articles (66) and conference full papers (62). In terms of
the number of SLRs published, Information and Software Technology
(IST) is the top venue and published 30 SLRs in the search time
span (2004-2010). Table 4 shows the article types of SLRs per year.

5.3. Research topics

Our systematic search of SLRs updates the research topics iden-
tified in the previous tertiary studies [19,23,7]. Table 4 presents a
concise landscape of the reported SLRs on a variety of topics in
SE per year. We identified over 30 SE research topic areas ad-
dressed by SLRs. Among them, global development, cost estimation,
requirements engineering, empirical methods, and agile development
are the most investigated topics attracting systematic reviewers’
research interests.

For future SLR topics, in response to online survey, systematic
reviewers and traditional reviewers indicated 38 topics in SE on
which they expect to see further SLRs conducted and reported. Ta-
ble 5 lists the top suggested topics (with 4 or more votes) for future
SLRs. The most expected topics include requirements engineering,
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Fig. 5. Systematic reviews vs. mapping studies per year.

software process improvement, and agile development. Note that 12
respondents showed their interests in SLRs on any topics in SE
as, for example, “we need good overviews of our knowledge”.

5.4. Impact of SLRs

To investigate SLR’s diffusion and impact in SE, we collected the
distribution of the systematic reviewers and citations of the SLRs vs.
TLRs in the impact analysis @.

5.4.1. Dissemination among researchers

Based on the systematic reviewers extracted from the literature
search @ and ®, we examined the diffusion of SLR methodology
among the populations.

Fig. 6 shows the geographic distribution of systematic reviewers
from 2004 to 2010. As a newly introduced research methodology, it
has convinced a large number of SE researchers in Europe. Never-
theless, the numbers of SLR users in the other regions were still
quite low.

5.4.2. Impact on researches

The citation information about both SLRs and TLRs was col-
lected through Google Scholar in February 2011, and updated in
February 2012. Fig. 7 explicitly compares the average citations re-
ceived by the SLRs and the full TLRs per publishing year. It is obvi-
ous that the average citations of SLRs are higher than full TLRs in all
years except 2009. This phenomenon to certain extent reveals the
higher impact of SLRs on SE research compared to TLRs. By looking
into the 2009 data, we found that several TLRs (literature surveys)
published in the premier venues (e.g., ACM Computing Surveys) re-
ceived very high citations that lift the average citation of TLRs in
2009.

Fig. 8 presents the statistical distribution of the citations re-
ceived by the SLRs from 2004 to 2010 (collected from @). It is
noted that the standard deviation of the citation for SLRs varies sig-
nificantly, which may imply the quality of SLRs was not so stable or
some topics (or research questions) were not so attractive to other
researchers.

In order to investigate the above deviation among the reported
SLRs, we further compared the citations received by SLRs but pub-
lished in two major article types, i.e. journal and conference.
Though our search found the close numbers of SLRs published in
journals (66) and conferences (62) during 2004-2010, Fig. 9 shows
the big difference of the impact between the two main publication
types. The average citations of the SLRs published in journals are
much higher than in conferences in every single year, which prob-
ably gives one reason resulting the significant overall deviation.

From our analysis @, the most ‘influential’ (cited) SLRs, that re-
ceived over 100 citations, are shown in Table 6. It is noted that all
of them are journal publications.

6. Practice and experiences (RQ3)

Methodological rigour is one major claimed strength of EBSE
[21]. It is also known that SLR requires considerable amount of ef-
fort and expertise compared to TLR [26]. Accordingly, rigour and
effort are two distinct characteristics of SLR in practice. These char-
acteristics always need to be balanced in the course of performing
an SLR. In addition, unlike TLR, teamwork is necessary for control-
ling and minimising the potential bias during review. However,
there is no guidance on forming a review team that includes people
with the required diversity [26] in the SLR guidelines for SE [20].

