IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 49, NO. 3, MARCH 2023

1273

SEGRESS: Software Engineering Guidelines for

REporting Secondary Studies

Barbara Kitchenham ™, Member, IEEE,

Lech Madeyski*, Senior Member, IEEE, and David Budgen™, Member, IEEE

Abstract—Context: Several tertiary studies have criticized the reporting of software engineering secondary studies. Objective: Our
objective is to identify guidelines for reporting software engineering (SE) secondary studies which would address problems observed in
the reporting of software engineering systematic reviews (SRs). Method: We review the criticisms of SE secondary studies and identify
the major areas of concern. We assess the PRISMA 2020 (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses)
statement as a possible solution to the need for SR reporting guidelines, based on its status as the reporting guideline recommended
by the Cochrane Collaboration whose SR guidelines were a major input to the guidelines developed for SE. We report its advantages
and limitations in the context of SE secondary studies. We also assess reporting guidelines for mapping studies and qualitative
reviews, and compare their structure and content with that of PRISMA 2020. Results: Previous tertiary studies confirm that reports of
secondary studies are of variable quality. However, ad hoc recommendations that amend reporting standards may result in
unnecessary duplication of text. We confirm that the PRISMA 2020 statement addresses SE reporting problems, but is mainly oriented
to quantitative reviews, mixed-methods reviews and meta-analyses. However, we show that the PRISMA 2020 item definitions can be
extended to cover the information needed to report mapping studies and qualitative reviews. Conclusions: In this paper and its
Supplementary Material, we present and illustrate an integrated set of guidelines called SEGRESS (Software Engineering Guidelines

for REporting Secondary Studies), suitable for quantitative systematic reviews (building upon PRISMA 2020), mapping studies
(PRISMA-ScR), and qualitative reviews (ENTREQ and RAMESES), that addresses reporting problems found in current SE SRs.

Index Terms—Evidence-based software engineering, reporting guidelines, systematic reviews, quality reviews, mapping studies, mixed-
methods reviews, threats to validity, risk of bias, quality assessment, PRISMA 2020

1 INTRODUCTION

HE goal of this article is to introduce and justify the

SEGRESS guidelines that we have developed for report-
ing secondary studies in software engineering (SE). The
SEGRESS guidelines are based on the PRISMA 2020 stan-
dard, which was developed to support the reporting of
medical and healthcare-related systematic reviews.

The main reason for developing SEGRESS was to address
criticisms of SE systematic review reports raised in recent ter-
tiary studies (see Budgen et al. [1], Zhou et al. [2], Ampatzo-
glou et al. [3], Yang et al. [4]). Criticisms include problems in
finding the information required, such as recommenda-
tions [1], lack of standards for assessing the validity of second-
ary studies ([2] and [3]), and problems with study quality
assessment [4]. In Section 2, we summarise the criticisms
reported in these studies in more detail. This both justifies the
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need for SE reporting guidelines that are suitable for software
engineering researchers, and also identifies essential informa-
tion that such guidelines need to ensure is reported.

In Section 3, we introduce the PRISMA 2020 statement,
which is the current international standard for reporting
SRs in healthcare. Since the original SE guidelines for soft-
ware engineering systematic reviews ([5], [6]) were based
on healthcare guidelines, it seems plausible that PRISMA
2020 could be of use to SE researchers. In this section, we
confirm that once the terminology used in PRISMA 2020 is
explained, it addresses all the issues raised in Section 2.

However, the developers of PRISMA 2020 make it clear
that the statement is intended for quantitative SRs, mixed-
method reviews, and meta-analysis. This limitation on the
scope of PRISMA 2020 is a major barrier to its adoption by
researchers in software engineering, because secondary
studies in SE are often mapping studies (i.e., secondary
studies that aim to classify the literature related to a
research topic) or qualitative reviews (i.e., secondary studies
that use qualitative methods to synthesize primary study
results) [7]. To overcome this limitation, we have developed
SEGRESS as an extension of PRISMA 2020 that incorporates
guidelines for mapping studies and qualitative reviews.

In Section 4, we show that mapping studies can be
reported using PRISMA 2020 by omitting some of the stan-
dard items related to risk of bias (i.e.,, quality assessment
and certainty assessment), and providing extended explana-
tions to confirm that the synthesis for mapping studies is
restricted to simple charts and category counts.
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TABLE 1
SEGRESS Development

Research Question or Goal

Research Approach

Outcome

Do we need SR reporting standards?

Is PRISMA 2020 (the medical and
health care standard) a possible
solution?

Can PRISMA 2020 be adapted for
Mapping Studies?

Can PRISMA 2020 be adapted to
support Qualitative Reviews?

Review critiques of SE SRs and identify
critical reporting issues.

Yes, we need reporting standards.
See Section 2 and the summary of results
in Table 2.

We reviewed the scope of PRISMA 2020 and Yes PRISMA 2020 is a possible standard,

confirmed that it addresses problems
reported in Section 2.

All three authors independently assessed
whether PRISMA for scoping reports
(PRISMA-5cR) could be used for mapping
studies and could be mapped to PRISMA
2020.

All three authors independently assessed
whether two proposed standards for
reporting qualitative reviews (ENTREQ [9]

see Section 3.1, but PRISMA 2020 is of
limited value for SE because of SR type
restrictions. In addition, it requires
understanding of terminology related to
Risk of Bias and Quality of Evidence,

see Section 3.3.

We agreed it was possible. See Section 4.1
for our methodology and Section 4.2

and Table 5 for the main results.

We agreed it was possible, but the special
requirements of qualitative reviews need to
be understood, see Section 5.1.

and RAMESES [10]) could be mapped to

PRISMA 2020.
Develop the SEGRESS checklist

and 8

Provide additional practical support
for SEGRESS users.

Update PRISMA 2020 items with
descriptions that apply to Mapping Studies
and Qualitative Studies based on Tables 5, 7

Provide extended explanations suitable for
for SE researchers based on PRISMA

See Section 5.2.1, Tables 7 and 8 for our
assessment methodology and results.
SEGRESS development is reported

in Section 6.1, and the SEGRESS checklist is
reported in Table 9. A preliminary
validation of SEGRESS is reported

in Section 6.2

See the Supplementary Material [8].

2020 [11] and standards for qualitative
reviews ([10] and [9]) together with SE

related examples.

It is much more difficult to provide standards for report-
ing qualitative reviews than for mapping studies, not least
because there is no definitive standard for conducting quali-
tative systematic reviews. However, in Section 5, we intro-
duce two guidelines that have been developed to report
qualitative systematic reviews. We show that the specific
items in these reporting guidelines relate to the PRISMA
2020 items, and confirm that the preliminary guidelines for
reporting qualitative studies can be integrated with
PRISMA 2020.

In Section 6, we present the SEGRESS (Software Engi-
neering Guidelines for REporting Secondary Studies) guide-
lines, which are based on the PRISMA 2020 statement and
have definitions of the items that have been extended to
make them suitable for mapping studies and qualitative
reviews. To support the use of the guidelines and to provide
some initial validation of their value, we provide Supple-
mentary Material [8] that includes extended explanations of
each item and examples of how the items can be reported
taken from existing quantitative and qualitative software
engineering secondary studies. The material also includes a
hypothetical running example (based on revising an exist-
ing SE SR) to illustrate how related information reported in
different parts of a SR report need to be organized. We dis-
cuss our results and present our recommendations for
reporting SE secondary studies in Section 7.

The main research questions and research goals addressed
in this article and the procedures used to develop SEGRESS

are reported in different sections of this article and its Supple-
mentary Material [8]. The main issues addressed by each sec-
tion are shown in Table 1. Readers who are interested
primarily in SEGRESS may find it useful to read Sections 3
and 6 before looking at Sections 2, 4 and 5, which explain the
development of SEGRESS. It is important to read Section 3
before looking at the SEGRESS guidelines in order to under-
stand the terminology used in PRISMA 2020 which we have
adopted in SEGRESS. We also strongly recommend consult-
ing the Supplementary Material [8] when trying to use the
SEGRESS guidelines. The additional explanations and exam-
ples are critical to understanding how to apply the guidelines.

2 TERTIARY STUDIES CRITICIZING SR REPORTING
PRACTICES

In this section, we discuss four recent SE tertiary studies that
discussed SR reporting practices in software engineering.

2.1 General Reporting Issues

Budgen et al. [12] undertook a tertiary study to investigate
the extent to which secondary studies in software engineer-
ing provided results that could be used for industrial or
educational purposes. To address this issue, they selected
and studied 178 SE systematic reviews published between
2010 and 2015. As a result of studying those reviews, they
identified a set of 12 “lessons learned” that were aimed at
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identifying good practice for reporting SE systematic
reviews [1].

They reviewed the SRs included in their tertiary study in
the context of the DARE' (Database of Attributes of Reviews
of Effects) assessment criteria:

1)  Are the review’s inclusion and exclusion criteria

described and appropriate?

2) Is the literature search likely to have covered all rele-

vant studies?

3) Did the reviewers assess the quality/validity of the

included studies?

4)  Were basic data/studies adequately described?

5)  Were the included studies synthesised?

Budgen et al. organized their lessons against the five
DARE criteria together with one other criterion related to
their goal of identifying any conclusions which could be
used as guidelines for education or industry practice. Based
on the 12 lessons, they specify nine items they consider to
be essential information to specify in an SR report. These
items are shown in Table 2, which specifies the SR issue of
concern in column 1 and the information that should be
reported in column 2. We also map the issues to items in the
PRISMA 2020 statement in column 3, which we discuss in
Section 3.

Budgen et al’s study makes it clear both that there are
problems with reporting the conduct and results of many
SR processes, and that it would be useful to have a well-
defined structure for a secondary study report so that
authors know what information to provide in each section,
and readers know where to look for particular pieces of
information.

2.2 Reporting Threats to Validity
Both Zhou et al. [2] and Ampatzoglou et al. [3] criticized the
reporting of threats to validity in SE secondary studies.

Zhou et al. [2] investigated the threats to validity reported
in systematic reviews published from 2004 to mid-2015.
They found 316 secondary studies of which they identified
178 as SRs, 132 as systematic mapping studies, and six as
meta-analyses. From each paper (including mapping stud-
ies), they extracted the reported threats to validity and clas-
sified them against the standard threats to validity for
empirical studies (construct, internal, external, conclusion,
content, concurrent, predictive, statistical). They also identi-
fied the stated impact of each threat and the mitigation
action adopted. They concluded that while most SRs
reported internal validity and reliability issues, few
reported construct validity and external validity issues.
Additionally, they reported that methods for addressing
threats to validity were seldom reported.

Ampatzoglou et al. [3] performed a study very similar
to [2]. They identified 449 secondary studies from the time
period 2007-2016, including both systematic reviews and
mapping studies. They found 165 papers reporting threats
to validity. From both the data they collected and the con-
sideration of the SE systematic review process guidelines,
they constructed a checklist of 22 threats to validity in sys-
tematic reviews grouped into three major categories: Study

1. https:/ /www.crd.york.ac.uk/CRDWeb/
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TABLE 2
Essential Information for Systematic Review Reports [1]
Review Information Required PRISMA
aspect item
(Section 3)
Inclusion/ The rules for both inclusion and 5
Exclusion  exclusion should be clearly stated.
Inclusion/ How the rules were applied, and any 8
Exclusion difference between reviewers were
resolved should be described.
Inclusion/ The number of papers remaining at 16a
Exclusion each stage of selection should be
reported.
Searching  All of the search mechanisms used 6,7
should be clearly reported.
Searching The period covered by the search 56
should be explicitly stated, and the
dates when any searches were
performed should be reported.
Quality When performed, the intended use as 13e, 13f, 15

Assessment well as the checklist items should be
reported.
Quality How quality assessment was
Assessment undertaken, and how any differences
between reviewers were resolved
needs to be explained.
Where performed, the form of the
synthesis adopted for specific
research questions should be
described, and the reasons for its use
should be given.
Key findings should be clearly
reported, together with any
information related to the “strength
of evidence” that applies to them.

11,15

Synthesis 13a

Outcomes 22,23b,

23d

Selection, Data Validity, Research Validity. For each threat,
they identified one or more mitigation actions. They used a
panel of experts to assess the relative effectiveness of the
different mitigation actions. They recommend their check-
list to authors of secondary studies both to identify potential
threats and to report threats to validity. They also suggest
that readers, including reviewers, should use the checklist
to assess the validity of secondary studies.

Ampatzoglou et al. [3] make a very good point that clas-
sic threats to validity, as described in the social sciences
(see, for example, [13]), are not generally applicable to sys-
tematic reviews. However, their approach has some limita-
tions (which are shared by Zhou et al.’s study), in particular:

1)  The information the researchers extracted answered
the question “What threats to validity are reported”,
it does not answer the question “What threats to
validity should be reported”.

2) As noted by Ampatzoglou et al., systematic review
guidelines were explicitly designed to mitigate
many threats to validity in secondary studies, for
example, requiring extensive searches to avoid pub-
lication bias, and having multiple reviewers inde-
pendently address tasks such as searching, selection,
data collection and quality assessment to avoid
researcher bias. Furthermore, the SR methodology
should be reported in the Methods section, which
should also specify and justify any planned
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deviations from SR process guidelines. Thus,
Ampatzoglou et al. may have under-estimated the
extent to which SE researchers have actually avoided
many threats to validity.
3) There was no explicit consideration of the difference
between a systematic review and a mapping study,
although many threats to validity may be different.
For example, among Data Validity threats, Ampat-
zoglou et al. include The selection of classification sys-
tem is biased which is a mapping study issue, and
among Research Validity threats they include Lack
of comparable studies, that is a quantitative systematic
review issue that is irrelevant for mapping studies
which do not investigate the outcomes of empirical
studies.
The practical problem of adopting Ampatzoglou ef al.’
s recommendations is that a checklist is supposed to rep-
resent a complete set of items that must all be addressed.
However, attempts to apply the complete checklist in an
isolated Threats to Validity section can lead to duplicate
reporting of issues that may have already been covered
in the Methods and Results sections. This can be seen in
Ampatzoglou et al.’s paper by comparing their Method-
ology Section (Section 3) with the content of their Threats
to Validity Section (Section 7). For example, they report
both their search strings and the fact that they checked
their set of studies against other tertiary studies in both
their description of their tertiary study search process
(Section 3.2) and in their discussion of threats to validity
(Section 7.1).

Our review of [2] and [3], provides support for Budgen
et al’s call for a well-defined structure for SR reports. In
addition, it seems necessary to have:

o A theoretical rationale for what we should and should
not report in a threats to validity section. For exam-
ple, it should include only issues that have not been
fully explained in other parts of the paper.

e An approach to reporting validity threats for system-
atic reviews and mapping studies that properly
reflects their differences and similarities. For exam-
ple, since mapping studies do not synthesize the out-
comes of primary studies, there can be no threats to
validity associated with statistical meta-analysis
such as primary study heterogeneity, publication
bias, or generalizability.

2.3 Quality Assessment
Yang et al. [4] performed a tertiary study to assess the use of
quality assessment in SE SRs which updated the results of a
previous study [14] and covered the period 2004-2013. Their
review included 241 SRs published between 2004 and 2018
that used a quality assessment instrument. They report that
the use of qualitative assessment had improved since their
first tertiary study. In particular, they conclude that “the
aims of quality assessment are more concise, the instru-
ments used are more diverse and rigorous and the criteria
more thoughtful”.

Yang et al. investigated why researchers assessed pri-
mary study quality and found that 46 primary studies did
not explain why they had collected quality assessment data.

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 49, NO. 3, MARCH 2023

They identified and classified 202> reasons identified by the
authors of the remaining 195 SRs for using quality assess-
ment as being related to:

e Selection: to provide more extensive inclusion and
exclusion criteria. This was the most frequently iden-
tified reason (i.e., 54% of the identified reasons).

e Interpretation: to guide the interpretation of the find-
ings and determine the strength of inference, which
accounted for 16% of reasons

e Investigation: to understand the current state of
research, which accounted for 14% of reasons.

e Validation: to ensure that only studies of good qual-
ity are included, which accounted for 10% of
reasons.

e Weighting: as a means of weighting the importance
of individual studies when results are being synthe-
sized, which accounted for 5% of the reasons.

