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ABSTRACT

Several systematic literature reviews (SLRs) have been published on many aspects of Software engineering
(SE) in the last two decades. However, researchers are yet to evaluate the quality of those studies in order to
determine the reliability of their findings. This work employed SLR method and performed automated search
of studies published between 2012 and 2017 aiming at evaluating the quality of the recent SLRs published
in SE. This paper adapted Dybé and Dingseyr quality criteria using dichotomous scale of grading to assess
the quality of the primary studies in SLRs. A total of 15 of 53 primary studies have suitable recruitment
strategy for their research aims, and 19 mentioned the control group (s) with wish their methods were com-
pared. All the 53 papers passed all the standard quality conditions. The quality of the SLRs are high with
only very small percentage failing in three out of 11 quality criteria. The research methodologies applied in
their primary studies are comprehensive and were based on clear description of the context, thereby making
their findings valid and reliable. The current SLRs in SE are of good quality but adequate consideration
should be given to the relationship between the researchers and the participants.

Keywords—Quality assessment, Requirement Engineering, Software Engineering, Structured Re-
view, Systematic Literature Review.

achieved either by qualitative or quantity as-
sessement. We are restricted to the former as the lat-
ter is out of this research scope.

Rigorous quality assessment of primary studies
in an SLR is a notable mechanism of raising the con-

1. INTRODUCTION

The use of Evidenced-based research and prac-
tice started in Medicine because expert opinion

based on results from scientific experiments appear
to be more reliable than those based on medical ad-
vice [1]. This is a Systematic Literature review
(SLR), a practice that is primarily aimed at “provid-
ing the means by which current best evidence from
research is being integrated with practical experi-
ence and human values in the decision making pro-
cess as regard software development and mainte-
nance” [1]. It is a recommended methodology [2] be-
cause it brings and combines together findings from
different sources. Hence, its application to Software
engineering - Evidenced-based Software Engineer-
ing (EBSE) - has been on the increase since 2004 [1].
However, it is pertinent to determine the level of
confidence to be placed on the findings and recom-
mendations arising from an SLR. This can be

fidence in the findings and recommendations from
SLRs [3]. It reduces bias in systematic review pro-
cess and gives a clearer understanding of potential
comparison to guide interpretation of results
[41,[5],[6]. Even though, quality assessment of pri-
mary studies is complicated as “quality” does not
have a generally accepted definition [7], a number of
guidelines and tools have been developed specifi-
cally for SLRs in Software Engineering (SE). Many
of these, including Critical Appraisal Skills Pro-
gramme - CASP [8] and others developed by Jadad
et. al. [9], Dyba and Dingseyr [7], Kitchenham et al
[10], and Sjoberg et al [11] are all influential scales
used to evaluate qualitative studies considering the
following three broad questions: (1) are the results of
the study valid?, (2) what are the results?, and (3)
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will the results help locally? Methodologies em-
ployed in the primary studies of SLRs are hardly
considered.

In this work, the quality of SLRs published be-
tween 2012 and 2017 is assessed following the com-
prehensive review of the past related works [12]. We
admit that quality is an extent to which systematic
errors or bias may be prevented through the review
and analysis of primary studies [6], However, since
“quality of a study is closely linked to the research
methods used and the validity of the findings gener-
ated by the study[11], it becomes imperative that
the methods of all primary studies of SLRs are criti-
cally appraised in this paper and the validity of re-
sults clearly established.

2 RELATED WORKS

A good number of existing tools, guidelines and
checklist for quality assessment of primary studies in
SE are being built for the treat to the validity of the
research findings while others are particular about
the methodological characteristics. CASP [8] and
Jadad et al. [9] are most popular and widely adapted
in Medicine, sociology, and software engineering
[3]. While the former came up with 10 questions and
which not all are applicable to software engineer-
ing[3], the latter developed a scale that reflects the
validity/bias issues and concerns only on three im-
portant items - whether the study is described as ran-
domized, as double blind, or there is a description of
withdrawals and dropouts.