This section concentrates on the above three distinct character-
istics of SLR to investigate the systematic reviewers’ experience in
performing SLRs (i.e. RQ3, How did SE researchers perform SLRs?).
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Table 4
Overview of SLR studies and publications in software engineering research by topic and year.
Rank Review topics 2004 2005 2006 2007 2008 2009 2010 Sum
1 Global development OO0 00V ¢ 92000000V 13/16
1 Cost estimation * *OOV *0 L 2 2 X008 oV 13/14
3 Requirement engineering O O O L 2 2 Z005vAY 1 224 12/13
4 Empirical methods L 203 * *ov L 29 v 11/11
5 Agile development * *00 *OOOVV 10/10
6 Inspection and testing > * v *° €600 L 2 203 9/11
6 Software product lines [ 00000 * 9/9
8 Software process improvement L 203 L 2 203 O L 203 8/8
9 Software architecture v v L Y *0 5/6
10 Software process modelling v O O [0 4/5
10 Open source development vo? *00 4/5
10 Software measurement O L 203 * 4/4
10 Program analysis L 2 20 O 4/4
14 Model-based development O *° oV 3/4
14 Tertiary study * *0v 3/4
14 Software maintenance * v O 3/3
14 Software tools L A% * 3/3
14 Software security *0 * 3/3
14 Web engineering ¢ ¢ v 3/3
14 Software outsourcing *00 3/3
14 Human-aspects (e.g., motivations) * L 24 3/3
22 Software design O O 2/[2
22 Unified modelling language v * 2/2
22 Software evolution * O 2/[2
22 Aspect-oriented programming O * 2/2
22 Business process O * 2/2
22 SE research in general * * 2/[2
Other topics O * * * L 24 6/6
Total (new/all SLR reports) 3/3 9/9 9/9 18/19 25/26 44/50 40/44 148/160

# journal paper or book chapter, ¢ full conference paper, v workshop or short paper.
2 Update/extension of previous SLR report.

Table 5
Expected research topics for future SLRs. 120
Rank Topic to be reviewed Votes 100
1 Requirements engineering 15 80
2 Software process improvements 10 60
3 Agile software development 9 40
4 Software testing 8 20
4 Software cost estimation 8
6 Software process (modelling) 7 0
7 Software metrics/measurement 4 2004 7005 2006
7 Software quality 4 2007 2008 2009
7 Software product lines 4 2010

Avg. citations of full TLRs = Avg. citations of SLRs

Fig. 7. Average citations of SLRs vs. full TLRs per year.
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We distilled the results and findings focusing on these three as-
pects, which are mainly collected from activity ®, @ and @, in or-
der to benefit the current and future systematic reviewers in SE.

6.1. Rigour

Rigour has been claimed to be one of the top strengths of SLRs
as it is expected to ensure quality. We were interested in revealing
how the methodological rigour is implemented in SLRs.

6.1.1. Critical activity

Many systematic reviewers (35%) believe that protocol design is
the most important activity to ensure the rigour of an SLR. It is fol-
lowed by study selection, quality assessment, and data extraction,
which received 18%, 14% and 14% support respectively. Only one
respondent thought data synthesis is the most critical for SLR
quality.

6.1.2. Bias control

In order to minimise the potential bias during the review pro-
cess, peer-review is the most common method used by 80% system-
atic reviewers. Many reviewers also sought help from external
checkers (33% responses), conducted self-review (29%), or validated
the agreements by statistical techniques (24%), e.g., Kappa.

6.1.3. Quality assessment

Compared to TLRs, quality assessment is a distinct and critical
step in SLRs to investigate the strength of individual piece of evi-
dence and weight their importance in data synthesis [20]. The ter-
tiary study ® found about 44% SLRs in SE explicitly reported their
quality assessment (QA) results or included the checklists for eval-
uating the quality of primary studies. Among the respondents to
the survey @ who ever performed quality assessment in their SLRs,
50% defined the QA checklists by themselves. Some systematic
reviewers tried to adopt the QA systems from other disciplines,
medicine in particular, to SE, such as GRADE (10%), DARE (2%),
and MOOSE (2%). Nevertheless, there was neither observation from
the tertiary study nor reflection from the survey that a commonly
accepted quality assessment system has been formulated for SLRs
in SE.
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Fig. 10. Effort consumed over SLR phases.

6.2. Effort

In estimating the effort (time) for performing an SLR, Allen and
Olkin [2] present a regression formula for determining the number
of hours as a function of the number of references returned (x),

hours = 721 + 0.243x — 0.0000123x> (1)

As this formula was based on empirical observations on SLRs in
medical discipline, its accuracy in SE needs to be further assessed.
However, there was no reported guidance for estimating the re-
quired effort distribution across the three phases of an SLR in SE.