Yang et al.’s study confirms that there is still some confu-
sion about the reasons for undertaking quality assessment.
They also make two further important points about quality
assessment which we will refer to again later in this paper:

1)  The QA instruments for tertiary studies and second-
ary studies are different. Since the primary studies in
a tertiary study are secondary studies, tertiary stud-
ies can all use the DARE criteria as quality assess-
ment criteria. For standard systematic reviews, the
quality assessment criteria need to reflect the specific
methodology or methodologies used in the primary
studies, which can cause problems if different pri-
mary studies in the same SR have used many differ-
ent research methods

2) Itis important to consider whether or not to conduct
quality assessment.

2.4 Conclusions for Reporting SE Systematic
Reviews

All of the tertiary studies discussed in this section have
reported justifiable criticisms of current reporting practices
for secondary studies used by software engineering
researchers. However, ad hoc and uncoordinated changes in
reporting practices aiming to change individual aspects of
SR reporting may cause confusion about what is to be
reported in other related sections, and might also cause SE
systematic review terminology to deviate from existing
standards. In our opinion, we need standards for reporting
the different forms of systematic review that provide an
overall structure for systematic review reports and that
define and explain the issues that need to be reported.

In the remainder of this paper, we discuss whether the
PRISMA 2020 statement for reporting systematic reviews
can provide the basis for software engineering reporting
guidelines. The guidelines used in software engineering for
performing systematic reviews arose from the medical and
healthcare guidelines, so we assumed that PRISMA 2020,
which was designed for reporting medical and health care

2. The individual counts reported by Yang et al. make it clear that
some SR authors had more than one reason for performing a quality
assessment.
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TABLE 3
PRISMA (Preferred Reporting Items for Systematic Reviews) and Related Standards
ID Name Scope Derivation
PRISMA [16] Preferred Reporting Items for ~Reporting quantitative systematic

PRISMA-ScR [17]

PRISMA-P [18]

PRISMA-A [19]

PRISMA-S [20]

GRADE [21],
[22], [23]

PRISMA 2020 [11]

Systematic Reviews
PRISMA Extension for
Scoping Reviews

Preferred reporting items for
systematic review and meta-
analysis protocols

PRISMA for Abstracts:
Reporting Systematic
Reviews in Journal and
Conference Abstracts
PRISMA-S: an extension to
the PRISMA Statement for
Reporting Literature Searches
in Systematic Reviews

Grading of Recommendations
Assessment, Development,
and Evaluation

The PRISMA 2020 statement:
an updated guideline for
reporting systematic reviews

reviews and meta-analysis
Reporting scoping reviews

Developing protocols for systematic
reviews and meta-analyses that will
be reported using PRISMA
Specifying abstracts for PRISMA-
based systematic reviews in
journals and conferences

Supports three items in PRISMA:
Information sources, Search
Strategies and Study Selection
Results (items 7, 8 and 14 in
PRISMA [16] and items 6, 7, and 16
in PRISMA 2020 [15])

Assessing the strength of
recommendations made in
systematic reviews, health
technology assessments and clinical
practice guidelines. Supports
PRISMA 2020 item 22 Certainty of
Evidence.

Reporting quantitative systematic
reviews, evaluation studies, meta-
analysis, and mixed methods.

Based on PRISMA after removing
items related to synthesis and risk
of bias

Based on specifying all the items
in a PRISMA-compliant SR

Based on PRISMA. Updated in
PRISMA 2020 [11]

Based on PRISMA and an
extensive expert-opinion based
development process, including
consultation with developers of
PRISMA 2020.

The original ideas were presented
in [21] and have been revised and
refined in a series of articles
produced by a technical working
group, see ([24], [25], [26], [27],
[28], [29], [30], [31]).

Based on PRISMA after
substantial research ([32] and [33])
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Includes an update to PRISMA-A

systematic reviews [15], was likely to be a useful starting
point for SE reporting standards.

3 THE PRISMA STATEMENT

Given the problems with reporting SRs that have been
raised by many SE researchers, we believe that it is impor-
tant to adopt a standard for reporting SRs. In this section,
we review the PRISMA 2020 (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement and
assess how far it could provide a means of addressing these
issues.

PRISMA 2020 is an update to the original PRISMA state-
ment [16] which was published in 2009. The original
PRISMA statement was widely adopted and led to the
development of a series of related standards, as shown in
Table 3. The PRISMA statement for scoping reviews, called
PRISMA-ScR [17], is discussed in Section 4 where we dis-
cuss whether PRISMA 2020 can be used for reporting map-
ping studies. Other PRISMA extensions include guidelines
for the development of a SR protocol, called PRISMA-P [18],
guidelines for the format of a SR study abstract, called
PRISMA-A [19], and guidelines for the SR search process,
called PRISMA-S [20]. In a separate initiative, the Grades of
Recommendation, Assessment, Development, and Evalua-
tion (GRADE) Working Group developed standards for
assessing the strength of recommendations from systematic
reviews ([21] and [22]).

PRISMA 2020 is reported, in full, in two documents [32]
and [33]. Page et al. [32] undertook a mapping study to iden-
tify reporting guidelines for SRs published after 2009. They
identified 60 sources containing 221 unique items. They
finally identified 175 items that could be used as a compre-
hensive item bank for future reporting guidelines. They used
this information to identify potential revisions to the origi-
nal PRISMA statement [33]. They invited 220 systematic
review methodologists and journal editors to complete a
survey on suggested modifications and received 110 replies.
The recommendations from the survey were reviewed by a
21-person group that produced a draft revision to the origi-
nal PRISMA statement, which was then further refined
based on feedback from co-authors and a convenience sam-
ple of 15 systematic reviewers.

We considered using PRISMA 2020 as a possible stan-
dard for SE SRs because it is important to adopt reporting
guidelines that are based on a widely adopted international
standard that has been subject to a rigorous development
process. Another advantage of adopting PRISMA 2020 is
that SE researchers can keep their terminology aligned with
other empirical disciplines.

PRISMA 2020 identifies 27 items, some of which contain
sub-items, where each item and sub-item identifies an issue
that should be reported. Items 1-23 map broadly to the stan-
dard content of a scientific paper: Title, Abstract, Introduc-
tion, Methods, Results, and Discussion. The final four items
relate to ethical scientific practice, specifically: protocol
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TABLE 4
The PRISMA 2020 Statement
Section PRISMA Description
Item

Title 1 Identify the report as a systematic review.

Abstract 2 See the PRISMA 2020 Abstract checklist

Introduction

Rationale 3 Describe the rationale for the review in the context of existing knowledge.

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses.

Methods

Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were
grouped for synthesis.

Information sources 6 Specify all databases, registers, web sites, organizations, reference lists and other
sources, to be searched or consulted. Specify the date when each source was last
searched or consulted.

Search Strategy 7 Present full search strategies for all databases, registers and websites, including any
filters and limits used.

Selection Process 8 Specify the methods used to decide whether a study met the inclusion criteria of the
review, including how many reviewers screened each record and each report
retrieved, whether they worked independently, and, if applicable, details of
automation tools used in the process.

Data collection process 9 Specify the method used to collect data from reports, including how many reviewers
collected data from each report, whether they worked independently, any processes
for obtaining or confirming data from study investigators, and, if applicable, details of
automation tools used in the process.

Data items 10a List and define all outcomes for which data was sought. Specify whether all results
that were compatible with each outcome in each study were sought (e.g., for all
measures, time points, analyses), and, if not, the methods used to decide which
results to collect.

10b List and define all other variables for which data was sought (e.g., participant and
intervention characteristics, funding source). Describe any assumptions made about
any missing or unclear information.

Study Risk Of Bias Assessment 11 Specify the methods used to assess risk of bias in the included studies, including
details of the tool(s) used, how many reviewers assessed each study and whether they
worked independently, and, if applicable, details of automation tools used in the
process.

Effect Measures 12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used
in the synthesis or presentation of results.

Synthesis Methods 13a Describe the process used to decide which studies were eligible for each synthesis.

13b Describe any methods required to prepare the data for presentation or synthesis, such
as handling missing summary statistics, or data conversions.

13c Describe any methods used to tabulate or visually display results of individual
studies and synthesis.

13d Describe any methods used to synthesize results and provide a rationale for the
choice(s). If meta-analysis was performed, describe the model(s), method(s) to
identify the presence and extent of heterogeneity, and the software packages(s) used.

13e Describe any methods used to explore possible causes of heterogeneity among study
results.

13f Describe any sensitivity analysis conducted to assess robustness of the synthesized
results.

Reporting Bias Assessment 14 Describe any methods used to assess risk of bias due to missing results in a synthesis
(arising from reporting bias).

Certainty Assessment 15 Describe methods used to assess certainty (or confidence) in the body of evidence for
an outcome.

Results

Study selection 16a Describe the results of the search and selection process, from the number of records
identified in the search to the number of studies included in the review, ideally using
a flow diagram.

16b Cite studies that met many but not all inclusion criteria (“near-misses”) and explain
why they were excluded.

Study characteristics 17 Cite each included study and present its characteristics.

Risk Of Bias In Studies 18 Present assessments of risk of bias for each included study.

Results of Individual Studies 19 For all outcomes, present for each study: (a) summary statistics for each group (where

appropriate) and (b) an effect estimate and its precision (e.g., confidence/credible
interval), ideally using structured tables or plots.
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TABLE 4
(Continued)
Section PRISMA Description
Item
Results Of Synthesis 20a For each synthesis, briefly summarize the characteristics and risk of bias among
contributing studies.
20b Present results of all statistical syntheses conducted. If meta-analysis was done,
present for each the summary estimate and its precision (e.g., confidence/credible
interval) and measures of statistical heterogeneity, if comparing groups, describe the
direction of the effect.
20c Present results of all investigations of possible causes of heterogeneity among study
results.
20d Present results of all sensitivity analysis conducted to assess the robustness of
synthesized results
Risk of Reporting Bias in 21 Present assessments of bias due to missing results (arising from reporting biases) for
Synthesis each synthesis assessed.
Certainty of Evidence 22 Present assessment of certainty (or confidence) in the body of evidence for each item
assessed.
Discussion
Discussion 23a Provide a general interpretation of the results in the context of other evidence.
23b Discuss any limitations of the evidence included in the review
23c Discuss any limitations of the review process used.
23d Discuss implications of the results for practice, policy and future research.
Other information
Registration and Protocol 24a Provide registration information for the review, incl. register name & registration
number, or state that the review was not registered.
24b Indicate where the review protocol can be accessed or state that the protocol was not
prepared.
24c Describe and explain any amendments to information provided at registration or in
the protocol.
Support 25 Describe sources of financial or non-financial support for the review, and the role of
the funders or sponsors in the review.
Competing Interests 26 Declare and competing interests of the review authors.
Availability Of Data, Code and 27 Report which of the following are publicly available and where they can be found:

Other Materials

template data collection forms; data extracted from included studies; data used for all

analyses; analytic code; any other materials used in the review.

registration, funding, reporting competing interests, and
data availability. The basic PRISMA 2020 checklist is
reported in [15] and is explained in more detail in [11] with
examples taken from existing systematic reviews.

PRISMA 2020 was designed primarily for “systematic
reviews of studies that evaluate the effects of health inter-
ventions, irrespective of the design of the included studies”.
However, the authors confirm that the checklist items:

are applicable to non-health-related interventions,
are suitable for mixed-methods reviews, i.e., reviews
that include quantitative and qualitative studies,
although other reporting guidelines should be con-
sulted for qualitative synthesis, e.g., [9].

In addition, the guidelines for constructing abstracts
(PRISMA-A [19]) was revised by Page et al. [11] to make its
wording consistent with PRISMA 2020.

The basic scope and definitions of the PRISMA 2020
items are shown in Table 4. From this table, we can see that
once it is appreciated that the term risk of bias is a replace-
ment for the term quality assessment, and that limitations is a
replacement for threats to validity, PRISMA 2020 recom-
mends reporting all aspects of the SR process and the results
of applying that process. In particular, the basic ordering of
the items requires users to specify the methods they used to
perform all the required SR processes in the Methods sec-
tion, the results of applying those methods in the Results

section, and to discuss the findings of the review and any
recommendations in the Discussion section. Thus, it
appears to address all of the reporting problems raised by
SE researchers.

3.1 Preliminary Assessment of PRISMA 2020

As an initial feasibility check of the potential value of
PRISMA 2020, the three authors explicitly investigated
whether PRISMA 2020 addressed the issues raised by
Budgen et al. [1].

3.1.1  Preliminary Assessment Method

Kitchenham circulated a document including the 9 items
shown in Table 2. We independently identified any
PRISMA 2020 item that addressed each issue with any
explanation necessary to support our assessment. Kitchen-
ham collated the individual assessments and circulated a
spreadsheet that identified each of the individual assess-
ments and any related comments. All authors reviewed
their assessments and those of the others individually, and
made any changes they felt were necessary, adding any rel-
evant comments to support their assessments. The revised
assessments were again collated by Kitchenham and circu-
lated. We then discussed (by e-mail) any remaining
disagreements.
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3.1.2  Preliminary Assessment Results

The results of assessing whether PRISMA 2020 addresses
the reporting problems raised by Budgen et al., are shown
in the final column of Table 2 where we identify the
PRISMA items where required information should be
reported. During our discussions, our main disagreements
concerned whether or not:

e PRISMA addressed all the issues related to quality
assessment. Disagreements arose because some of
the specific issues raised by Budgen et al. [1] were
only discussed in the more detailed explanations
and examples of PRISMA items.

e Budgen et al. [1] recommend the dates of both the
start and end of any searching process be explicitly
defined. In fact, by default, PRISMA assumes that
there is no lower bound on the search and that the
end date of the search will be reported in PRISMA
item 7. If researchers have set other date-based limits
on the search, these should be reported (and justi-
fied) under item 5 as eligibility criteria.

However, our discussions confirmed that PRISMA 2020 is
not simple to understand and needs additional explanations
and examples from software engineering to be suitable for
software engineering researchers. In the following sections,
we discuss some of the practical issues that need to be
resolved if SE researchers are to be able to adopt the PRISMA
2020 statement. In particular, we discuss how PRISMA 2020
addresses threats to validity in Section 3.2 and quality assess-
ment issues in Section 3.3. In addition, Section 3.4 discusses
what is meant by mixed-methods in the context of systematic
reviews, and Section 3.5 discusses some practical difficulties
involved in reporting studies with multiple findings associ-
ated with different subsets of primary study outcomes.

3.2 Threats to Validity
PRISMA 2020 does not mention Threats to Validity and
instead refers to limitations of the evidence included in the
review (see item 23b) and limitations of the review process
used (see item 23d).

Page et al. [11] explain the request to “Discuss any limita-
tions of the evidence included in the review” (see item 23b)
as follows:

“Discussing the completeness, applicability, and uncer-
tainties in the evidence included in the review should help
readers interpret the findings appropriately. For example,
authors might acknowledge that they identified few eligi-
ble studies or studies with a small number of participants,
leading to imprecise estimates; have concerns about risk of
bias in studies or missing results; or identified studies
that only partially or indirectly address the review ques-
tion, leading to concerns about their relevance and appli-
cability to particular patients, settings, or other target
audiences. The assessments of certainty (or confidence) in
the body of evidence (item 22) can support the discussion
of such limitations.”

Thus, this item should report problems with the findings
from the synthesis due to limitations arising from the scope
or reliability of the primary studies. We discuss what is
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meant by confidence in the body of evidence and its relationship
to quality assessment in more detail in Section 3.3.

Page et al. explain the request to “Discuss any limitations
of the review process used” (see, item 23c) as follows:

“Discussing limitations, avoidable or unavoidable, in the
review process should help readers understand the trust-
worthiness of the review findings. For example, authors
might acknowledge the decision to restrict eligibility to
studies in English only, search only a small number of
databases, have only one reviewer screen records or collect
data, or not contact study authors to clarify unclear infor-
mation. They might also acknowledge that they were
unable to access all potentially eligible study reports or to
carry out some of the planned analyses because of insuffi-
cient data. While some limitations may affect the validity
of the review findings, others may not.”