CONSORT statement is another popular tool
widely used to improve the quality of reports of par-
allel-group randomized trials. The statement con-
tains flow diagram, and 22 checklist that cut across
the content of the title, abstract, introduction, meth-
ods, results, and discussion sections of a paper. The
flow diagram represents details from the four stages
of a trial (intervention allocation, enrollment, fol-
low-up, and analysis).

Sjoberg et al. [11] discussed measures to increase
the quality of empirical studies in SE in general,
while Kitchenham et al. [10] have proposed a set of
more concrete guidelines to assist researchers in per-
forming empirical studies. Based on this and CASP
guidelines, Dybé and Dingseyr [7] subsequently de-
veloped eleven criteria of which the revised ten are
universal questions and could easily be applied in
SE. Quite a number of other systematic reviewers
now revise questions from original questions to for-
mulate their own quality assessment checklists [3].

The Grade of Recommendation Assessment, De-
velopment and Evaluation (GRADE) Working

Group has developed a system for grading the qual-
ity of evidence and strength of recommendations.
This system has either been adopted or modified by
several organizations including the British Medical
Journal (BMJ), the World Health Organization
(WHO), and Cochrane Collaboration for quality
evaluating of reports in systematic reviews [6]. The
GRADE approach classifies four grades of evidence
as high, moderate, low, and very low. It defines the
quality in a way to give an assurance that an estimate
of effect or association is correct. When compared
with CASP [8] and Dyba and Dingseyr [7], the ap-
proach assesses the evidence more precisely even
though, the process may be complicated and there-
fore better handled by experienced SLR researchers

[3].
3 METHODOLOGY

Following the raising of research questions and com-

prehensive literatures search process, this study

adapted the 11 criteria specified by Dybd and

Dingseyr [7] to assess the quality of the primary

studies in the SLRs and employed a dichotomous

scale (Yes=1; No=0) to grade each of the criteria.

These criteria as listed in section 4.0 cover the fol-

lowing four main issues to be considered when as-

sessing the quality of primary studies:

e Reporting: Criteria (1-3) are connected to the
reporting quality of a study’s rationale, aims,
and context.

e Rigor: Criteria (4-8) have to do with the objec-
tivity of the research methods used to establish
the validity of data collection tools and the anal-
ysis methods, and hence the trustworthiness of
the findings.

e  Credibility: Criteria (9-10) are concerned with
the assessment of the credibility of the study
methods for ensuring that the findings were
valid and meaningful.

e Relevance: The last criterion (11) is linked to
the assessment of the relevance of the study for
the software industry at large and the research
community.

3.1 The Study Questions

The primary Research Question (RQ) is “How reli-
able are the SLRs in software engineering domain”?
This question is broken down into the following sec-
ondary questions to address the study objectives
e RQI: Are the SLRs research based on clear
aims and description of the context?
e RQ2: How comprehensive are the research
methodologies applied in the primary study?
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e RQ3: Are the research findings valid?
3.2 The Search Process

The following digital libraries and broad indexes
were auto-searched: Citeseer, [IEE Computer society
digital library, ACM, Web of Science, SpringerLink,
EBSCO, Science Direct and Scopus. The search in
[2] was limited to the first five but they are relevant
to this study to validate our search process. Follow-
ing the same process, the literature search were inde-
pendently handled by two separate researchers and
their notes were compared for reliability and com-
pleteness. All searches were limited to the document
title and keywords as quality papers hardly keep si-
lent on their main research subject using the follow-
ing set of search strings (SS):

1. “software engineering” AND “review of studies”

2.  “software engineering” AND “structured review”