6.2.1. Estimation by phase

The box-plot in Fig. 10 shows the distribution of the respon-
dents’ (systematic reviewers) estimation of effort consumed over
the three phases of SLR according to their experiences. It indicates
that the conducting review phase takes around half of the effort of
undertaking an SLR. In the other half, the planning and reporting re-
view phases roughly share an equal quarter of the overall effort.

6.2.2. Time-consuming activity

Among all activities of SLR process, from protocol development
through data synthesis, the most time-consuming activity (through
®) voted by the systematic reviewers was data extraction (43% re-
sponses) followed by study selection (27%).

6.2.3. Rework

Through @, many interviewees mentioned the iterative rework
between study selection and data extraction, especially for novices.
It can be interpreted that for some primary studies the final selec-
tion decision has to be made when reading the full text in data
extraction, which may trigger the refinement of the study selection
criteria and further the data extraction form. As a result, some re-
fined or new attributes have to be recollected from the reviewed
studies. This issue was further investigated with the survey .

Table 6
The most cited systematic reviews in software engineering.
Rank Ref. Author(s) Topic Venue Year Citation
1 [8] T. Dybd and T. Dingseyr Agile software development IST 2008 339
2 [15] M. Jergensen and M. Shepperd Software cost estimation TSE 2007 277
3 [31] D. Sjgberg et al. Controlled experiments in SE TSE 2005 248
4 [14] M. Jorgensen Expert estimation of development effort TSE 2004 218
5 [16] H. Kagdi et al. Mining software evolution repository JSME 2007 125
6 [22] B. Kitchenham et al. Cross- vs. within-company cost estimation TSE 2007 115
7 [19] B. Kitchenham et al. Tertiary study in software engineering IST 2009 101
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Only 18% systematic reviewers in SE never experienced rework be-
tween these two activities.

6.3. Teamwork

To enhance its rigour as well as minimize the potential bias, an
SLR is normally undertaken by more than one reviewers. Hence,
setting up a review team is always a necessary step before starting
an SLR. We explored this aspect in this study.

6.3.1. Team size

From the surveys @, more than half of our respondents (51%)
believe that an ideal SLR team should consist of three members.
Equally 18% of the respondents regarded either two or four mem-
bers can form a desirable team. The reason can be explained by the
findings from the interviews @ and @ that a ‘too small’ team size
(e.g., single reviewer) is difficult to control the potential bias; a
‘too large’ size, on the other hand, may lead to a much higher com-
munication and coordination overhead.

6.3.2. Team distribution

In the interviews @ and @, our interviewees addressed their
procedure of performing SLR in either local (within organisation)
or distributed (cross organisations) settings. A local team may
make communications ‘simple’ and ‘convenient’, while a distributed
team could ensure the ‘expertise’ and reinforce ‘independence’ of the
individual’s reviews.

We further examined the systematic reviewers’ preference in a
larger pool (the surveys @). The results @ show that many people
(36%) are inclined to a local team setting. However, a large number
of our respondents (47%) would like to make decision between the
two settings based on the tradeoff (of the above mentioned bene-
fits) in the real context.

6.3.3. Roles in SLR

In response to our survey @, most of the respondents (86%) ever
acted ‘principle reviewer’ in their previous SLRs, who took the
majority of activities from planning to reporting. Other common
roles in SLRs include ‘secondary reviewer' (54%), ‘internal checker’
(38%), and ‘external checker or panel’ (15%). The checkers or panel
who possess domain expertise specific to the review topic are
responsible to review the artifacts and outcomes during review
process, e.g., review protocol, selected studies, and extracted data.
Our respondents also nominated a few other roles, such as project
leader or administrator who makes final decision on conflicts and
options to ‘avoid endless discussions’; statistical analyst who pro-
vides help with data analysis and synthesis; and research method-
ologist who ‘consults on SLR topics with reviewers’ (e.g., PhD
supervisor).

7. Interpretation and discussion

We have adopted a mixed-methods approach to gain an in-
depth understanding of different aspects of the status of adoption,
perceived and real advantages, and practice of SLRs in SE since its
introduction in 2004. We expected the use of mixed-methods ap-
proach to provide us with complementary research strategies to
produce robust findings by systematically gathering and analysing
the required data [34]. We assert that a mixed-perspective over-
view of adoption and practice of SLRs in SE over the past 7 years
can help SE researchers and practitioners to understand the per-
ceived value, current or potential impact, and practices of a re-
search methodology that has been reported to have significant
influence on practitioners’ and policy makers’ decisions in several
other disciplines.