This explanation confirms that researchers should report
and discuss any decisions they have made that are in con-
flict with the standard systematic review guidelines. An
important issue is that researchers need to discuss the impli-
cations of any deviations from the standard SR guidelines in
terms of their likely impact on the review findings.

3.3 Quality Assessment, Risk of Bias and Certainty
Assessment

PRISMA 2020 does not make reference to Quality Assessment,
instead it uses the term Risk of Bias (RoB). It considers both
RoB associated with individual studies and RoB associated
with syntheses. In addition, it also recommends the use of Cer-
tainty Assessment, in order to assess the confidence in (or qual-
ity of) the body of evidence relating to a specific finding.

The important difference between RoB and quality
assessment for individual studies is that RoB is about identi-
fying potential methodological flaws that can bias the outcome
of primary studies, whereas quality is about whether the
research was performed as well as possible. For example, in
medical research, there is strong empirical evidence that fail-
ure to blind both participants and experimenters can bias
experimental outcomes [34]. We have no reason to assume
software engineering is exempt from such problems. For
example: Ciolkowski [35], in the context of inspections; and
Shepperd et al. [36], in the context of fault prediction mod-
els; both reported that the outcomes of their meta-analyses
revealed evidence of experimenter bias. In the context of SE
experiments, it is seldom possible to blind the participants
and experimenters. Therefore, although SE researchers may
perform other aspects of their experiments to the highest
possible standard (i.e., the quality may be high), lack of
blinding remains a significant RoB.

As shown in Fig. 1, RoB assessments of primary studies
are intended to be used for three purposes:

1) sensitivity analysis, where researchers assess the
extent to which specific findings are dependent on
the RoB of influential studies;

2) investigation of causes of heterogeneity, where
researchers investigate whether high or low risk of
bias is associated with positive or negative findings;

3) as part of the certainty assessment process, which is
discussed below.
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Fig. 1. Relationship between risk of bias and certainty assessment.

Risk of bias with respect to synthesis is mainly an issue of
bias due to missing results from various forms of non-report-
ing bias, also known as publication bias. Publication bias
occurs because negative results may not be submitted for
publication (the so-called “file drawer problem”), or may be
published in sources that make them more difficult to find.
For example, they may not be accepted by high-status jour-
nals, may be published in national, non-English sources, or
may not be published in a timely manner. Publication bias
is an important element of certainty assessment.

Certainty assessment refers to methods used to assess the
confidence in synthesized results. The results of a specific syn-
thesis depend on the set of primary studies used in the specific
synthesis, and the aim of certainty assessment is to evaluate
the level of confidence that can be placed in the results of a
specific synthesis (referred to as assessing the quality of evi-
dence) and any recommendations based on that synthesis
(referred to as assessing the strength of the recommendation).
Thus, the difference between certainty assessment and pri-
mary study RoB is due to the “unit” being evaluated. For
study risk of bias the “unit” is the individual primary study,
for certainty assessment, it is the specific synthesis obtained
from the set of relevant primary studies. This means that it
is possible for different findings from the same study to be
assessed as having different quality of evidence. For exam-
ple, in software engineering studies, some researchers may
assess the impact of a technique only on development effort,
whereas others may assess the impact on both development
effort and task duration. If only the primary studies
assessed as having high risk of bias are the ones that report
task duration outcomes, any assessment of the quality of
evidence associated with findings associated with duration
will be lower than the quality of evidence associated with
development effort findings.

Certainty assessment relies on the results obtained by
assessing RoB for individual studies, as well as the risk of
publication bias and other factors such as imprecision in
effect size estimates (i.e., large effect size variances) and
inconsistency (i.e., heterogeneity) among study results. The
relationships between risk of bias and certainty assessment
are shown in Fig. 1 and are described in more detail in
Section 3.3.3.

3.3.1 Risk of Bias for Primary Studies

The Cochrane Handbook [34] provides advice on assessing
risk of bias for individual primary studies, although the

research

most detailed information it provides is related to random-
ized controlled trials, which is of little relevance in the con-
text of empirical software engineering (since we do not
often undertake randomized formal experiments in indus-
try settings). The risk of bias associated with non-random-
ized designs and quasi-experiments in Chapters 22-25 is
more relevant and is based on four different risk domains:

1)  Confounding, which occurs when a factor other than
the intervention of interest could have caused the
effect. For example, in a field trial of the effective-
ness of detailed design inspections, the project man-
ager restricted design inspections to complex
components. This confounded the use of the inter-
vention with the complexity of the component,
which complicated the interpretation of the study
results [37].
Selection bias, which occurs when some eligible par-
ticipants, or some outcome events, are excluded in a
way that leads to systematic bias in the outcomes.
For example, in a study of the use of formal methods,
the researchers restricted eligibility to the most capa-
ble students [38].
Information bias, which may be introduced if inter-
vention status is wrongly classified, or if outcomes
are wrongly classified or measured with error. For
example, if software engineers are asked to adopt a
new testing method which is more complex or time-
consuming than their current method, they may
revert to the current method in order to complete
their assigned task. A case in point is a study of
inspection methods where the authors mention that
adherence to the perspective-based method was
sketchy [39]. The issue of process conformance in the
context of Test-Driven Development experiments
was discussed, e.g., in [40] and [41].
Non-reporting bias, for example, experimenters
reporting only outcomes that have significant results.

In addition, there are numerous well-known examples of
poor practice that may introduce bias into quantitative stud-
ies, such as small sample size, over-simplistic tasks, lack of
effect sizes and confidence intervals, and multiple statistical
tests, whether as a result of many different outcome varia-
bles or testing many different subsets of the data (see, for
example, [42], [43] and [44]).

In their tertiary study, Yang ef al. [4] discussed the qual-
ity assessment instruments used in SE systematic review

2)

3)

4)
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reports in the time period 2004-2018. They reported that the
most commonly used criteria related to four areas:

e Rationality, which is related to the study rationale,
its context and its research questions.

e Rigour, which is related to the choice of the research
methodology and the way in which it was applied.

e Credibility, which is related to the clarity and valid-
ity of the reported results and the extent to which
they are supported by the evidence, and the relation-
ship between experimenters and participants.

o Contribution, which is related to the value of the
findings both for industry and academia.

The items identified in the Cochrane Handbook are
related to the issues identified by Yang et al., but they are
less abstract, which means they may be easier for reviewers
to understand and use in a RoB assessment.

3.3.2 Risk of Bias for Synthesized Outcomes

RoB for findings obtained by synthesizing results from a set
of primary studies is basically the risk of publication bias.
Although there are statistical methods for assessing the
extent of possible publication bias in the context of meta-
analysis, in other situations it is assessed in terms of the
depth and breadth of the search process, and the appropri-
ateness of eligibility criteria. Although RoB for synthesized
outcomes is treated as a separate issue to Certainty Assess-
ment in PRISMA 2020, we found considerable overlap
between the concepts, which is also evident in the presenta-
tion of the concepts in the Cochrane Handbook. We discuss
certainty assessment in more detail below.

3.3.3 Certainty Assessment

For Certainty Assessment, Page et al. [11] mention GRADE
(Grading of Recommendations Assessment, Development
and Evaluation) as an example instrument. GRADE has
been adopted by the Cochrane Handbook for assessing cer-
tainty (or quality) for a body of evidence (see [34], chapter
14). In [45], Dyba and Dingseyr discuss use of the original
GRADE approach [21] in the context of software engineer-
ing. However, there has been no discussion of the impact of
the latest revisions of the GRADE approach in the SE
literature.

The Cochrane Handbook (which was updated in 2019)
and the series of articles by Guyatt et al. [23], published in
the Journal of Clinical Epidemiology, describe the current
version of GRADE, but use terminology that may be unfa-
miliar to SE researchers. In this section, we discuss the
GRADE concepts and explain how they can be applied to
quantitative software engineering SRs. We also discuss
GRADE for qualitative studies in Section 5.1.3.

The recent GRADE revision specifies four levels of the
certainty for a body of evidence related to a given finding:
high, moderate, low and very low (see [23] and [25]).
GRADE considers five domains, each of which must be
assessed against each of the four levels:

1)  Risk of bias of individual studies. The idea is to assess
whether the primary studies associated with a par-
ticular finding are assessed as low risk of bias, lead-
ing to high certainty in the finding, or share some

2)

3)

4)

5)

methodological bias(es) that increase risk of bias and
reduce certainty in the finding. In SE, small-scale,
student-based laboratory experiments should ini-
tially be regarded as having a high risk of bias, and
thus provide very low certainty for evidence. In con-
trast, large experiments with industry practitioners
(such as, [46], [47) could be assessed as having rela-
tively low risk of bias (the classification scheme pro-
posed by Host et al. [48]). Furthermore, field studies,
whether qualitative or quantitative, should initially
be regarded as high quality evidence but could be
re-assessed to a higher risk of bias if their methodol-
ogy was particularly weak. For more details about
specific empirical methods, Felderer and Travas-
sos [49], Easterbrook et al. [50] and Stol and Fitzger-
ald [51 all provide useful discussions of the range of
empirical methods used in contemporary software
engineering research and their strengths and weak-
nesses. For data-based studies, Menzies and Shep-
perd [52] have identified 12 “bad smells” as
indicators of potential problems in software analytics
papers. In addition, issues such as analyses based on
extremely old or untrustworthy data sets (for exam-
ple, the NASA dataset, see [53] and [54]), or use of
unreliable metrics (such as mean magnitude relative
error, see [55], [56], and [57]) form a risk of bias for
the synthesis of fault prediction and cost estimation
studies respectively.

Publication bias. In the context of meta-analysis, the
risk of missing studies can be investigated analyti-
cally using techniques such as funnel plots that cor-
rect for publication bias. However, for SRs that
cannot apply meta-analysis, the risk of publication
bias can usually only be addressed by the stringency
of the search process, but can also consider factors
such as whether the primary studies are dominated
by small positive studies [58]. This is discussed in
more detail in the Supplementary Material [8].
Imprecision is related to the confidence intervals asso-
ciated with overall effect size estimates. Confidence
intervals that do not exclude the null hypothesis
would usually lead to a reduction in the certainty
associated with the body of evidence [28].
Inconsistency. This relates to whether the direction of
the effect size is consistent across the individual
studies [29]. The body of evidence is downgraded if
studies give inconsistent results. In qualitative stud-
ies, strong disagreements between the findings of
studies with similar contexts would be an indication
of inconsistency. Agreement between qualitative
and quantitative studies about whether an interven-
tion is beneficial or not would also be an indicator of
high certainty of evidence.

Indirectness relates to whether the studies directly
test the concept of interest or are inferred from indi-
rect comparison [30]. Causes of indirectness relevant
in the context of SE SRs are: participants may not be
representative (e.g., students without industrial
experience may not respond to a new technique in
the same way as practitioners); the reported inter-
vention differs from the intervention of interest (e.g.,
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we are interested in the impact of test-first develop-
ment but only have studies that consider test-first in
a maintenance context): or the outcome measures
differ from those of primary interest (e.g., Turner
et al. [59] point out that a great majority of the
papers that evaluated the Technology Acceptance
Model evaluated the model only against the user’s
intention to use not against actual measures of sys-
tem usage).

The process of evaluating findings against the GRADE
domains is subjective. It should usually be done by several
reviewers independently. Each reviewer should provide an
explanation for their assessment of each domain for each
separate review finding. Differences among reviewer
assessments should be discussed and, if necessary, medi-
ated until agreement is reached.

3.4 PRISMA for Mixed-Methods Studies

Mixed methods reviews are methods for synthesizing and
integrating qualitative evidence with intervention reviews [60].
Page et al. [15] explicitly state that PRISMA 2020 is relevant for
mixed-methods systematic reviews. However, they also point
out that PRISMA does not itself provide reporting guidelines
addressing the presentation and synthesis of qualitative data
and other guidelines need to be consulted. Specifically, they
refer readers to [9] and [61].

Paraphrasing the discussion of Noyes et al. [60] on the
use of qualitative evidence for complex health interven-
tions, in the context of software engineering, the reasons for
including qualitative evidence are as follows:

e Dbetter understanding of why and how an interven-
tion works;

e identifying associations between the broader social
and technological environment, within which soft-
ware engineers work, and the interventions that are
implemented;

e understanding of attitudes towards, and experiences
of, interventions by the software engineers who are
expected to adopt them; and

e increasing understanding of the software develop-
ment process factors that are most likely to impact
the success or failure of an intervention.

Many SE researchers have commented that large-scale
industrial software engineering is a complex activity. For
example, Curtis et al. [62] describe the context of industrial
software engineering as a “layered behavioral model”
involving individual programmers, the teams in which they
work, the projects on which they work, the organization
that employs them, and the business sector in which the
organization does business. At the level of software devel-
opment companies, this view is echoed both by the systems
dynamics modeling method proposed by Abdel-Hamid
et al., [63], and Belady and Lehman’s laws of system evolu-
tion[64]. Furthermore, software engineering research meth-
ods are increasingly focused on evaluations performed in
industrial settings (e.g., [65]). Thus, we would expect the
mixed-methods approaches recommended in the Cochrane
Handbook [60] to be of particular value when synthesizing
results from such studies.

1283

Harden et al. [66] provide a useful discussion of methods
and tools that can be used to integrate qualitative and pro-
cess evaluation evidence within intervention effectiveness
reviews. They identify five approaches, but all start by tabu-
lating the findings from quantitative studies with qualita-
tive factors either reported in the quantitative studies or
available from other qualitative reviews/studies. The sim-
plest approach is then to perform a narrative review of the
tabulated information to explore the heterogeneity between
the quantitative study findings and look for research gaps.
For example, in systematic reviews addressing two different
aspects of cost estimation, Jergensen [67] and Kitchenham
et al. [68] both identified contextual factors that could be
used to help cost estimators to decide which estimation
method to use, given their specific circumstances. Further-
more, with sufficient quantitative studies reporting compa-
rable outcome measures, the factors identified as
influencing outcomes can be tested statistically. Such statis-
tical tests can be performed one at a time (see [35]), or, with
sufficient studies, can test multiple factors together
(see [36]). Harden et al. [66] also mention:

e constructing or refining a logic model which is a
graphical representation of process factors that influ-
ence the outcome of a complex intervention;

e developing or refining theories about how the inter-
vention should be implemented;

e using what they refer to as “Qualitative comparative
analysis” which aims to investigate multiple factors
across many different contexts.

It is hard to find examples of SE researchers adopting
these more sophisticated approaches to integrate qualitative
models with quantitative review findings. Albeit, we are
aware of a synthesis method called Structured Synthesis
Method (SSM) [6], [70], [71] that is intended to allow the
combination of different types of evidence.

3.5 lteration and Repetition

In this section, we discuss practical issues that cause prob-
lems when using the PRISMA 2020 guidelines. In particular,
there is a change in the unit of discussion, as the statement
items change from discussion of primary study data and
risk of bias to discussion of each review finding (i.e., each
answer to a research question or outcome from a specific
synthesis activity). This reporting problem is further com-
plicated because assessment of the certainty of the evidence
needs to be based on the set of primary studies that contrib-
ute to each of the specific findings, rather than being a single
overall assessment of credibility of all the primary studies.

3.5.1 lteration

One reporting problem with PRISMA 2020 is that items 18
and 19 appear to assume a linear order for reporting all pri-
mary study RoB data and outcome data. In contrast, all item
20 sub-items and item 21 require reporting results for each
finding. Thus, there is some iteration among items, but it is
not clearly defined; for example, PRISMA item 19 in [11]
implies that all forest plots used in the systematic review
are reported together, which can include different plots for
different outcome variables and which may relate to
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different subsets of the primary studies. Then, for all the
sub-items of item 20 and item 22, it asks authors to discuss
the meta-analysis results and the relevant RoB assessment
and certainty assessment, for each finding. In practice, it
may be preferable to report the forest plots, textual expla-
nation of the meta-analysis findings plus any sensitivity
analysis or heterogeneity assessment, and the certainty
assessment together for each separate synthesis.