3. “software engineering” AND “systematic review*

4. “software engineering” AND “literature review

5. “software engineering” AND “literature analysis*

6. “software engineering” AND “in-depth survey*

7. “software engineering” AND “literature survey*

8. “software engineering” AND “meta-analysis*

9. “software engineering” AND “past studies*

10. “software engineering” AND “subject matter expert™

11. “software engineering” AND “Analysis of research®

12. “software engineering” AND “empirical body of
knowledge*

13. “software engineering” AND “overview of exist-
ing knowledge*

14. “software engineering” AND “body of published
research*

15. “Evidence-based software-engineering” OR “evi-
dence-based software engineering”

16. “software engineering” AND “review*

17. “software engineering” AND “literature analysis®

18. “software engineering” AND “literature listing®

The first search was conducted for 2004-2007 using
search string -SS1 to SS15 over the broad indexes
excluding EBSCO and Science Direct as applied in
[1], and SS16 as included in [2]. The output here
help to validate this search process when compared
with papers found in[1]. The search process found
16 papers as against 18 found in [1]. However, since
“the two missed papers were border line and discuss
more of computer science rather than software engi-
neering” [2], we conclude that our search process is
good and accurate.

The second search was conducted for 2012 to
date (2017) using search string (SS) 1 to 18 over all
the eight indexes. Searches on Citeseen, IEE and

ACM were complicated and done over 18 times us-
ing the set of simple search strings as the databases
do not allow easy construction of complex searches.
However, searches over SCOPUS, SpringerLink,
and Science Direct were straight forward and the fol-
lowing Complex searches were easily applied over
one time period.

TITLE-KEY("software  engineering" AND
(“review of studies” OR “structured review”
OR “systematic review* OR “literature review*
OR “literature analysis*“ OR “in-depth survey*
OR “literature survey” OR “meta-analysis® OR
“past studies” OR “literature listing®)) or TI-
TLE--KEY("software engineering" AND (“lit-
erature analysis“ OR "review" OR “evidence-
based software engineering” OR “body of pub-
lished research“ OR “overview of existing
knowledge® OR  “empirical body of
knowledge* OR “Analysis of research® OR*
subject matter expert))[All Sources(Computer
Science, Engineering)

3.3 Study Selection

We integrated the result of the different searches and
subject the 4,201 papers found to initial screening
paying specific attention to abstract, title and key-
words. Exporting the total list to Microsoft excel and
sorting on the document title, the total papers was
reduced to 2,319 as many have multiple indexes.
Searching through the abstract column to reject pa-
pers that did not have at all [13] or include literature
review or any other search strings(SS), the total were
screened to 74. Our assumption is that any paper that
fails to have sentence(s) on any of the search strings
in its abstract submission cannot be a true repre-
sentative of SLRs and will be improper to be recog-
nised as such. Meanwhile, we removed[14]
and[15]as they both have publication date of 2018
which is out of our date scope. Hence, we were left
with 72 SLRs which were further subjected to a more
detailed assessment:

Electronic copies of each SLRs were downloaded
and two (two-member) teams of researchers were
formed to independently screen each paper for pos-
sible inclusion. To avoid false rejection of relevant
papers, notes were compared between the teams and
discrepancies were resolved going by the following
exclusion criteria:

e The paper is not a full flesh research submis-
sion
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e The topics are more of Computer sciences or
Information systems and not related to Soft-
ware engineering or did not discuss literature
review

e  The papers did not follow a defined search pro-
cess.

This process rejected four papers that were not a full
fleshed research submission but a mere abstract ex-
tension, template or PowerPoint presentation. A total
number of 13 SLRs are irrelevant as they were either
silent on literature review or discussed the subject
but on unrelated domains like Computer sciences or
Information systems. Of the refined total, four pa-
pers ([16],[17],[18],[19]) were dropped because they
failed to follow a defined search process leaving us
with a total of 53 SLRs subjected to data extraction
process (see Fig. 1).

ldentify relevant
studies from databaszss -
L
Excluded studies on the n=2313
=4,
basis of document title
h
Exclude studies with n=T4
no abstract or abstract
with no s2arch string
Excluded studies that n=T2
Staze 4 zre out of date scope -
L
n Cbtain primary papers S
for further assessment -

Fig. 1. Flow diagram of the study selection
3.4 Data Extraction Process

Data extraction follows the same procedure used in
data selection. The 53 SLRs published between
2012 and 2017 are shown in Table 1. For each paper,
we could identify:
e The year of publication (to show how current
the SLRs)
e  The document type (journal, conference, work-
shop, book chapter).
e  The number of primary studies in software en-
gineering (as explicitly stated or tabulated by
the author).This is a quality assurance measure.