7.1. Value and motivations

The proponents of SLRs in SE claim that SLR is a systematic ap-
proach to building a body of knowledge about a particular topic or
research question(s) by its practitioners, and to identifying prob-
lems for future research and support decision making and technol-
ogy selection. Our findings reveal that many traditional reviewers
also agree with various value of SLRs claimed by the advocates
and confirmed by followers of SLRs in SE, and are also willing to
try SLR in their future literature reviews.

Most of the systematic reviewers believe that SLRs provide the
mechanism of achieving reliable and traceable findings that can
help practitioners to make more informed decisions. Our research
has also revealed that SLR users expect to identify new issues in the
studied area and innovative ideas. This can be considered the most
important motivator for performing SLRs. The participants of our
research realise that there are significant differences between
medical and software engineering disciplines that is why it is dif-
ficult to expect of EBSE to have similar results as evidence-based
medicine has produced in the near future. There are some very
obvious reasons for this sort of perception, for example the quality
of the outcomes of systematic reviews depends upon the quality of
the primary studies. It is being widely recognised that a large num-
ber of papers on any topic in software engineering is of relatively
low quality; there are hardly any standards and/or protocols that
are widely acceptable and/or used by a particular community. That
means the design, analysis, and reporting of studies on same and/
or similar topics may be carried out in different fashions. Moreover,
the research questions in medicine are usually quite narrowed and
the studied variables can concretely identified and studied. Fur-
thermore, software engineering researchers interested in carrying
out systematic literature reviews do not have any concrete disci-
pline specific guidelines for assessing the quality of the primary
studies included in a review. Rather this activity is completely ig-
nored or carried out on an ad hoc basis. These kinds of factors make
the identification and synthesis of the evidence quite difficult, and
in some circumstances impossible. Moreover, software engineering
community does not have commonly used terminology for key-
words related to a particular topic and the abstracts are usually
poorly written. These kinds of factors impact the search, evalua-
tion, and selection process of the relevant papers in the first in-
stance. While there are several efforts geared towards addressing
these kinds of factors (e.g., [38]) and SLRs have played a significant
role in highlighting the above-mentioned problems, it should be
completely understandable that SLRs in SE will not achieve the re-
sults that can be considered similar to the results achieved in med-
icine discipline in the near future.

It is a positive surprise that a majority of the participants were
quite optimistic about the effectiveness of SLRs in SE as in other
disciplines, such as sociology and education. However, we assert
that even the achievement of effectiveness of SLRs in SE similar
to these disciplines may not be possible if some of the above-men-
tioned factors are not satisfactorily addressed; for example, having
SE authors to use relevant keywords which are widely used and
providing guidelines for defining, assessing, and using quality cri-
teria for assessing the quality of the primary studies. Another
important factor is making search engines supportive of SLRs.

We also found the reasons for researchers choosing TLRs over
SLRs. It is an interesting finding that half of the respondents were
not aware of SLRs when they carried out their literature review.
We were not surprised on this finding as systematic review is a rel-
evantly new research methodology in SE which is still going
through its dissemination and adoption phases. It is difficult to ex-
pect a new research methodology in a discipline to gain wide-
spread awareness in such a short time. However, we have been
observing that the general awareness about SLRs in SE is increasing
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with several conferences and journals having allocated special
tracks/sections, and themes on this topic. Compared to systematic
reviewers, we received a relatively small number of responses to
our survey invitation from the traditional reviewers. Apart from
the reason that lack of awareness about SLRs among traditional
reviewers may not have motivated a large number of them to par-
ticulate in our study, this can also be considered an indication that
systematic reviewers are very enthusiastic about this particular re-
search methodology and are willing to share their perspectives and
experiences in order to help improve the methodology.

7.2. Reviews and impact

While it is becoming increasingly accepted that more and more
researchers are conducting and reporting SLRs since their introduc-
tion in SE, our research has found some interesting numbers, for
example, there have been 160 peer-reviewed publications based
on almost 148 SLRs. We have not included the grey literatures pub-
lished based on SLRs. These many publications based on a particu-
lar research methodology in SE in a short period is quite impressive
and if this trend continues, then SLRs (conventional systematic re-
views and systematic mapping studies) may become one of the most
used research methodologies in SE compared with other com-
monly used research methods such as controlled experiments, sur-
veys, and action research. That means there will be not only an
acute need but also huge justification for allocating significant
amount of resources for developing the supportive infrastructure
for appropriate use and reporting of this research methodology
as other researchers have indicated [30].