For SE SRs, it is quite common to separate the primary
studies into separate groups that address different aspects
of a topic (see, for example, [72], [73]). In such cases, it may
increase readability to iterate through items 17 to 22 for
each subgroup. However, it may still be useful to precede
any iterative group-based reporting with single tables for
primary study data (item 17) and RoB (item 18) for data that
are collected for all primary studies irrespective of
subgroup.

3.5.2 Repetition

Another issue related to readability is how to organize
reporting of related issues without excessive repetition. In
particular, items 19 and 20a seem to have considerable over-
lap and it is difficult to understand what to report in item 23
given what has been reported in items 20, 21, and 22 with-
out introducing excessive repetition. In the case of items 19
and 20a, we believe it is best to integrate the items (itera-
tively, if necessary). In the case of item 23, our suggestion
for item 23a is to summarize the findings (positive and neg-
ative) that will be used to propose advice for research and
practice, and to discuss any other related research.
3.6 Initial Assessment of PRISMA 2020 for Software
Engineering Systematic Reviews
Our initial assessment of PRISMA 2020 as a means of
addressing reporting problems in software engineering SRs
is that it addresses the problems identified in Section 2.1.
However, its use will need SE researchers to change both
their terminology and methodology for assessing primary
studies rigour and reporting systematic review limitations.
In terms of its scope, PRISMA 2020 is relevant to quanti-
tative SRs whether or not they report meta-analysis, and to
mixed-method analyses that are useful in the context of
evaluating complex interventions. In addition, the guide-
lines for reporting meta-analysis methods in item 13 and
item 20 would also apply to families of experiments. How-
ever, PRISMA 2020 will be of very limited value to SE
researchers unless it is also useful for the types of SR that
are more widely used in SE than quantitative SRs or meta-
analyses. Thus, in Section 4, we assess the relevance of
PRISMA 2020 for reporting mapping studies, and, in Sec-
tion 5, we consider its relevance for reporting qualitative
reviews (i.e., reviews that rely on qualitative synthesis).

4 GUIDELINES FOR MAPPING STUDIES

This section discusses whether PRISMA 2020 is relevant for
mapping studies. As shown in Table 3, Tricco et al. [17] pro-
duced the PRISMA-ScR checklist for reporting scoping
reviews, based on the original PRISMA statement [16]. They
define a scoping review to be a “type of knowledge synthe-
sis that follows a systematic approach to map evidence on a
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topic and identify main concepts, sources and knowledge
gaps”. Thus, Tricco et al’s definition implies that a scoping
review is very similar to what we refer to as a systematic map-
ping study in software engineering. Booth ef al. [74] define
scoping reviews and mapping studies as different forms of
review. However, looking at Booth et al.’s description, the
main difference appears to be that a mapping study
addresses a broad topic area, while a scoping review aims
at assessing whether there is sufficient evidence to under-
take a systematic review. Thus, findings from a mapping
study might be more extensive and varied than those from
a scoping review. Nonetheless, our basic assumption is that
reporting guidelines for mapping studies address the same
basic items as the guidelines for scoping reviews.

To construct the guidelines for scoping reviews, Tricco
et al. started by reviewing the set of items defined in the
original PRISMA. They identified five items (concerning
effect sizes, synthesis, risk of bias across studies, and addi-
tional analysis) that were not applicable for scoping
reviews, and two items (concerning risk of bias for primary
studies) as optional. In our experience, the same restrictions
apply to mapping study reports.

4.1 Methodology for Identifying Mapping Study
Reporting Items

In order to check whether PRISMA 2020 covered all the
issues identified in PRISMA-ScR, we assessed whether the
items identified as relevant in PRISMA-ScR were included
(at least at a conceptual level) among the PRISMA 2020
items. We evaluated the relationship between the items in
PRISMA-ScR and PRISMA 2020 items individually, in order
to ensure that we were all familiar with the standards. This
was done by taking a list of all PRISMA-ScR items, identify-
ing the item number(s) of any equivalent or related PRISMA
2020 items, and adding comments about the choice of
related items.

Kitchenham integrated the initial results in a spreadsheet
and then circulated the integrated assessments to the other
authors. All authors revised their assessments adding any
relevant comments. The revised assessments (held in
spreadsheets) were returned to Kitchenham who integrated
the assessments and circulated the integrated assessments
for a second time. We then discussed (by e-mail) any
remaining disagreements. Our aims were:

e to assess whether all items in PRISMA-ScR mapped
(at least conceptually) to one or more PRISMA 2020
items,

e to identify items for which the PRISMA-ScR termi-
nology or underlying assumptions, or the PRISMA
2020 structure, would need additional explanation
before PRISMA 2020 would be usable by SE
researchers reporting mapping studies,

e to identify PRISMA 2020 items that would need to
have extended definitions to cover the requirements
for mapping studies.

4.2 Mapping Study Reporting Iltem Results

The results of our assessment of mapping study reporting
items is shown in Table 5 which confirms that PRISMA 2020
includes all the items needed to report a mapping study,
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TABLE 5
Mapping PRISMA-ScR Items [17] to PRISMA 2020 Items

Id Review aspect Information Required PRISMA item

Title

1 Identify the report as a scoping review 1

Abstract

2 Provide a structured summary that includes (as applicable) 2
background, objectives, eligibility criteria, sources of evidence,
charting methods, results, and conclusions that relate to the review
questions and objectives.

Introduction

3 Rationale Describe the rationale for the review in the context of what is already 3
known. Explain why the review questions/objectives lend
themselves to a scoping review approach.

4 Objectives Provide an explicit statement of the questions and objectives being 4
addressed with reference to their key elements (e.g., population or
participants, concepts, and context) or other relevant key elements
used to conceptualize the review questions and/or objectives.

Methods

5 Protocol & Indicate whether a review protocol exists; state if and where it can be 24a, 24b

Registration accessed (e.g., a Web address); and if available, provide registration
information, including the registration number.

6 Eligibility criteria Specify characteristics of the sources of evidence used as eligibility 5
criteria (e.g., years considered, language, and publication status), and
provide a rationale.

7 Information Sources Describe all information sources in the search (e.g., databases with 6
dates of coverage and contact with authors to identify additional
sources), as well as the date the most recent search was executed.

8 Search Present the full electronic search strategy for at least 1 database, 7
including any limits used, such that it could be repeated.

9 Selection of sources State the process for selecting sources of evidence (i.e., screening and 8

of evidence eligibility) included in the scoping review.
10 Data charting Describe the methods of charting data from the included sources of 9,13b
process evidence (e.g., calibrated forms or forms that have been tested by the
team before their use, and whether data charting was done
independently or in duplicate) and any processes for obtaining and
confirming data from investigators.

11 Data items List and define all variables for which data were sought and any 10b
assumptions and simplifications made.

12 Critical Appraisal of If done, provide a rationale for conducting a critical appraisal of 11

individual sources of  included sources of evidence; describe the methods used and how
evidence this information was used in any data synthesis (if appropriate).

13 Synthesis of results Describe the methods of handling and summarizing the data that 9,13c
were charted.

Results

14 Selection of sources Give numbers of sources of evidence screened, assessed for 16a, 16b

of evidence eligibility, and included in the review, with reasons for exclusions at
each stage, ideally using a flow diagram.

15 Characteristics of For each source of evidence, present characteristics for which data 17

sources of evidence were charted and provide the citations.

16 Critical Appraisal of ~ If done, present data on critical appraisal of included sources of 18

sources of evidence evidence (see item 12).

17 Results of individual For each included source of evidence, present the relevant data that 19, 20a

sources of evidence were charted that relate to the review questions and objectives.

18 Synthesis of results Summarize and/or present the charting results as they relate to the 20b
review questions and objectives.

Discussion

19 Summary of Summarize the main results (including an overview of concepts, 23a

evidence themes, and types of evidence available), link to the review questions
and objectives, and consider the relevance to key groups.

20 Limitations Discuss the limitations of the scoping review process. 23¢

21 Conclusions Provide a general interpretation of the results with respect to the 23d
review questions and objectives, as well as potential implications
and/or next steps.

22 Funding Describe sources of funding for the included sources of evidence, as 25,26

well as sources of funding for the scoping review. Describe the role of
the funders of the scoping review.
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even though the description of those items may need to be
revised to cover mapping studies.

When comparing the PRISMA-ScR Checklist and
PRISMA 2020, there were three terminology issues that
complicated our evaluations:

1) PRISMA-ScR talks about “sources of evidence”. By
this we understand the authors to mean an individ-
ual primary study, since it is possible that one article
or report might contain more than one primary
study.

2) PRISMA-ScR talks about the “data charting process”.
After checking the papers cited by Tricco et al. [17]
(see [75] and [76]), we found this meant the process
of extracting all the variables and the textual infor-
mation that were used to address the research ques-
tions from each primary study in “calibrated forms”
(i.e., agreed data extraction forms). In the context of
SE mapping studies we often need to classify pri-
mary studies. The specification of the classification
system(s) used would be part of the data definitions
item, whereas the process of extracting the classifica-
tion data would be part of the data charting process
item. Data charting also differs from defining the
method(s) used for data synthesis, which define how
the data from each primary study will be grouped
and displayed.

3) PRISMA-ScR uses the term Symnthesis of Results to
remain consistent with PRISMA [16]. However, there
is a substantial difference between investigating the
characteristics of scientific articles and empirical
studies and synthesising the outcomes of empirical
studies. In the case of synthesis, a new conclusion is
produced by means such as meta-analysis, narrative
synthesis, or qualitative meta-synthesis. In the case
of a scoping review or mapping study, different
characteristics of the context and conduct (but not
the outcomes) of a set of primary studies are speci-
fied and analysed to identify subsets of primary
studies with similar characteristics. We would prefer
to use the term Analysis of Study Characteristics rather
than Synthesis of Results for SE mapping studies.

Also, PRISMA-ScR suffers from similar problems related

to iteration and repetition as PRISMA 2020 (see Section 3.5).
We suggest ensuring that tables and graphs representing
the answers to research questions are reported for each
research question with the associated textual explanation.
The Discussion section should summarize results of particu-
lar importance for researchers and include comparisons
with previous research.

4.3 Mapping Study Iltems Discussion

In this section, we discuss some of the significant differences
between a systematic review and a mapping study from the
viewpoint of reporting standards.

4.3.1 The Search Process

In most respects, the search for evidence is the same for
mapping studies as it is for systematic reviews. However,
there is less emphasis on completeness and more emphasis
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on defining the search process used, and specifying any
search limitations (e.g., restrictions based on language, evi-
dence sources, or publication dates) together with a ratio-
nale for any such limitations.

4.3.2 Quality Assessment

The main simplification for mapping studies compared
with quantitative SRs is that the PRISMA standard for scop-
ing reviews (PRISMA-ScR) accepts that there will be no for-
mal aggregation of the outcomes of primary studies. This
implies that risk of bias due to synthesis is irrelevant, as is
certainty assessment.

Risk of bias assessment for primary studies, which Tricco
et al. [17] refer to as critical appraisal of individual sources of evi-
dence, is optional, but, if undertaken, the method of assess-
ment should be reported in the Methods section and the
results of the assessment should be reported in the Results
section. The fact that mapping studies do not necessarily
require risk of bias assessments is consistent with Yang et al.
’s observation that reviewers need to consider whether it is
necessary to perform quality assessment [4].

Unlike most SE mapping studies, when conducting ter-
tiary mapping studies that investigate SR methodology,
assessment of the quality of the primary studies is often
required to address mapping study research questions.
Thus, in terms of PRISMA-ScR, identifying quality assess-
ment criteria and extracting quality assessments would be
regarded as a data charting process.

4.3.3 Threats to Validity

PRISMA-ScR states that the Discussion section should
include a discussion of any limitations of the scoping study
review process. The explanation of the item makes the point
that because critical appraisal of individual sources of evi-
dence is optional, the limitations section should concentrate
on limitations of the scoping review process. Any deviations
from scoping review guidelines or the specific scoping
review protocol should be “noted along with the rationale,
and a reflection on the potential effect on the results”. In
this context any methodological limitations defined and jus-
tified in the Methods section do not need to be discussed
again, unless the researchers have observed some unantici-
pated problems arising from their chosen methodology.

An important implication of this is that, if there have
been no deviations from the secondary review standards or
the review protocol and no critical appraisal of primary
studies, discussion of limitations is not necessary for map-
ping studies.

4.4 Mapping Study Guidelines Conclusions

As noted by Tricco et al. [17] adapting a systematic review
reporting standard to provide a standard suitable for scop-
ing reviews is primarily a process of deciding which items
are irrelevant or optional and modifying some of the item
definitions. In this section, we have mapped the ScR items
to PRISMA 2020 and explained how the ScR items relate to
SE mapping studies. Thus, we conclude that, rather than
develop separate standards for mapping studies it would
be preferable to extend the definitions and scope of PRISMA
2020 items to include SE mapping studies.
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TABLE 6
Guidelines for Reporting Qualitative Reviews

ID Name Scope

Derivation

RAMESES [10] Realist And MEta-narrative

Evidence Synthesis

synthesis
ENTREQ [9] ENhancing Transparency in
REporting the synthesis of
Quality research
Confidence in the Evidence
from Reviews of Qualitative

Research

research
GRADE-CERQual [82]

evidence

Reporting the outcomes of complex
interventions and adopting policy
friendly approaches to evidence

A framework for reporting the
synthesis of qualitative health

To support the use of findings from
systematic reviews of qualitative

Guidelines for reporting
guidelines [80], excluding Delphi
exercise

Protocol for guidelines
construction [81]

Development discussed in [84] See
other short papers with more
detailed descriptions of different
aspects of CERQUal: [83], [84],
[85], [86], [871], [88]

In our opinion, some of the terminology used in
PRISMA-ScR and PRISMA 2020 is inappropriate for SE
mapping studies. For SE mapping studies:

o The term Data Charting is misleading and the
PRISMA 2020 term Data Collection Process is more
appropriate.

e The term Synthesis of Results in PRISMA-ScR should
be replaced by Analysis of Study Characteristics in any
standards used for SE mapping studies.

In addition, McGowan et al. [77] point out that ongoing
revisions to the PRISMA statement make it likely that
authors of PRISMA-related checklists such as PRISMA-ScR
will consider revising those checklists to conform with
PRISMA 2020. Thus, SE researchers need to be aware that
new scoping study checklists are likely to be published in
the near future.

5 REPORTING QUALITATIVE SYSTEMATIC REVIEWS

Two SE tertiary studies ([78] and [79]) have emphasised the
importance of using qualitative synthesis to address SR sys-
tematic review research questions. Therefore, a major limi-
tation of PRISMA 2020 as a standard for reporting SE
secondary studies is that, as explicitly confirmed by Page
et al. [15], it does not directly support qualitative synthesis.
In this section, we introduce a group of studies that discuss
guidelines for reporting qualitative synthesis (see Table 6).

Section 4 confirmed that some of the PRISMA 2020 items
can be used to identify guidelines for reporting mapping
studies. In addition, our initial reading of guidelines for
reporting qualitative reviews showed that they conformed
with the basic SR reporting concepts of defining methodolo-
gies for search and synthesis, reporting the results of using
those methodologies, and discussing the finding of the syn-
thesis. Thus, the research question addressed in this section
is whether SE researchers need separate guidelines for qual-
itative synthesis, or whether the basic structure of PRISMA
2020 is flexible enough to support qualitative synthesis
reports.

5.1 Background

In this section, we introduce issues related to qualitative
research and qualitative synthesis that are necessary to

understand the requirements for qualitative synthesis
reporting guidelines.

5.1.1 Researcher Viewpoint in Qualitative Synthesis

For engineers, such as software engineers and computer sci-
entists, a specific problem with using any qualitative
method is the need for individual researchers to consider
their personal “philosophical positioning” and its relation-
ship to their choice of qualitative methodology. For exam-
ple, Table 2 in [9] identifies five underlying philosophies,
which, to our knowledge, are not frequently used in the
context of software engineering research. However, the real-
ist philosophy described in [10] takes the view that an inter-
vention alters context, which then triggers mechanisms
which produce both intended and unintended outcomes.
This is consistent with a view of complex systems that is
familiar to computer scientists and software engineers, and
seems broadly consistent with mixed-methods approaches
and qualitative studies, in particular, both those investigat-
ing barriers and enablers to the adoption of complex inter-
ventions and those that aim at more sophisticated
syntheses.