4 QALITY ASSESSMENT

The criteria postulated by Dybd and Dingseyr
[7]were used to evaluate the SLRs quality in this
study. Unlike some other SLRs with five or fewer
criteria and pay attention to only one or two aspects,
the 11 criteria checklist covers the four main aspects
of study quality — Reporting, Rigor, credibility and
relevance. When adapted to this study, those cita-
tions identified as SLRs are independently assessed
using the following criteria:

Q1 Is the SLR aresearch based or a mere “lessons
learned” report?
Q2: Is there a clear statement of the aims of the re-
search?
Q3: Is the context in which the research was carried
out adequately described?
Q4: Was the research design appropriate to address
the aims of the research?
Q5: Was the recruitment strategy appropriate to
the aims of the research?
QO6: Was there a control group with which to com-
pare treatments?
Q7: Was the data collected in a way that addressed
the research issue?
Q8: Was the data analysis sufficiently rigorous?
Q9: Has the relationship between researcher and
participants been adequately considered?
Q10: Is there a clear statement of findings?
Q11: Is the study of value for research or practice?

The Dichotomous scale of grading was used to
score each question where
Yes (Y)=1; FALSE (F) =0.

The assessment follows a similar procedure used

for data selection (fig. 1) where:

1.  Two (2-member) teams of researchers are
formed and the SLRs were equally shared
amongst the teams.

2. Each member of each team independently an-
swered the quality questions on each study giv-
ing adequate justification.

3. Each pair of researchers compared their results
and form a position

4. The two teams compared their results, resolved
issues and formed a consensus.

5. The quality result is considered and presented in
Table 1.
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Table 1: Quality scores for the SLRs