We have also observed an interesting trend that is an increased
shift in favour of systematic mapping studies (SMSs) compared with
conventional systematic reviews (CSRs). SMSs are aimed at provid-
ing a broad map of the area of research being investigated. Hence,
this kind of studies are not meant to rigourously assess the quality
of the primary studies; nor are they supposed to emphasise evi-
dence synthesis. SMSs can also help researchers to decide whether
or not the resources required for a systematic review will be justi-
fied as if there are low number of primary studies available on a
particular topic and a cursory inspection reveals some apparent
problems in the quality of even that small number of studies, it
may not be justified to go ahead and kick off an SLR which may
end up with only a dozen of studies with questionable quality.

The reports based on SLRs tend to be quite long as there are
quite a lot of details about different aspects of the methodology
used and the results found. Hence, it is quite natural that such
studies are meant to be published in archival nature of venues
which can allocate the required space such as journals and techni-
cal reports. Our findings have revealed that there are almost equal
number of journal and conference papers published on SLRs. How-
ever, the SLRs published in conferences may not be considered of
high quality as a reader is unlikely to find the information that is
required to assess the quality of the methodological use and the
reliability of the results reported in the conference based SLRs.
Moreover, the space in a conference paper may not allow the
authors to report the full list of the papers included in the reported
study. One suggestion around this shortcoming is to provide this
kinds of information online. However, we strongly suggest that a
comprehensive report on an SLR should be published in peer-re-
viewed journals and authors should avoid having incremental pub-
lications (which is commonly acceptable practice) in case of SLRs
unless there are some solid reasons for publishing an SLR in a con-
ference. And there is a strong incentive for researchers to target
high quality journals for reporting SLRs as it is common observa-
tion that the papers published in high quality journals are likely
to have much more citations than papers published in other ven-
ues; and this study has also provided an evidence that the SLRs

published in journals gets more citations than the ones which
are published in conferences.

This research has also identified more than 30 topics on which
SLRs have been conducted and reported. This indicates that the
methodology is being widely used as far as the research topics
are concerned. However, the distribution of SLRs over these topics
was not yet even. A large majority of the reported SLRs have re-
ported on a small number of topics such as cost estimation, require-
ments engineering and empirical methods, particularly global
development in recent years. One apparent reason for this concen-
tration can be the nature of research methods used in the reported
studies on these topics. Many of the studies reported on these top-
ics tend to use one or more empirical research methods. That
means the researchers working on these topics are usually familiar
with different kinds of empirical methods and appreciate their va-
lue. Moreover, SLRs can be an important and readily available
source of secondary data when the sources for primary data are
not available in specific context. This finding also highlight the
importance of widening the range of topics on which SLRs are
being conducted as there are huge amount of peer-reviewed liter-
ature published on other topics in software engineering, for exam-
ple, software testing, program analysis, formal methods, and
architectural description languages. However, SLRs on these kinds
of topics may require close collaboration between subject matter
specialists and methodological experts as neither of them may be
fully knowledgeable and skilled in designing and conducting high
quality reviews. Moreover, the participants of our study have also
identified a few topics on which they would like to see more SLRs
conducted and reported. These topics include requirements engi-
neering, software process improvement, and agile development.
These topics can provide motivation to researchers working in
these areas for conducting more and high quality reviews in future.

7.3. Practice and experiences

Our research shows SLRs, compared to the TLRs reported in the
same period, have made a wider research influence in terms of
citations. Whereas, systematic review, as a new research method-
ology, has not been widely adopted by the researchers outside
Europe.

An SLR requires more rigour and effort. The rigour is based on
its teamwork, bias control and systematically defined research pro-
cess. With respect to their experiences, the users of SLR suggested
an ideal team size of three, and designing protocol as the most
important activity to ensure rigour and repeatability of SLR. How-
ever, no commonly accepted quality assessment system for SLRs in
SE was observed or reflected through our research. Based on the
statistics, conducting review is the most effort-consuming phase
in SLR, especially the data extraction activity. The effort distribution
reflected by the experienced systematic reviewers may help the fu-
ture reviewers estimate and plan their own SLRs.