In trying to identify whether PRISMA 2020 items can be
extended to support qualitative synthesis, we have taken a
pragmatic, realist approach to specifying SE systematic
reviews reporting guidelines.

5.1.2 Standards for Qualitative Synthesis

Before considering guidelines for reporting qualitative syn-
thesis, it would be useful to have definitive guidelines for
performing qualitative synthesis. The original guidelines for
systematic reviews in software engineering (i.e., [5] and [6]
did not mention qualitative synthesis. The more recent
guidelines in [89] acknowledge the need for guidelines for
qualitative reviews, but treat such reviews as being devia-
tions from the quantitative SR guidelines, and do not pro-
vide detailed advice. Producing guidelines for performing
qualitative reviews is beyond the scope of this article, but to
assist readers, we identify current initiatives concerned
with providing such guidelines which are summarized
in Table 6.

The Cochrane Qualitative and Implementation Methods
Group produced a series of papers discussing qualitative
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synthesis, that were published in the Journal of Epidemiol-
ogy and we summarize these papers briefly in this section.

Noyes et al. [90] introduce the series of papers, each of
which addresses a major topic related to qualitative synthe-
sis. The first two papers discuss the most basic issues:

e Harris et al. [91] discuss methods for question formu-
lation, searching, and protocol development. They
point out that qualitative reviews ask “how” and
“why” questions. Initial questions may be broad
exploratory questions that attempt to map what is
known before formulating or refining questions.

e Noyes et al. [92] discuss methods to assess methodo-
logical limitations, data extraction and synthesis,
and confidence in synthesized qualitative findings.

The remaining three papers in the 2018 series are particu-

larly concerned with evaluating methods for complex
interventions:

Cargo et al. [93] discuss general issues,

Harden et al. [66] discuss methods for integrating
qualitative and quantitative implementation evi-
dence (see Section 3.4),

e Fleming et al. [94] discuss reporting guidelines for
synthesis of qualitative, implementation, and pro-
cess evaluation evidence. They recommend the
ENTREQ method [9] which is a checklist for qualita-
tive reviews and the RAMESES method [10] which is
a checklist for realist and meta-narrative reviews.
We compare these checklists with the PRISMA items
in Section 5.2.

5.1.3 GRADE-CERQual: Confidence in Syntheses of
Qualitative Evidence

PRISMA 2020 requires reports of SRs to include an assess-
ment of the confidence in any synthesis of primary study
findings. The GRADE-CERQual initiative has produced a
set of guidelines similar to the GRADE guidelines but aimed
at qualitative synthesis, see Table 6. In this section, we sum-
marize the content of each of the GRADE-CERQual related
papers.

Lewin et al. [83] introduces the ideas and scope of the set
of guidelines, then:

1) Lewis et al. [84] explain how to make an overall
CERQual assessment of confidence and create a
Summary of Qualitative Findings table.

2) Munthe-Kaas et al. [85] discuss how to assess meth-
odological limitations of qualitative primary studies.
Such limitations relate to the body of evidence that
contributes to each finding reported in the qualita-
tive synthesis. Assessments should emphasize meth-
odological strengths and weaknesses rather than the
quality of reporting.

3) Colvin et al. [86] discuss how to assess primary study
coherence, which is defined as “an assessment of
how clear and cogent is the fit between the data from
the primary studies and a review finding that syn-
thesizes that data”.

4)  Glenton et al. [87] discuss adequacy of data, which is
somewhat analogous to sample size and number of

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 49, NO. 3, MARCH 2023

experiments in quantitative studies. It requires an
assessment of whether the number of participants
and the richness of the data obtained from the partic-
ipants are sufficient to understand and explain a
phenomenon.

5) Noyes et al. [88] discuss the relevance of data which
is defined as “the extent to which the body of data
from the primary studies supporting a review find-
ing is applicable to the context specified in the
research question”.

We provide a more detailed discussion of GRADE-

CERQual in the Supplementary Material [8].

5.2 A Comparison of Qualitative and Quantitative
Review Reporting Checklists

To investigate the differences between qualitative synthesis

reporting approaches and PRISMA 2020, we first compared

the items in Tong et al.’s ENTREQ checklist [9] to PRISMA

2020 items and subsequently compared the items in the

RAMESES checklist [10] to PRISMA 2020 items.

5.2.1 Comparison Methodology

For each qualitative synthesis reporting checklist, we
assessed their correspondence to PRISMA 2020 items using
the same approach that we used for mapping studies (see
Section 4.1).

We each assessed independently whether items in the
checklist mapped (at least at a conceptual level) to the corre-
sponding items in PRISMA 2020. Kitchenham collated the
three independent assessments and circulated the collated
assessments (together with any written comments we made
to support our assessment). This process was repeated two
times. Subsequently, we reviewed the final integrated
assessment and comments and discussed our disagree-
ments until we reached a consensus.

5.2.2 Result of Comparing ENTREQ With PRISMA
2020

The comparison with the ENTREQ checklist is shown in
Table 7 and confirms that all the items in the ENTREQ
checklist can be mapped to PRISMA 2020 items. The main
differences between the two checklists are:

e Levels of abstraction. In some cases ENTREQ items
were at a lower level of detail than PRISMA 2020, so
that several related ENTREQ items mapped to a sin-
gle PRISMA 2020 item. For example, the methods
used to assess Risk of Bias (PRISMA 2020 item 11)
were covered by three items in the ENTREQ check-
list (i.e., items 10, 11, 12).

e The order of the checklist items. PRISMA 2020 is
designed around a general order of Introduction,
Methods, Results, Discussion which relates to the
order in which different activities are conducted. In
contrast, ENTREQ is organized around five domains
identified as: Introduction, Synthesis Methodology,
Literature Search and Selection, Appraisal, and Syn-
thesis of findings. The domains broadly correspond
to topics that address the same concern rather than
issues that are addressed within the same review
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TABLE 7
Mapping ENTREQ Qualitative Synthesis Items [9] to PRISMA 2020 Items
Id Review aspect Information Required PRISMA item
Domain 1 Introduction
1 Aim State the research questions the synthesis addresses. 4
Domain 2 Method
2 Synthesis Methodology Identify the synthesis methodology or the theoretical framework which 13d
underpins the synthesis and describe the rationale for choice of
methodology.
Domain 3 Literature search and selection
3 Approach to Searching Indicate whether the search was pre-planned or iterative. 7
4 Inclusion criteria Specify the inclusion criteria. 5
5  Data sources Describe the information sources used (e.g., digital libraries), when the 6
search was conducted and the rationale for the using the data source.
6  Electronic search strategy = Define search strings used. 7
7  Study screening methods Describe the methods used to screen the studies. 8
8  Study characteristics Present the characteristics of the included studies. 10a, 17
9  Study selection results Identify the number of studies screened and provide reasons for study 16
inclusion.
Domain 4 Quality Appraisal
10 Rationale for appraisal Describe the rationale and approach used to appraise the selected studies or 11
study findings.
11  Appraisal items State the tools, frameworks and criteria used to appraise the studies or 11
selected findings.
12 Appraisal process Indicate whether appraisal was conducted independently by more than one 11
reviewer and if consensus was required.
13 Appraisal results Present results of quality assessment and indicate which articles, if any, 18
were weighted /excluded and give the rationale.
Domain 5 Synthesis of findings
14 Data Extraction Indicate which sections of the primary studies were analysed and how the 9
data were extracted from the primary studies.
15 Software State the computer software used, if any. 9
16 Number of reviewers Identify who was involved in the coding and analysis. 9
17  Coding Describe the process for coding. 13b
18 Study comparison Describe how comparisons were made within and across studies. 13c, 13e
19 Derivation of themes Explain whether the process of deriving themes or constructs was inductive 13d
or deductive.
20 Quotations Provide quotations from the primary studies to illustrate themes/ 20a, 20c
constructs and identify whether the quotations were participant quotations
or the authors interpretations.
21 Synthesis output Present rich, compelling and useful results that go beyond a summary of 20a, 20c, 23a, 23d

the primary studies.

process step. Thus, in the case of the final three
topics, the methods used to address that topic, and
the results of using the methods are discussed
together.

ENTREQ omits some standard items such as title,
abstract, protocol registration, data availability, and
financial support.

Of most significance is that ENTREQ omits any dis-
cussion of publication bias or confidence in the body
of evidence. Omitting any discussion of publication
bias is sensible in the context of qualitative reviews
since the selection process does not usually require
completeness (for example, it may be based on theo-
retical saturation). However, it is important to ensure
that there has been a thorough search of the litera-
ture to avoid missing relevant disconfirming
cases [96]. In addition, there is also a need to assess
the confidence in the evidence, which can be
addressed using the GRADE CERQUal method, dis-
cussed in Section 5.1.3.

5.2.3 Result of Comparing RAMESES With PRISMA
2020

The comparison with the RAMESES checklist is shown in
Table 8 and confirms that all of the items in the RAMESES
checklist mapped to items in the PRISMA 2020 checklist.
There were similar issues to those identified for the ENTREQ
checklist, where a single RAMESES item mapped to several
different PRISMA 2020 items. In particular, selection and
appraisal of documents mapped to one element, whereas in
PRISMA 2020 it maps to items related to defining eligibility
criteria, defining how the eligibility criteria are applied, and
reporting the results of the selection process. In addition,
RAMESES does not explicitly mention critical appraisal of
documents as an issue that is separate from document selec-
tion. It also omits some of the elements related to scientific
ethics that are included in PRISMA 2020.

RAMESES requires reviewers to comment on the
strength of evidence supporting each finding. As we sug-
gested in the context of ENTREQ, GRADE-CERQual would
be a suitable method for addressing this issue.
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TABLE 8
Mapping RAMESES Qualitative Synthesis Items [10] to PRISMA 2020 Items

Id Review aspect Information Required PRISMA item

Title

1 Identify the document as a realist synthesis or review. 1

Abstract

2 Brief details of the background, review questions or objectives, search 2
strategy, method of selection, appraisal, analysis and synthesis, main
results, and implications for practice.

Introduction

3 Rationale for review Explain why the review is needed and what it is likely to contribute 3
to existing understanding of the topic area.

4 Objectives and focus of State the objectives of the review and/or the review question(s). 4

review Define and provide a rationale for the focus of the review.

Methods

5 Changes in the review Any changes made to the review process that was originally planned 24c

process should be briefly described and justified.

6 Rationale for using realist Explain why realist synthesis was considered the most appropriate ~ 13d

synthesis method to use.

7 Scoping the literature Describe and justify the initial process of exploratory scoping of the 7
literature.

8 Searching process State and provide a rationale for how the iterative searching was 7,8
done. Provide details of all the sources accessed for information in the
review. For electronic databases report, for example, name of
database, search terms, dates of coverage and date last searched. If
researchers with topic knowledge were contacted, indicate how they
were identified and selected.

9 Selection and appraisal of Explain how judgments were made about including and excluding 5,8

documents data from documents, and justify these.

10 Data Extraction Describe and explain which data or information were extracted from 10a
the included documents and justify this selection.

11 Analysis and synthesis Describe the analysis and synthesis processes in detail. This section 13

processes should include information on the constructs analyzed and describe
the analytic process.

Results

12 Document flow diagram Provide details on the number of documents assessed for eligibility 16
and included in the review with reasons for exclusion at each stage as
well as an indication of their source of origin (for example, from
searching databases, reference lists and so on).

13 Document characteristics Provide information on the characteristics of the documents included 17
in the review.

14 Main findings Present the key findings with a specific focus on theory building and 20a
testing.

Discussion

15 Summary of findings Summarize the main findings, taking into account the review’s 23a
objective(s), research question(s), focus and intended audience(s).

16 Strengths, limitations and Discuss both the strengths of the review and its limitations. These 23b, 23¢

future research directions should include (but need not be restricted to) (a) consideration of all
the steps in the review process, and (b) comment on the overall
strength of evidence supporting the explanatory insights which
emerged. The limitations identified may point to areas where further
work is needed.

17 Comparison with existing Where applicable, compare and contrast the review’s findings with ~ 23a

literature the existing literature (for example, other reviews) on the same topic.

18 Conclusion and List the main implications of the findings and place them in the 23d

recommendations context of other relevant literature. If appropriate, offer
recommendations for policy and practice.
19 Funding Provide details of funding source (if any) for the review, the role 25,26

played by the funder (if any) and any conflicts of interest of the

reviewers.

5.2.4 Comparison Conclusion

We conclude that, although not explicitly recommended by
Page et al., given appropriately extended item definitions,
the ENTREQ and RAMESES checklists can be mapped to

the structure and items of PRISMA 2020.

6 SEGRESS: SOFTWARE ENGINEERING
GUIDELINES FOR REPORTING SECONDARY
STUDIES

In Section 4, we assessed the relationship between PRISMA
2020 and PRISMA-ScR [17] for scoping reviews and in



KITCHENHAM ET AL.: SEGRESS: SOFTWARE ENGINEERING GUIDELINES FOR REPORTING SECONDARY STUDIES

Section 5, we assessed the relationship between PRISMA
2020 and the ENTREQ and RAMESES checklists for report-
ing qualitative reviews. We concluded that PRISMA 2020
item definitions could be extended to cater for reporting
scoping reviews and mapping studies and qualitative
reviews. In this section, we show that the PRISMA 2020
structure is flexible enough to cater for mapping studies
and qualitative reviews and demonstrate how the individ-
ual item definitions can be extended to support these forms
of review.

6.1 SEGRESS Development

After assessing the requirements for SE reporting guide-
lines, we developed the SEGRESS checklist, shown in
Table 9. SEGRESS is based on the PRISMA 2020 struc-
ture [15], but incorporates information from PRISMA-
ScR [17] for mapping studies, and from ENTREQ [9] and
RAMESES [10] for qualitative synthesis reviews.

For each item of the SEGRESS checklist, we identify the
scope of the generic definition and provide additional com-
ments related to the type of SR, if necessary. Requirements
for mixed-methods reviews are in most cases the same as
those for quantitative reviews. Readers performing tertiary
studies related to assessing research methods should read
the comments related to mapping studies. Researchers per-
forming other types of tertiary study should consult the
comments related to quantitative and qualitative reviews,
as appropriate.

A limitation of SEGRESS is that the authors of ENTREQ
and RAMESES both acknowledge that their checklists are
preliminary checklists. This means that SE researchers must
remain alert for any changes in the ENTREQ and RAMESES
checklists that could require them to provide additional
information when they report qualitative reviews.

6.2 Preliminary Validation of SEGRESS
The PRISMA 2020 authors did not provide any empirical
validation of their checklist. However, in addition to the
checklist, they provided a more detailed explanation for
each item, a list of issues that need to be addressed by each
item and an excerpt from a published SR related to each
item. This allows readers to better appreciate the rationale
for each item, what needs to be reported for each item, and
how the approach can be implemented in practice.

Following their example, we provide a more detailed dis-
cussion of each item in the Supplementary Material [8],
based on the explanations provided by PRISMA 2020, and
present examples of how the item was reported in pub-
lished software engineering SRs. We concentrate on
excerpts from a variety of quantitative and qualitative SRs,
at the expense of mapping studies. We made this decision
because mapping studies are generally easier to report than
full SRs. They do not undertake synthesis of results and
have no requirement to undertake assessment of risk of
bias, risk of missing values, or certainty.

Where possible, we use examples of our own SRs, but for
qualitative reviews and meta-analysis, we use excerpts
from the following SRs:

e For qualitative synthesis, the SR on software engi-
neer motivation by Beecham, Sharp and their
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colleagues reports an SR that undertook an extensive
qualitative synthesis which included a model valida-
tion exercise (see [96], [97] and [98]). For RoB and
certainty in the body of evidence, we report excerpts
from [45], [9] and [100].

e For meta-analysis, we have relied heavily on descrip-
tions of the meta-analysis graphics reported by Han-
nay et al. [101], but for copyright reasons, we cannot
use the graphics themselves. We also use excerpts
from an SR that undertook statistical heterogeneity
analysis [35].