Study No  Year Document No of 1° QI Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QI0 Q11
Type studies
[20] 2012 Review - 1 1 1 1 1 1 1 1 0 1 1
[21] 2012 Conference 96 1 1 1 1 0 0 1 1 0 1 1
[22] 2012 Article 132 1 1 1 1 0 0 1 1 0 1 1
[23] 2012 Review 9 1 1 1 1 1 0 1 1 0 1 1
[24] 2012 Conference - 1 1 1 1 0 1 1 1 0 1 1
[25] 2013 Conference 25 1 1 1 1 0 0 1 1 0 1 1
[26] 2013 Review 330 1 1 1 1 1 0 1 1 0 1 1
[27] 2013 Article 68 1 1 1 1 0 0 1 1 1 1 1
[28] 2012 Review 208 1 1 1 1 1 0 1 1 0 1 1
[29] 2013 Article 26 1 1 1 1 0 1 1 1 0 1 1
[30] 2012 Review - 1 1 1 1 0 1 1 1 0 1 1
[31] 2013 Conference - 1 1 1 1 0 1 1 1 0 1 1
[32] 2013 Article - 1 1 1 1 1 0 1 1 0 1 1
[33] 2013 Conference 116 1 1 1 1 1 0 1 1 0 1 1
[34] 2013 Conference 23 1 1 1 1 0 1 1 1 0 1 1
[35] 2013 Conference 14 1 1 1 1 0 0 1 1 0 1 1
[36] 2013 Conference - 1 1 1 1 0 0 1 1 0 1 1
[37] 2014 Article 693 1 1 1 1 1 1 1 1 0 1 1
[38] 2014 Conference 100 1 1 1 1 0 0 1 1 0 1 1
[39] 2015 Article - 1 1 1 1 0 0 1 1 0 1 1
[40] 2015 Article - 1 1 1 1 0 1 1 1 0 1 1
[41] 2015 Conference - 1 1 1 1 0 1 1 1 0 1 1
[3] 2015 Conference 127 1 1 1 1 0 0 1 1 0 1 1
[42] 2015 Conference 43 1 1 1 1 0 0 1 1 0 1 1
[43] 2015 Conference 21 1 1 1 1 1 1 1 1 0 1 1
[44] 2015 Conference 36 1 1 1 1 0 0 1 1 1 1 1
[45] 2015 Conference 44 1 1 1 1 1 1 1 1 0 1 1
[46] 2016 Review - 1 1 1 1 0 0 1 1 0 1 1
[47] 2015 Conference - 1 1 1 1 0 0 1 1 0 1 1
[48] 2015 Review 12 1 1 1 1 0 0 1 1 0 1 1
[49] 2015 Conference 15 1 1 1 1 0 0 1 1 0 1 1
[50] 2016 Conference - 1 1 1 1 0 1 1 1 0 1 1
[51] 2016 Review 350 1 1 1 1 1 0 1 1 0 1 1
[52] 2015 Conference 82 1 1 1 1 0 1 1 1 0 1 1
[53] 2016 Conference - 1 1 1 1 0 0 1 1 0 1 1
[54] 2016 Conference - 1 1 1 1 0 1 1 1 0 1 1
[55] 2016 Conference - 1 1 1 1 1 0 1 1 0 1 1
[56] 2016 Conference - 1 1 1 1 0 0 1 1 0 1 1
[57] 2016 Conference 15 1 1 1 1 0 0 1 1 0 1 1
[58] 2016 Review - 1 1 1 1 0 1 1 1 0 1 1
[59] 2016 Conference 52 1 1 1 1 0 1 1 1 0 1 1
[60] 2017 Conference 33 1 1 1 1 1 0 1 1 0 1 1
[61] 2017 Conference - 1 1 1 1 0 0 1 1 0 1 1
[62] 2017 Article 78 1 1 1 1 0 0 1 1 0 1 1
[63] 2017 Conference - 1 1 1 1 0 0 1 1 0 1 1
[64] 2017 Article - 1 1 1 1 0 0 1 1 1 1 1
[65] 2017 Conference 316 1 1 1 1 1 1 1 1 0 1 1
[66] 2017 Conference - 1 1 1 1 0 0 1 1 0 1 1
[67] 2017 Conference 1270 1 1 1 1 1 0 1 1 0 1 1
[5] 2017 Conference 2 1 1 1 1 0 1 1 1 0 1 1
[68] 2017 Conference - 1 1 1 1 0 0 1 1 0 1 1
[69] 2017 Editorial - 1 1 1 1 1 0 1 1 0 1 1
[70] 2017 Conference - 1 1 1 1 1 1 1 1 0 1 1
TOTAL 53 53 49 53 15 19 50 52 3 52 5
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5 DQISCUSSION OF RESEARCH QUESTIONS

This section addresses our specific study questions to
ascertain that the primary question has been an-
swered and the quality of the SLRs has been estab-
lished.The summary results of the quality assessment
for the 53 SLRs are depicted in Table 2. We fix the
pass mark at 50%.

Table 2: Qualitative assessement of 53 SLRs on SE

wish their methods are (can be) compared. Notwith-
standing, over 94% gave extensive description of
their analysis processes and present sufficient data to
support their findings (Q7 and Q8); they were com-
prehensive on their data collection and analysis pro-
cedures.

5.3: RQ3: Are the Research Findings Valid?