7.4. Limitations

This research has some limitations that we consider worth
mentioning. We have used a mixed-methods approach which is
expected to help produce more robust results which are based
on the combination of complementary empirical research methods
for data triangulation. However, we need to be aware of the limita-
tions of the individual research methods, e.g., interview and ques-
tionnaire-based survey. Our study has explored the perceptions
and views of SE researchers about their experiences of applying
SLRs in SE research through semi-structured interviews. That
means our results are based on the recollection of the interviewees.
We tried to minimise this risk by audio-taping all the interviews
with the interviewees’ permission. The transcriptions of the
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interviews were verified with the notes taken. Moreover, we tried
to have both authors present in most of the interviews.

A shortcoming of the questionnaire-based survey sessions is
that respondents are provided with a list of potential reasons and
expected benefits of a particular technology (i.e. SLR methodology
in our case) and are asked to select from that list. This approach
may limit the respondents to consider only those options and
questions provided to them. However, we tried to address this is-
sue and provided the respondents an opportunity to share their
perceptions and experiences by seeking explanation for most of
the responses with open-ended space. We gathered significant
amount of qualitative data. A relatively small number of responses
to our survey invitation from traditional reviewers can be another
limitation of this study.

Considering the wide distribution of traditional literature re-
views in SE publication venues, we only performed an automated
search to capturing TLRs. This might result in an incomplete set
of the identified TLRs compared to the outputs of our ‘exhaustive’
search of SLRs based on the QGS approach [38]. However, the pur-
pose of searching TLRs in this research was for identification of rep-
resentative traditional reviewers and for impact analysis in terms
of average citations, rather than to produce a complete list of TLRs.
Hence, we have confidence in the validity of our findings about the
impact that was based on a large sample set of TLRs retrieved from
automated search.

Generalizability can be another risk. However, we tried to man-
age this by involving the participants from different organisations
and located in different parts of the world. It should also be noted
that a large majority of the participants (i.e. interviewees and sur-
vey respondents) reported similar experiences and lessons. It in-
creases our confidence in the findings of this study. One of the
main limitations of the mixed-methods approach is the huge
amount of time and effort required for planning, executing, and
analysing each phase of our research. Nevertheless, we believe that
such investment is necessary in order to achieve reliable and ro-
bust results.

8. Conclusions and future work

Our long-term research goal is to build an empirically sup-
ported body of knowledge to improve the adoption and use of SLRs
in SE with the objective of supporting practitioners’ decision mak-
ing for selecting software technologies. Furthermore, we also in-
tend to contribute to the development of scientific and
technological support to exploit the full potential of SLRs. We are
approaching these goals by firstly concentrating on gaining an in-
depth understanding of researchers’ perspectives about and moti-
vations for conducting (or not conducting) SLRs, capturing the cur-
rent status of the adoption and impact of SLRs in SE research, and
also studying the practices being followed for conducting SLRs.

This research has gathered empirical evidence to advance the
knowledge about different methodological aspects and logistics in-
volved in planning, conducting, and reporting SLRs in SE. The find-
ings provide support to several advantages and strengths of SLRs
claimed by the advocates of this methodology based on the percep-
tions of the users of systematic review as well as of the users of tra-
ditional (ad hoc) review. The results also provide SE researchers
and practitioners an evidence-based understanding of different as-
pects and potential value of SLRs for decision making.

Systematic review is a relatively new research methodology for
SE researchers. The appropriateness and application of SLR in SE
have yet to be fully explored and assessed. However, there is clear
evidence that more and more researchers support the move to per-
form secondary studies in a systematic and rigourous manner as
even traditional reviewers are of the view that systematic reviews

are valuable to SE research and practice. Researchers can also gain
motivation for continuously improving the methodology and
reporting rigour of their studies in order to deliver high quality
SLRs. This study has also identified a few best practices that are ex-
pected to be useful for researchers intending to undertake system-
atic reviews. Additionally, the findings that published SLRs appear
to be more influential than TLRs should provide satisfaction to
those who have invested significant amount of time and effort in
conducting SLRs and motivate those who have been contemplating
to apply this methodology. We also expect that our initiative to
study different aspects of research methodology will stimulate
researchers to carry out similar studies for increasing the under-
standing of the value and the adoption of systematic review in SE.
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