A problem with the idea of providing independent
excerpts for each item is that they do not provide readers
with an idea of how related items interact. For this reason,
we have also included a running example by revising the
report of a SR undertaken by Kitchenham, Mendes and
Travassos on the comparative accuracy of single company
and cross-company estimation models reported in a proto-
col, conference paper, and journal paper ([102], [103]
and [104]). This SR is an example of a quantitative SR that
did not use meta-analysis. The running example acts as a
trial of how the SEGRESS items for reporting study RoB,
missing data RoB and certainty in the body of evidence can
be integrated into an overall assessment of the quality of
evidence.

The individual item examples and the running example
are reported in our Supplementary Material [8]. They pro-
vide a preliminary validation that the SEGRESS items are
appropriate for qualitative reviews as well as quantitative
SRs and meta-analyses. The running example demonstrates
that the SEGRESS items properly address the reporting of
risk of bias and quality of evidence, which are the most chal-
lenging aspects of PRISMA 2020 and SEGRESS.

6.3 Issues Arising From the Preliminary Validation

of SEGRESS

As we expected, the issue of coordinating the assess-
ments of risk of primary study bias and risk of missing
data in order to produce a GRADE style assessment of
the certainty in the body of evidence is the most difficult
part of using the SEGRESS checklist. An advantage of
the SEGRESS checklist was that thinking in terms of the
GRADE and GRADE-CERQual criteria was useful for
identifying potential problems with the primary studies
that we did not identify in the original SR. The problem
with the items related to risk of bias and certainty is that
assessing these issues is subjective. The most difficult
problem is assessing the risk of missing data/projects
because the SR authors need to assess the rigour of their
own methods. In contrast, assessing the risk of primary
study bias involves the rigour of the primary study
authors and assessing other GRADE criteria such as
Inconsistency and Indirectness is about the characteris-
tics of the set of primary studies results contributing to a
specific finding or synthesis outcome.

Nevertheless, the examples have confirmed that the indi-
vidual items identified in SEGRESS are relevant to both
quantitative SRs and qualitative reviews, and that, at least
some authors of software engineering SRs are currently
adopting approaches consistent with SEGRESS items.
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TABLE 9
SEGRESS: The PRISMA 2020-Inspired Structured Checklist for Reporting SE Secondary Studies

Section

PRISMA Description
Item

Full Report

Title
Title

Abstract
Structured
abstract

Introduction
Opening

Rationale

Objectives
Methods
Eligibility
criteria

Information
sources

Search Strategy

Selection
Process

Data Collection

Process

Data items

Study Risk Of

Bias Assessment

Use of SEGRESS may result in long documents. For publication purposes, authors should consider referencing
material in the protocol, publishing some material in supplementary material, and reporting any large-scale model
building exercise separately from the basic SR report.

Identify both the report topic and type of secondary study, so potential readers can find the report.

1 Identify the report as a systematic review, systematic mapping study, tertiary study, qualitative review,
or mixed-methods review and specify the topic being reviewed, see explanation and examples in [8,
Section 2.1]. Required for all review types.

Provide a summary of the entire report, so potential readers can easily assess its relevance.

2 Provide a structured summary incl.: Background (emphasizing the importance of this research),
Objective, Methods, Results, Limitations (optional), Conclusion. Guidelines for constructing an abstract
can be found in [15, Table 2] and [20, Box 2] and are discussed in the SEGRESS Supplementary Material
[8, Section 2.2]. Required for all review types.

Set context for the work.

Introduce the larger problem the paper is targeting, lay out a broad context for the work, and highlight
the importance of the work to a large audience. In subsequent steps define the research area, establish a
niche within the area (knowledge gap), and then focus on the niche.

3 Describe information the reader needs to understand the work the authors did, why it is important, i.e.,
the rationale for the study (e.g., update, new topic area, new empirical results, mature topic having no
previous systematic review) and how it contributes to the larger problem, see explanation and example
in [8, Section 2.3]. Required for all review types.

4 Specify the research questions, explaining how they contribute to the larger problem, see [8, Section
2.4]. Required for all review types.

Outline procedures you followed and resources you used to conduct your work.

5 Use the study characteristics to define eligibility criteria based on the intervention or topic of interest [8,
Section 3.1]. Criteria used to restrict the search must be specified and justified (e.g., search start and end
dates, language limitations, journal restrictions, publication restrictions). Specify how any existing
systematic reviews and/or qualitative reviews on the topic of interest, found by the search process, will
be used. Required for all review types. Tertiary mapping studies investigating research trends must
justify search restrictions, such as limiting inclusion to papers in high quality journals, in terms of the
study RQs.

6 Describe all information sources, databases, primary study references, and others (e.g., researchers)

with search end dates. The Supplementary Material [8, Section 3.4] includes a checklist for reporting the

search process based on the PRISMA-S guide [20], while [106] guides on how should software
engineering secondary studies include grey material. Required for all review types.

Present full search strategy, including, as appropriate, electronic search strings, snowballing, manual

search, finding unpublished materials, and any method(s) used to assess achieved completeness. If

previous reviews exist, explain how they have contributed to the current search process. The

Supplementary Material [8, Section 3.5] includes a checklist for reporting the search process based on

the PRISMA-S guide [20]. Required for all review types. Qualitative reviews should explain any search

processes aimed at finding deviant cases and exceptions and any exploratory scoping of the literature.

8 State the process for selecting studies, including the specific phases of the selection process, the number
of assessors per study, methods of handling disagreements, any tools used, and any methods of
assessing agreement rates [8, Section 3.6]. Required for all review types. Qualitative studies should
explain exclusions that relate to synthesis issues rather than eligibility criteria.

9 Specify the method used to collect data from reports, including how many reviewers collected data
from each report, whether they worked independently, any processes for obtaining or confirming data
from study investigators, and, if applicable, details of automation tools used in the process [8, Section
3.7]. Required for all review types. For qualitative reviews, indicate which areas of each primary study
were analysed.

10a List, define and justify all outcomes for which data was sought, explaining their relationship to the
research questions [8, Section 3.8]. Required for all review types except Mapping studies, because they
do not analyse primary study outcomes.

10b List and define all non-outcome variables for which data was sought (e.g., participant and intervention
characteristics, funding source). Describe any assumptions made about any missing or unclear
information [8, Section 3.9]. Required for all review types. For mapping studies define any classification
systems used to categorize the data items and confirm how the data item relates to the research questions.

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s)
used, how many reviewers assessed each study and whether they worked independently, and, if
applicable, details of automation tools used in the process [8, Section 3.10]. This is optional for mapping
studies, but required for all other review types.

N

Effect Measures 12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in the synthesis or

presentation of results [8, Section 3.11]. This is required for quantitative reviews and meta-analyses. It is
sometimes reported by mapping studies, depending on the research questions (e.g., if the research
question involves identifying the definitions of outcome metrics used in empirical studies). It is not
required for qualitative reviews.
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TABLE 9
(Continued)

Section

PRISMA Description

Item

Analysis and
Synthesis

methods

Reporting Bias
Assessment

Certainty
Assessment

Results
Study selection

Study
characteristics
Risk of Bias in
Studies
Results of
individual
studies

Results of
Analyses and
Syn-

theses

13

13a
13b

13c

13d

13e

13f

15

16a

16b

[17-22]

17

19

20

20a

20b

Quantitative SRs and qualitative reviews should report the methods used for synthesis of primary
study outcomes [8, Section 3.12]. Mapping studies should report the methods used to analyse primary
study characteristics.

Describe the process used to decide which studies were eligible for each synthesis [8, Section 3.13].
Describe any methods required to prepare the data for presentation or synthesis, such as handling
missing summary statistics, or data conversions [8, Section 3.14]. Not required for mapping studies.
Qualitative studies should describe the coding processes adopted and specify whether it was inductive
(i.e., based on deriving the code from the raw textual data, which is typical for grounded theory
analyses), or deductive (i.e., based on pre-existing themes or theories).

Describe any methods used to tabulate or visually display results of individual studies and synthesis [8,
Section 3.15]. Required for all review types. For mapping studies describe the methods used to prepare
tables, graphs and maps of study characteristics.

Describe any methods used to synthesize results and provide a rationale for the choice(s) [8, Section
3.16]. Required for all types of review except mapping studies. If meta-analysis was performed,
describe the model(s), method(s) to identify the presence and extent of heterogeneity, and the software
packages(s) used. Qualitative studies should, where necessary, identify constructs analyzed, explain
how findings from different studies were compared, and specify how synthesized findings were
validated.

Describe any sensitivity analysis conducted to assess robustness of the synthesized results [8, Section
3.17]. Formal procedures are available for quantitative synthesis and mixed-methods analysis, such as
removing high influence data points. For qualitative methods, this involves discussing the impact of
any deviant cases and exceptions on the synthesized findings. Not required for mapping studies.
Describe any methods used to explore possible causes of heterogeneity among study results [8, Section
3.18]. Required for all types of review except mapping studies.

Describe any methods used to assess risk of bias due to publication bias [8, Section 3.19]. Not required
for mapping studies, or secondary studies investigating SE research practices rather than SE
development and maintenance methods.

Describe methods used to assess certainty (or confidence) in the body of evidence for an outcome (e.g.,
GRADE) [8, Section 3.20]. Not required for mapping studies or secondary studies investigating SE
research practices, but essential for all other review types. See Sections 3.3.3 and 5.1.3.

Communicate complex, quantitative and qualitative information in an easy to read manner.
Describe the results of the search and selection process, from the number of records identified in the
search to the number of studies included in the review, ideally using a flow diagram [8, Section 4.1].
Report agreement statistics, if collected. Required for all review types. Qualitative studies should
describe any iteration between selection and synthesis.

Cite studies that met many but not all inclusion criteria ('near-misses‘) and explain why they were

excluded [8, Section 4.2]. Optional for mapping studies, required for all other review types. Qualitative
reviews should identify any eligible studies that were excluded from synthesis and justify the exclusions.
Reporting Style: If reporting syntheses (i.e., meta-analysis results or answers to research questions) obtained from
different subgroups of primary studies or different research questions consider using an iterative reporting
approach, keeping items 17 to 22 together for primary studies subgroups or specific research questions. Note that,
even if using an iterative style for reporting, it may be appropriate to report information that was obtained from
every primary study in integrated tables. The issue is that risk of bias among contributing primary studies will be
different for different syntheses if they depend on different subsets of studies.

Describe the characteristics of each included study, and provide citations [8, Section 4.3]. Required for
all review types.

Present data on the risk assessment for each study [8, Section 4.4]. Report agreement statistics. Optional
for mapping studies but required for all other review types.

For quantitative reviews, for all outcomes, present for each study [8, Section 4.5]: a) summary statistics
for each group (where appropriate) and (b) an effect estimate and its precision (e.g., confidence/
credible interval), ideally using structure tables or plots. For qualitative reviews, present the major
findings from each study included in the synthesis. Not usually required for mapping studies.
Quantitative SRs and Qualitative reviews should describe the results of their syntheses [8, Section 4.6].
Mapping studies should report their analyses of primary study characteristics.

Report each synthesis, briefly summarising the characteristics and risk of bias among contributing
studies [8, Section 4.7]. Required for all review types. For qualitative studies, define any derived
themes, and focus on theory building and testing. Provide appropriate quotations specifying the
primary study from which the quotation was obtained, and whether it was produced by the study
authors or individual study participants. For mapping studies, discuss the maps and tables produced
to address each research question.

Present results of all statistical syntheses conducted [8, Section 4.8]. If meta-analysis was performed,
present for each analysis, the summary estimate and its precision (e.g., confidence/credible interval)
and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. Only
required for quantitative reviews.
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TABLE 9
(Continued)

Section

PRISMA Description

Item

Reporting
Biases

Certainty of

Evidence
Discussion

Discussion

Registration
and Protocol

Support

Competing
Interests

20c

20d

21

22

23a

23b

23c¢

23d

24a

24b
24c
25

26

Availability Of 27

Data, Code and
Other Materials

Present results of all sensitivity analysis conducted to assess the robustness of the synthesized

results [8, Section 4.9]. Qualitative studies should discuss deviant cases and exceptions [95] and should
report any additional validation of qualitative models.

Present results of all investigations of possible causes of heterogeneity among study results [8, Section
4.10]. Not required for mapping studies. Other review types should attempt to identify qualitative
factors that might explain different primary study outcomes.

Report results of assessing publication bias for each synthesis [8, Section 4.11]. For meta-analysis, report
the heterogeneity among studies and provide funnel plots. Not usually required for mapping studies or
qualitative studies.

Present assessment of certainty (or confidence) in the body of evidence for each reported finding [8,
Section 4.12]. Not required for mapping studies. Required for all other review types.

Turn data into knowledge (i.e., advice or recommendations for practitioners, academics, and
educators), point out how your results provide novel understanding, challenge previous knowledge,
or resolve persisting controversy answering questions raised in the Introduction.

Provide a general interpretation of the results in the context of other evidence [8, Section 5.2]. Where
applicable compare review findings with other reviews on the same topic. Required for all review
types.

giicuss any limitations of the evidence included in the review [8, Section 5.3]. Required for quantitative
and qualitative reviews. Not required for mapping studies.

Discuss any limitations of the review process used [8, Section 5.4]. Required for all reviews, but include
only those issues that were not previously addressed as part of the specification of the specified review
process or when discussing the synthesis results.

Discuss implications of the results for practice, policy and future research [8, Section 5.5]. Required for
all review types. For mapping studies, only discussion of future research is relevant.

Provide registration information for the review, including register name and registration number, or
state that the review was not registered [8, Section 6.2]. Guidelines for constructing an SR protocol can
be found in the PRISMA-P statement [18]. Optional for all review types.

Indicate where the review protocol can be accessed or state why no protocol is available [8, Section 6.3].
Optional for mapping studies, required for all other review types.

Describe and explain any amendments to information provided at registration or in the protocol [8,
Section 6.4]. Required for quantitative and qualitative review types, optional for mapping studies.
Describe sources of financial and non-financial support for the review and the role of the funders or
sponsors of the review [8, Section 6.5]. Required for all review types.

Declare competing interests of the review authors [8, Section 6.6]. Required for all review types.

Report which of the following are publicly available and where they can be found (e.g., Zenodo,

Figshare, Dryad): template data collection forms; data extracted from included studies; data used for all
analyses; analytic code; any other materials used in the review or to produce the review (e.g., Rnw file if
using R scripts or code chunks as analytic code) [8, Section 6.7] [107]. Optional but recommended for all

review types.

As a result of our preliminary validation, we have identi-
fied several issues that might influence decisions to adopt
the SEGRESS checklist:

e We have adapted the explanation of some items of
PRISMA 2020 that seem more relevant to medical
SRs rather than to software engineering SRs, based
on our view of best SE practice. Some researchers
might dispute our view of good practice in SE and
prefer to conform strictly to the PRISMA 2020
guidelines.

e A practical concern is that conforming to SEGRESS
(or indeed PRISMA 2020) may increase the length of
reports of SRs. This may be acceptable if the outcome
of the SR is a simple meta-analysis, but if the out-
comes are more complex (such as a qualitative
model that needs definition and explanation), it may
cause serious length issues. Authors should consider
referencing published protocols, preparing supple-
mentary material, or publishing the SR results and

any complex model building exercise in separate
publications.’

e Contrary to the order implied by PRISMA 2020,
when creating our running example in the Supple-
mentary Material [8], we thought that it made more
sense to perform any sensitivity analysis which
could lead to a revision of the SR analysis or synthe-
sis before initiating any investigation of possible rea-
sons for the heterogeneity of the results. We have

3.1t is generally accepted that full reports of systematic reviews
result in long documents, and other disciplines have identified a variety
of methods to address this, such as the 1-3-25 method [105]. This
approach advocates a one-page summary of the findings formulated as
a set of “take-home” messages, aimed at end-users of the evidence
rather than researchers, a three-page executive summary of the study
and its findings, addressing the needs of the sponsor and policy-mak-
ers, and a 25-page detailed report on the design and conduct of the
study that is intended for reviewers and others who need to know how
the review was conducted. However, such initiatives have not yet been
adopted in SE.
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therefore changed the order of items 13d and 13f,
items 20c and 20d in SEGRESS. In general, the order
in which sub-items are discussed that is adopted in a
specific SR should be decided by the authors in order
to support report clarity.