This question is affirmative going by the research
“credibility” status of 51% even though, the perfor-

Qfancd an Q9 was poor. The researchers failed to ex-
Mgthe their roles and influence in the formulation of
their research questions, data collection, sample se-

geé ior’¥nd choice of location. This is true for 50 pri-
mary studies as the possibility of researcher bias was

d in only three studies. Hence, the relation-
shipbgtween the researcher and the participants were
not adequately considered leading to a very low qual-
ity score of three in Q9 (Table 2).

However, all the studies except one, have clear

Yesembyts of findings as the findings are unambigu-
2li€0%he credibility of findings and researchers argu-

SL Quality % RQAd- Related
Rs scores Scores dressed  Quality Con-
(QS) (QS/53) ditions (QC)
Q1 53 100
Q2 53 100 RQ1 Reporting
Q3 |49 92.5 .
Q4 |53 100 PHEIUGHRP
Q5 15 28.3
Q6 19 359 RQ2 Rigour
Q7 |50 94.3
Q8 |52 98.1
Q9 |3 5.7 RQ3 Credibility
Q10 | 52 98.1
Q11 | 50 94.3 Nil Relevance

ments were also adequately discussed in relation to

5.1: RQ1: Are the SLRs Research Based on Clear
Aims and Description of the Context?

Table 2 confirms this question to be positive as RQ1
addressed by QI, Q2 and Q3 is average scored
97.5%. All studies were rated OK except four that
failed on Q3 because they did not justify their re-
search design as the authors failed to discuss how
they arrived at the choice of their research
method.The 49 representing 97.5% of the selected
samples clarified the goal of their research and their
relevance. The studies (attempted to) exemplify or
elucidate subjective actions of the research partici-
pants, employed qualitative approaches which was
the right methodology to address the research goals.

5.2: RQ2: How Comprehensive are the Research
Methodologies Applied in the Primary
Study?

Yes, the research methodologies in the various pri-
mary studies were comprehensive considering the
pass mark of 71.32% scored by “Rigour” on Table 2.
RQ2 is being assessed by quality scores of Q4 — Q8
and confirmed by average status of “Rigour”.
Obviously, 38 of the 53 primary studies did not
have suitable recruitment strategy for their research
aims, and 34 are silent on the control group (s) with

the study questions.
6 STUDY LIMITATION

Since identifying relevant studies is a major chal-
lenge in SLRs, we extended our search to seven qual-
ity sources in this study. Our search was based on
our search strings (SS) but limited to document title
and keywords. Notwithstanding, we may have
missed some qualified papers that may have been
cited outside our selected databases. There is also a
probability that some studies that used other termi-
nologies to describe their literature review have been
missed out.

In our attempts to reduce our sample size to man-
ageable number, we categorised papers whose topics
are more of Computer sciences or Information sys-
tems as irrelevant and excluded them from our list.
It is however possible that we have missed some
SLRs that fall in-between information technology,
software engineering and computer sciences.

Our search also make assumptions that quality
SLRs will either be in journal or conference proceed-
ings. Hence, we did not search for technical reports,
books, study thesis and dissertations because of pub-
lication bias where authors fail to publish negative
results. However, this may not necessarily be an is-
sue in software engineering as some negative studies

6023



Journal of Theoretical and Applied Information Technology
30" September 2018. Vol.96. No 18

B

© 2005 - ongoing JATIT & LLS ‘

- =
SMiil

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

are already being published [2] [12].
7 CONCLUSION

Although the SLRs failed in three quality questions,
they have quality scores above 92% in the rest eight
questions and passed all the four quality conditions
(Table 2) thereby confirming the good quality of the
primary studies. However, the researchers should
ensure the recruitment strategies are properly aligned
to research aim and objectives by giving clear expla-
nations and discussion of how and why the partici-
pants were selected.

We acknowledge that ensuring completeness of
auto search remains an important issue. We hereby
recommend for future studies that as many quality
sources as possible should be searched for qualified
SLRs, and authors should expand the study search
strings to include other terminologies such as “re-
search aggregation” and “study/research synthesis”
which are now being used by some studies.
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