7 DISCUSSION AND CONCLUSIONS

In Section 2, we discussed four tertiary studies that raised
concerns about the standard of SR reports in SE. We identi-
fied the need for reporting guidelines that identify all
required items in the context of a well-defined report struc-
ture that limits unnecessary repetition. Two specific issues
that caused particular concern were reporting threats to
validity and quality assessment. However, as Budgen et al.
[1] point out:

e It is important to undertake quality assessment of
individual studies and use the results of that assess-
ment constructively.

e It is important to assess the strength of evidence
associated with any recommendations that are based
on synthesising the available evidence.

The advantage of PRISMA 2020 is that it provides a

framework for addressing these issues (see Fig. 1).

The authors of PRISMA 2020 state that it is suitable for
mixed-methods reviews, which we discuss in Section 3.4.
Mixed-methods reviews are particularly important for
industry-based interventions, when outcomes are influ-
enced by the complex nature of the relationship between
the intervention and its environment. They can be used to
help researchers to interpret/explain the results of quan-
titative reviews, when qualitative data from the primary
studies or qualitative reviews on the same topic are
available.

A major disadvantage of PRISMA 2020 for software engi-
neering use is that it is strongly oriented towards quantita-
tive systematic reviews and meta-analysis of formal
experiments and quasi-experiments, whereas secondary
studies in SE are mainly qualitative studies or mapping
studies [7]. Tricco et al. [17] showed that the original
PRISMA statement [16] was suitable for reporting scoping
studies and, in Section 4, we confirm that PRISMA 2020 is
also suitable for mapping studies. However, the definitions
of some items need to be extended and some items are not
relevant, specifically those related to synthesising primary
study outcomes and assessing the validity of synthesized
findings.

The authors of PRISMA 2020 report that it is unsuitable
for qualitative reviews, nevertheless, in Section 5 we show
that PRISMA can be used as a framework for reporting
results of qualitative synthesis by mapping the PRISMA
items to two important qualitative reporting guidelines
(ENTREQ [9] and RAMESES [10]). As a result of assessing
PRISMA items against PRISMA-ScR, ENTREQ and RAME-
SES, we were able to develop the SEGRESS checklist defined
in Table 9. SEGRESS relates the PRISMA 2020 items to the
requirements of mapping studies and qualitative studies.
For each item, we specify which types of systematic review
it is relevant to and, if necessary, include specific informa-
tion related to the different types of systematic review. We
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hope that SE researchers interested in mixed-methods and
qualitative synthesis will trial the SEGRESS checklist and
comment on their experiences.

We have provided an preliminary validation of SEGRESS
in the Supplementary Material [8], based on examples from
the SE literature and our running example. We hope this is
sufficient to encourage the SE community to undertake
more extensive empirical validation through use, particu-
larly for qualitative reviews. Adoption of SEGRESS presents
a greater risk for qualitative reviews than quantitative
reviews and mapping studies. SEGRESS is based on
PRISMA 2020, so it is well-suited to quantitative reviews
and mapping studies (which use a subset of the quantitative
review items). To support the use of SEGRESS for qualita-
tive reviews, we provide an introduction to current stand-
ards for qualitative synthesis in Section 5, together with SE
examples and a detailed discussion of GRADE-CERQual in
the Supplementary Material [8]. However, SE researchers
need to be aware that new versions of PRISMA-ScR and the
standards for reporting qualitative reviews are likely to be
published in the near future. However, any risks associated
with adopting SEGRESS need to be balanced against the SR
reporting problems identified in software engineering. Cur-
rently, many aspects of reporting practice are being criti-
cized, but there is no holistic view of the requirements for
reporting SRs that can help researchers decide what should
be done without a risk of introducing other problems.
SEGRESS attempts to address this issue and provide an
overall integrated framework to support the reporting of all
types of SE systematic reviews.

REFERENCES

[1] D. Budgen, P. Brereton, S. Drummond, and N. Williams,
“Reporting systematic reviews: Some lessons from a tertiary
study,” Inf. Softw. Technol., vol. 95, pp. 62-74, 2018.

[2] X.Zhou, Y. Jin, H. Zhang, S. Li, and X. Huang, “A map of threats
to validity of systematic literature reviews in software engineer-
ing,” in Proc. 23rd Asia-Pacific Softw. Eng. Conf., 2016, pp. 153-160.

[3] A. Ampatzoglou, S. Bibi, P. Avgeriou, M. Verbeek, and A. Chat-
zigeorgiou, “Identifying, categorizing and mitigating threats to
validity in software engineering secondary studies,” Inf. Softw.
Technol., vol. 106, pp. 201-230, 2019.

[4] L. Yang et al, “Quality assessment in systematic literature
reviews: A software engineering perspective,” Inf. Softw. Tech-
nol., vol. 130, 2021, Art. no. 106397.

[5] B. Kitchenham, “Procedures for undertaking systematic
reviews,” Keele University, U.K., Joint Tech. Rep. TR/SE-0401
and NICTA 0400011T.1, 2004. [Online]. Available: https://
madeyski.e-informatyka.pl/download /Kitchenham04a.pdf

[6]  B.Kitchenham and S. Charters, “Guidelines for performing systematic
literature reviews in software engineering,” Keele Durham Univ.,
UK., Joint Tech. Rep. EBSE-2007-01, 2007. [Online]. Available:
https:/ /madeyski.e-informatyka.pl/download /Kitchenham07.pdf

[71 D. Budgen and P. Brereton, “Short communication: Evolution of
secondary studies in software engineering,” Inf. Softw. Technol.,
vol. 145, 2022, Art. no. 106840.

[8]  B. Kitchenham, L. Madeyski, and D. Budgen, “Supplementary
material for SEGRESS: Software engineering guidelines for
REporting secondary studies,” 2022. [Online]. Available:
https:/ /madeyski.e-informatyka.pl/download /
SEGRESS22supplement.pdf

[9] A. Tong, K. Flemming, E. McInnes, S. Oliver, and ]. Craig,

“Enhancing transparency in reporting the synthesis of qualita-

tive research: ENTREQ,” BMC Med. Res. Methodol., vol. 12, 2012,

Art. no. 181.

G. Wong, T. Greenhalgh, G. Westhorp, ]. Buckingham, and R.

Pawson, “RAMESES publication standards: Realist syntheses,”

BMC Med., vol. 11,2013, Art. no. 21.

[10]


https://madeyski.e-informatyka.pl/download/Kitchenham04a.pdf
https://madeyski.e-informatyka.pl/download/Kitchenham04a.pdf
https://madeyski.e-informatyka.pl/download/Kitchenham07.pdf
https://madeyski.e-informatyka.pl/download/SEGRESS22supplement.pdf
https://madeyski.e-informatyka.pl/download/SEGRESS22supplement.pdf

1296

[11]

[12]

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 49, NO. 3, MARCH 2023

M. J. Page et al., “PRISMA 2020 explanation and elaboration:
Updated guidance and exemplars for reporting systematic
reviews,” Brit. Med. |., vol. 372, 2021, Art. no. n160. [Online].
Available: https:/ /www.bmj.com/content/372/bmj.n160

D. Budgen, P. Brereton, N. Williams, and S. Drummond, “What
support do systematic reviews provide for evidence-informed
teaching about software engineering practice?” e-Informatica
Softw. Eng. |., vol. 14, pp. 7-60, 2020.

W. R. Shadish, T. D. Cook, and D. T. Campbell, Experimental and
Quasi-Experimental Design for Generalized Causal Inference. Boston,
MA, USA: Houghton Mifflin, 2002.

Y. Zhou, H. Zhang, X. Huang, S. Yang, M. Babar, and H. Tang,
“Quality assessment of systematic reviews in software engineer-
ing: A tertiary study,” in Proc. 19th Int. Conf. Eval. Assessment
Softw. Eng., 2015, Art. no. 14.

M. J. Page et al., “The PRISMA 2020 statement: An updated
guideline for reporting systematic reviews,” Brit. Med. ],
vol. 372, 2021, Art. no. n71. [Online]. Available: https://www.
bmj.com/content/372/bmj.n71

A. Liberati ef al., “The PRISMA statement for reporting system-
atic reviews and meta-analyses of studies that evaluate health-
care interventions: Explanation and elaboration,” Brit. Med. .,
vol. 339, 2009, Art. no. b2700.

A. C. Tricco et al., “PRISMA extension for scoping reviews
(PRISMA-ScR): Checklist and explanation,” Ann. Intern. Med.,
vol. 169, no. 7, pp. 467-473, 2018.

L. Shamseer et al., “Preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P) 2015: Elabora-
tion and explanation,” Brit. Med. |., vol. 349, 2015, Art. no. g7647.
E. M. Beller et al., “PRISMA for abstracts: Reporting systematic
reviews in journal and conference abstracts,” PLoS Med., vol. 10,
no. 4, 2013, Art. no. €1001419.

M. L. Rethlefsen et al., “PRISMA-S: An extension to the PRISMA
statement for reporting literature searches in systematic
reviews,” Systematic Rev., vol. 10, no. 1, 2021, Art. no. 39.

A. D. Oxman, “Grading quality of evidence and strength of rec-
ommendations,” Brit. Med. ]., vol. 328, pp. 1490-1494, 2004.

G. H. Guyatt et al., “"GRADE: An emerging consensus on rating
quality of evidence and strength of recommendations,” Brit.
Med. ]., vol. 336, pp. 924-926, 2008.

G. Guyatt et al., “GRADE guidelines: 1. Introduction—GRADE
evidence profiles and summary of findings tables,” J. Clin. Epide-
miol., vol. 64, no. 4, pp. 383-394, 2011.

G. Guyatt et al., “GRADE guidelines: 2. Framing the question and
deciding on important outcomes,” J. Clin. Epidemiol., vol. 64,
pp. 395400, 2011.

H. Balshem et al., “GRADE guidelines: 3. Rating the quality of
evidence,” J. Clin. Epidemiol., vol. 64, no. 4, pp. 401-406, 2011.

G. H. Guyatt et al., “"GRADE guidelines: 4. Rating the quality of
evidence—study limitations (risk of bias),” |. Clin. Epidemiol.,
vol. 64, no. 4, pp. 407-415, 2011.

G. H. Guyatt et al., “"GRADE guidelines: 5. Rating the quality of
evidence—publication bias,” J. Clin. Epidemiol., vol. 64, no. 12,
pp- 1277-1282, 2011.

G. H. Guyatt et al., “"GRADE guidelines: 6. Rating the quality of
evidence—imprecision,” J. Clin. Epidemiol., vol. 64, no. 12,
pp- 1283-1293, 2011.

G. H. Guyatt ef al., “GRADE guidelines: 7. Rating the quality of
evidence—inconsistency,” ]. Clin. Epidemiol., vol. 64, no. 12,
pp- 1294-1302, 2011.

G. H. Guyatt ef al., “GRADE guidelines: 8. Rating the quality of
evidence—indirectness,” J. Clin. Epidemiol., vol. 64, no. 12,
pp- 1303-1310, 2011.

G. H. Guyatt ef al., “GRADE guidelines: 9. Rating up the quality of
evidence,” . Clin. Epidemiol., vol. 64, no. 12, pp. 1311-1316, 2011.

M. ]. Page et al., “Mapping of reporting guidance for systematic
reviews and meta-analyses generated a comprehensive item
bank for future reporting guidelines,” J. Clin. Epidemiol., vol. 118,
pp. 60-68, 2020.

M. J. Page et al., “Updating guidance for reporting systematic
reviews: Development of the PRISMA 2020 statement,” MetaAr-
Xiv Preprints, 2020.

J. Higgins Eds. et al., Cochrane Handbook for Systematic Reviews of
Interventions. Hoboken, NJ, USA: Wiley-Blackwell, version 6.0,
2019. [Online]. Available: https://www.training.cochrane.org/
handbook

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

M. Ciolkowski, “What do we know about perspective-based
reading? An approach for quantitative aggregation in software
engineering,” in Proc. 3rd Int. Symp. Empir. Softw. Eng. Meas.,
2009, pp. 133-144, doi: 10.1109/ESEM.2009.5316026.

M. Shepperd, D. Bowes, and T. Hall, “Researcher bias: The use of
machine learning in software defect prediction,” IEEE Trans.
Softw. Eng., vol. 40, no. 6, pp. 603-616, Jun. 2014.

B. Kitchenham, A. Kitchenham, and J. Fellows, “The effects of
inspections on software quality and productivity,” ICL Tech. ].,
vol. 5, pp. 112-122, May 1986.

A.E. K. Sobel and M. R. Clarkson, “Formal methods application:
An empirical tale of software development,” IEEE Trans. Softw.
Eng., vol. 28, no. 3, pp. 308-320, Mar. 2002.

F. Lanubile and G. Visaggio, “Evaluating defect detection techni-
ques for software requirements inspections,” Univ. Bari, Bari,
Italy, Tech. Rep. ISERN-00-08, 2000.

L. Madeyski, Test-Driven Development: An Empirical Evaluation of
Agile Practice. Heidelberg, London, New York: Springer, 2010,
Art. no. 1694, doi: 10.1007 /978-3-642-04288-1.

L. Madeyski and L. Szata, “The impact of test-driven develop-
ment on software development productivity — An empirical
study,” in Proc. Eur. Conf. Softw. Process Improvement, 2007,
pp- 200-211.

B. A. Kitchenham et al., “Preliminary guidelines for empirical
research in software engineering,” IEEE Trans. Softw. Eng.,
vol. 28, no. 8, pp. 721-734, Aug. 2002.

M. Jorgensen, T. Dyba, K. Liestel, and D. L. K. Sjoberg, “Incorrect
results in software engineering experiments: How to improve
research practices,” J. Syst. Softw., vol. 116, pp. 133-145, 2016.

B. Kitchenham, L. Madeyski, and P. Brereton, “Problems with
statistical practice in human-centric software engineering
experiments,” in Proc. Ewval. Assessment Softw. Eng., 2019,
pp- 134-143.

T. Dyba and T. Dingseyr, “Strength of evidence in systematic
reviews in software engineering,” in Proc. 2nd ACM-IEEE Int.
Symp. Empir. Softw. Eng. Metrics, 2008, pp. 178-187.

E. Arisholm, H. Gallis, T. Dyba, and D. I. K. Sjeberg, “Evaluating
pair programming with respect to system complexity and pro-
grammer expertise,” IEEE Trans. Softw. Eng., vol. 33, no. 2,
pp. 65-86, Feb. 2007.

E. Arisholm and D. I. K. Sjeberg, “Evaluating the effect of a dele-
gated versus centralized control style on the maintainability of
object-oriented software,” IEEE Trans. Softw. Eng., vol. 30, no. 8,
pp- 521-534, Aug. 2004.

M. Host, C. Wohlin, and T. Thelin, “Experimental context classi-
fication: Incentives and experience of subjects,” in Proc. Int. Conf.
Softw. Eng., 2005, pp. 470-478.

M. Felderer and G. H. Travassos, Contemporary Empirical Methods
in Software Engineering. Berlin, Germany: Springer, 2020.

S. Easterbrook, J. Singer, M.-A. Storey, and D. Damian, “Selecting
empirical methods for software engineering research,” in Guide
to Advanced Empirical Software Engineering. Berlin, Germany:
Springer, 2007, ch. 10.

K.-J. Stol and B. Fitzgerald, “The ABC of software engineering
research,” ACM Trans. Softw. Eng. Methodol., vol. 27, no. 3,
pp- 11:1-11:51, Sep. 2018.

T. Menzies and M. Shepperd, ““Bad smells” in software analytics
papers,” Inf. Softw. Technol., vol. 112, pp. 35-47, 2019.

M. Shepperd, Q. Song, Z. Sun, and C. Mair, “Data quality: Some
comments on the NASA software defect datasets,” IEEE Trans.
Softw. Eng., vol. 39, no. 9, pp. 1208-1215, Sep. 2013.

D. Gray, D. Bowes, N. Davey, Y. Sun, and B. Christianson,
“Reflections on the NASA MDP data sets,” IET Softw., vol. 6,
no. 6, pp. 549-558, 2012.

T. Foss, E. Stensrud, I. Myrtveit, and B. Kitchenham, “A simula-
tion study of the model evaluation criterion MMRE,” IEEE Trans.
Softw. Eng., vol. 29, no. 11, pp. 985-995, Nov. 2003.

I. Myrtveit, E. Stensrud, and M. Shepperd, “Reliability and valid-
ity in comparative studies of software prediction models,” IEEE
Trans. Softw. Eng., vol. 31, no. 5, pp. 380-391, May 2005.

L. Myrtveit and E. Stensrud, “Validity and reliability of evalua-
tion procedures in comparative studies of effort prediction mod-
els,” Empir. Softw. Eng., vol. 17, pp. 23-33, 2012.

M. J. Page, J. E. McKenzie, and J. P. T. Higgins, “Tools for assess-
ing risk of reporting biases in studies and syntheses of studies: A
systematic review,” BM]J Open, vol. 8, 2018, Art. no. e019703.


https://www.bmj.com/content/372/bmj.n160
https://www.bmj.com/content/372/bmj.n71
https://www.bmj.com/content/372/bmj.n71
https://www.training.cochrane.org/handbook
https://www.training.cochrane.org/handbook
http://dx.doi.org/10.1109/ESEM.2009.5316026
http://dx.doi.org/10.1007/978-3-642-04288-1

KITCHENHAM ET AL.: SEGRESS: SOFTWARE ENGINEERING GUIDELINES FOR REPORTING SECONDARY STUDIES

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

M. Turner, B. Kitchenham, P. Brereton, S. Charters, and D.
Budgen, “Does the technology acceptance model predict actual
use? A systematic literature review,” Inf. Softw. Technol., vol. 52,
pp- 463-479, 2010.

J. Noyes et al., “Qualitative evidence,” in Cochrane Handbook for
Systematic Reviews of Interventions 6.1, ]. Higgins Eds. ef al., Lon-
don, U.K.: Cochrane, 2020, ch. 21. [Online]. Available: https://
training.cochrane.org/handbook

E. F. France ef al., “Improving reporting of meta—ethnography:
The eMERGe reporting guidance,” Psycho-Oncol., vol. 28, no. 3,
pp. 447-458, 2019.

B. Curtis, H. Krasner, and N. Iscoe, “A field study of the software
design process for large systems,” Commun. ACM, vol. 31, no. 11,
pp- 1268-1287, 1988.

T. K. Abdel-Hamid and S. E. Madnick, “Lessons learned from
modeling the dynamics of software development,” Commun.
ACM, vol. 32, no. 12, pp. 14261438, Dec. 1989.

M. M. Lehman and J. F. Ramil, “Rules and tools for software evo-
lution planning and management,” Ann. Softw. Eng., vol. 11,
no. 1, pp. 1544, 2001.

T. Gorschek and K. Wnuk, “Third generation industrial co-pro-
duction in software engineering,” in Contemporary Empirical
Methods in Software Engineering. Cham, Switzerland: Springer,
2020, pp. 503-525.

A. Harden et al., “Cochrane qualitative and implementation
methods group guidance series paper 5: Methods for integrating
qualitative and implementation evidence within intervention
effectiveness reviews,” . Clin. Epidemiol., vol. 97, pp. 70-78, 2018.
M. Jorgensen, “Forecasting of software development work effort:
Evidence on expert judgement and formal models,” Int. J. Fore-
casting, vol. 23, no. 3, pp. 449462, 2007.

B. A. Kitchenham, E. Mendes, and G. H. Travassos, “Cross versus
within-company cost estimation studies: A systematic review,”
IEEE Trans. Softw. Eng., vol. 33, no. 5, pp. 316-329, May 2007.

P. S. M. dos Santos and G. H. Travassos, “Structured synthesis
method: The evidence factory tool,” in Proc. IEEEJ/ACM Int.
Symp. Empir. Softw. Eng. Meas., 2017, pp. 480-481.

S. Martinez-Fernandez, P. S. Medeiros Dos Santos, C. P. Ayala, X.
Franch, and G. H. Travassos, “Aggregating empirical evidence
about the benefits and drawbacks of software reference
architectures,” in Proc. IEEEJACM Int. Symp. Empir. Softw. Eng.
Meas., 2015, pp. 1-10.

W. A. Chapetta and G. H. Travassos, “Towards an evidence-
based theoretical framework on factors influencing the software
development productivity,” Empir. Softw. Eng., vol. 25, no. 5,
pp. 3501-3543, 2020.

B. Kitchenham and P. Brereton, “A systematic review of system-
atic review process research in software engineering,” Inf. Softw.
Technol., vol. 55, no. 12, pp. 2049-2075, 2013.

D. Budgen, A. J. Burn, O. P. Brereton, B. A. Kitchenham, and R.
Pretorius, “Empirical evidence about the UML: A systematic lit-
erature review,” Softw. Pract. Experience, vol. 41, no. 4, pp. 363—
392, 2011.

A. Booth, D. Papaioannou, and A. Sutton, Systematic Approaches to a
Successful Literature Review. Newbury Park, CA, USA: Sage, 2012.

H. Arksey and L. O’'Malley, “Scoping studies: Towards a meth-
odological framework,” Int. |. Social Res. Methodol.: Theory Pract.,
vol. 8, no. 1, pp. 19-32, 2005.

D. Levac, H. Colquhoun, and K. K. O’Brien, “Scoping studies:
Advancing the methodology,” Implementation Sci., vol. 5, 2010,
Art. no. 69.

J. McGowan et al., “Reporting scoping reviews-PRISMA ScR
extension,” J. Clin. Epidemiol., vol. 123, pp. 177-179, 2020.

D. S. Cruzes and T. Dyba, “Research synthesis in software engi-
neering: A tertiary study,” Inf. Softw. Technol., vol. 53, no. 5,
pp. 440455, 2011.

X. Huang, H. Zhang, X. Zhou, M. A. Babar, and S. Yang,
“Synthesizing qualitative research in software engineering: A
critical review,” in Proc. IEEE[ACM 40th Int. Conf. Softw. Eng.,
2018, pp. 1207-1218.

D. Moher, K. F. Schulz, I. Simera, and D. G. Altman, “Guidance
for developers of health research reporting guidelines,” PLoS
Med., vol. 7, no. 2, pp. 1-9, Feb. 2010.

T. Greenhalgh, G. Wong, G. Westhorp, and R. Pawson, “Protocol
- realist and meta-narrative evidence synthesis: Evolving stand-
ards (RAMESES),” BMC Med. Res. Methodol., vol. 11, no. 1, 2011,
Art. no. 115.

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

1297

S. Lewin et al., “Using qualitative evidence in decision making
for health and social interventions: An approach to assess confi-
dence in findings from qualitative evidence syntheses (GRADE-
CERQual),” PLoS Med., vol. 12, no. 10, 2015, Art. no. e1001895.

S. Lewin et al., “Applying GRADE-CERQual to qualitative evi-
dence synthesis findings: Introduction to the series,” Implementa-
tion Sci., vol. 13, no. Suppl 1, pp. 2-2, 2018.

S. Lewin et al., “Applying GRADE-CERQual to qualitative evi-
dence synthesis findings-paper 2: How to make an overall
CERQual assessment of confidence and create a summary of
qualitative findings table,” Implementation Sci., vol. 13, no. Suppl
1, pp. 10-10, 2018.

H. Munthe-Kaas et al., “Applying GRADE-CERQual to qualitative
evidence synthesis findings-paper 3: How to assess methodological
limitations,” Implementation Sci., vol. 13, no. Suppl 1, pp. 9-9, 2018.
C.]. Colvin et al., “Applying GRADE-CERQual to qualitative evi-
dence synthesis findings-paper 4: How to assess coherence,”
Implementation Sci., vol. 13, no. Suppl 1, pp. 13-13, 2018.

C. Glenton et al., “Applying GRADE-CERQual to qualitative
evidence synthesis findings-paper 5: How to assess adequacy
of data,” Implementation Sci., vol. 13, no. Suppl 1, pp. 14-14,
2018.

J. Noyes et al., “Applying GRADE-CERQual to qualitative evi-
dence synthesis findings-paper 6: How to assess relevance of the
data,” Implementation Sci., vol. 13, no. Suppl 1, pp. 44, 2018.

B. Kitchenham, D. Budgen, and P. Brereton, Evidence-Based Soft-
ware Engineering and Systematic Reviews. Boca Raton, FL, USA:
CRC, 2016.

J. Noyes et al., “Cochrane qualitative and implementation meth-
ods group guidance series paper 1: Introduction,” J. Clin. Epide-
miol., vol. 97, pp. 35-38, 2018.

J. L. Harris et al., “Cochrane qualitative and implementation
methods group guidance series paper 2: Methods for question
formulation, searching, and protocol development for qualitative
evidence synthesis,” J. Clin. Epidemiol., vol. 97, pp. 38-48, 2018.

J. Noyes et al., “Cochrane qualitative and implementation meth-
ods group guidance series paper 3: Methods for assessing meth-
odological limitations, data extraction and synthesis, and
confidence in synthesized qualitative findings,” J. Clin. Epide-
miol., vol. 97, pp. 69-58, 2018.

M. Cargo et al., “Cochrane qualitative and implementation meth-
ods group guidance series paper 4: Methods for assessingevi-
dence on intervention implementation,” J. Clin. Epidemiol.,
vol. 97, pp. 59-69, 2018.

K. Flemming, A. Booth, K. Hannesc, M. Cargo, and ]. Noyes,
“Cochrane qualitative and implementation methods group guid-
ance series paper 6: Reporting guidelines for qualitative, imple-
mentation, and process evaluation evidence syntheses,” J. Clin.
Epidemiol., vol. 97, pp. 79-85, 2018.

A. Booth, C. Carroll, I Ilott, L. L. Low, and K. Cooper, “Desperately
seeking dissonance: Identifying the disconfirming case in qualita-
tive evidence synthesis,” Qualitative Health Res., vol. 23, no. 1,
pp. 124-141, 2013.

S. Beecham, N. Baddoo, T. Hall, H. Robinson, and H. Sharp,
“Protocol for a systematic literature review of motivation in soft-
ware engineering,” Univ. Hertfordshire, Hatfield, UK., Tech.
Rep. 453, 2006. [Online]. Available: https://uhra.herts.ac.uk/
bitstream/handle/2299/992/s73.pdf?sequence=1

S. Beecham, N. Baddoo, T. Hall, H. Robinson, and H. Sharp,
“Motivation in software engineering: A systematic literature
review,” Inf. Softw. Technol., vol. 50, no. 9/10, pp. 860-878, 2008.
H. Sharp, N. Baddoo, S. Beecham, T. Hall, and H. Robinson,
“Models of motivation in software engineering,” Inf. Softw. Tech-
nol., vol. 51, pp. 219-233, 2009.

T. Dyba and T. Dingseyr, “Empirical studies of agile software
development: A systematic review,” Inf. Softw. Technol., vol. 50,
pp.- 833-859, 2008.

M. S. Ali, M. A. Babar, L. Chen, and K.-J. Stol, “A systematic
review of comparative evidence of aspect-oriented pro-
gramming,” Inf. Softw. Technol., vol. 52, no. 9, pp. 871-887, 2010.
J. E. Hannay, T. Dyba, E. Arisholm, and D. L. K. Sjeberg, “The
effectiveness of pair programming: A meta-analysis,” Inf. Softw.
Technol., vol. 51, no. 7, pp. 1110-1122, 2009.

B. Kitchenham, E. Mendes, and G. Travassos, “Protocol for sys-
tematic review of within- and cross-company estimation mod-
els,” version 14, 2006. [Online]. Available: https://madeyski.e-
informatyka.pl/download /KitchenhamO6Protocol.pdf


https://training.cochrane.org/handbook
https://training.cochrane.org/handbook
https://uhra.herts.ac.uk/bitstream/handle/2299/992/s73.pdf?sequence=1
https://uhra.herts.ac.uk/bitstream/handle/2299/992/s73.pdf?sequence=1
https://uhra.herts.ac.uk/bitstream/handle/2299/992/s73.pdf?sequence=1
https://madeyski.e-informatyka.pl/download/Kitchenham06Protocol.pdf
https://madeyski.e-informatyka.pl/download/Kitchenham06Protocol.pdf

1298

[103] B. Kitchenham, E. Mendez, and G. H. Travassos, “A system-
atic review of cross- vs. within-company cost estimation stud-
ies,” in Proc. 10th Int. Conf. Eval. Assessment Softw. Eng., 2006,
pp- 81-90.

B. A. Kitchenham, E. Mendes, and G. H. Travassos, “Cross versus
within-company cost estimation studies: A systematic review,”
IEEE Trans. Softw. Eng., vol. 33, no. 5, pp. 316-329, May 2007.

J. Lavis, G. Permanand, A. Oxman, S. Lewin, and A. Fredheim,
“SUPPORT tools for evidence-informed health policy making
(STP) 13: Preparing and using Policy Briefs to support evidence-
Informed policy-making,” Health Res. Policy Syst., vol. 7, 2009,
Art. no. 513.

B. A. Kitchenham, L. Madeyski, and D. Budgen, “How should soft-
ware engineering secondary studies include grey material?,” IEEE
Trans. Softw. Eng., to be published, doi: 10.1109/TSE.2022.3165938.
L. Madeyski and B. Kitchenham, “Would wider adoption of repro-
ducible research be beneficial for empirical software engineering
research?,” ]. Intell. Fuzzy Syst., vol. 32, no. 2, pp. 1509-1521,
2017.

[104]

[105]

[106]

[107]

Barbara Kitchenham (Member, IEEE) is an
emeritus professor with the School of Computing
and Mathematics, Keele University, U.K. She has
worked in software engineering for more than 40
years both in industry and academia. She has
published more than 150 software engineering
journal and conference papers. Her main
research interest include software measurement
and experimentation in the context of project
management, quality control, risk management,
and evaluation of software technologies. Her
most recent research has focused on the application of evidence-based
practice to software engineering. In 2019, she was awarded the IEEE
Technical Committee Distinguished Women in Science & Engineering
(WISE) Leadership Award.

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 49, NO. 3, MARCH 2023

i Lech Madeyski (Senior Member, IEEE) is an
Associate Professor & deputy head with the
Department of Applied Informatics, Wroclaw Uni-
versity of Science and Technology, Poland. He
has been a visiting researcher with Keele Univer-
sity, U.K., Brunel University London, UK., and a
visiting professor with the Blekinge Institute of
Technology, Sweden. His research focus is on
empirical software engineering, data science in
software engineering, reproducible research,
robust statistical methods. He is a co-founder of
the e-Informatica Software Engineering Journal & International Confer-
ence on Evaluation of Novel Approaches to Software Engineering
(ENASE). He has published in prestigious journals including, e.g., the
IEEE Transactions on Software Engineering, Empirical Software Engi-
neering, Information and Software Technology, Statistics in Medicine.
He is an author of a book “Test-Driven Development: An Empirical Evalu-
ation of Agile Practice” incl. meta-analysis of experiments.

David Budgen (Member, IEEE) received the BSc
(Hons) degree in physics and the PhD degree in
theoretical physics from Durham University, Dur-
ham, U.K. He is an emeritus professor of software
engineering with the School of Engineering &
Computing Sciences, Durham University, U.K. His
research interests include software design, design
environments, health- care computing, and evi-
dence-based software engineering. He worked as
a research scientist for the Admiralty and then
held academic positions with Stirling University
and Keele University before moving to his present post with Durham Uni-
versity, in 2005. He is a member of the IEEE Computer Society, ACM, and
the Institution of Engineering & Technology (IET), and is a chartered engi-
neer (CEng).

> For more information on this or any other computing topic,
please visit our Digital Library at www.computer.org/csdl.


http://dx.doi.org/10.1109/TSE.2022.3165938


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


